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심전도(electrocardiogram) 또는 광용정맥파(photoplethysmogram)와 같은 생체 신호는 

환자의 의학적 상태를 결정하고 모니터링하는 데 널리 사용된다. 인공지능(artificial intelli-

gence, AI)을 적용함으로써 생체 신호로부터 더 많은 정보를 수집할 수 있다는 것이 최근에 

알려졌다. 현재 AI에서 가장 영향력 있는 발전 중 하나는 딥 러닝(deep learning)이다. 데이

터양이 충분하다면, 딥 러닝 기반 모델은 인간이 특정 기술을 개입시키지 않아도 원 데이터에

서 중요한 특성을 추출할 수 있다. 이러한 AI 지원 특성은 추가적 침습적 평가 없이, 임상 결과 

또는 임상 사건을 탐지 또는 예측하기 위한 디지털 바이오 마커로 사용될 수 있는 잠재 정보를 

얻을 수 있게 한다. 한편, 딥 러닝의 블랙박스 모델은 전통적 방식의 생체 신호 분석에 익숙한 

임상의가 이해하기 어렵다. 임상의는 추출된 정보를 올바르게 해석하고 임상 실무에 적용하기 

위해 AI 및 머신 러닝에 대한 기본 지식이 필요하다. 본 종설에서는 AI 및 머신 러닝의 기본 

사항과 가까운 미래에 임상의가 이를 실제 상황에 적용할 수 있는 가능성에 대하여 기술하려 

한다.

Keywords: Artificial intelligence; Biomarker; Computer-assisted diagnosis; Deep learning; 
Electrocardiography; Electrodiagnosis.
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머신 러닝(Machine learning, ML)은 마취과학 영역의 연구에 혁명을 불러일으키고 있다. 

ML은 추론에 기반한 전통적 연구 방법과는 달리 정확한 예측을 가능하게 하는 연구 방법이

다. ML은 명백한 지시 사항 없이도 예측 작업을 수행할 수 있는 알고리즘과 모형을 개발하는 

인공지능 분야라고 할 수 있다. 대부분의 ML 응용 프로그램은 다루는 주제가 매우 다양하지

만, 공통적인 작업 과정을 따른다. 분류 작업의 경우 연구자들은 일반적으로 다양한 ML 모형

들을 테스트하고, 레퍼런스 로지스틱 회귀 모형을 이용해서 예측 능력을 비교한다. ML의 주

요 장점은 복잡한 상호 작용을 하는 다양한 현상들을 처리할 수 있고, 예측 능력을 극대화할 

수 있다는 점이다. 그러나 데이터에 기반한 예측에 중점을 두다 보면 때로는 기계적 이해가 무

시될 수도 있다. 본 논문은 주로 지도 머신 러닝(supervised ML)을 전자 건강 기록(electron-

ic health record, EHR) 데이터에 적용하는 데 중점을 맞추어 서술하였다. EHR에 기반한 연

구의 주요 한계는 인과관계를 확립하는 것이 어렵다는 점이다. 하지만 저비용의 풍부한 정보 

콘텐츠는 지금까지 알려지지 않은 상관관계를 발견할 수 있는 높은 잠재력을 제공한다. 본 논

문에서는 ML에 대한 기본 개념과 ML 연구자들이 알아야 할 중요한 용어를 함께 소개하였다. 

또한, 소프트웨어 및 컴퓨팅 장치의 선택에 대한 실용적인 팁과 마취과학 분야에서 성공적으

로 응용된 ML의 다양한 예에 관해서도 기술하였다. 본 종설은 마취과학 분야에 종사하는 초

보 ML 연구자들에게 기본적인 로드맵을 제공하기 위한 목적으로 서술되었다. 

Keywords: Artificial intelligence; Data science; Electronic health record; Machine learn-
ing; Predictive analytics; Risk score system. 
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비교하려는 집단의 특성이 서로 다르다면, 치료에 대한 결론 도출이 불가능하기 때문에 임상 

연구에서 그룹 간 비교 가능성(intergroup comparability)은 무엇보다 중요하다. 무작위 배

정 임상시험(RCT)에서 적절한 무작위 배정 과정은 그룹간 환자의 균형 잡힌 분포를 보장하지

만, 전향적 관찰연구 및 후향적 연구에서는 분포는 통제되지 않은 많은 교란 변수들이 그룹간 

환자의 분포에 상당한 영향을 미친다.

성향 점수(propensity score, PS)는 그룹에 배정될 확률을 추정하기 위한 목적으로 개발된 

30년도 훨씬 넘은 통계 기법이다. 일단 평가되면 매칭(matching), 계층화, 공변량 조정 및 가

중치(weighting)와 같은 방법들을 통해 PS를 이용한 그룹의 조정 및 균형을 맞출 수 있다. PS

의 유효성은 모델에서 사용된 교란 변수와 절대적 관련이 있으며, 식별되지 않거나 사용할 수 

없는 교란 변수는 결과에 편향(bias)을 줄 것이다. 따라서, RCT는 최고 수준의 증거를 계속 

제공하지만 PS는 균형이 맞지 않는 그룹 간 미세 조정을 허용하므로 관찰 연구의 강도

(strength of evidence)와 품질을 향상시킨다.

Keywords: Matched analysis; Observational study; Propensity score; Retrospective study; 
Statistical analysis; Statistics.
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배경: 환자의 위험 요인과 정확한 관리에 대한 자세한 설명을 위해 본 연구는 약물 의존 성인

환자 및 환자의 전신마취 후 각성 흥분과 저활동성 각성의 발생률 및 위험 요인을 정의하고자 

한다.

방법: 본 전향적 관찰 연구를 위해 전신마취 하 대기 수술을 받은 1,136명의 성인 환자가 모집

되었다. 부적절한 각성은 Richmond Agitation-Sedation Scale (RASS)에 따라 측정되었다. 

각성 흥분은 RASS ≥ +1 포인트로 정의되었고, 저활동성 각성은 RASS ≤ –2 포인트로 정의

되었다. 그 후 약물 의존성 환자의 하위군 분석이 수행되었다.

결과: 마취 후 회복실(post-anesthesia care unit, PACU)에서 부적절한 각성은 20.3%의 환

자에서 발생했고, 13.9%의 각성 흥분과 6.4%의 저활동성 각성이 포함되었다. 95명의 환자가 

약물 의존 이력을 가지고 있었다. 부인과 및 흉부 수술을 받은 결혼하지 않았거나 현재 결혼한 

환자는 이혼한 환자에 비해 흥분 위험도가 낮았다. 신경 질환, 수술 중 혈액 손실, 수술 중 모

르핀 및 PACU 진통제 투여는 증가된 흥분 위험도와 관련이 있는 것으로 나타났다. 고혈압 및 

심리적 장애, 수술 중 아편 및 PACU Foley 카테터 고정은 증가된 저활동성 각성 위험도와 관

련이 있었다. 약물 의존성 환자는 흥분 위험(21.1%, P =  0.019)과 저활동성 각성(10.5%, P 

=  0.044)에 높은 위험도를 나타냈다.

결론: 전신마취 후 PACU에서의 부적절한 각성은 다양한 수술 전후 요인과 연관성이 있는 중

요한 문제이다. 약물 의존 이력이 있는 환자는 일반인들보다 부적절한 각성의 위험이 더 높은 

것으로 나타났다.

Keywords: Elective surgery; Emergence agitation; General anesthesia; Hypoactive emer-
gence; Post anesthesia care unit; Substance dependence.

Clinical Research Article

Korean J Anesthesiol 2020;73(4):302-310
https://doi.org/10.4097/kja.19214
pISSN 2005–6419 • eISSN 2005–7563

Received: May 16, 2019  
Revised: September 7, 2019  
Accepted: October 13, 2019 

Corresponding author: 
Seyed Mohammad Mireskandari, M.D. 
Department of Anesthesia and Critical Care, 
Tehran University of Medical Sciences, Imam 
Khomeini Hospital Complex, PO Box 
1419733141, Keshavarz Blvd., Tehran, Iran 
Tel: +98-9121792177
Fax: +98-2166581576
Email: mireskandari@sina.tums.ac.ir  
ORCID: https://orcid.org/0000-0003-3894-5416

Risk factors of inadequate emergence 
following general anesthesia with an 
emphasis on patients with substance  
dependence history
약물 의존 이력이 있는 환자에 중점을 둔 전신마취 후 
부적절한 각성의 위험 요인

Jalil Makarem1, Amir Hossein larijani2, Babak Eslami1,  
Afshin Jafarzadeh1, Kasra Karvandian1, Seyed Mohammad 
Mireskandari1 

Departments of 1Anesthesia and Critical Care, 2Neurosurgery, Tehran University of  
Medical Sciences, Tehran, Iran

The Korean Society of Anesthesiologists, 2020

This is an open-access article distributed under the 
terms of the Creative Commons Attribution Non-Com-
mercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commer-
cial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Online access in http://ekja.org



배경: 뇌 자동 조절에 미치는 덱스메데토미딘(dexmedetomidine)의 효과에 대하여 상반된 

견해가 존재한다. 본 연구는 경두개 초음파 도플러(transcranial Doppler, TCD)를 이용하여 

덱스메데토미딘이 동적 뇌 자동 조절(dynamic cerebral autoregulation, dCA)에 미치는 영

향을 평가하였다.

방법: 18세에서 60세 사이의 미국 마취과 학회 신체상태 분류 I 및 II 등급을 가진 요추골 수

술을 받은 30명의 환자에게 덱스메데토미딘(그룹 D) 또는 일반 식염수(그룹 C)를 주입한 후, 

프로포폴 및 펜타닐로 마취 유도하고 산소, 아산화질소 및 세보프루렌(sevoflurane)으로 마취 

유지하였다. 5분의 정상 탄산환기 및 40-50의 안정한 이중분광지수 값 (BIS) 유지 이후, 우측 

중간대뇌동맥 혈류 속도(MCAFV)를 TCD로 기록하였다. 일시적 충혈 반응(THR) 테스트는 

5-7초 동안 우측 총경동맥을 압박하여 수행되었다. 폐는 이산화탄소(CO2) 반응성을 테스트하

기 위해 과호흡시켰다. 혈역학적 변수, 동맥혈 CO2 분압, 맥박 산소 측정(SpO2), MCAFV 및 

BIS는 과호흡 전후에 측정되었다. 피부 봉합 10분 전에 덱스메데토미딘 주입은 중단되었다. 

회복 및 발관 시간, 퇴실기준평가(modified Aldrete score) 및 각성 흥분이 기록되었다.

결과: 인구학적 변수, 수술 및 마취 시간, THR 비율[그룹 D : 1.26 (0.11) vs. 그룹 C : 1.23 

(0.04); P =  0.357], 상대적 CO2 반응성[그룹 D : 1.19 (0.34) vs. 그룹 C : 1.23 (0.25) % / 

mmHg; P =  0.547], 혈압, SpO2, BIS, MCAFV, 회복 시간, 발관 시간 및 퇴실기준평가는  

두 군간 유사하였다.

결론: 덱스메데토미딘 투여는 세보프루렌 마취 하 척추 수술을 받는 환자의 dCA 및 CO2 반응

성을 손상시키지 않는다.

Keywords: Carbon dioxide reactivity; Cerebral autoregulation; Dexmedetomidine; Sevo-
flurane anesthesia; Transcranial Doppler; Transient hyperemic response test.
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배경: 미다졸람(midazolam) 투여 45분 후 퇴원한 환자 중 진정제 투여 방식에 대한 환자 만

족도 평가의 유효성이 측정되었다. 대부분의 환자가 회상(recall)을 하지 못하면 평가 당시에 

진정이 완료된 것으로 간주할 수 없다.

방법: 본 전향적 코호트 연구에서 20명의 환자가 간호사의 미다졸람과 펜타닐(fentanyl) 투여 하 

백내장 수술을 받았다. 진정 약 30분 후 회복실에서 11개 항목 Iowa 마취만족도 측정지표(Iowa 

Satisfaction with Anesthesia Scale)가 이용되었다. 회상 항목은 익일 아침 평가되었다.

결과: 11명의 환자는 0개, 4명의 환자는1개, 4명은 2개, 1명은 3개의 테마를 회상하였다. 즉, 

15/20명(75%)의 환자는 11개 테마 중 0개 또는 1개를 회상하였다(P =  0.021 vs. 환자 절

반). 0개, 1개 또는 2개의 테마에 대한 95% 단측 신뢰 한계는 환자의 80%였다(P <0.0001 

vs. 절반). 미다졸람을 적게 투여받은 환자들은 더 많은 테마를 회상하였다(Kendall 's τb =  

-0.43, P =  0.039).

결론: 마취 후 회복실에 들어간 환자의 진정에 대한 만족도를 평가하는 것은 진정/기억 상실 

진행으로 인한 회상 결여로 실효성이 없다. 환자의 안정도는 평가될 수 있지만, ‘만족도’는 회

상의 존재를 암시하기 때문에 안정도와 만족도는 동의어가 아니다. 본 연구에서 진정을 위한 

저용량의 미다졸람과 펜타닐을 사용했기 때문에, 수술 중 고용량의 항불안제 투여 시 동일한 

결론이 안정적으로 적용될 것이다. 본 연구의 결과는 환자가 마취 전문의를 만나기 전에 수술 

전 미다졸람을 투여받은 경우 환자가 질문에 완벽히 대답하였더라도, 마취 전문의를 만났다는 

기억은 완벽하게 회상하지 못할 수 있다는 기존 연구 결과와 일치한다.

Keywords: Cataract surgery; Iowa Satisfaction with Anesthesia Scale; Midazolam; Patient 
satisfaction.  
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배경: 후방 배 가로면 차단술(transversus abdominis plane block, TAPB)과 허리네모근 차

단술(quadratus lumborum block, QLB)은 하복부 수술 후 통증 조절을 위해 보고되었다. 

그러나 두 차단법의 효과에 관한 데이터는 거의 보고된 바가 없다. 우리는 부인과 복강경 수술

을 받는 환자에서 두 차단법의 진통 효과와 피부 감각 차단 분포를 비교 관찰하였다.

방법: 환자들은 전신 마취유도후 한 쪽당 0.375% 레보부피바카인(levobupivacaine) 20 ml

를 이용하여 양측면에 QLB 2형(QLB2) 또는 후방 TAPB를 각각 시행 받았다. 일차 평가변수

는 수술 24 시간 후의 통증점수(VAS)로 정했고, 수술 후 48시간 동안 통증점수(VAS), 피부감

각 차단 범위, 수술 후 진통제 요구량 및 합병증을 조사하였다.

결과: 총 40명의 환자가 참여하였다. 수술 후 24시간에는 두 군간 통증점수(resting VAS) 차

이가 없었으나, 48시간에는 QLB2 군에서 유의하게 낮았다. 또한, 기침 시 통증점수(dynam-

ic VAS), 펜타닐 및 추가 진통제 요구량도 두 군간 차이가 없었다. 두 그룹 모두에서 대부분 

T11 및 T12 피부절에서 피부 감각 차단을 일으켰으며, 차단된 피부절의 중앙값은 3개의 피부

절로 제한되었다. 신경 차단과 관련된 심각한 합병증은 관찰되지 않았다.

결론: 부인과 복강경 수술을 받은 환자에서 QLB2와 후방 TAPB의 진통 효과는 차이가 없었

다. 피부 감각 차단은 대부분의 환자에서 3개의 피부절로 제한되었다. 그러나 이러한 연구 결

과는 확장된 규모의 비교 연구를 통해 확인되어야 한다.

Keywords: Anesthesia and analgesia; Laparoscopic surgery; Local anesthesia; Nerve block; 
Postoperative pain; Regional anesthesia.
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배경: 외상 환자의 25–85%가 부상 관련 응고 장애를 경험할 뿐만 아니라 알코올의 영향을 받

고 있다. 점탄성 현장검사(혈전탄성묘사도[thrombelastography, TEG]), 회전성 혈전탄성묘

사법(rotational thromboelastometry, ROTEM)은 이와 같은 환경이나 다른 환경에서 빠른 

응고상태 평가 및 치료적 의사결정을 위해 널리 사용되는 방법이다. 알코올이 시험관 연구

(in-vitro)에서는 이러한 검사에 영향을 미치는 반면, 생체 내(in-vivo)에서의 영향에 대해서

는 명확하지 않다. 따라서 본 연구에서는 알코올 섭취가 ROTEM 매개변수에 미치는 영향을 

평가하였다.

방법: 20명의 자원자들의 동의 하에 포도주, 위스키 또는 보드카를 1시간 이내에 목표 혈중 

알코올 농도가 Widmark 공식으로 계산할 때 1‰로 되도록 마시게 하였다. 1시간 이내에 음

주 전, 호흡 알코올 농도 0.5‰ 및 1.0‰ 세 차례에 걸쳐서 혈액 샘플이 수집되었다. 각 혈액 

수집 후 ExTEM 및 FibTEM 테스트는 “침상 옆에서” 직접 시행되었다.

결과: 모든 참가자의 초기 혈중알코올농도(blood alcohol concentration, BAC)는 0.00‰였

다. 두 번째 및 세 번째 수집에서의 평균 BAC는 각각 0.48% 및 0.75%였다. ExTEM 매개 변

수에는 큰 차이는 없었다. FibTEM 측정은 A10 값(13.0 vs. 14.0 mm, P =  0.014)에서 유의

미한 차이와 최대 진폭(최대 응고 강도 [MCF] 13.7 vs. 16.2 mm, P =  0.075)에서 감소 경향

을 나타냈다. 섬유소 분해 매개변수는 유의미한 차이가 발견되지 않았고, ROTEM 측정에서는 

섬유소 과다용해가 나타나지 않았다.

결론: 에탄올 섭취는 초기 섬유소 중합을 손상시킬 수 있다. 이러한 결과는 외상과 특별한 관

련이 있을 수 있으며, 이러한 경우 ROTEM/TEG의 적용이 권장될 수 있다.

Keywords: Alcoholic intoxication; Blood coagulation test; Ethanol; Point-of-care testing.  
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배경: 슈가마덱스 과민증(anaphylaxis)에서 슈가마덱스(sugammadex) 또는 슈가마덱스-로

쿠로늄(sugammadex-rocuronium) 복합체가 알레르기 유발 항원으로 작용할 수 있다.

증례: 정형외과 수부 수술을 받는 60세 남성의 전신 마취 중 중증 저혈압 및 두드러기 증상발

현으로 나타난 슈가마덱스 과민증 사례다. 증상발현은 슈가마덱스 투여시점과 밀접한 관련이 

있었다. 환자는 수액, 에피네프린(epinephrine), 기타 승압제, 스테로이드 및 항히스타민제

를 포함하는 광범위한 치료 후 회복되었다. 과민증 발병 후 4주차에 시행된 피내 반응검사에

서 슈가마덱스 및 슈가마덱스-로쿠로늄 복합체 모두에 대한 양성 반응이 확인되었다.

결론: 본 증례는 슈가마덱스와 슈가마덱스-로쿠로늄 복합체가 모두 알레르기 유발 항원으로 

작용한 것을  확인한 슈가마덱스 과민증의 증례이다.

Keywords: Anaphylaxis; General anesthesia; Hypotension; Rocuronium; Skin test; Sugam-
madex; Urticaria.  
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배경: 2019년 12월에 우한에서 중증 급성 호흡기 증후군 코로나 바이러스-2(SARS-CoV-2)

가 처음 발생한 이래, 바이러스는 전 세계적으로 퍼졌다. 세계보건기구(WHO)는 2020년 3월 

11일, SARS-CoV-2가 세계적 유행병임을 선언했다. 2020년 1월 19일, 중국에서 돌아온 35

세의 여성이 한국 최초의 SARS-CoV-2 감염 사례로 바이러스 발병이 확인되었다. 그 이후로 

이는 한국 전역에 퍼지게 되었다.

증례: 대한민국에서 임신 37+6주에 제왕 절개를 통해 아기를 분만한 SARS-CoV-2 양성 여성

의 첫 사례를 보고한다.

결론: SARS-CoV-2 양성 산모의 경우, 안전 분만을 위해 병원의 음압 수술실, 숙련된 의료진

과 N95 마스크, 수술용 캡, 이중 가운, 이중 장갑, 신발 덮개를 포함하는 개인 보호 장비, 그리

고 전동식 공기 정화호흡기(powered air-purifying respirator)를 사용하는 것이 필요하다. 

Keywords: Cesarean section; Coronavirus Infections; COVID-19; Pandemics; Pregnant 
women; Severe acute respiratory syndrome coronavirus 2.
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A randomized controlled trial (RCT) is considered the “gold standard” for clinical 
studies; however, RCT is not always possible. It would be unethical to expose study par-
ticipants if there are concerns about negative effects or complications of treatment [1]. 
Observational studies can be a valuable alternative in such circumstances. With the ad-
vent of electronic medical records, some studies may be conducted using existing data-
bases. 

However, if the nature of observational data is not from the random group distribution, 
results in each study can differ due to confounding variables. To control for confounding 
factors arising from a lack of comparability between groups in observational studies, 
methods such as matching, stratification, multivariate regression, propensity score (PS), 
and instrumental variable analysis can be employed [2]. Among them, PS and propensity 
score matching (PSM) methods are widely used to reduce selection bias. PS represents 
the probability of the subject belonging to the comparable population based on charac-
teristics. PSM allows unbiased estimation of treatment effect adjusted for confounding 
factors in observational studies [3]. PSM has become a widely used statistical analysis 
method in epidemiological or observational studies [4]; a review of the last five years of 
publications by the Korean Journal of Anesthesiology (KJA) reveals that six clinical obser-
vation studies describe the application of PSs on real data [5–10]. 

In the August 2020 statistical round issue of the KJA, De Cassai et al. [11] briefly re-
viewed the PS. They used simple examples to provide definitions of PS, its adequacy, ad-
justment methods, and its limitations. Their article has showns an example where results 
are unreliable because there are significant differences between groups of confounders, 
which may affect outcomes in the observational study. PSM creates a new population that 
is not influenced by identified confounders, leading to an unbiased estimation of the 
treatment effects. 

Although PSM is a powerful method to increase the strength of observational studies, 
it also has many limitations and disadvantages [12]. Firstly, in observational studies, the 
true PS can never be known and investigators can therefore never be certain that the PSM 
is accurate. PSM can only be applied on the variables that are collected. There may be re-
sidual bias as the remaining uncollected variables could affect treatment assignment. Sec-
ondly, the amount of missing data is a major limitation of observational datasets, which 
can interfere with PS. The number of matched patients may be limited in smaller data-
sets. 

Observational studies can be used in situation which RCTs are inappropriate, but it 
lack randomization. To overcome this disadvantage, PSM method is widely used. Al-
though PSM has some limitations, it reduces selection bias across many potential differ-
ences between groups selected for specific treatment in observational clinical studies. 
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Precautions must be taken in surgery and anesthesia-related clinical settings to prevent 
the transmission of coronavirus disease (COVID-19) via droplets or contact with con-
taminated surfaces and materials, especially in areas where patients with COVID-19 had 
been present. 

Transmission control can be ensured by using disposable or dedicated instruments 
whenever possible. However, material and equipment that may inevitably have to be 
shared among multiple patients must be thoroughly cleaned and disinfected before use 
on the next patient. In addition to medical instruments, caution must be taken to prevent 
contamination of high-touch surfaces, including doorknobs and light switches, in the 
surrounding environment. 

This guideline is based on the “COVID-19 infection prevention and control guidance 
for healthcare facilities” issued by the Korea Centers for Disease Control and Prevention 
[1]. It was drafted specifically for surgery- and anesthesia-related settings. Specific details 
of the guideline may be modified and applied in accordance with the circumstances in 
each institution.  

1. Basic rules 

(1) Proper ventilation must be maintained, and cleaning and disinfection must be 
performed in all areas inside the medical facility, including the surgical and anes-
thetic environments. 

(2) When a patient with COVID-19 is admitted in an isolation unit, intensive care 
unit, or operating room, appropriate means of communication, such as a tele-
phone or interphone, must be in place to allow communication with people out-
side the clinical setting. 

(3) Materials and furnitures inside the area where a patient with COVID-19 is admit-
ted should be minimized to reduce the number of objects that can become a me-
dium for contact transmission. 

(4) Among the instruments used to treat patients, single-use equipment should be 
used whenever possible. 

(5) With regard to non-disposable materials such as stethoscopes, dedicated materials 
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should be used for each patient. 
(6) Facilities where a patient with COVID-19 is admitted 

must be equipped with a dedicated waste bin and materi-
als for hand hygiene. 

2. Hand hygiene (handwashing or disinfection) 

(1) Must be performed before and after coming in contact 
with patients with COVID-19. 

(2) Must be performed when exposed to a patient’s surround-
ing environment, blood, bodily fluid, secretions, or excre-
ment, or other contaminants. 

(3) Anyone who comes in contact with a contaminant must 
use soap and water for disinfection. Alternatively, an alco-
hol-based hand sanitizer can be used. 

(4) Perform hand hygiene for 40–60 seconds when using soap 
and water and for 20–30 seconds when using an alco-
hol-based hand sanitizer. 

3. Personal protective equipment 

(1) Personal protective equipment (PPE) must be replaced 
whenever entering an isolation unit, intensive care unit, or 
operating room where a patient with COVID-19 is present. 

(2) PPE must also be worn by all workers who handle laundry, 
clean or disinfect areas where a patient with COVID-19 
had stayed, or wash instruments used by any patient with 
COVID-19. 

(3) PPE must also be worn when performing laboratory tests 
that require handling of sample(s) obtained from a patient 
with COVID-19. 

(4) After completion of patient treatment or examination, 
and upon completion of any work that may involve con-
tact with contaminants, including disinfection, cleaning, 
washing of instruments, and environmental disinfection, 
PPE must be removed, and hand hygiene must be per-
formed (handwashing or disinfection) before leaving the 
area. 

(5) When removing PPE, caution must be taken to ensure that 
possible sources of infection do not contaminate other 
parts of the body or the surrounding area. PPE must be 
removed properly and immediately discarded into the 
medical waste bin. 

(6) Damaged or contaminated PPE cannot be reused or 
stored, and must be disposed immediately. 

4. Operating and cleaning instructions for the 
anesthesia machine and breathing circuit, and 
procedure for suctioning airway secretion [2]  

Patient "High-quality"
viral filter

(HME, VFE > 99.99%) Additional filter
(second filter)

Expiratory limb

Inspiratory limb

Sample gas analysis

Anesthesia
Machine

(1) As long as a “high-quality” viral filter (viral filter efficiency > 
99.99%) is properly used for each patient, the risk of infec-
tion through the anesthesia machine can be prevented. A 
heat moisture exchanger with a high-quality viral filter func-
tion is recommended. If no humidification function is avail-
able, low-flow anesthesia (< 1–2 L/min) can be performed 
(Fig. 1)

(2) To prevent contamination of the anesthesia machine by a 
patient with suspected or confirmed COVID-19, a 
high-quality viral filter should be installed between the 
patient’s respiratory tract and the breathing circuit (as 
shown in the figure). An additional filter (second filter) is 
installed between the anesthesia machine and the end of 
the expiratory limb. Moreover, an additional filter may 
optionally be installed between the anesthesia machine 
and the end of the inspiratory limb; however, this is not 
absolutely necessary (Fig. 1). 

(3) Sample gas collected after passing through the filter can be 
permitted to reenter the breathing circuit because it is not 
contaminated. However, sample gas that has not passed 
through a reliable filter must not reenter the breathing cir-
cuit. In such cases, mounting a 0.2 μm epidural injection 
filter at the opening of the water trap can be helpful (This 
can slightly affect the waveform of capnography). 

(4) If the anesthesia machine is properly equipped with a 
high-quality filter, which is used separately for each pa-
tient, disinfection is not required because the risk of infec-
tion through the anesthesia machine is eliminated. If con-
tamination of the anesthesia machine could not be pre-
vented because of improper filter use or excessive secre-
tion from the patient, disinfection of the inner compo-
nents of the machine must be mandatorily performed. 

Fig. 1. Example of an anesthesia machine/breathing circuit/filter setup  
HME: heat moisture exchanger, VFE: viral filter efficiency.
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(5) When suctioning to remove sputum or secretion from the 
patient, a closed suction system must be used to prevent 
contamination. 

(6) All disposable products such as breathing circuits, masks, 
reservoir bags, sample gas tubes, and filters must be dis-
carded after use, and all surfaces must be cleaned and dis-
infected. 

(7) The method used for cleaning the anesthesia machine 
need not vary significantly from that typically employed 
after regular patients if a high-quality viral filter has been 
properly used. Refer to the recommended manufacturer’s 
protocol for detailed cleaning instructions for each indi-
vidual equipment. 

① GE Healthcare 
• Refer to the link and attached file for protocols to disas-
semble, clean, disinfect, and reassemble the respiratory 
system of the anesthesia delivery system (Attachment 1. 
Cleaning and sterilization of GE breathing system manual; 
Avance/Aisys ABS: 

        https://www.youtube.com/watch?v= 3MU2BsRAvY8). 
• Refer to the attached file for a list of cleaning agents. The 
list of cleaning agents for Aisys may be used for Avance 
(Attachment 2. Cleaner compatibility). When using clean-
ing agents that are not included in this list, those with a pH 
range of 7.0–10.5 are recommended. 

② Mindray 
• Refer to the links and attached file for the protocols to 
disinfect the anesthesia machine and monitor (Attachment 
3. Cleaning and disinfection manual of Mindray anesthesia 
machine; https://www.youtube.com/playlist? list = PLhnl-
WcdDi3TeiVRvr8vJkp1JVcruqCrND; https://www.you-
tube.com/playlist? list= PLhnlWcdDi3TebTUrGMClr0uD-
HKDMUl4Zb; https://www.youtube.com/playlist? list =  
PLhnlWcdDi3TdhdaJHvuoMhMUia_ltvH5o).  

③ Draeger  
• Refer to the link and attached file for the protocols to dis-
assemble, clean, disinfect, and reassemble different types of 
anesthesia machine (Attachment 4. Cleaning and disinfec-
tion manual of Draeger anesthesia machine; https:// www.
youtube.com/watch?v = 7pS_VVMZ6B0&feature = youtu.
be). 
• Refer to the link for details information about medical 
devices used for diagnosing, preventing and treating 
COVID-19; (https://www.draeger.com/ko_kr/Home/
Coronavirus-COVID-19). 

5. Disinfection of reusable instruments 

(1) Instruments contaminated by blood, bodily fluid, secre-
tion, or excrement after use must be carefully transferred 
to a washing station to prevent contamination of the sur-
rounding environment. 

(2) After sufficiently soaking the instrument in a designated 
washing station separated from the area used by other pa-
tients or where clean materials are stored, carefully wash 
the instrument while making sure that the cleaning agent 
does not splash. 

(3) Wash thoroughly to make sure no blood, bodily fluid, se-
cretion, or excrement remains. 

(4) Depending on the instrument criticality, low-level disin-
fection is performed for non-critical items; high-level dis-
infection or sterilization is performed for semi-critical 
items; and sterilization must be performed for critical 
items. 

(5) Recommendations by the manufacturer of the disinfectant 
must be checked. It is necessary to strictly adhere to the 
recommended disinfection process, including the dilution 
of the disinfectant, duration of the application of the dis-
infectant, shelf life of the disinfectant, and measurement 
of the effective concentration. 

6. Cleaning and environmental disinfection 

(1) If there are organic substances on the surface of the envi-
ronment, it cannot be properly disinfected; thus, the sur-
face must be wiped before disinfecting the environment. 

(2) To prevent airborne dispersion of pathogens while clean-
ing, use a rag wet with a cleaning solution or disinfectant 
for cleaning instead of a broom or vacuum cleaner. 

(3) Instead of using a spray-type disinfectant, use a clean towel 
wet with disinfectant or ready-to-use products, such as a 
disinfectant tissue (towel), to thoroughly wipe environ-
mental surfaces. 

(4) Whenever possible, use disposable or dedicated cleaning 
tools. Except when reusing cleaning tools, the tools must 
be appropriately disinfected with the proper disinfectants 
and stored for reuse after drying. 

(5) Surfaces contaminated by blood, bodily fluid, secretion, or 
excrement must be disinfected immediately, and the sur-
rounding environment of the isolation unit occupied by 
patients must be disinfected at least once a day, while any 
surfaces prone to frequent hand contact should be disin-
fected often. The room must be disinfected after the pa-
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tient is discharged. 
(6) Disinfectants generally used in medical institutions in-

clude sodium hypochlorite (1000 ppm recommended) 
and 70% alcohol (localized surface), while a viral disinfec-
tant with proven sterilizing power could also be used. 

(7) When using a disinfectant, the manufacturer’s recommen-
dations on the dilution factor, contact duration, and han-
dling precautions should be followed. 

7. Medical waste management 

(1) Waste must be disposed in accordance with the medical 
waste disposal guidelines of each institution.  

(2) For proper and safe handling, all wastes must be separated 
from the place where the waste occurred and then disposed 
of. 

(3) Sharps such as needles and blades must be collected in a 
puncture-resistant sharps container, which must be placed 
in areas where such materials are collected. 

(4) Infectious non-sharp waste (solid biohazardous waste) must 
be collected in a leak-proof waste bin with the lid closed. 

(5) Bodily fluid or excrement from patients must be disposed 
into the sewage system in accordance with wastewater dis-
charge regulations. Caution should be taken not to contami-
nate the surrounding environment or people during the 
waste disposal process. 
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Introduction 

Biosignals are signals such as electrocardiogram (ECG), electroencephalogram (EEG), 
and photoplethysmogram (PPG) that are obtained from patients. Monitoring devices 
usually keep a check on the real-time status of patients in the intensive care unit (ICU) as 
well as those who have undergone surgery, for the entire duration of treatment; measure-
ments like ECG or electromyogram are widely used even in out-patient based practices 
as they are non-invasive, and provide valuable information. 

Information in biosignals is usually not expressed directly and diverse data are hidden 
in signal waveforms. For example, it is well known that variation in the time interval be-
tween heartbeats or heart-rate variability that can be extracted from an ECG or PPG is 
associated with mortality or diverse unfavorable clinical outcomes [1,2]. Another exam-
ple is the QT interval in an ECG that represents the time interval between the start of 
ventricular contraction to end of repolarization of the heart muscle. Some drugs prolong 
the QT interval by prohibiting the repolarization process of the heart muscle; however, 
extended prolongation could cause life-threatening arrhythmia known as torsade de 
points [3,4]. Therefore, drugs having the potential for QT prolongation were withdrawn 
from the market [5]. P-wave indices that reflect the status of the atrium are another ex-

Biosignals such as electrocardiogram or photoplethysmogram are widely used for deter-
mining and monitoring the medical condition of patients. It was recently discovered that 
more information could be gathered from biosignals by applying artificial intelligence (AI). 
At present, one of the most impactful advancements in AI is deep learning. Deep learn-
ing-based models can extract important features from raw data without feature engineer-
ing by humans, provided the amount of data is sufficient. This AI-enabled feature presents 
opportunities to obtain latent information that may be used as a digital biomarker for de-
tecting or predicting a clinical outcome or event without further invasive evaluation. How-
ever, the black box model of deep learning is difficult to understand for clinicians familiar 
with a conventional method of analysis of biosignals. A basic knowledge of AI and ma-
chine learning is required for the clinicians to properly interpret the extracted information 
and to adopt it in clinical practice. This review covers the basics of AI and machine learn-
ing, and the feasibility of their application to real-life situations by clinicians in the near fu-
ture. 

Keywords: Artificial intelligence; Biomarker; Computer-assisted diagnosis; Deep learning; 
Electrocardiography; Electrodiagnosis.

Review Article

Korean J Anesthesiol 2020;73(4):275-284
https://doi.org/10.4097/kja.19475 
pISSN 2005–6419 • eISSN 2005–7563

Received: December 8, 2019  
Revised: January 3, 2020  
Accepted: January 14, 2020 

Corresponding author: 
Dukyong Yoon, M.D., Ph.D. 
Department of Biomedical Informatics, Ajou 
University School of Medicine, 206 World 
cup-ro, Yeongtong-gu, Suwon 16499, Korea 
Tel: +82-31-219-4476 
Fax: +82-31-219-4472 
Email: d.yoon.ajou@gmail.com  
ORCID: https://orcid.org/0000-0003-1635-8376

Discovering hidden information in 
biosignals from patients using 
artificial intelligence  
Dukyong Yoon1,2, Jong-Hwan Jang1, Byung Jin Choi1,  
Tae Young Kim1, Chang Ho Han1 
1Department of Biomedical Informatics, Ajou University School of Medicine, 2Department 
of Biomedical Sciences, Ajou University Graduate School of Medicine, Suwon, Korea

The Korean Society of Anesthesiologists, 2020

This is an open-access article distributed under the 
terms of the Creative Commons Attribution Non-Com-
mercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commer-
cial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

275Online access in http://ekja.org



ample; recent study reported that additional information of 
P-wave indices along with the CHA₂DS₂-VASc score can predict 
the probability of an ischemic stroke in atrial fibrillation patients 
more accurately than on the basis of the CHA₂DS₂-VASc score 
alone [6]. 

Recent advances in artificial intelligence (AI) provide opportu-
nities to reveal hidden information in biosignals that is not appar-
ent using conventional methods of analysis. One of the current 
studies reported that an AI-enabled algorithm was able to identify 
patients with atrial fibrillation although their ECG signals were in 
sinus rhythm [7], implying that there are some indications facili-
tating the AI model to identify an alteration of the atrium from 
the ECG. Another recent study discovered that the ejection frac-
tion of the heart could be determined from an ECG and a cardiac 
contractile dysfunction could be detected by applying the AI 
model to an ECG signal [8]. From EEG signals, it was possible to 
predict sex when deep learning was applied to brain rhythms [9]. 
Another study reported that information on what subjects were 
viewing could be obtained from an EEG and an AI model could 
reconstruct images from the EEG measured while the subjects 
were viewing the images [10]. These studies showed that only a 
small part of information from biosignals is actually utilized in 
clinical practice (Fig. 1). However, it must be noted that the mor-
phology of features extracted by or used in AI models are remark-
ably different from those that are widely used. AI-enabled features 
are usually in a black box i.e., they are invisible, indescribable, and 

indefinable by human perception whereas conventional features 
are clearly visible and easily defined by simple rules. Therefore, to 
use AI-enabled features suitably in real-world practice, clinicians 
must know and understand the working of an AI model to extract 
hidden information from largely stacked data. 

To enable clinicians to understand and use AI-enabled features 
from biosignals, this study presents the following: 1) a brief intro-
duction of AI and machine learning for clinicians, 2) recent stud-
ies that demonstrate the feasibility of utilizing AI-enabled features 
from biosignals for clinical use, and 3) available databases to con-
duct AI-based biosignal research. 

Brief overview of artificial intelligence 

AI and machine learning 

AI refers to any computer software that can mimic cognitive 
functions or human intelligence. However, as the real mechanism 
of human cognitive functions has not yet been discovered, it is 
impossible to develop software that follows the mechanism of real 
intelligence; instead, scientists strategically developed software 
that appears to have cognitive functions regardless of its underly-
ing mechanism. 

AI is a concept with diverse subcategories defined by various 
principles (Fig. 2), classified according to whether it learns pat-
terns from data or not. An example of AI that does not depend on 

Biosignal

Hidden information

Accurate
diagnosis

Early
detection or
prediction

Getting
new insight

Human
insight

Artificial
intelligence

Information currently
being used

(ex. heart rate variability)

Fig. 1. Potentiality and usability of hidden information present in diverse types of biosignals. The characteristic of artificial intelligence that can 
extract valuable information allows the opportunity to acquire and use hidden information not perceived by humans. It provides a diagnosis that 
is more accurate, early detection of a clinical event, and new insight on disease and prescription of drugs.
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data is the rule-based system designed by domain experts to han-
dle specific problems well fitted to a hypothesis. In this case, the 
level of knowledge of the experts is important rather than the 
amount of data; however, this system is rigid and fails if there is a 
variation in the problem. The other approach called machine 
learning is to determine certain patterns from the data. This al-
lows the software to change certain parts such as weights or coef-
ficients in accordance with the inputted data. 

Machine learning can be classified into three categories: The 
first is supervised learning for which two datasets must be pre-
pared namely, input data for pattern training and information la-
bels regarding the category or value of the input data (for example, 
normal vs cancer or survival vs death). Based on the information 
labels, the supervised learning algorithm tries to determine a pat-
tern where the output is a category (classification problem) or real 
value (regression problem). By contrast, unsupervised learning is 
an algorithm that identifies inherent patterns in the data itself 
without labeled information. For example, clustering algorithms 
such as k-means or hierarchical clustering divides each data point 
into groups (usually the number of groups is predetermined by 
researcher) based on the distribution. Finally, reinforcement 
learning aims to set the best policy to solve a certain problem 
within the computationally designed space by trial and error.  

Deep learning: the AI that can extract hidden information 

Deep learning, the most advanced form of artificial neural net-
works, is an architecture that allows diverse methods to fit mod 
els to a given data by learning patterns in the data. It can be used 
for supervised learning, unsupervised learning, as well as rein-
forcement learning. 

Deep learning is a part of machine learning; however, it has dis-
tinct characteristics as compared to traditional machine learning 
algorithms. First, in traditional machine learning, it is crucial to 
extract important features from the raw data by using domain 
knowledge; however, deep learning takes raw data as the input, 
extracts the features within the data, and learns the patterns by it-
self. Deep learning requires basic preprocessing such as normal-
ization or noise removal; however, it lowers the barrier of entry 
for specialized domains of data, as it is relatively free from feature 
engineering based on domain knowledge. For example, suppose 
we need to develop a model that can distinguish between chest 
x-ray images of normal lungs and those afflicted by cancer. In ear-
lier machine learning, the researcher had to extract features such 
as the shape of the nodule or distribution of colors that could be 
observed in images, and input that to the model. However, deep 
learning can directly extract the information that is relevant for 
discriminating between the two. Second, in traditional machine 
learning, the performance is usually restricted due to the limited 
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Machine learning

Deep learning

Supervised
learning

Machine learning
which use data

with label

Machine learning
which use data
without label

Machine learning
which learns from

trial and error

Unsupervised
learning

Reinforcement
learning

All software which “mimic”
human cognitive function

Artificial intelligence
which find out patterns from “data”

• Supervised learning (CNN, RNN, etc.)
• Unsupervised learning (Autoencoder, etc.)
• Reinforcement learning (DQN, etc.)

Fig. 2. An overview of the relationship between artificial intelligence, machine learning, and deep learning. The term artificial intelligence (AI) 
includes all software that mimics the cognitive functions of humans. Among the various algorithms in AI, machine learning algorithms (deep 
learning, in particular) that learn patterns in data are considered promising owing to their distinctive performance. CNN: convolutional neural 
networks, RNN: recurrent neural networks, DQN: deep Q netowrk.
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predefined set of features and does not improve regardless of the 
amount of data used for training whereas deep learning requires a 
larger amount of data as the direct feature extraction process by 
researchers is omitted. The deep learning model can identify pat-
terns clearly, when more data is added; hence, the diversity, clear-
ance, and usefulness of the extracted features are enhanced lead-
ing to an improvement in the performance. Third, traditional ma-
chine learning provides the significance of the used features and 
information that have a major role whereas deep learning is diffi-
cult to interpret as it is similar to a black box. This may prove to 
be a barrier in adopting it for medical applications; however, it is 
now possible to understand deep learning indirectly through al-
gorithms such as Gradient-weighted Class Activation Mapping 
[11]. This has led to an increased possibility of its use in the medi-
cal field. 

Deep learning was particularly useful in visual problem solving 
in the early stages of its development. In image classification prob-
lems like ImageNet datasets, the convolutional neural network 
(CNN), one of several types of deep learning, showed an accuracy 
greater than 95% [12]. The CNN extracts features from images 
through filters that derive the morphological features from a small 
part (called window size) in an image. The CNN filter uses an ele-
ment-wise product and weights, and the features from the whole 

image are analyzed by moving it (Fig. 3A). Learning through a 
CNN involves finding the appropriate filters and their weights to 
classify labels. For example, given that the shape of a nodule is a 
key feature to classify it as malignant or benign, a filter randomly 
initialized in the first stage cannot react to the specific shape; 
however, the CNN weights of the filter are updated after training 
to yield a strong response. The result extracted through the filter 
is called the feature map. It is possible to derive more abstracted 
features from the images when the CNN is applied deeply. 

The deep learning designed to analyze time series data is the re-
cursive neural network (RNN). Time series data usually have an 
autocorrelation where the previous value affects the next. To grasp 
the pattern of such time series data, it is necessary to reflect this 
autocorrelation in deep learning, for which both the past and cur-
rent data must be considered. When the RNN analyzes the result 
in the Nth time step, the result is derived from the (N−1)th time 
step as an input value. At this time, the output of the Nth time step 
is delivered to the next step i.e., (N+1)th step. The information 
transferred across the time steps is called a hidden state, which is 
expected to remember the information of the previous time steps. 
From the above explanation, it appears that different neural net-
works are needed for every time step; however, the output from 
the RNN is transferred back to the same neural network (Fig. 3B). 

Filter

Before training
filter weights

After training
filter weights

Recurrent
neural network

N-1 N

N

N+1

Feature map

M
at

rix
 m

ul
tip

lic
at

io
n

Feature map

1

1

1

1

1

0

0

0

0.3

0.6

0.3

0

1

1

1

0

0

0

1

0

2.1

4

0.3

0.9

0.6

0.6

0.6

0.3

1

0

0

0

0

1

1

0

0

1

0

1

0

0

0

1

0

0

0

0

1

0

0

1

0

1

0

1

0

0

0

1

1

0

0

0

0

1

1

0

1

1

1

1

1

0

0

0

A B

Fig. 3. Schematic illustration of the underlying principle of convolution in a convolutional neural network (CNN) and expression of a recursive 
neural network (RNN). (A) Convolution is a type of matrix multiplication; however, a CNN changes the weight values in the filter in the training 
process to maximize the valuable features that are useful to discriminate between labels. (B) RNN recursively uses the output of its network as the 
input for the next step, thus, a long expression (top) is summarized as a short one (bottom).
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This is why it is referred to as an RNN. 
A drawback in the basic RNN model is that the information of 

past data becomes blurred as the time step length of the analysis 
data increases. To address this, there are improved models such as 
long short-term memory [13] and gated recurrent neural network 
[14], which add a separate neural network to carry the informa-
tion from past data. In current studies, RNN-based models are 
also applied with an attention mechanism [15] to provide clues 
that identify relevant context [12,16,17]. 

The autoencoder is another type of artificial neural network ar-
chitecture consisting of an encoder that compresses the original 
raw data to a smaller size and decoder that restores the com-
pressed information into original data (Fig. 4). It is classified as 
unsupervised learning as only original data is needed, without la-
bel information. It is also called representation learning in terms 
of identifying the intrinsic structure of data and extracting fea-
tures from them. Identifying key information and compressing it 
into smaller dimensions is similar to the traditional methods of 
reduction of dimensions such as principal component analysis; 
however, the autoencoder has the advantage of representing more 
complex data spaces through non-linear functions. 

The autoencoder tries to learn to minimize the reconstruction 
error that represents the difference between the original data X 
and reconstructed data X ', which is the output from the decoder. 

Convolution

0 -1 5 1 3 -4 5 …
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Different features
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Autoencoder
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(Decoder)

Encoder

0 1 -3 2 5 -8 -4

Machine learning algorithms

Prediction or DiagnosisPrediction or Diagnosis

Fig. 4. Two different approaches for extracting hidden information from biosignals in deep learning. (A) Convolution in a convolutional neural 
network fits the convolutional matrix to extract a feature map that is a type of matrix containing valuable information for discriminating between 
labels. (B) An autoencoder extracts hidden information useful for reconstruction of raw data from the data itself. Although the features are derived 
regardless of label information, principal information included in the raw signal is obtained that can be used in other machine learning algorithms 
to predict or detect labels.

A B

The information compressed by the encoder is the latent variable 
(h). If the original data is restored with the latent variable of a size 
smaller than the original data, it indicates that the encoder identi-
fied the pattern or internal structure of the data and extracted the 
main features. In such a case, the latent variable extracted by the 
encoder can be used as input data for other machine learning 
models like clustering or classification (Figs. 4B and 5). 

h=  fencoder (X) 
X'= fdecoder (h) 

Reconstruction Error(Mean Squared Error)=‖X-X'‖2 

As aforedescribed, deep learning is capable of finding patterns 
in complex data that are difficult for humans to recognize, and 
abstracting them into smaller data. To solve problems with less 
complexity, the existing statistical models or traditional machine 
learning also provides satisfactory results. However, for analysis of 
complex data, where the hidden features are abstract and difficult 
to extract, deep learning which can extract and utilize more di-
verse hidden information shows more accurate . 

Recent cases of application of AI to biosignals 
in medicine 

Recent advances in computational power and the concurrent 
rapid increment of data generated in healthcare systems have en-
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couraged researchers to apply AI for assisting various practices in 
hospitals and other healthcare institutions. As reviewed in the pre-
vious section, AI can detect meaningful information in a dataset 
and recent studies have shown the superiority of AI over human 
ability in detecting diseases, predicting results, and deciding treat-
ment policies. Some of the AI applications are outlined below: 

Introduction of AI in medicine enables the analysis of high-den-
sity data such as biosignals; in particular, the conventional 12-elec-
trode ECG is at the forefront of this research. One example is a 
study that screens for hyperkalemia (serum potassium levels >  5.5 
mEq/L) among patients with chronic kidney disease based on a 
12-electrode ECG [18]. In the study, researchers used data from 
1,576,581 ECGs collected from a single hospital in the United 
States from 449,380 patients with potassium test records taken 
within 12 hours of recording their ECG. The deep CNN using the 
data from ECG leads I and II among 12 leads showed an area un-
der the curve (AUC) of 0.88 for hyperkalemia. An external valida-
tion conducted with datasets from other hospitals in the United 
States also showed good results with an AUC greater than 0.85. 
Hyperkalemia was previously known to change certain patterns in 
ECGs such as a tented P wave and sine wave; however, there was a 
controversy regarding its significance in real practice [19]. The 
study showed that AI can determine hyperkalemia in a non-inva-
sive way without a blood test and can contribute to the monitoring 

of abnormalities of electrolytes in patients with chronic kidney dis-
ease. In addition, studies on the application of AI to detect and 
classify arrhythmias such as detecting atrial fibrillation [20] or 
classifying myocardial infarction [21] using 12-electrode ECG da-
tabases are regularly carried out and the results demonstrate an ef-
ficacy as high as or higher than that of a human cardiologist. 

Recent studies are not limited to the detection of arrhythmias at 
the time of measurement of ECGs. The introduction of deep 
learning such as CNN in ECG research has enabled computers to 
detect even the smallest changes that traditional ECG analysis was 
unable to interpret. As a result, it is possible to predict arrhyth-
mias not only during the measurement of an ECG but also the 
possibility of its occurrence in future or anticipate the results of 
more invasive or expensive tests. For example, a deep learning 
model recently trained by using the 12-electrode ECG could pre-
dict whether atrial fibrillation would occur within a month for 
patients with a normal sinus rhythm in their ECG obtained by the 
conventional method [7]. From the 180,922 patients in the period 
1993–2017 in the United States, 649,931 ECGs which showed a 
normal sinus rhythm were used for analysis. The model was 
trained to detect ECG patterns that could be observed before the 
first occurrence of atrial fibrillation and predicted whether atrial 
fibrillation would occur or not. The prediction was reliable with 
an AUC of 0.87, sensitivity of 0.79, specificity of 0.80, F1 score of 
0.39, and overall accuracy of 0.79. This study suggests that deep 
learning can detect minor changes that are not visually confirmed 
before the onset of arrhythmia. 

Another study by the same research group developed a deep 
learning model that could predict cardiac contractile dysfunction 
(ejection fraction less than 35%) using the ECGs of 44,959 pa-
tients measured in a period of two weeks before and after their 
echocardiography [8]. The results of the prediction showed an 
AUC of 0.93, sensitivity of 0.86, specificity of 0.86, and accuracy 
of 0.86. The risk ratio for cardiac contractile dysfunction of pa-
tients, who were classified as low ejection fraction patients by AI 
but did not have cardiac contractile dysfunction in the ultrasound 
at the time of prediction, was estimated to be four times higher as 
compared to those patients who were classified as normal when 
the Cox regression analysis was performed. 

Another example is the use of ECG rhythms recorded by auto-
mated external defibrillators during chest compressions in 1151 
cases of cardiac arrest [22]. In the study, the AI model could pre-
dict a functionally intact survival rate after acute cardiac arrest. 
The performance was not highly satisfactory as the AUC was 0.75; 
however, it showed the possibility of a novel use of ECG and sug-
gested the establishment of a precise cardiopulmonary resuscita-
tion guide based on this. 

Real world

Data capture

Feature extraction

Diagnosis
or prediction

Treatment
policy

Abstracting

Fig. 5. Schematic of the entire process of an artificial intelligence (AI) 
research or project. As machine learning algorithms depend on the 
amount and quality of data, collecting proper datasets is a critical 
step to begin AI-related projects. Extracting valuable information 
from a huge dataset is cumbersome; hence, this step is conducted in 
the process of training either in a convolutional neural network or 
independently (Autoencoder).
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Other types of biosignals were also used in studies related to AI. 
For example, in the analysis of frontal EEG measurements of 174 
patients in ICU, a deep learning model could predict the level of 
consciousness (AUC of 0.70) and delirium with (AUC of 0.80). An 
EEG signal can be used for epileptic focus localization [23], emo-
tion classification [24], and detection of psychotic disorders such 
as unipolar depression [25] with high reliability, if AI is adopted. 

These developments can also be applied to patients outside a 
hospital, particularly the newly generated data observed on wear-
able devices that are supported by industry and are of consider-
able medical value. In a recent study, the deep learning model 
used 91,232 single lead ECGs of 53,549 patients to successfully 
categorize the raw input ECG signal into 12 different rhythms 
without any preprocessing [26]. The averaged AUC of 0.98 was 
superior to the average reading by board-certified practicing phy-
sicians. 

Studies using non-medical devices such as smart watches or 
other commercial wearable devices are also actively underway. A 
study was conducted recently in the United States on 419,297 
members with no history of atrial fibrillation who agreed to being 
monitored by a smartphone (Apple iPhone) app [27]. The study 
showed that 84% of the notifications from the irregular pulse no-
tification algorithm were concordant with atrial fibrillation. 

In addition to ECG, wearable devices are also useful to moni-
tor the level of activity of people. A study that analyzed data from 
2354 prospective cohorts in the United States confirmed the rela-
tionship between activity and brain volume, indicating that mild 
exercise is associated with larger brain volume [28]. An addition-
al one hour of mild exercise in a day can reduce the age of the 
brain by 1.1 years. Another study tracked the activity of 95 pa-
tients with multiple sclerosis with a commercial wearable device 
for one year [29] wherein the less active group showed a worsen-
ing of clinical prognosis. 

The increase in the number of commercially available wearable 
devices is expected to contribute to the collection of large amounts 
of biosignals from the general population rather than patients 
alone. It will become a valuable source of data for developing an 
AI model for cost-effective screening in the pre-hospital stage. 
Further, it may increase patient compliance by allowing them to 
participate in their treatment. 

Areas of applicability of AI 

Clinical decision support systems (CDSSs) and early 
warning system (EWS) 

CDSSs are computer systems designed to support the decision 

of a clinician regarding individual patients. The primary purpose 
is to reduce errors by clinicians, such as prescribing drugs that 
may react adversely with those being ingested by patients or fail-
ing to conduct crucial tests. These traditional functions follow 
rule-based algorithms designed by medical experts. However, if 
AI is adopted in a CDSS, it can provide additional valuable infor-
mation to increase the efficiency and quality of regular practice by 
predicting diverse clinical events such as mortality with reliable 
accuracy. Moreover, it can prove to be a novel digital biomarker 
that is valuable to make next-step decisions that the clinician 
might have missed. 

The EWS is a similar system to aid the decision of the physi-
cian, though the focus is on the prompt notification of impending 
risk to ensure timely management to reduce the consequences of 
an adverse event. The algorithm used in current EWSs is based on 
simple rules; therefore, the accuracy is low and applicable area is 
limited. However, the ability of AI to extract valuable information 
not easily known to humans provides timely notification with 
greater accuracy and wider range of applicable areas. 

These systems for supporting clinicians provide an opportunity 
to ensure high quality practice at low cost in advanced hospital 
care. However, they are based on existing medical records that are 
limited in detailed information compared to biosignal data. Apply-
ing AI to these systems based on biosignals can solve these prob-
lems as the number of hospitals that have systems for automatically 
recording continuous biosignals is increasing. The real-time bio-
signal recording systems will enable to fill the gap in information 
in regular medical records required for CDSSs or EWSs. 

Software as a medical device (SaMD) 

SaMD is software that can be used for medical purposes inde-
pendent of a hardware medical device. Traditionally, software is a 
part of hardware; however, owing to advanced AI technology it is 
now a type of medical device supporting the clinician. AI models, 
such as diagnostic software for detecting diseases through radio-
logic images or ECGs, that can detect malignant nodules or car-
diovascular disease are considered to be SaMDs. The US Food 
and Drug Administration (FDA) and Korea FDA have prepared 
the management and regulation of this software as a medical de-
vice [30,31]. 

Available biosignal databases for AI studies 

AI application processes in the medical field based on biosignal 
data begin with the collection of large amounts of raw data (Fig. 5). 
Several previous studies have developed biosignal data collection 
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systems in hospitals and some of these have made significant con-
tributions to the field of biosignal data research as given below: 

Medical Information Mart for Intensive Care (MIMIC) 

MIMIC-III is a database collected from more than 40,000 pa-
tients in the ICU at Beth Israel Deaconess Medical Center in the 
United States from 2001 to 2012 [32]. It consists of demographics, 
biosignal measurements (including waveform data for  some sub-
sets), laboratory test results, procedures, drugs, caregiver notes, 
imaging reports, and mortality (in and out of the hospital). This 
large database is freely available worldwide and is the most popu-
lar database in biosignal research.

eICU database 

eICU database is one that includes data from 200,859 patients 
in 335 units of 208 hospitals in the United States from 2014 to 
2015 [33]. It consists of biosignal measurements (vital signs but 
not waveforms), laboratory test results, drugs, acute physiology 
and chronic health evaluation (APACHE) components, care plan 
information, diagnostics, patient history, and treatment. It is pub-
licly available and managed by the same research group as the 
MIMIC-III database. 

Ajou University Hospital Biosignal database 

The Ajou University Hospital Biosignal database contains data 
of patients who were in the ICUs or emergency rooms of the Ajou 
University Hospital in Korea since August 2016 [34]. Until No-
vember 2019, this large database consisted of more than 19,000 
patients with all the biosignal waveform data and vital signs 
during the period of the patients' admission to discharge from the 
hospital. All the biosignal data were linked with the electronic 
medical record data. An automated system collected data from 
approximately 140 bedside patient monitors continuously. The 
database is not publicly available yet; however, data access is pos-
sible by conducting collaborative work with the research team. 

VitalDB database 

VitalDB database is a biosignal database consisting of data from 
6388 patients who underwent surgery in 10 operating rooms at 
Seoul National University Hospital from 2016 to 2019 [35]. It in-
cludes biosignal waveform data, vital signs during surgery, various 
clinical parameters related to surgery, and laboratory test results. 

Conclusions 

The rapid advancement in AI technology presents an opportu-
nity to increase the usefulness of biosignals. It can be used not 
only to increase the accuracy in detecting critically important 
events but also to predict events or suggest further treatment by 
extracting valuable hidden information in biosignals. AI based on 
biosignals is a powerful platform to support daily clinical practice 
in hospitals and healthcare in daily life. 
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Introduction 

Data science and machine learning (ML) are topics that have received enormous atten-
tion in recent years. Their strongest driving force seems to be in the explosion of data, 
both in size and scope. Several success stories of applying ML technology have increased 
worldwide investment in this area [1], and medicine is no exception. 

As with other medical fields, ML is revolutionizing anesthesiology research. Unlike 
classical research methods that are largely inference-based, ML is more geared toward 
making accurate predictions [2]. Medical textbooks are full of well-validated risk factors 
but only few well-validated predictive systems. 

Being aware of this limitation, medical researchers and societies have strived to create 
effective predictive algorithms [3]. A widely employed method for clinical prediction is 
the development of a risk scoring system. The researcher cleverly puts together previously 
known risk factors to yield a single output score. The Child–Pugh score is a well-known 
example. Based on five clinical measures of total bilirubin, serum albumin, prothrombin 
time, ascites, and hepatic encephalopathy, a score ranging from 5 to 15 is calculated. 
Ranges of 5 to 6, 7 to 9, and 10 to 15 points are equivalent to the Child–Pugh classes of A,  
B, and C, respectively. This system was first proposed in 1964 by the surgeon Charles 

Machine learning (ML) is revolutionizing anesthesiology research. Unlike classical re-
search methods that are largely inference-based, ML is geared more towards making accu-
rate predictions. ML is a field of artificial intelligence concerned with developing algo-
rithms and models to perform prediction tasks in the absence of explicit instructions. 
Most ML applications, despite being highly variable in the topics that they deal with, gen-
erally follow a common workflow. For classification tasks, a researcher typically tests vari-
ous ML models and compares the predictive performance with the reference logistic re-
gression model. The main advantage of ML lies in its ability to deal with many features 
with complex interactions and its specific focus on maximizing predictive performance. 
However, emphasis on data-driven prediction can sometimes neglect mechanistic under-
standing. This article mainly focuses on the application of supervised ML to electronic 
health record (EHR) data. The main limitation of EHR-based studies is in the difficulty of 
establishing causal relationships. However, the associated low cost and rich information 
content provide great potential to uncover hitherto unknown correlations. In this review, 
the basic concepts of ML are introduced along with important terms that any ML re-
searcher should know. Practical tips regarding the choice of software and computing de-
vices are also provided. Towards the end, several examples of successful ML applications in 
anesthesiology are discussed. The goal of this article is to provide a basic roadmap to nov-
ice ML researchers working in the field of anesthesiology. 
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Gardner Child  [4], and modified by Pugh et al. in 1972.
A scoring system is a big step forward toward implementing an 

actual prediction algorithm based on multiple factors. However, 
the methods of constructing such a system have been rather hap-
hazard and based on trial and error. ML has much to offer in this 
regard. 

Much of the recent hype about artificial intelligence (AI) and 
ML mainly centers around a specific ML algorithm called deep 
learning. To a newcomer in this field, it might seem that AI and 
deep learning are equivalent terms. However, AI, as an academic 
field, has existed for a long time and deep learning (a.k.a. 
multi-layer perceptron, the old-fashioned term) is one of its 
many research topics. Most of its important theoretical develop-
ment already took place in the mid-twentieth century but its 
enormous potential was unrecognized for a long time. 

The landscape of ML can be envisioned as fundamentally con-
sisting of three large categories: supervised learning, unsupervised 
learning, and reinforcement learning (Fig. 1). Algorithms that con-
stitute each of these categories are diverse, and deep learning is 
merely one of them. Deep learning is special in certain aspects 
and supersedes all other algorithms when dealing with tasks relat-
ed to images, videos, sounds, and machine translation. However, 
deep learning is occasionally overstated in its capability and mis-
conceived as a magic wand. It is necessary to gain a clear overview 
of the entire field of ML before digging deeper into any specific 
algorithm. 

This article will primarily deal with data science and ML as ap-
plied to anesthesiology using electronic health records (EHRs). 
Owing to their retrospective character, the main limitation of 
EHR-based studies is the difficulty of establishing causal relation-

ships. However, the low cost and rich information content provide 
great potential to uncover hitherto unknown correlations. Such 
correlations can generate hypotheses to be tested through pro-
spective clinical trials. 

Basic concepts of ML 

ML is a field of AI concerned with developing algorithms and 
models to perform prediction tasks in the absence of explicit in-
structions. ML algorithms build a predictive model based on 
some training data that consist of features. A good understanding 
of these terms is crucial in acquiring a firm grasp of ML. Hereaf-
ter, important terms will be highlighted in italics.  

Data

The data D in a ML task is expressed using a matrix              . 
The ith row of X is called an ith instance of D. The jth column of X, 
on the other hand, is called a jth feature of D. Throughout this re-
view, we will use a well-known dataset in the ML community (the 
Pima Indian diabetes dataset), originally from the National Insti-
tute of Diabetes and Digestive and Kidney Diseases (https://www.
niddk.nih.gov/), which consists of 768 subjects and 8 features. 
These features are as follows: number of prior pregnancies, plasma 
glucose concentration (glucose tolerance test), diastolic blood pres-
sure (mmHg), triceps skin fold thickness (mm), 2-h serum insulin 
(mu U/ml), body mass index (BMI), diabetes pedigree function, 
and age (Table 1). The objective is to predict whether the patient is 
diabetic, based on the values of these features. 

Machine learning

Supervised learning

Regression

Classification

Clustering

Dimensionality
reduction

Unsupervised learning Reinforcement learning

Fig. 1. Machine learning (ML) Landscape. ML algorithms can roughly be divided into three categories – Supervised learning, unsupervised 
learning, and reinforcement learning. Our focus will primarily be on supervised ML algorithms.
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The cutoff values, 60 yr and BMI of 30, are called parameters of 
the model. Given the model, optimal parameter values must be 
found such that the outputs are as close to the actual target values. 
For various reasons, ML algorithms instead try to find parameters 
that yield the least dissimilar outputs to the target variables. The 
metric of dissimilarity is called a loss function. Depending on the 
specific task, different loss functions are chosen. For our classifi-
cation task, we could imagine assigning a value of +1 if there is a 
mismatch between the output and the target variable, and 0 oth-
erwise. The sum of the assigned values of all instances divided by 
the number of instances is then defined as the expected loss. The 
parameters that yield the smallest magnitude of this value become 
the solution of this task. 

The above-mentioned set of if-then rules can be combined into 
a tree, yielding a tree model (Fig. 2). The decision tree algorithm is 
a popular ML sequence that provides an intuitive framework to 
make classifications and decisions. Often, multiple trees are gen-
erated on random subsets of the original data. The decisions of 
the individual trees are then combined to generate the final pre-
diction. This algorithm is known as the random forest algorithm 
[5]. 

The practical use of ML involves choosing the right model to 
apply to data. There is no single model that works best for every 

Task 

A task is a problem we want to solve—the most common ones 
being classification and regression. 

In classification, the target variable (or label) is an element of a 
countable set S =  {C1, …, Ck}. In our running example, S has two 
elements {diabetes mellitus (DM) absent, DM present}. For nota-
tional convenience, we assign 0 and 1 to each element, respective-
ly. The role of the ML algorithms is to discover an appropriate 
mapping from the features to {0, 1}. Such a mapping is called a 
model. 

In regression, the target variable is a real number (often restrict-
ed to be positive). The task, therefore, is to construct a model that 
generates a real-numbered prediction that is as similar to the tar-
get variable as possible. 

Model and parameters 

A model takes in features as inputs, performs some logical or 
mathematical operations, and generates an output. For example, a 
model can consist of a set of if-then rules such as: 

If age >  60 yr and BMI >  30 then output =  1 else output =  0 

Table 1. Pima Indians Diabetes Dataset with 768 Subjects and 8 Features

Pregnancies 
(number)

Glucose  
(mg/dl)

Blood pressure 
(mmHg)

Skin thickness 
(mm)

Insulin  
(mu U/dl)

BMI  
(kg/m2)

Diabetes pedi-
gree function

Age  
(yr) Outcome

6 148 72 35 0 33.6 0.627 50 1
1 85 66 29 0 26.6 0.351 31 0
8 183 64 0 0 23.3 0.672 32 1
1 89 66 23 94 28.1 0.167 21 0
0 137 40 35 168 43.1 2.288 33 1
5 116 74 0 0 25.6 0.201 30 0
3 78 50 32 88 31 0.248 26 1
10 115 0 0 0 35.3 0.134 29 0
2 197 70 45 543 30.5 0.158 53 1
8 125 96 0 0 0 0.232 54 1
4 110 92 0 0 37.6 0.191 30 0
10 168 74 0 0 38 0.537 34 1
10 139 80 0 0 27.1 1.441 57 0
1 189 60 23 846 30.1 0.398 59 1
5 166 72 19 175 25.8 0.587 51 1
7 100 0 0 0 30 0.484 32 1
0 118 84 47 230 45.8 0.551 31 1
7 107 74 0 0 29.6 0.254 31 1
1 103 30 38 83 43.3 0.183 33 0
The ninth column is the target to be predicted. BMI: body mass index. Available from https://www.kaggle.com.
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task, a fact that is referred to as the no free lunch theorem of ML 
[6]. It is usually required to try multiple models and find one that 
works best for a task. This trial and error process lies at the heart of 
ML artistry. The list of commonly used ML algorithms is as follows: 

- Regularized linear regression 
- Logistic regression 
- Discriminant analysis 
- Support vector machine 
- Naïve Bayes 
- K-Nearest Neighbor 
- Decision tree 
- Ensemble method 
- Neural network 
Researchers generally fit different ML algorithms to data and 

compare the predictive performances. The one that yields the 
highest performance is generally chosen as the final predictive 
model. 

A specific approach called the ensemble method is noteworthy. 
As the term implies, this method combines several ML algorithms 
into a single model, and can be approximately divided into two 
types: sequential and parallel methods. In the former, the base 
learner is trained sequentially, each time assigning more weights 

to previous errors. Prototypical algorithms are AdaBoost and Gra-
dient Boost [7,8]. Parallel methods, on the other hand, combine 
learners that have been trained independently. The above-men-
tioned random forest algorithm is the prototype. 

Loss functions 

The choice of the loss function is intricately related to the task 
and the model type. 

In regression, the loss function is formulated so that it reflects 
the expected error. The most commonly used loss function is the 

mean squared error (MSE), defined as                   , where,  

yi and f(Xi) are the target variable and the model output of the ith 
instance, respectively. Root-mean-square error (RMSE), which is 

defined simply as   MSE , is also widely used. The latter has an ad-
vantage that the scale of the error is the same as that of the target 
variable. It is possible to state that the model generates outputs 

with an error margin of ε (%), where, ε =  100(%)×   MSE/(mean 

prediction). 
In classification tasks, the model output is a number between 0 

and 1, often interpreted as the probability of the target yi being 
positive. Binary cross entropy, defined as 

–[yilogpi + (1-yi)log(1-pi)]
where, pi is the model output for the ith instance, is widely used 

as the loss function. 
Optimization algorithms are used to search the parameter space 

of a given model so that the loss function is minimized. There are 
various algorithms, the most common one being based on calcu-
lating the gradient of the loss function. It is an iterative search al-
gorithm where the parameter values are updated every time based 
on the calculated gradient of the current parameter estimates. A 
gradient is a multivariate extension of a derivative. Since the loss 
function, L, is a function of its parameters p, changing the values 
of p results in changes in L. Intuitively, changing p in the direction 
that most sensitively affects L is likely to be an effective search 
strategy. To illustrate this idea more vividly, imagine a landscape 
where the value of L is plotted along the vertical axis and the pa-
rameters (restricted to two-dimensional for demonstrative pur-
poses) on the horizontal plane (Fig. 3). Supposing that a certain 
agent is riding along the ridges of the loss function surface, 
searching for its deepest valley, starting from any arbitrary point 
on the surface, a plausible search strategy would be to look around 
and descend down the path with the steepest slope. A tangent 
with the steepest slope, the derivative in a univariate problem, is 
the gradient. Repeating such a search often results in the agent 
ending up in one of the valleys, which is a potential solution to the 
search task. Unfortunately, the gradient-based search strategy 

glucose < 128

age < 29

mass < 26

mass < 30

glucose < 100

pedigree < 0.56

pedigree < 0.2

pedigree ≥ 2

pedigree ≥ 67

yes

neg

neg

neg pos

pos

pos

pos

neg

neg

neg

no

Fig. 2. A decision tree to predict the presence of diabetes based on 
the Pima Indians Diabetes dataset (glucose: serum glucose [mg/dl], 
age [yr], mass: body mass index [kg/m2], pedigree: diabetes pedigree 
function). neg: negative, pos: positive.
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does not guarantee a globally optimal solution when applied to a 
loss function surface with multiple peaks and valleys, as shown in 
Fig. 3. Methods to circumvent this limitation do exist (such as in-
troducing a momentum, starting the search from multiple initial 
parameter values, adopting a stochastic component, and so on) 
but none of them definitely solve the problem (other than the 
brute-force strategy of searching all possible parameter combina-
tions). For more information, refer to [9]. 

Overfitting and underfitting 

An important limitation associated with minimizing a loss 
function given a set of features, target variables, and a model is 
that this does not necessarily minimize the difference between 
f(X) and the true signal    . The optimized prediction   =  f(X) may 
be closest to Y =    + ε (where, ε is a random error) but not to   .  
This phenomenon is given an infamous name called overfitting in 
ML literature. 

To avoid overfitting, one often keeps a separate dataset with an 
identical signal    but different random error ε’. Overfitting can be 
detected by comparing the loss function based on the original 
dataset with that calculated using the separate dataset. A signifi-
cant difference between the two loss functions indicates that the 
parameters are fitting the random error ε.  
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Fig. 3. A hypothetical landscape illustrating the relationship between the loss function and the parameters.

Training, validation, and test datasets  

In ML nomenclature, the original dataset used to optimize the 
parameters is called the training dataset, and a separate dataset 
used for detecting overfitting is called the test dataset. Hereafter, 
training and test datasets will be denoted as Tr and Te, respective-
ly. It is customary in ML practice to randomly split D into Tr and 
Te. The split ratio is often chosen such that the size of Tr is greater 
than Te. 

While this practice partly safeguards against overfitting, repeat-
ed bouts of training can lead to the overfitting of Te as well. 
Hence, Tr is generally split yet again into (real) training and vali-
dation (V) datasets (Fig. 4). 

In analogy, V serves the purpose of practice exams. Optimiza-
tion on Tr is followed by validation on V. When there is room for 
improvement, either a different model is chosen, or model hy-
per-parameters are modified. The procedure of training the new 
or modified model is repeated until a satisfactory result on V is 
achieved. The final predictive model is then validated using Te. If 
the predictive performance on Te is comparable to that on Tr, the 
model is then accepted and used. 

A variant of this procedure, called k-fold cross-validation, is also 
widely used. First, Tr is partitioned into k chunks (often of equal 
or similar sizes). One of the k chunks is defined as V and the rest 
as Tr. Then, the predictive performance on V is assessed, and this 
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procedure is repeated on all possible allocations of V and Tr. Fi-
nally, the k assessment scores from the k validation runs are aver-
aged to yield the mean performance index. Models that improve 
the mean performance index are chosen. 

While splitting D into Tr and V, and Te is the standard method 
to tackle overfitting, one should always try to directly incorporate 
the data generating mechanism if possible. For example, to predict 
the concentration of an anesthetic drug that is known to be elimi-
nated from the kidney by first order kinetics, it would be a better 
choice to use a pharmacokinetic model C(t) =  C(0)e(-kt) (k: elimi-
nation rate constant) than to use a high degree polynomial C(t) =  
C(0) + β1t + + β2 t

2 … + βp t
p. The latter function can undoubtedly 

generate outputs that match the observed concentrations given a 
sufficiently high degree p. However, this model would be prone to 
overfitting the data. 

Feature selection 

Not all features are informative in predicting the target. Return-
ing to our running example of the Pima Indians Diabetes dataset, 
supposing that in addition to the 8 features, we are given the fa-
vorite movie genre of the subjects. This additional feature, howev-
er, is unlikely to improve predictive performance because movie 
preference is not related to the development of diabetes in any 
meaningful way. 

A more serious problem occurs when so-called collinear fea-
tures are present. Suppose the data consist of weights measured in 
kilograms and pounds as two distinct columns (i.e., features). If a 
classification model is built using both features, the optimization 
algorithm would fail to converge. This is because the relative con-
tribution of each of the two features to the model output cannot 
be uniquely determined. 

First, the investigator must inspect the features manually and 
filter them based on domain knowledge. Here, features, such as 
patient names (which have no information in predicting the tar-

Original dataset

Training

Training Validation

Test

Test

Fig. 4. Splitting of the dataset into training, validation, and datasets. 
Model comparison is done using the validation dataset. Predictive 
performance of the final model is assessed using the test dataset.

get of our interest) are excluded. 
After manual filtering of the features, feature selection algo-

rithms can be applied. There are basically three different classes of 
such algorithms: (1) stepwise selection methods that iteratively in-
corporate the “best” feature at each step, (2) dimensionality reduc-
tion techniques that extract the most important components to be 
used as new features, and (3) regularization or shrinkage methods 
that penalize large parameter values during the optimization pro-
cess.  

The stepwise selection method is an umbrella term for all ap-
proaches that selects the one best feature at a time, evaluates the 
gain in predictive performance, and then decides whether it 
should be included in the model (Fig. 5). While stepwise selection 
algorithms do not always provide the optimal solution, they are 
easily understandable and simple to implement. 

Dimensionality reduction techniques eliminate collinearity by 
lumping correlated features. For example, given features of height 
and weight, a new feature of BMI can be calculated from the two. 
Replacing height and weight with BMI reduces the number of fea-
tures and at the same time solves the problem of feature collinear-
ity. One of the most popular dimensionality reduction methods is 
the principal components analysis. Given multiple features, the 
method identifies the principal components that retain as much 
of the original variance as possible. For more information on this 
particular method, refer to [10]. 

Lastly, regularization controls the magnitude of regression coef-
ficients. This is based on the premise that large magnitude coeffi-
cients (in the order of tens to thousands) are unlikely. From a 
Bayesian point of view, regularization is equivalent to imposing a 
null hypothesis of non-significance to all features (i.e., zero coeffi-
cient). Large coefficients that deviate from zero are thus penalized 

Null Model

Add the most significant variable

Rrepeat the above process

...until the basket
runs out of variables
or the stopping rule
applies

Model with 1 variable

Model with 2 variables

Fig. 5. The stepwise selection procedure. Each time, the most 
significant variable is incorporated into the prediction model. Such a 
selection process is repeated over all candidate variables until no more 
candidates exist or the algorithm hits a predefined stopping rule.
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in the calculation of the loss function. The three widely used reg-
ularization schemes are called LASSO, Ridge, and ElasticNet [11]. 
A more interested reader is referred to a review article that specif-
ically deals with various feature selection methods [12]. 

Multilayer neural network algorithms, so-called deep learning, 
can automatically extract useful features from the raw input. This 
is one of the great advantages of this algorithm and has contribut-
ed to its high popularity. 

Assessment of predictive performance 

Training models is important; however, assessing their perfor-
mance and selecting the best model is perhaps even more import-
ant. This is particularly true for medical researchers since ML en-
gineers can be hired to do the computational work but judging 
the overall quality of the work remains the responsibility of the 
principal investigator. 

A better model is the one that makes fewer errors. In regression, 
such a model is the one associated with a lower MSE. In classifica-
tion, a model with a higher accuracy, defined as the fraction of 
correctly classified instances, might be used. However, more sub-
tle complications arise when there is an imbalance among the 
classes. Referring to our running example, suppose that 99% of 
the subjects were diabetic. In such a case, simply predicting all 
subjects as diabetic would achieve an accuracy score of 99%. 

A confusion matrix is a table showing the frequencies of true 
positives (TP), false positives (FP), true negatives (TN), and false 
negatives (FN) (Table 2). 

Several important metrics are defined based on the values of 
the confusion matrix: 

(i) Sensitivity (a.k.a. recall, true positive rate) =   

(ii) Specificity (a.k.a. selectivity, true negative rate) =   

(iii) Precision (a.k.a. positive predictive value) =   

(iv) Negative predictive value =   

The most important concept related to the application of the 
confusion matrix is the tradeoff between sensitivity and specifici-
ty. The most sensitive algorithm is the one that predicts every-

thing positive, i.e., the sensitivity is 100%. Such a simple method 
guarantees that the algorithm classifies every positive instance 
correctly (all instances are classified as positive anyway). However, 
the price paid is that no negative instance is classified correctly, 
yielding a specificity of 0%. Since the definition of positives and 
negatives is arbitrary, it is easy to imagine that by flipping their 
definitions, a 100% specificity can be achieved at the cost of 0% 
sensitivity.  

As an analogy, an anticancer drug that kills all cells will certain-
ly eradicate all cancer cells. The sensitivity is 100%. However, 
since this drug would kill off all healthy cells as well (i.e., specifici-
ty 0%), such a drug will never make it to the clinic. 

One must find an optimal point where both sensitivity and 
specificity are acceptable for practical use. Evidently, this is no 
longer a mathematical problem. If sensitivity is more important 
(e.g., cancer diagnosis), the cost associated with the lower speci-
ficity can be tolerated. 

Now, suppose model A achieves 90% sensitivity and 10% speci-
ficity while model B achieves 10% sensitivity and 90% specificity. 
Which of the two models is the better? 

The widely adopted solution is to first draw a curve called a re-
ceiver operating characteristic (ROC) curve, which is created by 
plotting sensitivity against 1 – specificity, and then calculate the 
area under the curve (AUC). An ideal algorithm that achieves 
100% sensitivity and 100% specificity would be associated with an 
AUC of 100%, which is the maximum score achievable. A ran-
dom guess, due to the tradeoff between sensitivity and specificity, 
would satisfy the following equality: 

Sensitivity + Specificity =  100% 
The ROC curve is then a straight line with slope of unity that 

passes through the origin, and its AUC is 50% Fig. 6A). 
Most predictive models have AUC values that fall between 

these two extremes: 50% and 100%. Model selection, therefore, is 
often carried out by comparing the AUC of ROC curves Fig. 6B). 

The use of AUC, however, is not without problems. Lobo et al. 
[13] recommend against the use of AUC for the following reasons: 
it ignores the predicted probability values, summarizes the test 
performance over regions of the ROC space in which one would 
rarely operate, weights omission and commission error equally, 
does not inform about the distribution of model errors, and most 
importantly, the total extent to which models are carried out high-
ly influences the rate of well-predicted absences and the AUC 
scores. 

A widely used alternative to the AUC is the F1 score, defined as 
the harmonic mean of precision and sensitivity: 

Table 2. A Confusion Matrix

Prediction =  0 Prediction =  1
Actual target =  0 TN FP
Actual target =  1 FN TP
TN: true negative, FP: false positive, FN: false negative, TP: true posi-
tive. 
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Notwithstanding these issues, AUC is currently the standard 
method widely used for model comparison and assessment of 
predictive performance. 

Summary 

Supervised ML requires that the data be expressed as a matrix. 
Each row corresponds to an instance of the learning material, 
while each column represents the values of the different features. 
The matrix is subsequently fed into a suitable model that consists 
of tunable parameters. The machine carries out the learning pro-
cess by minimizing a predefined loss function. All loss functions 
reflect the degree to which the model outputs differ from the true 
values, playing the role of a supervisor. 

Different models are trained on Tr and their predictive perfor-
mances assessed on V. A metric such as the AUC of the ROC 
curve must be chosen prior to the analysis as the model selection 
criterion. Models are then compared using this metric, where the 
model yielding the highest (or lowest) value is selected as the final 
model. The predictive performance of the final model is judged 
using Te. If the performance reasonably matches that of Tr and V, 
one can be assured that overfitting has not occurred to any signif-
icant degree. The final model is then deployed as a real-world ap-
plication.  

Tools and software  

R 

R (https://www.r-project.org) is a free software environment for 

statistical computing and graphics. It supports Windows, MacOS, 
and a wide variety of UNIX platforms. The current stable release 
version is 3.6.3 (Holding the Windsock), but updates occur fre-
quently. Users are recommended to periodically check their soft-
ware version. Its main advantage is the wide third-party support. 
Virtually any kind of statistical analysis can be performed by 
searching and downloading relevant packages. It is light and con-
sumes little computer memory. 

Most R users also use RStudio (https://rstudio.com), an inte-
grated development environment (IDE) for R. It significantly fa-
cilitates the use of R by providing an interactive console, a syn-
tax-highlighting editor, a command history, an environment of 
defined variables, and a plotting window. It is available both as 
free open source and commercial licenses. However, the free open 
source license is fully functional, and operates on Windows, Mac, 
and Linux. Furthermore, RStudio Online is available for cloud 
computing. 

Its main drawback is the relatively slow computation time com-
pared to other software. Unless the data to be processed is in the 
range of gigabytes to terabytes, this is not going to be a critical is-
sue. Some third-party packages solve this problem by using codes 
that run on faster compiled languages (such as C++). 

Python 

Python (https://python.org) is another leading software used by 
ML researchers. The latest version is 3.8.2, but this would soon 
change as further updates are made. Similar to R, it is developed 
under an open source license and can be downloaded freely. It is 
the language of choice for first time programmers owing to its 
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gentle learning curve, but this does not mean that it is limited in 
its scope and function. Top IT firms (such as Google) are strong 
proponents of Python, and Google has developed one of the most 
popular deep learning application programming interfaces (APIs), 
TensorFlow, on which it runs. 

The counterpart of RStudio for Python is Anaconda (https://
anaconda.com), a highly popular IDE used by the majority of Py-
thon ML researchers. The Individual Edition operates under the 
open source license and can be freely downloaded. The main ad-
vantage of using Anaconda is that most ML-related third-party 
packages (or libraries), such as Scikit-learn, NumPy, Pandas, and 
SciPy, come pre-installed. The need for manually installing the re-
quired libraries is thus minimized. Anaconda also includes one of 
the most revolutionary projects that changed the practice of ML 
research, i.e., Jupyter notebook (https://jupyter.org). Project Jupy-
ter is a non-profit, open-source project that started in 2014. It 
evolved to support interactive data science and scientific comput-
ing, and supports Python, R, and other programming languages. 
It operates on a web-browser, where codes can be embedded as 
cells, greatly facilitating the presentation, sharing, and collabora-
tion of ML research. It is currently the primary presentation for-
mat used by Kaggle (https://kaggle.com), a popular platform for 
launching public ML competitions and sharing public data. 

Others 

MATLAB (https://mathworks.com/products/matlab.html) is 
the de facto standard programming language for engineers. It is a 
commercial software developed by MathWorks (https://math-
works.com), and offers fast and reliable tools for all areas of scien-
tific computing. Third-party tools can also be shared through 
MATLAB central (https://mathworks.com/matlabcentral), an 
open exchange for the MATLAB community.  

The main drawback of using MATLAB, of course, is its signifi-
cant cost. Cheaper licenses are available for students, but the pric-
es can still be substantial. Add-on libraries are available for ML 
and deep learning. Some universities, fortunately, offer free access 
to MATLAB to their students and faculty members based on an 
annually renewable contract. 

If one is already familiar with MATLAB and its syntax, its 
adoption for ML research might be a fair choice. However, if one 
is new to ML and has no prior experience with programming lan-
guages, the author personally recommends the use of R or Python 
since they are free and more widely supported by the industry 
(such as Google). 

Traditional compiled languages, such as Java and C++, can also 
be used, but the learning curves of these languages tend to be 

steeper. Unless one is a strong developer to begin with, these lan-
guages might not be the best choice. 

To be fair, the author must state that all Turing-complete lan-
guages (i.e., most modern programming languages) are capable of 
performing ML research. The author’s recommendation is pri-
marily based on the ease of learning and the popularity. The sec-
ond aspect is important because of the greater community sup-
port, the larger variety of third-party packages, and the richer 
documentation available. 

Hardware and operating system 

For ML research projects based on small- to medium-sized data 
(which include most traditional medical datasets), the hardware is 
not of primary concern. An entry-level standard CPU is adequate 
for most purposes, and an Intel i5 processor is more than suffi-
cient. Any operating system (OS) (e.g., Windows, MacOS, or Li-
nux) may be used. However, if one intends to conduct ML re-
search based on big data or requires deep learning for image, 
sound, or video classification, a workstation PC that runs on GPU 
processors is recommended. The OS of preference is Linux (and 
more specifically, Ubuntu). The cost of acquiring and maintaining 
a server can be substantial, however. Unless the researcher is fully 
determined to conduct deep learning-based research, the author 
recommends the use of Cloud solutions instead. A good starting 
point is Google Colab (https://colab.research.google.com). This 
allows the use of Python based on Jupyter notebooks and provides 
the users with GPU (and TPU) support at no cost. 

Examples of ML-assisted risk prediction 

Dynamic prediction of postoperative nausea and 
vomiting 

The Apfel simplified score for predicting postoperative nausea 
and vomiting (PONV) is currently a standard risk stratification 
system [14]. It consists of four factors, namely, gender, smoking 
status, history of motion sickness or PONV, and use of postopera-
tive opioids. Each risk factor contributes a score of +1. Apfel 
scores of 1, 2, 3, and 4 are believed to be associated with 20%, 
40%, 60%, and 80% risk of PONV, respectively. This system is 
limited in that patients given postoperative opioids, now a com-
mon clinical practice, already have one of the risk factors and 
none of the remaining three factors is modifiable. The Apfel sys-
tem does not discriminate patients undergoing different surgery 
types and given different doses of opioids. Moreover, it does not 
consider the decay of PONV risk with time. A recent publication 
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by the author and co-investigators identified time-varying risk 
factors of PONV in patients undergoing general anesthesia and 
given intravenous patient-controlled analgesia [15]. The dataset 
consisted of more than 20,000 patients with greater than 40 differ-
ent features collected from EHRs in Severance hospital, Seoul, 
Korea. ML techniques were applied to rank the most significant 
factors. Stepwise feature selection, using the highest-ranking fea-
tures, was embedded into the workflow to develop a predictive 
model of PONV at different postoperative time intervals. A web 
application was created to assist in making real-time predictions 
of PONV risk under actual clinical settings (https://dongy.shin-
yapps.io/ponv_pred). The predictions were in concordance with 
the Apfel scores and went a step further to generate actual proba-
bilities of PONV given a multitude of patient covariates, surgery 
type, and time elapsed after surgery. This work is a good demon-
stration of how ML can be applied to improve traditional scoring 
schemes. 

Prediction of postoperative pain 

Tighe et al. [16] reported a study whereby different ML models 
were built on data collected from EHRs to predict patients likely 
to experience severe postoperative pain after anterior cruciate lig-
ament reconstruction. The results showed that ML models out-
performed traditional logistic regression models in predictive se-
vere postoperative pain requiring peripheral nerve block. The 
same group subsequently carried out a similar research where ML 
classifiers were trained to predict which patients would require a 
preoperative acute pain service consultation [17]. Training of var-
ious classifiers followed by an ensemble of a group of high-per-
forming classifiers did not yield improved performance. Rather, 
the results showed that dimensional reduction improved compu-
tational efficiency while preserving predictive performance. The 
group recently argued that ML algorithms, when combined with 
complex and heterogeneous data from electronic medical record 
systems, can forecast acute postoperative pain outcomes with ac-
curacies similar to methods that rely only on variables specifically 
collected for pain outcome prediction [18]. 

Prediction of postoperative kidney injury 

Lee et al. [19] used ML techniques to predict acute kidney inju-
ry after cardiac surgery based on data collected from EHRs and 
developed an internet-based risk estimator. Compared with logis-
tic regression analysis, decision tree, random forest, and support 
vector machine showed similar performances with regards to the 
AUC. The gradient boosting technique showed the best perfor-

mance with the highest AUC. The same group published a similar 
article based on patients undergoing liver transplantation [20]. 

Empirical evidence from ML researchers and Kaggle competi-
tion winners suggest that ensemble methods often outcompete 
other algorithms when dealing with data in tabular format. Deep 
learning is generally unbeatable when it comes to classifying im-
ages, sounds, videos, and complex time series data. 

Summary 

While we have looked at a few instances, examples demonstrat-
ing the successful application of ML techniques in anesthesiology 
are too numerous to be listed in a single review. Most ML applica-
tions, despite being highly variable in the topics that they deal 
with, generally follow a common workflow. Becoming familiar 
with such a workflow is probably the first thing a newcomer to 
the field would want to achieve. 

For classification tasks, the reference model is usually the logis-
tic regression model, which is one of the most widely used statisti-
cal models in traditional medical research. The easy interpretabil-
ity of the estimated odds ratios is perhaps one of the reasons for 
its high popularity. The researcher then tests other candidate ML 
models and compares the predictive performance (often based on 
the ROC-AUC) with the reference model. Most ML algorithms 
outperform the logistic regression model, and researchers use this 
fact to support the use of their own ML-based model. While this 
is the general workflow seen in most ML research articles, one 
must be careful not to put too much emphasis on the predictive 
performance alone. Sometimes, being able to interpret the results 
or explicitly identify the risk factors is important. If the gain in 
predictive performance is not dramatic, the logistic regression 
analysis could still be favored. 

Conclusion 

The application of ML to anesthesiology holds great promise 
for the future. The main advantage of ML is its ability to deal with 
many features with complex interactions, in addition to its specif-
ic focus on maximizing predictive performance.  

However, the emphasis on data-driven prediction can some-
times neglect mechanistic understanding. This is particularly true 
when it comes to black box ML algorithms, such as deep learning. 
For example, a neural network trained to recognize the finger-
print of a private user does its job well, but it is often difficult to 
decipher how it does it. AlphaGo successfully beat the world Go 
champion but even its creator did not know how each move was 
made. It is somewhat unfortunate that as ML gains increasing 
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popularity, researchers are paying less attention to the reasoning 
behind the predictions. We hope that a proper balance between 
the two will be restored as ML researchers become more mature. 

This article mainly focused on supervised ML as applied to 
EHR data. The basic concepts of ML were introduced, and several 
examples of the successful applications of ML to anesthesiology 
were shown. The author hopes that this article serves as a rudi-
mentary roadmap for anesthesiology researchers who are now be-
ginning to apply ML to their fields. 
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Introduction 

In clinical research, conclusions on treatments are derived from the comparison of 
groups. Validity of this comparison is granted by homogeneity between groups, and popu-
lations with different baseline characteristics can potentially lead to biased results that are 
of poor quality. 

Randomized controlled trials (RCTs) provide the highest quality of evidence; when 
adequately powered, and after effective randomization, selection and other types of bias 
are reduced [1], and each group will have the same baseline characteristics resulting in 
optimal intergroup comparability. Despite their advantages, RCTs are not always feasible 
because of their cost, length, ethical issues, or all of the above. Furthermore, if random-
ization is not performed properly it might underpower the study or lead to the patients 
being allocated to the incorrect treatment groups [2]. In these cases, well-designed pro-
spective or retrospective observational studies may be used to compare groups and esti-
mate the effectiveness of treatments. However, a poor balance among compared groups 
remains a significant issue when measuring the quality of evidence provided by such 
studies. 

Consider applying two different treatments (let them be respectively laryngeal mask A: 
LMAa and laryngeal mask B: LMAb) to a subject: the observed dichotomous outcome 
could only be one (sore throat present or absent). 

Intergroup comparability is of paramount importance in clinical research since it is impos-
sible to draw conclusions on a treatment if populations with different characteristics are 
compared. While an adequate randomization process in randomized controlled trials 
(RCTs) ensures a balanced distribution of subjects between groups, the distribution in ob-
servational prospective and retrospective studies may be influenced by many confounders. 
Propensity score (PS) is a statistical technique that was developed more than 30 years 
ago with the purpose of estimating the probability to be assigned to a group. Once eval-
uated, the PS could be used to adjust and balance the groups using different methods 
such as matching, stratification, covariate adjustment, and weighting. The validity of PS 
is strictly related to the confounders used in the model, and confounders that are either 
not identified or not available will produce biases in the results. RCTs will therefore con-
tinue to provide the highest quality of evidence, but PS allows fine adjustments on oth-
erwise unbalanced groups, which will increase the strength and quality of observational 
studies. 

Keywords: Matched analysis; Observational study; Propensity score; Retrospective study; 
Statistical analysis; Statistics.

Statistical Round

Korean J Anesthesiol 2020;73(4):296-301
https://doi.org/10.4097/kja.20016
pISSN 2005–6419 • eISSN 2005–7563

Received: January 13, 2020  
Revised: February 12, 2020 (1st); March 2, 
2020 (2nd) 
Accepted: March 15, 2020 

Corresponding author: 
Alessandro De Cassai, M.D. 
UOC Anesthesia and Intensive Care Unit, 
University Hospital of Padua, Gallucci St, 
35121 Padua, Italy 
Tel: +39-049-8213090 
Email: alessandro.decassai@gmail.com  
ORCID: https://orcid.org/0000-0002-9773-1832

A brief introduction to propensity 
score for anesthesiologists    
Alessandro De Cassai1, Giulio Andreatta1, Annalisa Boscolo1, 
Marina Munari1, Paolo Navalesi2  
1UOC Anesthesia and Intensive Care Unit, University Hospital of Padua, 2Department of 
Medicine-DIMED, University of Padua, Padua, Italy

The Korean Society of Anesthesiologists, 2020

This is an open-access article distributed under the 
terms of the Creative Commons Attribution Non-Com-
mercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commer-
cial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Online access in http://ekja.org296



Called E the measured effect, we can describe the average treat-
ment effect as: 

E= E(LMAa)- E(LMAb)  

However, we have to consider that the measured effect (sore 
throat) could be biased by many confounders resulting from an 
unbalanced subject allocation between groups; in our example, to 
simplify, let them be: surgical time, body mass index (BMI), and 
age. All the confounders could be summed into a vector (xi), and 
the groups can be compared when the conditional distribution of 
x, given the balancing function b(x), is the same for both the 
LMAa and LMAb groups. When properly performed, randomiza-
tion distributes the confounders equally among groups. 

Translated into our example, LMAa may be preferred by some 
anesthesiologists because of their personal experience, as a result 
of local protocols for longer surgeries, in patients with an elevated 
BMI, or in older patients. Indeed, LMAa may be beneficial in re-
ducing sore throat complications (Chi-square test, P <  0.001). 
However, it is not possible to know if this is directly caused by 
LMAa or whether it is biased by the BMI and the surgery length 
differences in the group (Table 1). Propensity score (PS) methods 
are matching models used to reduce or minimize the effect of 
confounders (e.g., selection bias) whenever non-randomized pro-
spective or retrospective datasets are analyzed. 

The objective of this statistical round is to provide a definition of 
PS, evaluate PS adequacy, briefly describe the PS adjustment meth-
ods themselves, and to discuss the limitations of such methods. To 
exemplify, we will continue the hypothetical retrospective study 
evaluating the new laryngeal mask A compared to another larynge-
al mask B over sore throat development. All statistical analyses were 
conducted using R version 3.4.0 (2017-04-21) and the MatchIt 
package [3]. P <  0.05 were considered statistically significant. 

The dataset discussed and the R script used in this manuscript are 
fully available as supplementary material (Supplementary Material 1, 
Sheet 1 and Supplementary Material 2, respectively). 

Definition 

PS is the estimated probability for each individual enrolled in a 
study to be assigned to one of the groups of comparison after tak-
ing into account all the predetermined confounders [4], and can 
be formally expressed as: 

PS =  P(Xi) =  Probability (Treatment =  1|Xi). 

It represents the probability of a patient (i), being exposed to influ-
encing confounders (Xi), to be assigned to Treatment (dichotomous 
research variable of interest, in our case LMAa = 1, LMAb = 0). 

Therefore, the aim of a PS analysis is to eliminate the differenc-
es among compared groups for predefined variables (predeter-
mined confounders) by matching the individuals of a population 
with the individuals of the other population. 

Since PS is a probability, it ranges from 0 to 1. If we conduct a 
RCT to solve the question of our aforementioned example, to as-
sess sore throat development after using LMAa and LMAb, and if 
we use an adequate randomization method, each member of our 
study will have a PS of 0.5, having the same probability to be as-
signed to either the LMAa or the LMAb group. In our non-ran-
domized observational example, PS will vary for each subject, 
fluctuating between 0 and 1, since the chances of being allocated 
to one group are not completely random (PS 0.5) as stated above. 

The most common way to calculate PS is logistic regression. 
However, other techniques have been proposed such as bagging or 
boosting, recursive partitioning, or tree-based methods and ran-
dom forests [5,6]. 

Table 2 shows an example of the logistic regression method ap-
plied to our example. 

PS adequacy 

PS analysis relies on the following assumptions:  

a) The ignorable treatment assignment assumption 
After taking into account all confounders, the assignments to 
treatment conditions are independent from the treatment ef-
fect. In order to achieve this assumption, all the variables that 
could possibly lead to bias should be incorporated in our model 
to prevent the biased allocation of a subject to a group. 

b) The stable unit treatment value assumption 
The observation of one subject should be unaffected by the par-
ticular assignment of treatment to the other subjects [7]: this 
means that the outcome is not related to the assignment proce-
dure and that all participants receiving a specific treatment 

Table 1. Univariate Analysis of Confounders and Sore Throat among 
LMAa and LMAb Groups

LMAa  
(n =  162)

LMAb  
(n =  249) P value

Age (yr) 51.5 ±  14.8 53.5 ±  14.5 0.171
BMI (kg/m2) 25.7 ±  5.0 24.7 ±  3.9 0.043
Surgery length (min) 37.9 ±  4.8 36.8 ±  5.3 0.024
Sore throat (%) 30 (18.5) 171 (68.7) <  0.001
Values are presented as mean ± SD or number of patients (%). BMI: 
body mass index.
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should actually receive the same treatment [4]. 
c) Sufficient overlap 

The distribution of PS between groups should have sufficient 
overlap in order to properly match the subjects. The compari-
son can be made in several ways such as visual inspection of the 
graph of PS distribution [8], comparison of the minimum and 
the maximum value of PS for each group [9], or evaluation by 
inferential test or by mean difference if the PS are significantly 
different [10]. Fig. 1 shows the histogram of the distribution of 
the calculated PS between the two populations of our example 
showing an adequate overlap. 

We report in the supplementary material the estimated PS in 
our sample (Supplementary material 1, Sheet 2). 

PS adjustment methods 

Once evaluated, the PS can be used to balance the groups using 
different adjustment methods such as matching, stratification, co-

Table 2. Logistic Regression Analyses

Estimate Std. error P value OR CI 2.5%–97.5%
Intercept -2.14 0.84 0.014 0.12 0.02–0.60
Age (yr) 0.01 0.01 0.029 0.98 0.97–1.00
BMI (kg/m2) -0.04 0.02 0.107 1.04 0.99–1.10
Surgery length (min) -0.04 0.02 0.083 1.04 0.99–1.09
Std: standard, OR: odds ratio, BMI: body mass index.

variate adjustment (or regression), and weighting. 
PS matching means that every subject in a group is matched to a 

subject in the other group with an identical or similar PS in a 1 : 1 
ratio. Several different methods can be used to accomplish the 
matching procedure. 

Exact matching 

A subject in the treatment group is matched to a subject in the 
control group with the same PS. If this is not possible, the subjects 
are excluded from the analysis. 

Nearest neighbor 

A subject in the treatment group is matched with the subject in 
the control group with the closest PS. This method guarantees 
that every subject in the treatment group is assigned to a subject 
in the control group. If two subjects are equally distant, then the 
selection is random. However, it is possible that inappropriate 
matches are formed between subjects with an elevated difference 
in PS. 

Caliper 

It is possible to decide the threshold to the acceptable closest PS 
by specifying a caliper distance, that is, the maximum acceptable 
distance in PS to form a match. Then, subjects with a PS differ-
ence higher that the selected caliper are not available. It follows 
that not all subjects in the treatment group may find a match. Al-
though the acceptable ‘similar PS’ is not absolute (various thresh-
olds can be found in medical literature), it has been suggested that 
using a caliper width of 0.2 standard deviations of the logit of the 
PS is adequate. Nonetheless, when all of the covariates are binary, 
the choice of caliper width has a much smaller impact [11,12]  

Greedy versus optimal matching  

A greedy matching is a matching procedure where the first sub-
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ject of the treatment group is selected randomly and assigned to 
the corresponding subject in the control group to form a match, 
then another subject is selected in the treatment group to form a 
match, and the process continues until all the subjects in the treat-
ment group are assigned or there are no more possible matches. It 
is called greedy because this method establishes the match with-
out considering if the subject in the control group could be 
matched to a more suitable subject in the treatment group. 

In contrast to greedy matching, optimal matching works in or-
der to minimize the total PS within-pair difference. However, op-
timal matching is not superior to greedy matching in producing 
balanced matched samples [13]. 

Replacement 

Once matched, the subject in the control group can be removed 
from the pool of the matchable subjects (matching without re-
placement) or may be used for further matching (matching with 
replacement). The latter leaves a subject in the control group that 
is possibly matched to more than one subject in the treatment 
group [12,14]. 

Many-to-one matching 

As stated above, the most common PS matching strategies use a 
one-to-one matching whereby each subject in the treatment group 
is assigned to a subject in the control group; this is the a logical 
way to proceed when the size of the two groups is similar. Howev-
er, considering a situation where we have n subjects in the treat-
ment group and ten times n subjects in the control group. Match-
ing one-to-one would mean losing nine times n subjects of the 
control group because they will not be matched. Many-to-one 
matching means that a predetermined number of subjects in the 
control group is assigned to one subject in the treatment group 
(three to one, four to one and so on) avoiding loss of information. 
Nonetheless, increasing the number of control subjects matched 
to each treated subject leads to an increased bias in estimating the 
treatment effects [15]. 

Once the pairs are formed, all the subjects not included in the 
pairs are eliminated and the treatment effect can be calculated us-
ing a paired t-test on a continuous outcome and a McNemar's for 
a dichotomous outcome [11]. 

The stratification technique divides subjects into homogeneous 
groups based on their PS, and it has been demonstrated that by 
using at least five groups the likelihood of bias may be reduced by 
up to 90% [16]; there is no maximum number of groups, and it 
should be noted that quintiles are normally used. Although in-

creasing the number of subgroups may reduce bias, the relative 
reduction of the bias might decrease at each subgroup increase 
[16–18]. Once the subgroups have been identified, the treatment 
effect can be calculated for each stratum, weighting the effect on 
the subject size of each subgroup, and eventually it can be 
summed in an overall treatment effect. 

Covariate adjustment using the PS implies the use of a further 
multivariable regression analysis following the PS calculation. The 
outcome variable is used as the dependent variable, while PS 
serves as the predictor variable. If the outcome variable is dichoto-
mous, a logistic regression may be used, whereas if the outcome 
variable is continuous, a linear model should be chosen; in the 
first case, the effect of the treatment will be the adjusted odds ra-
tio, whereas in the second case, the effect will be the adjusted dif-
ference in means. 

Weighting, or more properly inverse probability of treatment 
weighting, is the fourth and last method that will be discussed. 
Initially proposed in 1987 [19], this method is based on assigning 
a weight to every member of the population. 

The weight of a treated subject is defined as the inverse of its 
PS:  

w(LMAa) =  1/PS  

The weight of a control subject is defined as the inverse of one 
minus its PS:  

w(LMAb) =  1/(1-PS) 

This permits the creation of a new population derived from a 
subgroup of the initial population, ideally not influenced by the 
identified confounders, leading to an unbiased estimate of the 
treatment effect. 

In our example, we chose to match the population with the 
nearest neighbor method (0.1 caliber), resulting in 324 subjects 
(162 per group) (Supplementary material 1, Sheet 3); Table 3 de-
picts the comparison between confounders in the two new popu-
lations. 

Sore throat still results significantly different between groups (P 
<  0.001) but through the PS adjustment of our analysis and with 
added strength to our conclusion. 

PS limitations 

In order to have a complete overview of PS methods it is man-
datory to acknowledge their limitations. First, the validity of PS 
methods is strictly related to the confounders integrated in the 
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model, and not identified or not available confounders will con-
tinue to produce biases in our results. In a prospective observa-
tional study, we may not be aware of some specific variables, 
whereas in a retrospective study, the variable may be simply 
missed in the database, resulting in both cases in altered group al-
location and therefore invalidity of the results. Therefore, a thor-
ough clinical knowledge is mandatory to minimize umbalace-
ment when operating with PS. 

Secondly, clinicians should not include model variables that are 
consequences of the exposure, which may lead to an ‘over-adjust-
ed’ model and biased effect estimates. Indeed, if multiple predic-
tors of exposure that are not causally associated with the outcome 
are included, the power is unnecessarily lowered. Thirdly, the 
quality of matches can be an issue when the number of subjects in 
the control group is limited or when the treatment and control 
groups present with differences. If matching causes an imbalance 
among the population, the clinician should consider a different 
matching method, for example using replacement [20]. 

Conclusions 

While RCTs remain the gold standard for quality of evidence 
(especially after an optimal randomization) and should be per-
formed whenever possible, PS adjustment is a powerful method 
to increase the strength of observational studies if a thorough 
analysis of its limits and potential biases is performed in parallel. 
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Background: This study aims to define the incidence and risk factors of both emergence 
agitation and hypoactive emergence in adult patients and substance-dependent patients 
following general anesthesia to elaborate on the risk factors and precise management of 
them. 
Methods: The study recruited 1,136 adult patients who received elective surgeries under 
general anesthesia for this prospective observational study. Inadequate emergence was de-
termined according to the Richmond Agitation-Sedation Scale (RASS). Emergence agita-
tion was defined as a RASS ≥ +1 point, and hypoactive emergence was defined as a RASS 
≤ –2 points. Subgroup analyses were then conducted on patients with substance depen-
dence. 
Results: Inadequate emergence in the post-anesthesia care unit (PACU) occurred in 20.3% 
of patients, including 13.9% with emergence agitation and 6.4% with hypoactive emer-
gence. Ninety-five patients had a history of substance dependence. Compared to divorced 
patients, never-married and presently married patients, who underwent gynecological and 
thoracic surgeries, had a lower risk of agitation. Neurologic disorders, intraoperative blood 
loss, intraoperative morphine, and PACU analgesic drug administration were associated 
with increased agitation risk. Hypertension and psychological disorders, intraoperative 
opioids, and PACU Foley catheter fixation were associated with increased hypoactive 
emergence risk. Substance-dependent patients had higher risk for agitation (21.1%, P = 
0.019) and hypoactive emergence (10.5%, P = 0.044). 
Conclusions: Inadequate emergence in PACU following general anesthesia is a significant 
problem correlated with several perioperative factors. Patients with a history of substance 
dependence appear to be more at risk of inadequate emergence than the general popula-
tion.  

Keywords: Elective surgery; Emergence agitation; General anesthesia; Hypoactive emer-
gence; Post anesthesia care unit; Substance dependence.
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Introduction 

Emergence is defined as the transition from the sleep state to full consciousness [1]. 
Emergence from general anesthesia is usually smooth and uneventful. Inadequate emer-
gence is characterized by a disturbance of activity level in the immediate postoperative 
period and is classified into two subtypes—emergence agitation and hypoactive emer-
gence. Emergence agitation may consist of hallucinations, delusions, and confusion that 
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manifests as restlessness, moaning, involuntary physical activity, 
and thrashing [2], while a delayed recovery characterizes hypoac-
tive emergence after anesthesia. However, there are no clear diag-
nostic criteria defining emergence agitation or hypoactive emer-
gence [3]. The term ‘emergence delirium’ is often misused in the 
literature as a reference to emergence agitation, whereas agitation 
and delirium have distinctive descriptions in the Diagnostic and 
Statistical Manual of Mental Disorders (DSM) Fifth Edition [4]. 
Problems of post-anesthesia emergence have been shown to occur 
in 5–10% of general surgery patients of all ages. Its incidence is 
even higher after the preoperative use of benzodiazepines, breast 
surgery, abdominal surgery, musculoskeletal surgery, long opera-
tion durations, induction of anesthesia with etomidate, a pain nu-
meric rating scale (NRS) of 6 to 10 in the post-anesthesia care unit 
(PACU), as well as at both extremes of patient age [5–7]. The clin-
ical importance of inadequate emergence in either form has not 
been thoroughly investigated. It is shown that patients with emer-
gence agitation are at an increased risk of injury, hemorrhage, ex-
tended PACU stay, morbidity, mortality, and resource utilization 
[5,8,9]. However, hypoactive emergence has rarely been studied. 
Radtke et al. [6] found 60 of 1,868 patients presented hypoactive 
emergence in their study (3.2%), which was more common for 
younger age, longer duration of surgery, and intra-abdominal sur-
gery. 

This prospective observational study aimed to define the inci-
dence and risk factors of inadequate emergence (both emergence 
agitation and hypoactive emergence) that was resolved by the 
time of PACU discharge in adult patients after general anesthesia 
for elective surgery. It was shown earlier that psychological prob-
lems such as depression and anxiety, as well as alterations in organ 
functions, were significantly higher in substance-dependent pa-
tients [10,11]. Furthermore, clinical findings indicate that baseline 
psychological disorders such as anxiety and depression can be as-
sociated with postoperative delirium emergence [12]. Moreover, 
due to the progressively high frequency of substance dependence 
in the general population [13,14], we focused our study on sub-

stance dependence and its relationship with inadequate emer-
gence. 

Materials and Methods 

This research was done per the Principles for Medical Research 
Involving Human Subjects, outlined in the Helsinki Declaration 
of 1975 (revised 2018). After institutional ethics committee ap-
proval with IRB number 86100059 , patients classified with an 
American Society of Anesthesiologists I–III physical status and 
undergoing elective general anesthesia during the six months pe-
riod from March to September 2018 were enrolled in this pro-
spective observational study with their informed consent. The 
study excluded patients under 18 years old, with a history of de-
mentia, cerebral insult, intracranial surgery, or those under 
neuraxial and regional anesthesia. Anesthesia was induced ac-
cording to standard protocols in our department—(1) preoxygen-
ation and intravenous induction using a short-acting narcotic, 
ketamine, sodium thiopental, or propofol and neuromuscular 
blockade using succinylcholine or atracurium, (2) maintenance of 
anesthesia using volatile anesthetics or total intravenous anesthe-
sia, short-acting or long-acting narcotics, and ketamine, (3) rever-
sal of neuromuscular blockade using neostigmine and atropine, 
and (4) awake extubation and transportation to the PACU. In the 
PACU, all patients received oxygen if their oxygen saturation was 
below 95% in room air. Postoperative pain management included 
optional non-opioid analgesics for mild postoperative pain (NRS 
3–4) or opioid analgesics for moderate to severe pain (NRS ≥  5). 
Patients were assessed at 10 minutes after admission to the PACU 
by experienced anesthesia nurses who were blinded to the patient 
care. The NRS pain score was recorded, and the presence of inad-
equate emergence and its severity was determined according to 
the Richmond Agitation-Sedation Scale (RASS, Table 1). Emer-
gence agitation was defined as RASS ≥  +1, normal emergence 
was defined as RASS between 0 and –1, and hypoactive emer-
gence was defined as RASS ≤  –2 [6].  

Table 1. Richmond Agitation-Sedation Scale

+4 Combative Overtly combative or violent; immediate danger to staff
3 Very agitated Pulls on or removes tube(s) or catheter(s) or has aggressive behavior toward staff
2 Agitated Frequent non-purposeful movement or patient–ventilator desynchrony
1 Restless Anxious or apprehensive but movements not aggressive or vigorous
0 Alert and calm Spontaneously pays attention to caregiver

–1 Drowsy Not fully alert, but has sustained (more than 10 seconds) awakening, with eye contact, to voice
–2 Light sedation Briefly (less than 10 seconds) awakens with eye contact to voice
–3 Moderate sedation Any movement (but no eye contact) to voice
–4 Deep sedation No response to voice, but any movement to physical stimulation
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The following variables for each patient were recorded—age, 
gender, body mass index; pre-existing medical conditions, psy-
chological disorders, history of substance dependency (alcohol, 
opium, stimulants, psychedelics; according to DSM IV criteria), 
type of surgery, smoking, intraoperative estimated blood loss, in-
travenous fluid administration, transfusion, type and dosage of 
intraoperative analgesics, having a urinary catheter in the PACU, 
type and dosage of postoperative analgesics, and postoperative 
pain score (NRS). 

Statistical analysis 

This study was conducted as a prospective observational study. 
Three emergence groups were defined as agitated, normal, and hy-
poactive. Demographic and descriptive data analyses were done for 
the study population and the three groups above. Frequencies were 
expressed as counts (percentage) and continuous variables as mean 
with standard deviation (SD). After testing the normality with the 
Kolmogorov-Smirnov test, we used the Student’s t-test and the chi-
squared test for univariate analysis. We performed multivariate anal-
yses using a backward binary stepwise logistic regression to examine 
and determine the odds ratios (OR) of the risk factors for inadequate 
emergence, with 95% confidence for the CI. Furthermore, the statis-
tical analyses (both univariate and multivariate) were also conducted 
in the subgroup of patients with a history of substance dependence. 
We made no adjustments for multiple testing in all these exploratory 
data analyses. SPSS ver. 22.0 software (IBM Corp., USA) was used 
for analyses, and the study considered P < 0.05 (two-sided) as sig-
nificant. 

Results 

In this study, 1,136 patients were enrolled, including 770 female 
patients (68%). The mean age was 39 years (range 18–99 yr). In-
adequate emergence in the PACU occurred in 231 patients 
(20.3%), out of which, 158 patients (13.9%) had emergence agita-
tion, and 73 patients (6.4%) had hypoactive emergence. Substance 
dependence was reported in 95 patients (8%) of whom, 62.1% 
abused opium, and 37.9% abused stimulants. All patients regained 
a normal cognitive status before discharge from the PACU. The 
mean ±  SD of stay time in PACU was 47 ±  13 minutes, which 
was not significantly different in subgroups comparison: sub-
stance-dependent vs. normal patients (P =  0.654) as well as pa-
tients with vs. without inadequate emergence (P =  0.321). 

Univariate analysis 

The incidence of inadequate emergence differed significantly 
between genders (P =  0.002; Table 2), it was more frequent in 
men (94 of all the male patients included in the study, 25.7%). In-
adequate emergence was also seen more in patients over 50 years 
old compared to younger patients (29.1% vs. 17.9%, respectively, 
P =  0.001). 

In married patients, the incidence of emergence agitation was 
less than the total of single and divorced patients (12.8% vs. 
17.5%, P =  0.009). Hypoactive emergence is more frequent in 
married patients (7.4% vs. 3.1%). In patients with emergence agi-
tation, 36.36% had a history of neurologic diseases versus 14.23% 
with other pre-existing illnesses (P =  0.012) (Table 2). 

A history of substance dependence was significantly associated 
with a higher incidence of inadequate emergence (P = 0.001). 
Emergence agitation was more common in patients with substance 
dependence than in patients without substance dependence (21.1% 
vs. 13.3%, P = 0.019). Hypoactive emergence was also more com-
mon in patients with substance dependence than in patients with-
out substance dependence (10.5% vs. 6.1%, P = 0.044). 

Emergence agitation was significantly less common in patients 
undergoing gynecological (7.1%) and thoracic surgeries (4.9%) 
than in patients with other surgeries (19.8%, P <  0.001 and P =  
0.034, respectively). Hypoactive emergence was also more fre-
quent in thoracic surgery (25% of all patients with hypoactive 
emergence, P <  0.001). Conversely, intra-abdominal and laparo-
scopic surgeries were associated with higher incidences of emer-
gence agitation (28.2% of patients under intra-abdominal surgery 
vs. 13.1% of other patients, P <  0.001 and 28.6% of patients under 
laparoscopic surgery vs. 13.0% of other patients, P <  0.001). 

The intraoperative consumption of morphine in patients with 
emergence agitation and hypoactive emergence (mean ±  SD 
dose, 5.52 ±  1.78 mg, and 7.41 ±  2.90 mg, respectively) was sig-
nificantly higher than in patients with normal emergence (4.70 ±  
1.12 mg, P <  0.001). Our results also showed that the intraopera-
tive bleeding administered fluids in patients with emergence agi-
tation and hypoactive emergence was significantly higher than in 
patients with normal emergence (P <  0.001) (Table 2). 

Foley catheter fixation in the PACU correlates with a higher in-
cidence of hypoactive emergence. Of all patients with Foley cathe-
ter fixation, 12.8% suffered hypoactive emergence vs. 2.4% in pa-
tients without Foley catheter fixation (P <  0.001). 

Analgesic drug administration in the PACU seems to be correlat-
ed with a higher incidence of emergence agitation (28% vs. 12.9% 
in patients without analgesic drugs consumption, P = 0.009). 
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Table 2. Risk Factors of Inadequate Emergence in PACU after General Anesthesia for Elective Surgery

NE EA P value HE P value
(n =  905) (n =  158) EA vs. NE (n =  73) HE vs. NE

>  Age 50 yr 728 (82.1) 116 (13.1) 0.043 43 (4.8) <  0.001
<  Age 50 yr 177 (70.9) 42 (17.0) 30 (12.1)
Sex (M/F) 272/633 59/99 0.067 35/38 0.001
BMI (kg/m2) 28.4 (23.4) 28.2 (27.3) 0.928 26.1 (5.5) 0.402
Single 195 (80.6) 40 (16.5) 0.298 7 (2.9) 0.015
Married 702 (79.8) 113 (12.8) 0.097 65 (7.4) 0.021
Divorced 8 (57.1) 5 (35.7) 0.016 1 (7.1) 0.675
≤  Diploma 729 (78.6) 132 (14.2) 0.376 66 (7.1) 0.037
Bachelor 153 (84) 23 (12.6) 0.827 6 (3.2) 0.010
>  Bachelor 23 (85.2) 3 (11.1) 0.629 1 (3.7) 0.533
*Hypertension 49 (75.4) 8 (12.3) 0.771 8 (12.3) 0.026
*Diabetes mellitus 13 (59.1) 5 (22.7) 0.156 4 (18.2) 0.005
*TD 47 (87) 4 (7.4) 0.139 3 (5.6) 0.931
*ND 6 (54.5) 4 (36.4) 0.034 1 (9.1) 0.390
*Others 151 (81.6) 20 (10.8) 0.315 14 (7.6) 0.208
Pre-existing PD 32 (66.7) 10 (20.8) 0.096 6 (12.5) 0.046
Alcohol 79 (73.8) 18 (16.8) 0.283 10 (9.3) 0.155
Smoking 94 (71.8) 24 (18.3) 0.076 13 (9.9) 0.051
Substance abuse 65 (68.4) 20 (21.1) 0.019 10 (10.5) 0.044
†Gynecological 329 (89.4) 26 (7.1) <  0.001 13 (3.53) 0.001
†Head & neck 311 (77.8) 63 (15.8) 0.180 26 (6.5) 0.828
†Thoracic 63 (76.8) 4 (4.9) 0.034 15 (18.3) <  0.001
†Intraabdominal 48 (67.6) 20 (28.2) 0.001 3 (4.2) 0.064
†Laparoscopic 52 (67.5) 22 (28.6) 0.001 3 (3.9) 0.044
†Musculoskeletal 36 (73.5) 13 (25.4) 0.031 0 (0) -
IBV (ml) 155 ±  9 210 ±  16 <  0.001 417.9 ±  77.1 <  0.001
IV fluid (ml) 1539 ±  43 1818 ±  99 <  0.001 2832.1 ±  247.0 <  0.001
§0 units 888 (80.2) 153 (13.8) 0.294 66 (6) 0.001
§1–2 units 15 (68.2) 5 (22.7) 0.199 2 (9.1) 0.437
§ ≥  3 units 2 (28.6) 0 (0) - 5 (71.4) -
‡Fentanyl (μg) 178.6 ±  83.6 200.0 ±  7.5 0.154 223.5 ±  84.5 0.038
‡Morphine (mg) 5.5 ±  1.8 4.7 ±  1.1 <  0.001 7.4 ±  2.9 <  0.001
‡Pethidine (mg) 20.3 ±  7.6 21.7 ±  2.9 0.022 0 <  0.001
‡Remifentanil (μg) 1321.8 ±  642 1142.9 ±  475.6 0.001 1500.0 ±  912.9 0.028
‡Alfentanil (μg) 26.4 ±  42.5 69.0 ±  14.9 0.003 15.9 ±  28.7 <  0.001
‡Sufentanil (μg) 4.0 ±  2.5 1.0 ±  0 <  0.001 4.4 ±  2.5 0.029
PACU analgesics 54 (72.0) 21 (28.0) 0.001 0 (0) -
Foley catheters 315 (71.9) 67 (15.3) 0.066 56 (12.8) <  0.001
ΙΙNRS <  5 875 (79.8) 150 (13.7) 0.274 71 (6.5) 0.070
ΙΙNRS ≥  5 30 (72.2) 8 (22.2) 2 (5.6)
Values are presented as number (%) or mean ± SD. PACU: postanesthesia care unit, NE: normal emergence, EA: emergence agitation, 
HE: hypoactive emergence, BMI: body mass index, TD: thyroid dysfunction, ND: neurologic disorders, PD: psychological disorders, IBV: 
intraoperative bleeding volume, IV: intravenous, NRS: numeric rating scale.  *Pre-existing medical illness, †Site of surgery, ‡Intraoperative opioids, 
§Packed cell transfusion, ΙΙPostoperative pain.
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Multivariate analysis 

The univariate analysis between both groups (normal emer-
gence vs. emergence agitation) showed that the incidence of 
emergence agitation was significantly related to 10 variables (age 
≥  50 yr, marital status [divorced patients], pre-existing neurologic 
disorders, substance dependence, site of surgery, intraoperative 
bleeding volume, intravenous [IV] fluid administration, intraop-
erative opioids, and analgesic drug administration in the PACU). 

Hypoactive emergence was significantly related to 14 variables 
(age ≥  50 yr, male gender, marital status [married patients], edu-
cation level [less than a bachelor degree], pre-existing hyperten-
sion, diabetes mellitus, pre-existing psychological disorders, sub-
stance dependence, site of surgery, intraoperative bleeding vol-
ume, IV fluid administration, packed cell transfusion, intraopera-
tive opioids, and Foley catheter fixation). 

Multivariate analysis by backward binary stepwise logistic re-
gression has shown that out the 10 variables used in our model, 
seven were significant to the onset of emergence agitation in the 
PACU (Table 3). 

The risk of emergence agitation among single and married pa-
tients is reduced by an order about 0.15 times comparing with di-
vorced patients (OR = 0.158, 95% CI [0.039–0.637], P = 0.009; OR 
= 0.161, 95% CI [0.042–0.615], P = 0.008, respectively). Pre-exist-

ing neurologic disease increased the frequency of agitation about 7 
times (OR = 6.779, 95% CI [1.359–33.804], P = 0.020) and patients 
with gynecological and thoracic surgeries had lower risk of emer-
gence agitation compared to other patients (OR = 0.292, 95% CI 
[0.120–0.712], P = 0.007; OR = 0.230, 95% CI [0.066–0.800], P = 
0.021, respectively). Intraoperative bleeding volume and intraoper-
ative morphine administration slightly increased the risk of emer-
gence agitation (OR = 1.001, 95% CI [1.000–1.002], P = 0.047; OR 
= 1.145, 95% CI [1.027–1.278], P = 0.015, respectively). An inter-
esting observation was that analgesic drug administration in the 
PACU also increased the risk of agitation about 3 times (OR = 
2.989, 95% CI [1.559–5.730], P = 0.001). 

For hypoactive emergence, we found six factors which increased 
the risk of hypoactive emergence (Table 4). Pre-existing hyperten-
sion increased the risk about 5 times (OR = 5.382, 95% CI [1.528–
18.960], P = 0.009) and history of psychological disorders increased 
the risk about 4 times (OR = 3.897, 95% CI [1.152–13.180], P = 
0.029). Intraoperative alfentanil administration significantly in-
creased the risk of hypoactive emergence (OR = 2.338, 95% CI 
[1.521–3.593], P <  0.001). Sufentanil and higher doses of morphine 
administration during operation also increased the risk of hypoac-
tive emergence slightly (OR = 1.024, 95% CI [1.013–1.035], P <  
0.001; OR = 1.364, 95% CI [1.208–1.539], P <  0.001, respectively). 
Surprisingly, Foley catheter fixation significantly correlated to the 

Table 3. Risk Factors of Emergence Agitation in the PACU

Variable Odds ratio 95% CI P value
Single vs. divorced 0.158 0.039–0.637 0.009
Married vs. divorced 0.161 0.042–0.615 0.008
Pre-existing ND 6.779 1.359–33.804 0.020
Gynecological surgery 0.292 0.120–0.712 0.007
Thoracic surgery 0.230 0.066–0.800 0.021
IO bleeding 1.001 1.000–1.002 0.047
IO morphine administration 1.145 1.027–1.278 0.015
Analgesic drugs in PACU 2.989 1.559–5.730 0.001
ND: neurologic disorders, IO: intraoperative, PACU: post-anesthesia care unit, P value: backward binary stepwise logistic regression, significant to 
include or exclude equal to 0.05.

Table 4. Risk Factors of Hypoactive Emergence in the PACU

Variable Odds Ratio 95% CI P value
Pre-existing hypertension 5.382 1.528–18.960 0.009
Pre-existing psychological disorders 3.897 1.152–13.180 0.007
Intraoperative alfentanil administration 2.338 1.521–3.593 <  0.001
Intraoperative morphine administration 1.364 1.208–1.539 <  0.001
Intraoperative sufentanil administration 1.024 1.013–1.035 <  0.001
Foley catheter insertion in PACU 9.680 4.531–20.679 <  0.001
PACU: post-anesthesia care unit, P value: backward binary stepwise logistic regression, significant to include or exclude equal to 0.05.
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incidence of hypoactive emergence in the PACU (OR = 9.680, 95% 
CI [4.531–20.679], P <  0.001). 

Univariate analysis in patients with substance dependence 

The current study showed that the incidence of hypoactive 
emergence in patients older than 50 years was significantly more 
than younger patients (23.1% and 5.9%, respectively, P =  0.033). 
It is also more common in opium dependence rather than stimu-
lants (15.3% vs. 2.8%, P =  0.045) (Table 5). 

Higher amounts of IV fluid administered during surgery were 
related to more frequency of hypoactive emergence in the PACU. 
Morphine administration, as an analgesic drug, also had the same 
effect on the development of hypoactive emergence. Our results 
showed that analgesic drug administration in the PACU was posi-
tively correlated to the occurrence of emergence agitation (58.3% 

of patients with substance dependence who received analgesic 
drugs in the PACU vs. 15% of patients without receiving analge-
sics in the PACU, P <  0.001) (Table 5). 

Foley catheter fixation in the PACU also correlated with a high-
er incidence of hypoactive emergence (80% of all substance-de-
pendent patients with Foley catheter vs. 20% in patients without 
Foley catheter, P <  0.001) (Table 5). 

Multivariate analysis in patients with substance 
dependence 

In patients with substance dependence, analgesic drug adminis-
tration in the PACU increased the risk of emergence agitation (OR 
= 86.059, CI [2.175–3405.894], P = 0.018) and history of smoking 
decreased the risk of emergence agitation (OR = 0.075, CI [0.008–
0.708], P = 0.024). 

Table 5. Risk Factors of Inadequate Emergence in the PACU after General Anesthesia in Elective Surgery Patients with a History of Substance 
Dependence

NE EA P value HE P value
(n =  65) (n =  20) EA vs. NE (n =  10) HE vs. NE

>  Age 50 yr 47 (69.11) 17 (25) 0.289 4 (5.9) 0.033
<  Age 50 yr 17 (65.4) 3 (11.5) 6 (23.1)
Sex (M/F) 54/11 16/4 0.752 10/0 -
BMI (kg/m2) 24.93 (4.2) 25.6 (4.7) 0.520 25.2 (3.8) 0.875
Single 22 (78.6) 5 (17.9) 0.457 1 (3.6) 0.127
Married 41 (64.1) 14 (21.9) 0.571 9 (14.1) 0.092
Divorced 2 (66.7) 1 (33.3) - 0 (0) -
≤  Diploma 51 (65.4) 18 (23.1) 0.248 9 (11.5) 0.395
Bachelor 13 (86.7) 2 (13.3) 0.304 0 (0) -
>  Bachelor 1 (50) 0 (0) - 1 (50) -
Alcohol 53 (63.8) 16 (21.1) 0.877 7 (9.2) 0.395
Smoking 41 (73.2) 9 (16.1) 0.150 6 (10.7) 0.851
Abuse opium 37 (64.4) 12 (20.3) 0.902 9 (15.3) 0.045
Abuse stimulants 28 (75.7) 8 (22.2) 1 (2.8)
IBV (ml) 180 ±  62 174 ± 18 0.962 559 ±  73 0.082
IV fluid (ml) 1488 ±  1128 1930 ±  1091 0.126 3667 ±  2194 <  0.001
*Fentanyl (μg) 187.1 ±  81.2 219.4 ±  105.9 0.172 225.0 ±  59.8 0.179
*Morphine (mg) 6.5 ±  2.7 5.6 ±  1.0 0.154 8.8 ±  4.8 0.032
*Pethidine (mg) 32.5 ±  10.6 0 (0) - 0 (0) -
*Remifentanil (μg) 1177.8 ±  772.6 - - -
*Sufentanil (μg) 6.0 ±  5.7 - -
PACU analgesics 5 (41.7) 7 (58.3)  0.002 0 (0) -
Foley catheters 15 (53.6) 5 (17.9) 0.859 8 (28.8) <  0.001
†NRS <  5 63 (69.2) 18 (19.8) 0.201 10 (11.0) -
†NRS ≥  5 2 (50) 2 (50) 0 -
Values are presented as number (%) or mean ± SD. NE: normal emergence, EA: emergence agitation, HE: hypoactive emergence, BMI: body mass 
index, IBV: intraoperative bleeding volume, IV: Intravenous, PACU: postanesthesia care unit, NRS: numeric rating scale. *Intraoperative opioids, 
†Postoperative pain.

307https://doi.org/10.4097/kja.19214

Korean J Anesthesiol 2020;73(4):302-310



Discussion 

Inadequate emergence in adult patients has rarely been exam-
ined. Thus, there are only a few recommendations regarding 
treatment, except for pediatric anesthesia. Caution is warranted 
for patients at increased risk. Based on pediatric anesthesia, it may 
be helpful to keep patients away from stressful stimuli by provid-
ing a quiet, darkened recovery room. If necessary, it is appropriate 
to administer additional analgesics and a sedative [15]. IV propo-
fol (0.5 mg/kg) or IV midazolam (0.02 mg/kg) have both been 
used successfully in treating emergence agitation in children 
[16,17]. One in every five patients in our study experienced inad-
equate emergence. It is a significant issue that deserves more at-
tention [5,6,18]. Despite the scarcity of studies with reports on hy-
poactive emergence [6], emergence agitation has been evaluated 
more extensively. In children, emergence agitation is frequently a 
complication, with described incidences up to 60% [19,20]. How-
ever, the incidence of emergence agitation in adults has been 
about 5% in most studies [5,6], which is lower than our observa-
tion. There are different scales of agitation assessment, such as the 
Richmond Agitation-Sedation Scale (RASS), Riker Sedation-Agi-
tation Scale (SAS), Motor Activity Assessment Scale, and the New 
Sheffield Sedation Scale. They are more precise in the evaluation 
of agitation than the Ramsay sedation scale, which rates sedation. 
Studies have demonstrated that both RASS and SAS have excel-
lent inter-rater reliability [21–23]. These scales have been used for 
adults in intensive care units and are not well-established in the 
PACU. However, these scales are useful, especially in emergencies.  

Emergence agitation  

It is crucial to identify patients at risk of emergence agitation to 
be prepared to prevent emergence delirium. Lepousé et al found 
that breast and abdominal surgeries extended duration of surgical 
procedures, intraoperative bleeding, and premedication by benzo-
diazepines are risk factors for postoperative delirium. Pre-existing 
neurologic disorders were also correlated with emergence agitation. 
On the other hand, a known history of illness, long-term treatment 
by antidepressants, gynecological surgeries, and thoracic surgeries 
are associated with a lower risk of emergence agitation [5].  

We found that age does not influence the occurrence of emer-
gence agitation. Nevertheless, other studies have reported a higher 
incidence of agitation in younger patients [5]. Radtke and col-
leagues found that both younger (less than 40 years old) and older 
patients (greater than 64 years old) showed a higher incidence of 
emergence agitation than middle-aged patients [6]. 

In our study, a history of substance dependence was significant-

ly associated with a higher incidence of inadequate emergence (P 
=  0.001). Patients with opium or stimulant dependence had a 
higher risk of agitated emergence (20.3% and 22.2%) compared to 
other patients (13.3%). We could not find any similar study in lit-
erature with which to compare our results, so this may be the first 
study reporting the incidence of inadequate emergence in the 
PACU in patients with a history of substance dependence. 

Although postoperative pain has been identified as a potential 
risk factor for emergence agitation in other studies [5,6,24], we 
did not find a significant association between postoperative pain 
in the PACU (NRS ≥  5 vs. NRS <  5) with emergence agitation (P 
=  0.274), notwithstanding the hurdle of assessing the pain accu-
rately during emergence agitation. Nevertheless, we observed an 
increased rate of emergence agitation with higher doses of intra-
operative opioid administration. 

Managing emergence agitation demands more staff and finan-
cial resources. Restraining an agitated patient may require six or 
more healthcare people with a risk of injury to the staff. It may 
cause anxiety for other concurrent patients, especially if they feel 
neglected. Emergence agitation may increase anesthesia morbidi-
ties such as self-extubation, removal of catheters, aspiration pneu-
monia, or emergency surgery. Emergence agitation also adds to 
the cost of medical and surgical treatments and may prolong the 
length of a PACU stay. Therefore, routine monitoring for emer-
gence agitation in the PACU is essential. 

Hypoactive emergence 

Hypoactive emergence is more common in patients with de-
pendence on opium rather than stimulants (15.3% vs. 2.8%, P =  
0.045). Hypoactive emergence has been associated with a history 
of hypertension, pre-existing psychological disorders, and intra-
operative opioid administration (morphine, sufentanil, and alfen-
tanil). Lower doses of alfentanil (1.0 ±  0 mg) were associated with 
agitation while higher doses (4.4 ±  2.5 mg) was associated with 
hypoactive emergence. Low-dose sufentanil (15.9 ±  28.7 μg), 
however, was associated with hypoactive emergence. 

Card and colleagues found that total opioid administration 
(fentanyl equivalents) are associated with postoperative delirium. 
In their cohort study, patients receiving opioids equivalent to 383 
μg fentanyl were six times more likely to develop delirium in the 
PACU than those receiving 50 μg fentanyl (odds ratio [OR] 6.2, 
95% CI [1.7, 22.1]). Higher doses of opioids bore a similar risk of 
developing postoperative delirium, which could either reflect a 
ceiling effect of the role of opioids in contributing to postoperative 
delirium or be merely due to the fewer number of patients receiv-
ing such large doses [18].  
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Foley catheter fixation in the PACU significantly correlates with 
a higher incidence of hypoactive emergence, which is contrary to 
an earlier study in which urinary catheterization related to higher 
rates of emergence agitation [25]. 

Specific factors in substance-dependent patients 

In patients with substance dependence, analgesic drug admin-
istration in the PACU related to an increased risk of emergence 
agitation. Interestingly, smoking history in patients with substance 
dependence decreased the risk of emergence agitation, potentially 
because of the nicotinic acetylcholine receptors that modulate ag-
gression [26]. 

Limitation of the study 

The present study did not assess the patients for delirium after 
discharge from the PACU, especially during their postoperative 
course in the hospital or long-term outcomes. Moreover, we did 
not differentiate between chronic substance-dependent patients 
and acute dependency, or those who abuse substances causally. 
Another limitation of our study was that we did not consider the 
effects of different drugs, used as anesthetics during induction 
and maintenance of general anesthesia, on producing inadequate 
emergence during the postoperative period. In patients with a his-
tory of substance dependence, the incidence of inadequate emer-
gence following general anesthesia appears to be higher than in 
the general population. While analgesic drug administration in 
the PACU is a risk factor for emergence agitation, smoking histo-
ry can decrease its risk in these patients. 
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Background: There are conflicting opinions on the effect of dexmedetomidine on cerebral 
autoregulation. This study assessed its effect on dynamic cerebral autoregulation (dCA) 
using a transcranial Doppler (TCD). 
Methods: Thirty American Society of Anesthesiologists physical status I and II patients 
between 18 and 60 years, who underwent lumbar spine surgery, received infusions of dex-
medetomidine (Group D) or normal saline (Group C), followed by anesthesia with propo-
fol and fentanyl, and maintenance with oxygen, nitrous oxide and sevoflurane. After five 
minutes of normocapnic ventilation and stable bispectral index value (BIS) of 40–50, the 
right middle cerebral artery flow velocity (MCAFV) was recorded with TCD. The transient 
hyperemic response (THR) test was performed by compressing the right common carotid 
artery for 5–7 seconds. The lungs were hyperventilated to test carbon dioxide (CO2) reac-
tivity. Hemodynamic parameters, arterial CO2 tension, pulse oximetry (SpO2), MCAFV and 
BIS were measured before and after hyperventilation. Dexmedetomidine infusion was dis-
continued ten minutes before skin-closure. Time to recovery and extubation, modified Al-
drete score, and emergence agitation were recorded. 
Results: Demographic parameters, durations of surgery and anesthesia, THR ratio (Group 
D: 1.26 ± 0.11 vs. Group C: 1.23 ± 0.04; P = 0.357), relative CO2 reactivity (Group D: 1.19
± 0.34 %/mmHg vs. Group C: 1.23 ± 0.25 %/mmHg; P = 0.547), blood pressure, SpO2, BIS, 
MCAFV, time to recovery, time to extubation and modified Aldrete scores were compara-
ble. 
Conclusions: Dexmedetomidine administration does not impair dCA and CO2 reactivity 
in patients undergoing spine surgery under sevoflurane anesthesia. 

Keywords: Carbon dioxide reactivity; Cerebral autoregulation; Dexmedetomidine; Sevo-
flurane anesthesia; Transcranial Doppler; Transient hyperemic response test.
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Introduction 

Cerebral autoregulation describes the intrinsic ability of the cerebral vasculature to 
maintain a stable cerebral blood flow (CBF) over a wide range of arterial blood pressures. 
Preservation of cerebral autoregulation is an important goal in anesthetized patients. 
Apart from pathological conditions, impairment of autoregulation under anesthesia may 
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result from anesthetic drug-related factors and various physiolog-
ical variables such as carbon dioxide changes and anemia from 
hemodilution [1,2]. Volatile agents, with the possible exception of 
sevoflurane, have a dose-related depressive effect on cerebral au-
toregulation [3]. Sedatives, hypnotics, and analgesics may induce 
changes in CBF by altering cerebral autoregulation [4]. Injudi-
cious use of these anesthetic agents may aggravate pre-existing in-
tracranial pathology and yield poor postoperative outcomes. It is 
imperative to understand the effects of various anesthetic agents 
on cerebral autoregulation during physiological and pathological 
states. 

Dexmedetomidine is a highly selective alpha2 adrenergic ago-
nist used in clinical anesthesia for sedation, analgesia, sympathol-
ysis and anesthesia-sparing properties [5]. It facilitates good 
perioperative hemodynamic stability and reduces intraoperative 
opioid requirement [6]. Unlike other commonly used anesthetic 
drugs, dexmedetomidine does not cause respiratory depression. 
This is beneficial in surgeries that require intraoperative patient 
cooperation, such as awake craniotomy and carotid endarterecto-
my. Various studies have suggested the neuroprotective role of 
dexmedetomidine, making it a suitable adjuvant to neurosurgical 
anesthesia [6]. It also lowers CBF, which may be of benefit in in-
tracranial surgical procedures [7,8]. The effect of dexmedetomi-
dine on cerebral autoregulation and carbon dioxide reactivity un-
der anesthesia in humans have not been studied. 

The primary aim of our study was to assess the effect of dexme-
detomidine on cerebral autoregulation and carbon dioxide reac-
tivity under sevoflurane anesthesia in patients undergoing spine 
surgery. The secondary objectives were to assess its effects on in-
traoperative hemodynamic parameters, requirement of other an-
esthetic agents, time to tracheal extubation and recovery, quality 
of emergence and complications. 

Materials and Methods 

Ethical approval for this study was obtained from the Institute 
Ethics Committee/ Ethics Sub-Committee, All India Institute of 
Medical Sciences, New Delhi, India (Approval number IESC/
T-369/30.08.2013 dated 04.11.2013). The trial was registered in 
the clinical trials registry (CTRI/2015/06/005875). Written in-
formed consent was obtained from all the patients. The sample 
size was chosen as a convenient feasible number based on the re-
sources available for the conduct of this preliminary study. Thirty 
consecutive American Society of Anesthesiologists physical status 
I and II patients, between the ages of 18 and 60 years, who under-
went elective lumbar spine surgery in our hospital were enrolled 
in the study. Patients with history of syncope, dizziness, cardiac or 

liver diseases were excluded from the study. Preoperative carotid 
Doppler was performed in all patients to rule out carotid patholo-
gies. On the day of surgery, analgesic treatments, if any, were dis-
continued. In the operating room, electrocardiogram, pulse oxim-
eter (SpO2), non-invasive blood pressure and bispectral index (BIS) 
sensor (Datex-Ohmeda, USA) were attached. The radial artery was 
cannulated and a sample for blood gases was obtained before the 
induction of general anesthesia. 

The patients were assigned to one of two 15-member groups, 
using a computer-generated randomization chart. The random 
numbers were placed serially in consecutively labelled, opaque 
envelopes. Patients in the study group (Group D) received 1 μg/kg 
bolus (4 µg/ml concentration) intravenous infusions of dexmede-
tomidine over 10 minutes, followed by 0.5 μg/kg/h as mainte-
nance throughout the surgical procedure. Patients in the control 
group (Group C) received normal saline infusion at identical rates 
through a similar syringe-infusion pump, presuming that the in-
fusate contained dexmedetomidine. An anesthesiologist, who was 
part of this study, but not involved in patient management, pre-
pared the infusions in 50 ml syringes of the same make. The anes-
thesiologist (SB) performing transcranial Doppler (TCD) mea-
surements was blinded to the nature of the content in the syringe. 
After infusion of the bolus dose, anesthesia was induced with 
propofol 1–2 mg/kg and fentanyl 2 µg/kg. Tracheal intubation was 
facilitated using vecuronium 0.1 mg/kg. Anesthesia was main-
tained using oxygen with nitrous oxide (1 : 1) and sevoflurane, 
adjusted to maintain BIS value between 40 and 50. Further bolus-
es of fentanyl and vecuronium were administered at intermittent 
intervals based on the clinical judgment of the consultant anes-
thesiologist. 

After five minutes of sustained BIS within the pre-defined 
range and normocapnia (end-tidal carbon dioxide between 35–40 
mmHg), a 2-MHz frequency hand-held TCD probe (Digi-Lite, 
Rimed Ltd., USA) was placed on the right temporal window 
above the zygomatic arch of the patient in supine position, and 
the right middle cerebral artery (MCA) was insonated. The MCA 
was identified through the transtemporal window after obtaining 
a strong, consistent spectral signal with flow direction towards the 
probe (upward deflection) at a depth of 40–60 mm. Transient hy-
peremic response (THR) test, which is a measure of cerebral auto-
regulation, was performed using the following steps. Middle cere-
bral artery flow velocity (MCAFV) at baseline (F1) was recorded, 
and the ipsilateral carotid artery was compressed by an assistant 
for 5–7 seconds. The MCAFV during compression (F2) was noted. 
The carotid compression was released and MCAFV was noted im-
mediately for a second time (F3). This test was repeated thrice, 
and the recorded values were averaged for final analysis. The test 

https://doi.org/10.4097/kja.19246312

Banik et al. · Cerebral effects of dexmedetomidine 



was accepted only if (a) compression of the carotid artery led to a 
sudden and maximal decrease in MCAFV (no further decrease in 
MCAFV could be achieved), (b) heart rate (HR) and mean arterial 
pressure (MAP) remained stable during compression (within 10% 
of their respective pre-compression values), (c) no flow transients 
were seen in the Doppler signal after release of the carotid com-
pression, and (d) power of the reflected Doppler signal remained 
unchanged during the test. The THR test was chosen because it is 
simple and quick to perform, non-invasive and has been well-val-
idated as a measure of dynamic cerebral autoregulation. Finally, 
the THR Ratio (THRR) was calculated using the formula given by 
Czosnyka: THRR =  F3 / F1 [9]. A ratio above 1.10 was consid-
ered as intact dCA, while values lower than 1.10 were interpreted 
as poor or absent autoregulation. To measure the magnitude of 
decrease in blood flow velocity during carotid compression, the 
compression ratio (CR) was calculated using the formula given by 
Smielewski et al. [10]: CR (%) = (F1 – F2) x 100 / F1. Since carbon 
dioxide (CO2) reactivity may remain intact even when autoregu-
lation is lost, we analyzed arterial blood gases at baseline and after 
hyperventilation to reduce the end-tidal CO2  (EtCO2) by 8–10 
mmHg, while testing for autoregulation. A minimum of 5 min-
utes for stabilization (unchanged EtCO2) was allowed at each 
PaCO2 level before measurements were made. Three pairs of Pa-
CO2-MCAFV data were obtained in each patient for determination 
of CO2 reactivity. 

Absolute CO2 reactivity, defined as the change in MCAFV per 
mmHg change in PaCO2 and Relative CO2 reactivity, defined as 
the percent change in MCAFV per mmHg decrease in PaCO2, were 
calculated using the following formulas: 

Absolute CO2 reactivity =  (Initial MCAFV – Final MCAFV) / 
(Initial PaCO2 – Final PaCO2) 

Relative CO2 reactivity =  (Absolute CO2 reactivity / Initial 
MCAFV) ×  100 
(Initial MCAFV, Final MCAFV are MCAFV before and after hy-

perventilation, and initial and final PaCO2 are arterial CO2 ten-
sions before and after hyperventilation). 

The tests were accepted only if no hemodynamic changes were 
observed during hyperventilation (HR and MAP remained within 
10% of baseline values). 

After these tests, surgery was carried out as planned. The infu-
sion of the test drug or placebo was discontinued 10 minutes be-
fore skin closure. The trachea was extubated after reversing resid-
ual neuromuscular blockade with neostigmine and glycopyrrolate, 
and the patient was fully awake. Time to recovery, time to extuba-
tion, quality of emergence and complications during the proce-
dure were recorded. ‘Time to recovery’ was defined as the time af-
ter turning off the anesthetic gases until the patient followed com-
mands. ‘Time to extubation’ was defined as the time from stop-
ping the anesthetic gases until tracheal extubation. The presence 
of emergence agitation was considered as poor recovery while its  
absence was classified as good recovery. A modified Aldrete score 
of less than 9 was considered as poor recovery. Any complication 
during the perioperative period was recorded. 

Data were represented as mean ±  SD. Continuous data were 
compared by using student t-test or Mann-Whitney test, whereas 
qualitative data were analyzed using Chi-square test or Fischer ex-
act test. A P value of less than 0.05 was considered as significant. 

Results 

The demographic profile was comparable between groups 
(Table 1). There were no procedural difficulties in insonating the 
temporal window for conducting TCD or performing the THR 

Table 1. Patient Demographics and Intraoperative Parameters

Parameters Group D (n =  15) Group C (n =  15) P value
Age (yr) 32 ±  6 33 ±  8 0.689
Sex (M/F) 8/7 7/8 1.000
Weight (kg) 59 ±  9 57 ±  11 0.666
Total fentanyl (µg) 158 ±  31 298 ±  65 < 0.001
Total propofol (mg) 103 ±  21 107 ±  16 0.574
Total vecuronium (mg) 9.1 ±  1.4 10.3 ±  1.3 0.021
Intravenous fluid infused (ml) 2150 ±  390 2350 ±  650 0.587
Blood loss (ml) 100 ±  42 220 ±  211 0.042
Urine output (ml) 367 ±  198 546 ±  307 0.075
Duration of surgery (min) 105 ±  35 128 ±  75 0.293
Duration of anesthesia (min) 164 ±  40 182 ±  83 0.464
Values are presented as mean ± SD or number of patients. Group D: dexmedetomidine administration, Group C: normal saline administration.
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Group C; P =  0.160), and after hyperventilation (29 ±  2 mmHg 
in Group D vs. 30 ±  2 mmHg in Group C, P =  0.240, Fig. 2). Vol-
ume of fluids infused and urine output in both groups were com-
parable. However, there was a significant difference in intraopera-
tive blood loss between the two groups (Table 1). 

There was no difference in propofol consumption between 
groups. Median durations of surgery and anesthesia were also 
comparable. The total doses of fentanyl and vecuronium used 
were significantly lower in Group D than in Group C. The depth 
of anesthesia was comparable between groups before and after 
hyperventilation. Blood pressure before and after hyperventilation 
in both groups was comparable (Fig. 3). HR was significantly low-
er in Group D before and after hyperventilation. 

Times to tracheal extubation and recovery, and modified Al-
drete score were similar between groups (Table 3). One patient in 
Group C had emergence agitation (modified Aldrete score 8; tra-

Table 2. Comparison of Autoregulatory Tests

Parameters Group D (n =  15) Group C (n =  15) P value
THR ratio 1.26 ±  0.11 1.23 ±  0.04 0.357
Compression ratio 44.7 ±  16.9 52.5 ±  11.3 0.158
Time to baseline values after THR test (s) 2 (1–4) 3 (1–5) 0.910
Absolute CO2 reactivity (cm/s/mmHg) 0.78 ±  0.20 0.8 ±  0.15 0.618
Relative CO2 reactivity (%/mmHg) 1.19 ±  0.34 1.23 ±  0.25 0.547
Pulsatility index 1.28 ±  0.29 1.16 ±  0.20 0.220
Values are presented as mean ± SD or median (range). Group D: dexmedetomidine administration, Group C: normal saline administration. THR: 
transient hyperemic response, CO2: carbon dioxide.

test in any patient (Fig. 1). The cerebral autoregulation indices 
measured by TCD such as THRR (P =  0.357), CR (P =  0.158), 
absolute CO2 reactivity (P =  0.618), and relative CO2 reactivity (P 
=  0.547) were comparable in both groups (Table 2). MCAFV was 
also comparable between the two groups before hyperventilation  
(61 ±  9 in group D vs. 64 ±  8 cm/s in group C; P =  0.340) and 
after hyperventilation (56 ±  9 in Group D vs. 57 ±  10 cm/s 
Group C; P =  0.650, Fig. 2). A significant but comparable de-
crease in PaCO2 levels was achieved in both groups before hyper-
ventilation (38 ±  2 mmHg in Group D, vs. 39 ±  2 mmHg in 
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chea was re-intubated for two hours). No other side effect or com-
plication was observed. 

Discussion 

In our study, we did not observe any adverse effects of dexme-
detomidine on cerebral autoregulation and carbon dioxide reac-
tivity under sevoflurane anesthesia. One previous animal-based 
study found that dexmedetomidine decreases CBF due to a com-
bination of direct cerebral vasoconstriction, depressed cerebral 
metabolism and reduction in systemic blood pressure from its ad-
ministration [11]. However, this study was conducted using halo-
thane anesthesia in rats using extremely high doses of dexmedeto-
midine that are never used in clinical anesthesia. Furthermore, 
the study was based on cerebral microcirculation and not on large 
vessels like MCA. To the best of our knowledge, there are no large 
human studies assessing the effects of dexmedetomidine on cere-
bral autoregulation under the effect of general anesthesia. Previ-
ous studies on the effects of dexmedetomidine on cerebral auto-
regulation have been confined to small populations of awake pa-
tients, with or without brain pathology. Ogawa et al. [8], from 
their study on healthy volunteers, concluded that dexmedetomi-

dine weakens dynamic cerebral autoregulation and delays the res-
toration of CBF velocity. However, this was a small cross-over 
study using various doses of dexmedetomidine in only 14 awake 
volunteers. They also used transfer function analysis to study ce-
rebral autoregulation. Another recently published small study on 
15 awake patients with supratentorial tumors, by Arulvelan et al. 
[12], concluded that with a bolus dose of 1 µg/kg of dexmedeto-
midine, there was no change in autoregulatory indices in the 
hemisphere bearing the tumor, but the indices were deranged in 
the non-pathologic hemisphere. 

THR test, also called carotid compression test, was first de-
scribed by Giller [13], as a bedside test for the assessment of cere-
bral autoregulation on the premise that if autoregulation is effec-
tive, the reduction in MCA pressure from common carotid artery 
compression should lead to reflex vasodilatation in the arterioles 
distal to the MCA. Therefore, release of compression would result 
in a transient increase in CBF, and the MCA flow velocity. This 
would be observed as increased flow velocity in TCD tests (Fig. 4). 
This hyperemic response is absent when autoregulation is lost 
[14]. This test is simple, non-invasive and can be repeated without 
much discomfort to the patient. Several studies have validated this 
concept in animal models and in humans with conditions like 
traumatic brain injury and subarachnoid hemorrhage [14–16]. 
Smielewski et al. [10], have further shown that THRR is a valid 
index of cerebral autoregulation and has similar sensitivity to the 
leg-cuff method described by Aaslid et al. [17]. A THRR more 
than 1.10 implies intact autoregulation, while values below 1.10 
suggest poor or absent autoregulation [10]. The CR, which mea-
sures the magnitude of carotid compression, was similar in both 
groups. 

No previous study has evaluated the effects of dexmedetomi-
dine on carbon dioxide reactivity. TCD has proven to be a useful 
point-of-care tool to determine CO2 reactivity compared to con-
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Table 3. Postoperative Parameters

Parameters Group D  
(n =  15)

Group C  
(n =  15) P value

Time to recovery (min) 3 ±  1 4 ±  3 0.332
Time to extubation (min) 5 ±  2 6 ±  3 0.496
Modified Aldrete score 9.9 ±  0.3 9.6 ±  0.6 0.173
Values are presented as mean ± SD. Group D: dexmedetomidine 
administration, Group C: normal saline administration.

F1
F3

F2

Fig. 4. Transient hyperemic response test. F1: pre-compression systolic 
MCAFV, F2: systolic MCAFV during compression, F3: post compression 
systolic MCAFV; middle cerebral artery velocity.
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ventional direct methods of CBF measurements [18]. We did not 
observe any influence of dexmedetomidine on absolute and rela-
tive CO2 reactivity. This observation is consistent with previous 
studies that have demonstrated that carbon dioxide reactivity of 
cerebral vessels is very robust and remains intact even in some ce-
rebral pathological states. Cerebrovascular CO2 reactivity under 
sevoflurane anesthesia has been shown to be lower in patients 
with previous stroke [19]. Kirkham et al. [20] have demonstrated 
that CO2 reactivity determined by TCD correlates well with CO2 
reactivity determined using direct methods of measuring CBF. 
Measuring CO2 reactivity and cerebral autoregulation in the ini-
tial phase of anesthesia keeps body temperature and hematocrit 
levels largely unchanged. During neurosurgery, hematocrit levels 
may fluctuate with bleeding and blood transfusion, and alter 
blood viscosity and CBF velocity [21]. 

Theoretically, the difference in sevoflurane concentration could 
have affected autoregulation in the two groups. However, only a few 
isolated studies have indicated that cerebral autoregulation may be 
affected by sevoflurane anesthesia [22]. Since we completed our 
TCD measurements during the initial phase of anesthesia and before 
the start of surgery, it is very unlikely that autoregulation was influ-
enced to any significant extent by sevoflurane. Several human stud-
ies suggest that sevoflurane in concentrations less than 1–1.2 MAC 
does not disrupt cerebral autoregulation or affect cerebrovascular re-
activity to carbon dioxide [23–27]. Similar observations have also 
been made in young children [28,29], and when nitrous oxide is 
used along with sevoflurane [30]. A study in patients with diabetes 
found that sevoflurane-based anesthesia does not affect cerebral au-
toregulation when it is already impaired [31]. 

Carotid manipulation in the neck is a seemingly innocuous 
procedure, but may sometimes result in serious complications 
[32]. In our study, preoperative carotid Doppler study of all pa-
tients was conducted to rule out any atheromatous plaque of the 
artery. We also excluded elderly patients, who have higher risks of 
atheromatous plaques in their arteries. It has not been reported in 
literature that brain insult may occur following a brief carotid 
compression, as part of the THR test, in the absence of carotid pa-
thology. Even though hypotension and bradycardia may occur 
because of carotid compression, no such complication was en-
countered in our study. The actual drop in cerebral perfusion 
pressure (CPP) during compression is not known and may de-
pend on the magnitude of force, the duration of compression and 
the effectiveness of the collateral blood supply. Although these 
concerns do not appear to be of practical importance in healthy 
individuals, patients with deranged intracranial compliance may 
experience increase in intracranial pressure and thus, decrease in 
CPP during this procedure. 

Dexmedetomidine use was not associated with any delay in off-
set of anesthesia in this study. This may be due its opioid-and an-
esthetic-sparing effects. The use of BIS, with pre-set target values, 
may have also helped to prevent delay in recovery from anesthe-
sia. BIS monitoring has been shown to reduce anesthetic con-
sumption [33].  

From our results, we infer that dexmedetomidine administration 
in clinical doses under sevoflurane-based anesthesia does not weak-
en dynamic cerebral autoregulation or carbon dioxide reactivity in 
patients without concomitant brain pathology. These observations 
are similar to those of Drummond et al. [7], who reported that dex-
medetomidine administration in healthy and awake volunteers pre-
serves carbon dioxide reactivity. However, their observations cannot 
be extrapolated to patients who are under the effect of general anes-
thesia. They also did not study the effect of dexmedetomidine on 
dynamic cerebral autoregulation. 

A major limitation of our study is that it was conducted in healthy 
adult patients without any intracranial pathology and therefore, our 
observations cannot be extrapolated to all patients, such as those 
with pre-existing cerebral pathology. Even though nitrous oxide was 
used in both groups of patients, and a stable BIS value was always 
ensured, we cannot be certain that the study results were not influ-
enced in any way by the effect of nitrous oxide. Due to logistical rea-
sons, the sample size of the study was restricted to 30 patients. The 
findings of this study can provide the foundation for designing a 
large randomized trial for possible generalization of these findings 
across all populations of neurosurgical patients. 

In conclusion, dexmedetomidine administration, in standard 
doses as an anesthetic adjuvant under sevoflurane anesthesia, 
does not impair dynamic cerebral autoregulation and carbon di-
oxide reactivity in the absence of intracranial pathology. However, 
further studies are required to fully ascertain the effect of dexme-
detomidine in different age groups of anesthetized patients with 
various kinds of intracranial pathologies. 
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Introduction 

Nearly all patients undergoing cataract surgery at Mayo Clinic Jacksonville receive low-
dose intravenous sedation with midazolam (and fentanyl analgesia) while being moni-
tored intraoperatively by registered nurses (i.e., patients receive nurse-administered seda-
tion). Patient satisfaction with the care they receive can be measured using the reliable 
and valid Iowa Satisfaction with Anesthesia Scale [1–8]. 

We originally, and unsuccessfully, sought to perform a prospective cohort study in cat-
aract surgery patients to examine the association between the doses of midazolam (and 
fentanyl) that patients receive, and scores on the Iowa Satisfaction with Anesthesia Scale. 
All patients included in the study had their satisfaction with sedation assessed soon be-
fore (e.g., within 10 min of) leaving the outpatient surgery department, consistent with 

Background: We evaluated the validity of assessing patient satisfaction with the sedation 
regimen among patients being discharged 45 min after receiving midazolam. If most pa-
tients do not have recall, then the sedation cannot be considered complete at the time of 
evaluation. 
Methods: In this prospective cohort study, 20 patients underwent cataract surgery with 
nurse-administered midazolam and fentanyl. The 11-item Iowa Satisfaction with Anesthe-
sia Scale was administered ≅ 30 min after sedation in the recovery room. Recalled items 
were evaluated the next morning. 
Results: Eleven patients recalled 0 themes, 4 recalled 1, 4 recalled 2, and 1 recalled 3 
themes. Thus, 15/20 patients (75%) recalled 0 or 1 of the 11 themes (P = 0.021 versus half 
the patients). The 95% one-sided lower confidence limit for 0, 1, or 2 themes was 80% of 
patients (P < 0.001 versus half). Patients who received less midazolam recalled more 
themes (Kendall’s τb = 0.43, P = 0.039). 
Conclusions: Evaluating patient satisfaction with sedation shortly after admission to the 
post-anesthesia care unit is invalid because of a lack of recall; the sedation/amnesia is on-
going. Patient comfort may be assessed, but comfort is not synonymous with satisfaction; 
‘satisfaction’ implies presence of recall. Because we studied sedation with low doses of mid-
azolam and fentanyl, the same conclusion reliably would apply to larger doses of anxiolyt-
ics administered intraoperatively. The results match previous findings that when patients 
receive preoperative midazolam prior to meeting the anesthesiologist, even if the patient 
fully answers questions, they may have negligible recall of having met the anesthesiologist. 

Keywords: Cataract surgery; Iowa Satisfaction with Anesthesia Scale; Midazolam; Patient 
satisfaction.  
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the development and use of the Iowa Satisfaction with Anesthesia 
Scale [1]. However, during the pilot study of 10 patients (which 
was performed to choose the appropriate sample size to measure 
satisfaction), we observed that patients were being discharged 
from the facility within 45 min after receiving midazolam and 
fentanyl. That time course was similar to the periods studied by 
Chen et al. [9], wherein when patients received midazolam in the 
preoperative holding area, most had complete amnesia of the op-
erating room events. The findings [9] were important because the 
implication would be the lack of validity in assessing patient satis-
faction with individual anesthesiologists who provide exclusively 
operating room care. We hypothesized that it may be invalid to 
assess patient satisfaction with sedation among patients so soon 
after receiving midazolam, because if most patients do not have 
recall, then the sedation cannot be considered complete at the 
time of the evaluation. We performed a prospective cohort study 
to test the hypothesis that most cataract surgery patients (i.e., sig-
nificantly greater than half of patients) have recall of only negligi-
ble portions of the Iowa Satisfaction with Anesthesia Scale items 
that they answered before discharge from the facility. 

Materials and Methods 

The Mayo Clinic Investigational Review Board approved this 
study (application 17 010108), and then patient enrollment began. 
All cataract surgery cases were performed in a single operating 
room of the Mayo Clinic Jacksonville outpatient surgery depart-
ment. The phase I and phase II post-anesthesia care units func-
tion interchangeably; henceforth, they are referred to as the ‘re-
covery room.’ The patients excluded were the few (≅11% [4/37]) 
that were selected by the surgeon to receive deep sedation or gen-
eral anesthesia. 

During a preoperative visit, standard discharge instructions 
were reviewed with each patient, including wearing the eye patch 
that was to be placed in the operating room until the first postop-
erative follow-up visit with the ophthalmologist. We took advan-
tage of this uniform approach to have each patient serve as his/her 
own control. 

In the preoperative area, patient informed consent was obtained 
from each patient by a research staff member. Patients were in-
structed that they would receive a survey to assess their level of 
satisfaction with the sedation they will receive intraoperatively 
based on symptoms they experienced during the procedure. (i.e., 
the Iowa Satisfaction with Anesthesia Scale). The patients were 
told that they would be asked to complete the survey shortly after 
entry to the recovery room. Patients also were advised that they 
would receive a phone call the next day from one of the members 

of the anesthesia department with follow-up questions. 
In the recovery room, the patients were informed that they 

would be provided with 11 statements, and they would need to 
choose to either agree or disagree with the options provided. For 
each statement with which they agreed, they would be asked 
whether they agreed ‘slightly,’ ‘moderately,’ or ‘very much.’ As pa-
tients had undergone ophthalmologic surgery, they were also giv-
en the option to have the questions read to them rather than read-
ing the questions themselves. The patients were advised that with-
in 24 h after discharge, they would receive a telephone call asking 
them: ‘Please recite as many of the 11 questions you were asked 
yesterday.’ 

The Iowa Satisfaction with Anesthesia Scale was used for sever-
al reasons. The scale assesses satisfaction with the anesthetic/seda-
tion itself, including satisfaction with sedation; based on qualita-
tive methods and quantitative correlations, surgical patients con-
sider this separate from satisfaction with the preoperative and 
postoperative periods [1,4]. The scale has good test-retest reliabil-
ity and internal consistency [1–4]. Validity of the scale has been 
demonstrated based on correlations with other variables such as 
anesthesiologists’ predictions of patients’ responses [1]. We are 
not aware of the existence of another scale developed for measur-
ing patients’ satisfaction with sedation for surgery including cata-
ract procedures [4]. The full scale is listed, and its use described, 
at the hyperlinks in References [10] and [11], respectively. 

During the follow-up phone call, the patients were asked to re-
call as many of the 11 questions they were asked the previous day. 
They were also asked to recall the discharge instructions about the 
eye patch that they were given both during the preoperative visit 
and before discharge from the recovery room. 

All responses and times were recorded for both the survey on 
the day of surgery, and the follow up questions on the day after 
surgery. Respondents’ answers to questions were transcribed ex-
actly as spoken by the patients. Additional data collected preoper-
atively included patient sex, age, dosages and times of intravenous 
sedation medications (midazolam and fentanyl), surgery start and 
end time, and recovery start and end time. 

Sample size selection and statistical analyses 

The sample size was chosen based on a one-sided test using 
data from the 10-patient pilot study. We treated the 11 items in 
the Iowa Satisfaction with Anesthesia Scale [1–3] as being themes, 
such that any response potentially related to an item was consid-
ered related (e.g., patient referring to being asked about pain levels 
was treated as referring to the item ‘I felt pain,’ even though the 
patient may be recalling a recovery room nurse asking about their 
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pain). Thus, the design was biased, purposefully, to overestimate 
explicit recall of the Iowa Satisfaction with Anesthesia Scale’s 11 
items (i.e., the design was biased, purposefully, to reject our stud-
ied hypothesis). The identification of recall of themes was made 
independently by all three authors using the transcribed respons-
es. There was unanimous agreement for all patients and potential 
themes. Among the 10 pilot patients, there was 1 patient who may 
have had recall of 2 of 11 themes, 1 patient who had recall of 1 of 
11 themes, and 8 patients had no recall of any themes. We there-
fore planned to compare the incidence of recall of >  2/11 themes 
to 50% using the binomial test [12] (The 50% tests our hypothesis 
that ‘most’ patients recall only negligible portions of the Iowa Sat-
isfaction with Anesthesia Scale). Given that we observed 10/10 
patients (100%) with recall of 0, 1, or 2 themes, we conservatively 
designed the prospective study to test whether approximately 80% 
(i.e., 8/10 patients) would have recall of 0, 1, or 2 themes versus >  
2/11 themes. With a subsequent sample size of n =  20 patients 
(i.e., no overlap of patients with our pilot data), there would be 
approximately 80.4% statistical power for the one-sided test of 
80% as compared with 50%. We planned to repeat analyses using 
0 or 1 recalled themes versus 2/11 themes. These and all other 
P-values were calculated using exact methods (StatXact-11.1, Cy-
tel, Inc., USA). 

Pairwise comparison was made between the recall of 0, 1, or 2 
themes versus >  2/11 themes and recall versus no recall of the in-
struction to wear eye patch until the first postoperative follow-up 
visit with the ophthalmologist. We used Barnard’s unconditional 
test for equality of two related proportions, with a two-sided test 
for difference in recall. Calculations also were performed compar-
ing 0 or 1 theme versus ≥  2/11 themes. 

Associations between the number of themes recalled and de-
mographic variables were tested using Kendall’s τb correlation. 
The P values were two-sided. 

Results 

Among the 20 patients studied, 11 recalled 0 themes, 4 recalled 
1 theme, 4 recalled 2 themes, and 1 recalled 3 themes. Thus, 
among the 20 patients, 15 (75%) recalled 0 or 1 of the 11 themes 
(P =  0.021 versus half the patients). The 95% one-sided lower 
confidence limit for recall of 0 or 1 themes was 55% of patients. 
Among the 20 patients, 19 (95%) recalled 0, 1, or 2 of the 11 items. 
The 95% one-sided lower confidence limit for 0, 1, or 2 themes 
was 80% of patients (P <  0.001 versus half). The 19/20 was com-
parable to the 10/10 patients observed in our pilot (Fisher’s exact 
test P =  0.99).  

Among the 4 patients who recalled 1 theme (n =  4), 4 patients 

who recalled 2 themes (n =  8), and 1 patient who recalled 3 
themes (n =  3), there was a total of 15 recalled themes. Among 
the 15 themes, 6 were of pain, 5 of hot or cold feeling, 3 of nausea 
or vomiting, and 1 of feeling relaxed. Using Kendall’s τb correla-
tion, responses to these themes were unrelated statistically to the 
numbers of overall recalled themes (Table 1). 

Patients were used as their own control. The patients were 
asked about their recall of the instruction to wear the eye patch 
until their first postoperative follow-up ophthalmology appoint-
ment; as above, this instruction was provided not only upon dis-
charge, but also preoperatively. All 5 patients who recalled 2 or 3 
Iowa Satisfaction with Anesthesia Scale themes also correctly re-
called the eye patch instructions. There were 5 patients who both 
recalled 0 or 1 theme and incorrectly recalled the eye patch in-
structions. The other 10 patients recalled 0 or 1 theme but re-
membered the eye patch instructions correctly. Thus, the total of 
15 of 20 patients who recalled the eye patch instructions was sig-
nificantly greater pairwise than the 5 of 20 patients who recalled 2 
or 3 themes (P <  0.001)1). Consequently, too, the 15 of 20 patients 
who recalled the eye patch instructions was greater pairwise than 
the 1 of 20 patients who recalled >  2 themes (P <  0.001). 

Table 1 includes 15 demographic variables. Patients who re-
ceived less midazolam recalled more themes (Fig. 1; Kendall’s τb 

=  0.43, P =  0.039). 

Discussion 

The observation that elderly patients receiving both a benzodi-
azepine and opioid had impaired recall is unsurprising based on 
previous volunteer results [13]. However, the importance and 
novelty of our current findings are the timing and the correspond-
ing implications for the validity of administration of satisfaction 
scales and patient instructions. Despite the practical relevance of 
our finding for application to clinical trials, the scenario envi-
sioned by our study was not recognized during the systematic re-
view and consortium meeting on intraoperative sedation includ-
ing patient-centered endpoints for the US Food and Drug Ad-
ministration [4,5]. 

1)To relate our description to a contingency table, we consider the result for the alterna-
tive conditional (McNemar’s) test. This pairwise test becomes a comparison of n =  10 
(Yes eye patch instructions AND No recall of ≥  2 themes) versus n =  0 (No eye patch 
instructions AND Yes recall of ≥  2 themes). The McNemar’s test exact P value equals 
0.001953. That P value is interpretable, because (1/2)10 ×  (2 for a two-sided test) equals 
0.001953.
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Implications 

Our results show that assessing patient satisfaction with intra-
operative sedation within a few minutes after entry into the recov-

ery room is invalid. Comfort may have been assessed, but comfort 
is not synonymous with satisfaction, as ‘satisfaction’ implies the 
presence of recall. If most patients do not have recall, the sedation 
cannot be considered complete at the time of such assessment. 
Because we studied nurse-administered sedation with low doses 
of midazolam (Fig. 1) and fentanyl, the same conclusion reliably 
would apply to larger doses of anxiolytics administered by anes-
thesiologists or nurse anesthetists while providing monitored an-
esthesia care. The findings are directly applicable to clinical trials 
evaluating patient-centered outcomes that involve procedural se-
dation for surgical procedures [3–5]. 

Postoperative phone calls have been reported to have low re-
sponse rates in some populations (e.g., France) [14]. Although 
texting can be used effectively to obtain basic postoperative infor-
mation from surveyed patients (e.g., numerical pain ratings) [14], 
scales reliably measuring satisfaction with sedation cannot be ad-
ministered in this fashion [4,5]. Organizations may attempt, as the 
current investigators at Mayo Jacksonville originally did (see 
Methods), to obtain low non-response bias (i.e., improve patient 
response rates) by administering the satisfaction survey just be-
fore patients were discharged from the ambulatory center. That 
was precisely how the Iowa Satisfaction with Anesthesia Scale was 

Table 1. Associations between Demographic and Clinical Variables and the Number of the 11 Iowa Satisfaction with Anesthesia Scale*Items Recalled 
among the 20 Patients

Variable Median [IQR] Kendall’s τb
† Two-sided P value‡

Male 0 [0, 1] –0.19 0.34
Age 72 [68, 76] 0.16 0.99
Duration of surgery 16 [13, 27] –0.13 0.49
Minutes in recovery room 18 [14, 23] –0.14 0.46
Days from July 1, 2018 44 [32, 86] –0.30 0.13
Duration of phone call (min) 3 [3, 4] 0.27 0.19
Fentanyl (μg) 25 [25, 50] –0.50 0.024
Midazolam (mg) 1.0 [0.75, 1.0] –0.43 0.039
ISAS score 2.91 [2.05, 2.91] 0.12 0.56
‘I felt pain’ 3 [–1, 3] 0.07 0.75
‘I felt pain during surgery’ 3 [–1, 3] 0.10 0.66
‘I was too cold or too hot’ 3 [3, 3] –0.39 0.10
Fentanyl to ISAS started (min) 32 [28, 34] 0.17 0.38
Midazolam to ISAS started (min) 32 [29, 34] 0.11 0.56
Midazolam to phone call (h) 24.4 [21.8, 26.0] –0.08 0.67
*ISAS: Iowa Satisfaction with Anesthesia Scale, with the overall score and its components each ranging from –3 (agree strongly) to +3 (disagree strongly).
†The Kendall’s τb were calculated between the numbers in the first column and the number of themes among the 11 Iowa Satisfaction with 
Anesthesia Scale items potentially recalled. The n = 20 patients for all rows. Fig. 1, the abstract, and the Results include the findings from the 
8th row. Specifically, ‘patients who received less midazolam recalled more themes (Kendall’s τb = 0.43, P = 0.039).’ All P values are two-sided and 
exact (StatXact-11). The latter is important because there were few different categories of numbers of themes recalled: 0, 1, 2, or 3 (see Results). 
In addition, in the first row, there are only two values of the potential predictor being tested. ‡The P values are unadjusted for the multiple 
comparisons, and therefore should be judged as having a substantive chance for a Type I error.
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Fig. 1. Observed relationship among the 20 patients between the dose 
of midazolam and the number of the 11 themes recalled in the Iowa 
Satisfaction with Anesthesia Scale. The midazolam was administered 
a median of 32 min (25th percentile 29 min, 75th percentile 34 min) 
before the questions were asked. The patients were asked to recall the 
items in the scale during the phone call made the next morning. We 
treated any response related to the theme of the item to be recall.
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developed [1,15,16]2). Our results show the importance of the tim-
ing of administration of the scale. When used previously, there 
usually was an intervening period ≅ 3 h between the last dose of 
sedatives administered to patients and the time when the patient 
completed the scale. In contrast, in the current study, the adminis-
tration of the Iowa Satisfaction with Anesthesia scale was done 
within a few minutes of the patients’ arrival to the recovery room, 
because the patients were discharged from the facility soon after-
wards.  

Previously, in the United States, there has been consideration of 
including patient satisfaction when evaluating the medical care 
provided by individual anesthesiologists [9,17]. The current re-
sults are important because they document that even when pa-
tients are fully answering questions postoperatively, they may 
have negligible actual recall of the care they received. An experi-
ence without recall may be enjoyable and may lack discomfort (or, 
on the other hand, may be negative). However, satisfaction re-
quires recall by the patient. 

Limitations 

Our results relate to patient satisfaction as a measure of the 
quality of care, but not as influencing the number of patients pre-
senting to a healthcare facility (i.e., marketing) [18]. The impor-
tance of satisfaction is that of the surgeons, because surgeons re-
turn to the ambulatory surgery center much more frequently 
compared with patients [18]. For the specific procedure studied of 
cataract surgery, patient satisfaction does matter, but indirectly by 
influencing surgeon experience. The relevant dimensions of pa-
tient satisfaction are not related to the anesthetic care itself, but to 
case scheduling: the ability to provide the surgical procedure on a 
day chosen by the patient; to receive care at a single site for both 
examination and surgery; to combine the examination and sur-
gery into a single visit instead of multiple visits; and to have sur-

gery in the morning instead of the afternoon [19]. 
The sample sizes required to compare patient satisfaction be-

tween groups typically would be ≅ 70 patients in each of 2 groups 
[3]. Our studied sample size was chosen deliberately based on our 
primary endpoint of testing recall, 0, 1, or 2 themes versus >  2/11 
themes. We did not design our study to measure patient satisfac-
tion per se, and we could not deliberately do so because of the 
chosen sample size. There have been previous studies that have 
assessed patient satisfaction with cataract surgery using the Iowa 
Satisfaction with Anesthesia Scale [2,6,7]. 

In our current investigation, we explored the relationship be-
tween the dose of midazolam and recall of the items in the Iowa 
Satisfaction with Anesthesia Scale. Fig. 1 shows that increasing 
doses of midazolam were associated with recall of fewer themes 
from this scale. That finding complements results from Chen et 
al. [9], who found that increasing doses of midazolam adminis-
tered in the preoperative holding area were associated with greater 
incidences of complete amnesia of operating room events; see 
their Table 2. Likewise, Miller et al. [13] examined the timing of 
amnesia after 0.07 mg/kg and 0.10 mg/kg doses of midazolam. 
Among pictures shown to patients at ≅ 30 min, matching our 
data (Table 1), approximately 45% and 75% of patients, respec-
tively, lacked recall the following morning. The similarity of our 
findings to those reported by Chen et al. [9] and Miller et al. [13] 
increases confidence in the validity of our findings. However, in 
the current study, we cannot separate the amnestic effects of mid-
azolam from those of midazolam plus fentanyl, because all pa-
tients received both drugs (a minimum 0.5 mg midazolam and 25 
μg fentanyl). 

We purposefully biased our estimates of recall by including any 
item possibly related to a theme in the Iowa Satisfaction with An-
esthesia Scale. For example, if a nurse asked the patient if they had 
pain in their eye, and when asked about the Iowa Satisfaction with 
Anesthesia Scale, the patient referred to pain, then that response 
was treated as recall of a theme of pain. The same applied to any 
patient who may have been asked by a nurse if he/she was hot or 
cold. The fact that despite the bias, the recall was so limited in-
creases validity of our conclusions, despite the reduction in accu-
racy of our numerical results. 

Patient age likely was not a covariate, because we studied ho-
mogeneously elderly patients (median 72 years; Table 1). Howev-
er, we therefore do not know if our current results may differ from 
those of younger patients. In a study of word recall, older patients 
(mean 67 years) recalled fewer words than did younger patients 
(mean 26 years) [20]. Diazepam had an equivalent effect on recall 
among both young and elderly patients [20].  

We studied patients undergoing cataract surgery, partly because 

2)When the 2nd author (FD) developed the Iowa Satisfaction with Anesthesia scale, 
his colleagues and he waited the longest times they considered feasible to interview 
the patients, but before their discharge from the phase II post-anesthesia care unit [1]. 
This was at least 15 min after admission to the unit [1]. Typical periods from sedation 
to interview were much longer; when the study was performed ( >  20 years ago), 
there was not a focus on quick discharge like at the currently studied facility. Never-
theless, timing data were not collected. Typical periods can be inferred from other 
studies performed contemporaneously by the same author (FD) at the same outpa-
tient surgery department. Among patients undergoing monitored anesthesia care, the 
median time in the post-anesthesia care unit was 81 min (25th, 75th percentiles 62, 
100 min; n =  34), from Fig. 1 of Reference 15. Among patients undergoing cataract 
surgery, 99.5% received a sedative and/or analgesic prior to a retrobulbar or peribul-
bar block, and 79.6% received no additional sedation (n =  560), from Table 2 of Ref-
erence 16. The median duration of surgery was 95 min (25th, 75th percentiles 80, 119 
min), from Table 1 of Reference 16. The sum of the medians, 95 + 81, equals 176 min 
or nearly 3 h. That interval matches the author’s (FD) recollection.
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it is the most common surgical procedure nationwide [21]. In ad-
dition, we selected cases performed only during regular work 
hours (e.g., not at night; Table 1), matching the timing when near-
ly all ambulatory surgery is performed nationwide [22,23].  

Conclusions 

Elderly patients received low-dose midazolam, and approxi-
mately half an hour later were asked the series of questions that 
are part of the Iowa Satisfaction with Anesthesia Scale. The pa-
tients were sufficiently alert to be discharged a few minutes later. 
However, the next day, patients had negligible recollection of the 
items in the scale. One implication from our results is that patient 
satisfaction cannot validly be assessed so soon after amnestic 
drugs (e.g., midazolam) have been administered, even if the pa-
tient seems alert and is deemed ready for discharge; additionally, 
instructions about postoperative care should not be provided to 
the patient during that period. A second implication is that pa-
tient satisfaction with individual practitioners should not be eval-
uated for clinicians interacting with the patient during this period, 
because the patient responses will often not be based on actual re-
call of factual interaction with those practitioners or their state-
ments.
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Background: The posterior transversus abdominis plane block (TAPB) and quadratus 
lumborum block (QLB) were developed for postoperative pain control after lower abdom-
inal surgery. However, there is little data regarding their effects. Their analgesic effects and 
the distribution of the cutaneous sensory blockade were observed in patients undergoing 
laparoscopic gynecologic surgery. 
Methods: After an induction of general anesthesia, patients alternately received bilateral 
ultrasound-guided QLB type 2 (QLB2) or posterior TAPB using 20 ml of 0.375% levobu-
pivacaine on each side. The measurements included visual analogue pain scores (VAS), 
cutaneous sensory blockade in each dermatome, demands for postoperative analgesics, 
and complications for up to 48 h after the block. Our primary endpoint was VAS at 24 h 
after the block. 
Results: Forty patients completed the study. The VAS at rest was significantly lower after 
QLB2 than that after TAPB at 48 h, but not at 24 h. Neither group differed in VAS when 
coughing at any point in time. Postoperative demands for fentanyl and other analgesics 
also did not differ for either block. The majority of injections produced a cutaneous senso-
ry blockade in the T11 and T12 dermatomes in both groups. The median number of der-
matomes blocked was limited to three dermatomes after either block. No severe complica-
tion related to either block was observed. 
Conclusions: The analgesic effects of QLB2 and posterior TAPB did not differ in patients 
undergoing laparoscopic gynecologic surgery. The cutaneous sensory blockade produced 
was limited to three dermatomal levels in the majority of patients. However, these findings 
need to be confirmed through a larger comparative study. 

Keywords: Anesthesia and analgesia; Laparoscopic surgery; Local anesthesia; Nerve block; 
Postoperative pain; Regional anesthesia.
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Analgesic effects and distribution of 
cutaneous sensory blockade of 
quadratus lumborum block type 2 and 
posterior transversus abdominis plane 
block: an observational comparative 
study 
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Introduction 

Laparoscopic gynecologic surgery is thought to be minimally invasive. Nevertheless, 
patients need sufficient postoperative analgesia through the use of opioids [1]. However, 
opioids cause complications such as respiratory depression, postoperative nausea, and 
vomiting. Multimodal analgesia including abdominal wall blocks can reduce opioid con-
sumption and provide better analgesic effects [2,3]. Since the first description of an ultra-
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sound-guided (US-guided) technique [4], the transversus abdom-
inis plane block (TAPB) has become popular, and several tech-
niques [5,6] have been developed. Among them, posterior TAPB, 
which is conducted by injecting local anesthetic close to the lum-
bar triangle of the Petit, may result in postoperative analgesia that 
is superior to and longer than lateral TAPB with the injection 
made more anteriorly [7,8]. The quadratus lumborum block 
(QLB) was introduced more recently as a technique for injecting a 
local anesthetic solution more posteriorly and along the quadratus 
lumborum muscle [9]. Among the approaches that have been de-
veloped for QLB, the posterior approach to QLB called QLB type 
2 (QLB2) is thought to produce effective and long-lasting analge-
sia after abdominal surgery [9–11]. 

A previous retrospective study on children [12] showed that 
posterior TAPB produces a cutaneous sensory blockade at T7– 
T12. However, no known study has examined whether posterior 
TAPB and QLB2 are different in terms of sensory blocks and 
postoperative analgesia. The distribution of a cutaneous sensory 
blockade and the analgesic effects of these techniques remain to 
be explored in detail. Therefore, in this prospective study, we ob-
served and compared the analgesic effects and the distribution of 
a cutaneous sensory blockade in patients undergoing laparoscopic 
gynecologic surgery. 

Materials and Methods 

The study protocol was approved by the Shimane University 
Hospital ethical committee (study no. 2140) and was registered in 
the University Hospital Medical Information Network Clinical 
Trials Registry (UMIN000021662). The study was planned to be 
conducted between March 29, 2016 and September 30, 2017. We 
obtained written informed consent from patients 20–70 years in 
age with the American Society of Anesthesiologists physical status 
I and II, who were scheduled for laparoscopic gynecologic sur-
gery. Patients with contraindications to the peripheral nerve 
blocks, a history of diabetes mellitus, or neurologic disease were 
excluded. We alternately assigned patients to either the QLB 
group (receiving QLB2) or TAPB group (receiving posterior 
TAPB). 

In the operating room, the patient’s electrocardiogram, heart 
rate, and oxygen saturation were continuously monitored and 
their non-invasive blood pressure was recorded every 5 min. Gen-
eral anesthesia was induced using propofol and fentanyl 2–4 µg/
kg. Rocuronium was used to facilitate tracheal intubation. After 
tracheal intubation, patients received either QLB2 or posterior 
TAPB accordingly. The blocks were performed with the patient in 
either a supine or slightly wedged position. The anesthetist per-

forming each block could use either a 6–13 MHz linear (S-nerve, 
Fujifilm SonoSite, Inc., Japan) or 2–5 MHz convex (S-nerve, Fujif-
ilm SonoSite, Inc., Japan) transducer to apply the block. The skin 
was prepared using chlorhexidine, and the ultrasound transducer 
was covered using a sterile plastic cover and gel. The transducer 
was initially positioned at the lateral abdomen between the iliac 
crest and the costal margin. The ultrasound view was adjusted to 
show the external oblique, internal oblique, and transversus ab-
dominis muscles. The quadratus lumborum muscle was observed 
posterior to the transversus abdominis muscle, as the transducer 
was moved more posteriorly. A 21-gauge block needle (Sonoplex 
100 mm; PAJUNK, USA) was inserted from the lateral abdomen 
and advanced in an anterolateral to posteromedial direction in 
plane with the ultrasound beam (Fig. 1). For the TAPB group, the 
needle was advanced to reach between the internal oblique mus-
cle and near the posterior end of the transversus abdominis mus-
cle. For the QLB group, the needle was inserted similarly to that 
used for TAPB but advanced to reach the posterolateral area of 
the quadratus lumborum muscle and the lumbar interfascial tri-
angle (LIFT) between the quadratus lumborum, erector spinae, 
and latissimus dorsi muscles (Video 1). Before surgery, each group 
received bilateral blocks with 20 ml of 0.375% levobupivacaine for 
each side. All blocks were either performed or directly supervised 
by an anesthetist (S.S.) with extensive experience in peripheral 
nerve blocks.  

The same gynecological team conducted all surgical proce-
dures. Laparoscopic surgery was conducted using a 12 mm port at 

Fig. 1. Ultrasound image showing needle approach. ① Quadratus 
lumborum block type 2. ② Posterior transversus abdominis plane 
block. EO: external oblique muscle, IO: internal oblique muscle, 
TA: transversus abdominis muscle, LD: latissimus dorsi muscle, QL: 
quadratus lumborum muscle, ES: Erector spinae muscle, LIFT: lumbar
interfascial triangle.

327https://doi.org/10.4097/kja.19404

Korean J Anesthesiol 2020;73(4):326-333



the umbilicus and the right lower abdominal part, and using a 5 
mm port at five fingerbreadths below the umbilicus and the left 
lower abdominal part. Intraoperatively, general anesthesia was 
maintained using propofol titrated to maintain a bispectral index 
of 40–60 and remifentanil at 0.1 µg/kg/min. When the heart rate 
and/or blood pressure increased by more than 20% from the base-
line, 1 µg/kg of fentanyl was added intravenously to maintain he-
modynamic stability. Rocuronium was administered intermittent-
ly during the operation. After surgery, sugammadex sodium was 
administered to reverse the muscle relaxation, and the trachea 
was extubated when the patients were fully awake and breathing 
adequately. All patients received an intravenous basal infusion of 
fentanyl at 20 µg/h starting at the end of surgery, and an on-de-
mand bolus of 10 µg with a 10-min lockout time for patient-con-
trolled analgesia (PCA). The continuous infusion of fentanyl was 
discontinued when the patient reported severe postoperative nau-
sea or vomiting. Patients in the ward received loxoprofen sodium 
hydrate 3 times a day as well as other analgesics including acet-
aminophen and diclofenac sodium upon request. 

The patients were blinded to their group assignment. Anes-
thetists who were blinded to the group allocation conducted 
the measurements postoperatively at 6, 12, 24 and 48 h after the 
blocks. The measurements included the following parameters: 
visual analogue pain score (VAS) (0 mm, no pain; 100 mm, 
worst pain imaginable) at rest and while coughing, postopera-
tive cumulative fentanyl consumption and the use of other an-
algesics, a cutaneous sensory blockade at each dermatome, 
postoperative nausea or vomiting, and complications related to 
the blocks. A cutaneous sensory blockade was assessed bilater-
ally on the anterior axillary line using ice cubes and a 22-gauge 
slightly dulled needle for loss of cold and pin-prick sensations, 
respectively. 

Statistical analysis 

We hypothesized that the VAS at rest 24 h after the blocks, 
which was the primary outcome of this study, was lower after 
QLB2 than after posterior TAPB. The sample number was deter-
mined based on our preliminary data showing a mean VAS of 16 
mm and a SD of 14 mm at rest 24 h after receiving the posterior 
TAPB, and a minimum change in the clinical significance of the 
VAS, which was previously shown to be 13 mm [13]. The sample 
size calculation conducted using G*Power (version 3.1, Cognitive 
and Industrial Psychology, Heinrich-Heine-Universtaet, Germa-
ny), under the assumption of α =  0.05 and β =  0.2 (80% power), 
showed that 20 samples were required for each group. Our insti-
tutional ethical committee did not give permission for a random-

ized controlled trial based on the fact that no prior results com-
paring the two techniques were available at the time. Therefore, 
we alternately allocated patients to either the QLB group to receive 
QLB2 or to the TAPB group to receive posterior TAPB. The study 
was continued until we were able to collect data from at least 20 
patients for each group. 

Continuous data were analyzed through a Kolmogorov–Smirn-
ov test to determine the normality of the data distribution. A two-
tailed Student’s t-test was applied for the parametric statistics, and 
the result was expressed as mean ±  SD. A Mann-Whitney U-test 
was applied for non-parametric statistics and the result was ex-
pressed as the median (1Q–3Q). The cumulative amount of fen-
tanyl was analyzed through repeated analysis of variance mea-
surements. A chi-square test or Fisher’s exact test were used for 
the categorical data. The analysis was conducted using SPSS ver. 
23.0 software (IBM Corp., USA) and a P value of less than 0.05 
was considered statistically significant. 

Results 

We recruited 42 patients (21 in each group) between April 2016 
and March 2017, and all patients received their allocated interven-
tions. One patient in each group was excluded from the final anal-
ysis owing to a loss of follow up, and 40 patients (20 in each 
group) completed the study (Fig. 2). The baseline and periopera-

Fig. 2. Patient flow diagram. *Researchers were unavailable for the 
study. QLB: quadratus lumborum block, TAPB: transversus abdominis 
plane block.
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Table 1. Baseline and Perioperative Characteristics of Study Patients

QLB group 
(n =  20)

TAPB group  
(n =  20) P value

Age (yr) 44 ±  6 44 ±  8 0.909
Height (cm) 158.7 ±  4.3 159.1 ±  7.6 0.828
Body weight (kg) 57.5 ±  9.0 57.0 ±  12.0 0.890
BMI (kg/m2) 22.8 ±  3.4 22.5 ±  4.3 0.770
ASA PS (I/II) 9/11 6/14 0.514
Past history of abdominal  

surgery
6 3 0.451

Surgical time (min) 164 ±  63 165 ±  68 0.981
Surgical procedure (TLH/LM/

LSO)
13/4/3 14/1/5 0.311

Fentanyl administered during 
surgery (µg)

100 (50–210) 165 (100–260) 0.231

Values are presented as mean ± SD, median (1Q–3Q), or number 
of patients. QLB: quadratus lumborum block, TAPB: transversus 
abdominis plane block, BMI: body mass index, ASA PS: American 
Society of Anesthesiologists physical status, TLH: total laparoscopic 
hysterectomy, LM: laparoscopic myomectomy, LSO: laparoscopic 
salpingo-oophorectomy.

tive characteristics of the study patients were comparable between 
the two groups (Table 1). The type of surgery and dose of fentanyl 
consumed intraoperatively were also similar. Regarding postoper-
ative pain, the VAS at rest 24 h post-block showed no difference 
between the two procedures; however, the QLB group had lower 
VAS scores at rest compared with the TAPB group 48 h post-
block (Table 2). However, at no point in time were there any dif-
ferences between the groups in terms of VAS pain scores while 
coughing. Regarding the postoperative use of analgesics, the cu-
mulative amount of fentanyl and the additional analgesic require-
ments also showed no differences (Table 3). 

A sensory blockade was observed at 6 or 12 h after all blocks 
except for two TAPBs, which were conducted in different patients. 
The majority of blocks produced a cutaneous sensory blockade in 
the T11 and 12 dermatomes in both groups (Fig. 3). By contrast, a 
sensory blockade at T10 was not consistently observed in either 
group (21 [52.5%] vs. 16 [40.0%] for QLB and TAPB, respectively; 
P =  0.262). A significantly higher percentage of dermatomes 
showed a loss of pin-prick sensation in the QLB group as com-
pared with the TAPB group at T9 (13 [32.5%] vs. 0 [0%]; P <  
0.001) levels. 

The number of dermatomes with a loss of cold and pin-prick 
sensation, however, was comparable between QLB and TAPB at 
all time points except for 12 h after block, and decreased as time 
passed (Fig. 4). Only four (10%) and two (5%) of the blocks were 
associated with a loss of pin-prick sensation at any dermatome at 
48 h after QLB and TAPB, respectively. No block produced a loss 
of cold sensation lasting 48 h in either group, and none of the pa-
tients showed an apparent motor block in the lower leg. 

There were no serious complications attributed to the US-guid-
ed blocks, including local anesthetic toxicity or visceral organ inju-
ry, in either group. One patient in the QLB group showed hypes-
thesia in the T12 and L1 dermatomes on postoperative day 3, but 
completely recovered within 2 days. Postoperative nausea and 
vomiting occurred similarly between the two groups (Table 3), and 
the continuous infusion of fentanyl was stopped between 24 and 
48 h in six (30%) and five (25%) of the patients in the QLB and 
TAPB groups, respectively (P =  1.000). 

Discussion 

In this study, we observed the analgesic effects and distribution 
of a cutaneous sensory blockade after applying QLB2 and posteri-
or TAPB in patients following laparoscopic gynecologic surgery. 
During the first 48 h post-block, only a few patients receiving 
QLB2 or TAPB experienced pain with a VAS of over 60 at rest 
when using PCA fentanyl. Although the results of the VAS pain 
scores showed better analgesic conditions at rest with QLB2 than 
with TAPB at 48 h post-block, the requirements for fentanyl and 
other analgesics showed no differences between the two groups of 
patients. The results of a cutaneous sensory assessment showed 
that a slightly greater cranial spread of the sensory blockade was 
obtained after QLB2 than that after TAPB; however, only half of 
the patients developed a sensory blockade over T11 even with 
QLB2. In addition, the number of dermatomes with a cutaneous 
sensory blockade was virtually the same between the QLB and 
TAPB groups. 

Since the advent of US-guided peripheral nerve blocks, abdom-
inal wall blocks have become popular, and several different tech-
niques have been introduced. Lateral TAPB was first described by 
Hebbard et al. [4] and has since been used in numerous institu-
tions. However, this technique has produced limited and inconsis-
tent sensory block and analgesic effects [7,14]. The results of clini-
cal and cadaver studies suggest that the injection site of lateral 
TAPB may be too anterior or medial, and that a posterior ap-
proach may produce more consistent and superior analgesia with 
the blockade of lateral cutaneous branches of the thoracolumbar 
nerves [8]. Studies comparing the analgesic effects of posterior 
and lateral TAPB in patients undergoing a caesarean section [15] 
or gynecologic laparoscopic surgery [16] have shown the superior 
analgesic effects of posterior TAPB as compared with those of lat-
eral TAPB. 

QLB was first described by Blanco et al. [9] as a technique for 
injecting a local anesthetic anterior to the quadratus lumborum 
muscle. The technique was later called QLB1, and thereafter a 
new approach to QLB using a local anesthetic injected more pos-
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Table 2. Postoperative Patient Data Regarding Pain and Analgesics
QLB group (n =  20) TAPB group (n =  20) Mean difference 95% CI P value

VAS at rest (mm)
 6 h 23.0 ±  23.3 31.7 ±  22.2 –8.8 –23.5 to 5.8 0.231
 12 h 11.5 ±  16.6 22.3 ±  21.6 –10.9 –23.2 to 1.5 0.083
 24 h 13.2 ±  15.7 21.9 ±  18.5 –8.7 –19.7 to 2.3 0.117
 48 h 7.0 ±  12.4 19.3 ±  19.7 –12.4 –22.8 to –1.9 0.021
VAS while coughing (mm)
 6 h 41.0 ±  23.3 48.9 ±  27.8 –7.9 –24.3 to 8.5 0.336
 12 h 37.8 ±  18.9 46.2 ±  25.1 –8.4 –22.6 to 5.8 0.239
 24 h 36.6 ±  18.7 48.5 ±  21.9 –12.0 –25.0 to 1.1 0.071
 48 h 30.7 ±  18.9 39.9 ±  24.1 –9.2 –23.1 to 4.7 0.187

Values are presented as mean ± SD, mean difference, and 95% CI. QLB: quadratus lumborum block, TAPB: transversus abdominis plane block, 
VAS: visual analogue scale.

Table 3. Postoperative Demands for Analgesics and Complications

QLB group (n =  20) TAPB group (n =  20) Mean difference 95% CI P value
Cumulative fentanyl consumption (µg) 0.699
 6 h 73 ±  35 67 ±  32 6 –16 to 27
 12 h 210 ±  62 203 ±  51 7 –30 to 44
 24 h 443 ±  127 454 ±  115 –10 –88 to 67
 48 h 718 ±  261 684 ±  264 34 –134 to 202
Frequency of fentanyl bolus (n)
 6 h 2 (1–3) 1 (0–2) 0.142
 12 h 1 (0–1) 0 (0–1.25) 0.547
 24 h 0 (0–1.25) 0 (0–3) 0.620
 48 h 0 (0) 0 (0) 0.620
Other analgesics (n)
 6 h 1 (0–3) 0 (0–1) 0.369
 12 h 0 (0–1) 0 (0–2) 0.862
 24 h 0 (0–2) 0.5 (0–2) 0.211
 48 h 1 (0–3) 2 (0–4) 0.211
Nausea 16 14 0.716
Vomiting 8 7 1.000
Values are presented as mean ± SD, mean difference and 95% CI, median (1Q–3Q), or number of patients. QLB: quadratus lumborum block, 
TAPB: transversus abdominis plane block. 

teriorly into the LIFT space was introduced as QLB2. The exact 
mechanism of QLB2 remains unknown. Some studies have 
claimed that LIFT connects to the middle layer of the thoraco-
lumbar fascia (MTLF), and this plane may allow the injected solu-
tion to spread into the paravertebral space where the sympathetic 
trunks are present. The effects on the sympathetic fibers may also 
play a role in visceral pain control [10,11]. 

To the best of our knowledge, this is the first clinical study as-
sessing the distribution of a cutaneous sensory blockade after 
QLB2 as well as posterior TAPB. Our study results showed that, 
although some patients demonstrated a loss of cold and/or pin-
prick sensation at the T8, T9, and L2 dermatomes, the majority of 

patients developed a cutaneous sensory blockade only at the T11–
T12 level after either blockade. These results are remarkably dif-
ferent from those of studies conducted by Murouchi et al. [17], 
which showed that the majority of patients developed a loss of 
cold sensation in T7–T12 dermatomes and in T10–T12 after QLB 
and lateral TAPB, respectively. However, their technique used for 
QLB appears to differ from the approach used in the present 
study; their injection point was inside the epimysium-investing 
fascia of the quadratus lumborum muscle (Video 2). Although a 
wider spread of the sensory blockade, i.e., T7–L1, after QLB2 has 
been reported in some case reports [18,19] and an imaging study 
[9], previous cadaveric studies have never shown an extensive 
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Fig. 3. Proportion of sensory blockade at each dermatome observed at 6 or 12 h post-block. Twenty patients received bilateral blocks; therefore, 
data were collected from 40 blocks for each group. Results are presented as a percentage. (A) Proportion of loss of cold sensation at each 
dermatome. No significant differences were observed. (B) Proportion of loss of pin-prick sensation at each dermatome. *P = 0.02, †P < 0.001. QLB: 
quadratus lumborum block, TAPB: transversus abdominis plane block. 

Fig. 4. Number of dermatomes with sensory blockade over time. The box represents 1Q–3Q, and the median is represented by the solid line. Error 
bars above and below the box mark the minimum and maximum values. (A) Number of dermatomes with loss of cold sensation over time. *P = 
0.002. (B) Number of dermatomes with loss of pin-prick sensation over time. *P = 0.002. QLB: quadratus lumborum block, TAPB: transversus 
abdominis plane block. 
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spread of dye after QLB2 [20,21]. 
A few clinical studies have compared posterior TAPB and 

QLB2. Blanco et al. [10] compared TAPB and QLB2 using pa-
tients undergoing caesarean section and found that compared 
with TAPB, QLB reduces the postoperative opioid consumption 
for up to 48 h. However, their report failed to state exactly wheth-
er the TAPB position of injection was either lateral or posterior. In 
the present study, no reduction was found in postoperative opioid 
consumption after QLB2 compared with posterior TAPB. When 
considered along with the afore mentioned results showing a sim-
ilar sensory blockade in two groups, it is unlikely that QLB2 and 
posterior TAPB result in extremely different blocks. A recent ca-
daver study showed that two-thirds of the cases of QLB2 are asso-
ciated with the spread of dye within the transversus abdominis 
plane [20]. Because MTLF comprises the aponeurosis of the 
transversus abdominis muscle and the internal oblique muscle 
and quadratus lumborum fascia [21], some of the injectate with 
QLB2 might have worked as posterior TAPB. 

The present study has several limitations. First, the patients 
were not randomly divided because no prior data existed to allow 
a power analysis to be conducted or to determine the number of 
patients for the randomized controlled study. Therefore, we alter-
nately conducted either block in order of appearance. Although 
this was not ideal, we do not believe any bias occurred because 1) 
no specific pattern was shown in planning the surgery schedule, 2) 
all blocks were conducted or supervised by the same anesthetist, 
and 3) measurements were blindly made. If we were to conduct a 
randomized comparative study using a larger number of patients, 
we might observe a difference in our primary outcome; for the 
VAS at rest 24 h post-block, and assuming α =  0.05 and β =  0.2 
(80% power), 63 patients were required in each group. However, 
the difference seems to be small and clinically negligible. Second, 
in this study, for ethical reasons, we had no control group in 
which patients would have received sham or no block. Therefore, 
it is remotely possible that neither block has a beneficial effect on 
postoperative pain relief. However, the use of no block or a block 
with saline would not have resulted in a demonstrable sensory 
blockade. In addition, the efficacy of QLB2 for laparoscopic gyne-
cological surgery has already been shown under different postop-
erative analgesic regimens [22]. Third, all patients received intra-
venous fentanyl as a basal infusion postoperatively. Considering 
the results showing a relatively small number of requests for addi-
tional analgesics including bolus fentanyl and relatively low pain 
scores in both groups, the amount of fentanyl administered as a 
basal infusion might have obscured the differences between the 
two groups. Fourth, we only studied female Japanese patients, 
who are likely less obese than patients in several other countries. 

Conducting an abdominal wall block in obese patients, particu-
larly in the identification of the injection point for QLB type 2, 
would be difficult. Fifth, we cannot draw any conclusions regard-
ing the possible difference in duration of the blockade effects be-
tween the two blocks because we did not conduct any measure-
ments between 24 and 48 h after the blocks. 

To summarize, the analgesic effects of QLB2 and posterior 
TAPB showed no difference in patients undergoing gynecologic 
laparoscopic surgery. A cutaneous sensory blockade produced by 
QLB2 and posterior TAPB was limited to three dermatomal levels 
in the majority of the patients. However, these findings need to be 
confirmed through a larger comparative study. 
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Video 1. Quadratus lumborum block type 2.
The video clip shows quadratus lumborum block type 2, using 
approach applied in our study. The injection point is within the 
lumbar interfascial triangle.  
Video 2. Intramuscular quadratus lumborum block. 
The video clip shows intramuscular quadratus lumborum block 
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where an injection is made inside the epimysium-investing fascia 
of the quadratus lumborum muscle [17]. 
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Background: Twenty-five to 85% of trauma patients are under the influence of alcohol in 
addition to experiencing injury-related coagulation impairment. Viscoelastic point-of-care 
tests (thrombelastography [TEG], rotational thromboelastometry [ROTEM]) are popular 
tools for rapid hemostasis assessment and therapeutic decision-making in this and other 
settings. While alcohol affects these tests in-vitro, their specific effects in-vivo are unclear. 
Therefore, we evaluated the effects of alcohol ingestion on ROTEM parameters. 
Methods: Twenty volunteers provided informed consent to drinking red wine, whisk(e)y, 
or vodka to a target blood alcohol concentration of 1‰ within one hour, calculated with 
the Widmark formula. Blood samples were collected before drinking, at a breath alcohol 
concentration of 0.5‰, and at 1.0‰, but no later than one hour. After each blood collec-
tion, ExTEM and FibTEM tests were performed directly “at the bedside.” 
Results: All participants had a blood alcohol concentration (BAC) of 0.00‰ at the begin-
ning. The mean BACs at the second and third collection were 0.48 and 0.76‰, respective-
ly. There were no significant differences in the ExTEM parameters. FibTEM measure-
ments showed a significant difference at the A10 value (13.0 vs. 14.0 mm, P = 0.014) and a 
trend at the maximum amplitude (maximum clot firmness 13.7 vs. 16.2 mm, P = 0.075). 
We saw no significant differences in fibrinolysis parameters and no hyperfibrinolysis in 
our ROTEM measurements. 
Conclusions: Ethanol ingestion can impair early fibrin polymerization. These results 
might be of special relevance in trauma and support routine application of ROTEM/TEG 
in such cases. 

Keywords: Alcoholic intoxication; Blood coagulation test; Ethanol; Point-of-care testing.  
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Introduction 

Trauma is notoriously associated with coagulopathy. Primarily, hemostatic impairment 
can be caused by the trauma itself, as described by Hess et al. [1] as “trauma-induced co-
agulopathy” (TIC). However, 25–85% of patients admitted to trauma centers are addi-
tionally intoxicated. In particular, vehicle accidents are often associated with alcohol con-
sumption [2–5]. As alcohol alters coagulation, its effects might have far-reaching implica-
tions for trauma patients [6–8]. 
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Previous studies showed multiple alterations in platelet function 
and prolonged bleeding time [9], inhibition of platelet adhesion to 
fibrinogen [10], impairment of fibrinolysis [11–13], slower rates 
of fibrin formation and fibrin cross-linking [3], and reduced fi-
brinogen and fibrin functionality [10,13]. A study found no effect 
on standard coagulation measures and no hemorrhagic complica-
tions [14]. Nonetheless, the precise in-vivo effects and temporal 
correlations of ethanol on hemostasis are still poorly understood. 

While the prognostic relevance of ethanol levels in trauma re-
mains unclear [15,16], the strong correlation between compro-
mised blood coagulation and a worse outcome after trauma indi-
cate the possible effects of ethanol consumption on clinical out-
come [17,18]. Trauma mortality increases with blood ethanol level 
[19,20] and is associated with increased blood loss, resulting in a 
need for volume resuscitation and red blood cell transfusion [21]. 
Consequently, precise knowledge and specific treatment of hemo-
static impairment caused by ethanol may be crucial. 

Conventional coagulation tests are restricted to certain stages 
and components of the clotting process and, thus, neglect clot 
characteristics and possible hyperfibrinolysis. Hence, many trau-
ma centers routinely apply viscoelastic point-of-care tests such as 
rotational thromboelastometry (ROTEM) for a more detailed he-
mostatic evaluation, as it reliably differentiates platelet or fibrino-
gen dysfunctions and also detects hyperfibrinolysis. 

In a ROTEM based in-vitro study, Engström et al. [11] demon-
strated a prolonged clot formation time (CFT) of 34% at an etha-
nol concentration of 1‰. At an ethanol concentration of 4‰, 
they found a prolonged CFT of about 118% as well as significantly 
reduced fibrinolysis. 

We, therefore, examined the possible in-vivo hemostatic effects 
of ethanol through ROTEM in non-traumatized healthy volun-
teers. 

Materials and Methods 

This study was reviewed and approved by the local ethics com-
mittee at Hannover Medical School (No. 2066-2013). 

Participants 

We used the results from Engström et al. to calculate the re-
quired sample size. Based on the reported change in CFT of about 
34% at an ethanol concentration of 1‰, a power of 80%, and a 
significance level of 0.05, 19 patients were required for sufficient 
evaluation. 

All volunteer participants were employees of the “Department 
of Anaesthesiology and Intensive Care Medicine” at Hannover 

Medical School who provided informed consent at least one day 
before our study. The participants were physically and mentally 
healthy at the time of the study and had consumed no alcohol for 
seven days and reported no other oral ingestion for a minimum of 
six hours before the study. Furthermore, the participants had no 
intake of any long-term or any other kind of medication for seven 
days. The study took place at the department’s Christmas party. 
Our point-of-care setup is shown in Fig. 1. The study outline is 
depicted in Fig. 2.  

Calculated alcohol intake  

The target blood alcohol concentration was 1‰. Individually 
required alcohol amounts were calculated according to the Wid-
mark formula [22]. For a study period of one hour, we calculated 
alcohol depletion in g as “1 hour ×  body weight in kg / 10.” The 
formulas “alcohol in g =  (body weight in kg ×  0.6 ×  1.0‰) – 1 
hour ×  body weight in kg / 10” and “alcohol in g =  (body weight 
in kg ×  0.7 ×  1.0‰) - 1 hour ×  body weight in kg / 10” were 
used for female or male volunteers, respectively. 

The participants were requested to drink the calculated 
amounts of alcohol within one hour. Alcoholic drinks (whisk[e]y, 
vodka, red wine) were selected according to individual preferenc-
es; the amounts were adjusted to the respective ethanol concen-
trations. 

Blood sampling 

Three blood samples were taken from a cubital vein. Butterfly 
cannulas (Safety-Multifly-Set®, Sarstedt, Inc., Germany)and sev-
eral test tubes (S-Monovette® and Citrat-Monovette®, Sarstedt, 

Fig. 1. Point-of-care setup for our study at the department’s Christmas 
party.
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Inc., Germany) were used. The first milliliter of blood drawn was 
discarded before each sampling. 

The first sample was taken as a baseline measurement before 
ethanol ingestion. The second sampling was conducted when the 
breath alcohol concentration was approximately 0.5‰. The third 
blood collection was performed when the breath alcohol concen-
tration was approximately 1.0‰ but not more than one hour after 
the initial alcohol ingestion. We assumed a maximum blood alco-
hol concentration one hour after ingestion with no further in-
crease in blood alcohol concentration over time. The findings re-
ported by Mitchell et al. [23] support our assumption. Each vol-
unteer served as his/her own control. 

Breath alcohol concentration (BrAC) 

BrAC was measured in this study with an AlcoMed 3011 breath 
alcohol testing device (Envitec-Wismar GmbH, Germany). The 
device was calibrated and serviced 14 days before the study by au-
thorized personnel. For measurement, the volunteer blew into the 

device with sufficient pressure, evenly and without interruption, 
until the device sounded a continuous tone. The result was pre-
sented in ‰ BrAC. 

Samples were taken after the volunteer had abstained from 
smoking for at least five minutes and rinsed his/her mouth with 
water. The volunteers were instructed to breathe normally for at 
least two minutes before sampling. The mouthpieces were re-
placed for each measurement. 

ROTEM 

ROTEM (TEM International GmbH, Germany) (we used the 
ROTEM delta system) is a viscoelastic coagulation-testing device 
that has been described elsewhere in detail [24]. The “ExTem” and 
“FibTem” ROTEM measurements were initiated without delay af-
ter blood withdrawals. 

Blood alcohol concentration (BAC) 

The Department of Forensic Medicine at the Hannover Medi-
cal School measured the BAC. 

Headspace gas chromatography was used for serum ethanol 
concentration analysis. Chromatographic separation was per-
formed on a CBK-B 60/80, 1 m ×  2.0 mm (Restek GmbH, Ger-
many) column on a Clarus 480 gas chromatograph and a Turbo 
matrix 110 headspace sampler (Perkin Elmer, Inc., USA). 

Testing for the presence and subsequent quantification of ethanol 
in blood was carried out in static headspace mode. All samples were 
prepared and injected in duplicate. Linear regression analysis was 
used to generate calibration curves with duplicate measurements of 
aqueous calibration standards (0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 mg/L). 
The limit of quantification was 0.1 mg/L. The intra-day precision 
(expressed as percent relative standard deviation [%RSD]) and the 
accuracy (expressed as % bias) of the method were 5% and 7%, re-
spectively. Serum ethanol concentrations were converted into BAC 
as usual for forensic blood ethanol analysis [25,26]. 

Statistics 

Demographic data included age, sex, weight, and height. The 
event data were the drinking start and end times, drink amounts 
and types, and BACs. Ethanol intake was calculated from the in-
gested beverages as described above. 

Data were exported to IBM SPSS Statistics for Windows, ver-
sion 22.0 (IBM Corp., USA) for further descriptive and explor-
ative data analysis. We applied Wilcoxon tests to compare RO-
TEM data. P values <  0.05 were considered statistically signifi-

Fig. 2. Flow-chart of the study design. ROTEM: rotational 
thromboelastometry, BAC: blood alcohol concentration, BrAC: breath 
alcohol concentration.
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cant. For multiple comparisons, P values were calculated using the 
Holm–Bonferroni method. 

Results 

We examined a total of 20 healthy volunteers comprising eleven 
men (55%) and nine women (45%). Their mean age was 29.4 ±  
6.0 years and their mean height and weight were 177.5 ±  8.6 cm 
and 77.7 ±  16.5 kg, respectively. The resulting mean body mass 
index (BMI) was 24.6 ±  4.2 kg/m². The basic participant data are 
summarized in Table 1. Each participant could choose between 
three types of alcohol: 10% chose red wine, 30% chose whisk(e)y, 
and 60% chose vodka. The volunteers consumed a mean of 51.29 
±  13.51 g ethanol each. The first blood withdrawal before ethanol 
consumption showed a BAC of 0.00 ±  0.0‰ for all participants. 
The mean BACs were 0.48 ±  0.3‰ and 0.76 ±  0.2‰ for the sec-
ond and third blood samples, respectively. The detailed results of 
our ROTEM (ExTEM and FibTEM) analysis of the blood samples 
are shown in Table 2. We focused on the ExTEM and FibTEM 
clotting time (eCT), clot amplitudes after ten minutes (eA10/

fA10), maximum clot firmness (eMCF/fMCF), and maximum ly-
sis (eML/fML). The mean eCT baseline value was 61.4 ±  7.9 s. At 
the one-hour blood collection, the eCT was 60.2 ±  9.5 s. The A10 
value indicates the amplitude of the ROTEM trace 10 minutes af-
ter the start of clotting. The eA10 and fA10 values were 56.4 ±  6.2 
and 14.0 ±  4.8 mm, respectively. After consumption of the whole 
volume of ethanol, the eA10 and fA10 values were 55.7 ±  6.5 and 
13.0 ±  4.2 mm, respectively. The mean eMCF was 62.9 ±  5.6 mm 
in the first blood sample and 62.1 ±  6.0 mm in the last sample. 
Regarding FibTEM, the fMCF was 16.2 ±  8.7 mm at baseline and 
13.7 ±  4.9 mm at one hour. We saw no hyperfibrinolysis in the 60 
ROTEM measurements, which we assumed to indicate a maxi-
mum lysis (ML) >  15%. Furthermore, we saw no significant dif-
ference in any fibrinolysis parameter. Comparisons of ROTEM 
parameters revealed no significant differences. 

Sex aspects 

Our study included 9 female and 11 male participants. Our 
subgroup analysis divided by sex showed no significant differenc-

Table 1. Basic Patient Data and Ethanol Ingestion

All (n =  20) Male (n =  11) Female (n =  9) P value
Age (yr) 29.4 ±  6.0 32.2 ±  6.1 26.0 ±  3.9 0.013
Height (cm) 177.5 ±  8.6 181.5 ±  7.1 172.6 ±  8.0 0.019
Weight (kg) 77.7 ±  16.5 84.8 ±  18.5 69.0 ±  8.1 0.023
BMI (kg/m2) 24.6 ±  4.2 25.7 ±   5.2 23.17 ±  2.1 0.162
Ethanol (g) 51.3 ±  13.5 59.4 ±   13.0 41.4 ±   4.9 0.001
BAC after 1 h/‰ 0.8 ±  0.2 0.9 ±   0.2 0.6 ±   0.2 0.004
Values are presented as mean ± SD. BMI: body mass index, BAC: blood alcohol concentration.

Table 2. Blood Alcohol Concentrations and Rotational Thromboelastometry Parameters (n = 20)

Baseline (n =  20) 30 min (n =  20) 1 h (n =  20) P value* P value†

BAC (‰) 0 ±  0 0.5 ±  0.3 0.8 ±  0.2 < 0.001 0.002
BrAC (‰) 0 ±  0 0.6 ±  0.2 0.6 ±  0.2 < 0.001 0.002
eCT (s) 61.4 ±  7.9 62.0 ±  12.2 60.2 ±  9.5 0.608 1.000
eA10 (mm) 56.4 ±  6.2 56.9 ±  6.2 55.7 ±  6.5 0.354 1.000
eMCF (mm) 62.9 ±  5.6 63.0 ±  5.2 62.1 ±  5.9 0.248 1.000
eCFT (s) 86.5 ±  19.7 83.5 ±  20.5 85.6 ±  21.0 0.768 1.000
eML (%) 0.5 ±  1.1 0.2 ±  0.5 0.1 ±  0.4 0.149 0.894
fA10 (mm) 14.0 ±  4.8 13.2 ±  4.7 13.0 ±  4.2 0.014‡ 0.112
fMCF (mm) 16.2 ±  8.7 13.7 ±  4.6 13.7 ±  4.9 0.075 0.525
fML (%) 1.4 ±  2.0 2.2 ±  2.5 2.1 ±  2.3 0.279 1.000
Values are presented as mean ± SD. BAC: blood alcohol concentration, BrAC: breath alcohol concentration, eCT: ExTEM clotting time, eA10: 
ExTEM amplitude 10 minutes after clotting started, eMCF: ExTEM maximum clot firmness, eCFT: ExTEM clot formation time, eML: ExTEM 
maximum lysis, fCT: FibTEM clotting time, fA10: FibTEM amplitude 10 minutes after clotting started, fMCF: FibTEM maximum clot firmness, 
fML: FibTEM maximum lysis, *P value: significance of value differences between baseline and 1 h, †P value: significance of values after applying 
the Holm-Bonferroni method, ‡P value lower than 0.05.
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es in the measured ROTEM parameters in the female subgroup 
(Table 3). The male subgroup showed a significant difference in 
fA10 FibTEM value (P =  0.042, Table 3 and Fig. 3). We observed 
no significant differences in age, height, weight, and BMI. The fe-
male volunteers had to drink significantly less ethanol to reach 
the 1‰ target (P =  0.001) and had a significantly lower mean 
BAC than that in the male participants after the one-hour period 
(0.62 ±  0.2‰ vs. 0.87 ±  0.2‰, P =  0.004).  

Discussion 

This study determined the in-vivo effect of alcohol consump-
tion on coagulation measured by ROTEM. In our healthy partici-
pants, we observed a significant change in the fA10 value for early 
fibrin-clot (FibTEM). The other parameters were not significantly 
influenced by alcohol intake. 

The reduced fA10 amplitude combined with a lower fMCF sug-
gested that a moderate level of about 0.8‰ blood alcohol can af-
fect fibrinogen polymerization. This finding is in line with the re-
sults of previous studies reporting fibrinolysis impairment [11–
13], reduced fibrin formation and fibrin cross-linking rates [3], 
and reduced fibrinogen and fibrin functionality [10,13]. In a RO-
TEM-based study of more than 400 trauma patients, Howard et 

al. [27] showed a bidirectional effect on coagulation related to 
ethanol ingestion. They demonstrated an initially impaired clot 
formation and a subsequent inhibition of fibrinolysis. They as-
sumed these balancing mechanisms made a supposed correlation 
of altered ROTEM measurements and outcome in ethanol intoxi-
cated trauma patients very difficult. However, we did not observe 
impaired fibrinolysis in our healthy volunteers. The underlying 
mechanisms appear to be specific to the condition of severe trau-
ma in combination with ethanol ingestion. 

We observed a significant difference in the fA10 value in our 
male subgroup but not in the female subgroup. Spoerke et al. [3] 
reported that sex was an independent factor impacting the coagu-
lation system and the influence of ethanol on hemostasis. They 
found a significantly decreased clot formation speed and reduced 
cross-linking of fibrin after alcohol ingestion in healthy male vol-
unteers. Generally, the outcome after severe trauma differs be-
tween men and women [28,29]. However, in our study, the male 
participants had significantly higher BAC after one hour than that 
in the female volunteers. 

de Lange et al. [10] reported inhibition of platelet adhesion to 
fibrinogen after intake of alcohol in alcopops (Barcardi Breezer) 

Fig. 3. Rotational thromboelastometry parameters in male. eCT: 
ExTEM clotting time, eA10: ExTEM amplitude 10 minutes after clotting 
started, eMCF: ExTEM maximum clot firmness, eCFT: ExTEM clot 
formation time, fCT: FibTEM clotting time, fA10: FibTEM amplitude 10 
minutes after clotting started, fMCF: FibTEM maximum clot firmness, 
*P < 0.05, differences between baseline and 1 h.

Table 3. Sex Aspects

Baseline 1 h P value* P value†

Male (n =  11)
 cCT (s) 64.7 ±  5.4 63.7 ±  8.4 0.748 1.000
 eA10 (mm) 55.2 ±  5.4 53.6 ±  6.0 0.190 1.000
 eMCF (mm) 61.8 ±  5.3 60.2 ±  5.9 0.178 1.000
 eCFT (s) 90.2 ±  17.4 92.1 ±  20.2 0.688 1.000
 eML (%) 0.8 ±  1.3 0.2 ±  0.6 0.208 1.000
 fA10 (mm) 13.4 ±  4.5 11.6 ±  3.8 0.005‡ 0.042‡

 fMCF (mm) 16.4 ±  10.8 12.1 ±  4.3 0.960 1.000
 fML (%) 1.7 ±  2.3 2.6 ±  2.3 0.468 1.000
Female (n =  9)
 cCT (s) 57.2 ±  8.8 55.9 ±  9.4 0.706 1.000
 eA10 (mm) 57.9 ±  7.1 58.2 ±  6.4 0.715 1.000
 eMCF (mm) 64.2 ±  6.0 64.4 ±  5.5 0.622 1.000
 eCFT (s) 82.0 ±  22.4 77.6 ±  20.1 0.320 1.000
 eML (%) 0.1 ±  0.3 0.0 ±  0.0 0.347 1.000
 fA10 (mm) 14.8 ±  5.2 14.6 ±  4.3 0.681 1.000
 fMCF (mm) 16.0 ±  5.6 15.6 ±  5.1 0.498 1.000
 fML (%) 0.9 ±  1.5 1.4 ±  2.4 0.325 1.000
Values are presented as mean ± SD. eCT: ExTEM clotting time, eA10: 
ExTEM amplitude 10 minutes after clotting started, eMCF: ExTEM 
maximum clot firmness, eCFT: ExTEM clot formation time, eML: 
ExTEM maximum lysis, fCT: FibTEM clotting time, fA10: FibTEM 
amplitude 10 minutes after clotting started, fMCF: FibTEM maximum 
clot firmness, fML: FibTEM maximum lysis, *P value: significance of 
value differences between baseline and 1 h, †P value: significance of 
values after applying the Holm-Bonferroni method, ‡P value lower 
than 0.05.
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but not red wine (Rioja). Thus, the alcohol type can affect coagu-
lation alterations, particularly fibrin polymerization. Unfortunate-
ly, in our study, only two participants (10%) chose red wine. 
Therefore, a comparison of different kinds of alcohol to red wine 
was not possible. 

We were unable to fully reproduce Engström’s in-vitro results in 
our in-vivo approach, as they showed strong disturbances of over-
all clot formation. CFT, which indicates the dynamics of clot for-
mation, was reduced by 34% at an ethanol concentration of 1‰, 
and by 118% at 4‰, respectively [11]. Moreover, they observed 
reduced fibrinolysis. In our study, neither the dynamic parameters 
nor fibrinolysis differed after alcohol intake. All participants con-
sumed a calculated amount of ethanol to reach a 1‰ BAC. For 
obvious reasons, for the in vivo setting, we did not take the 2 or 
4‰ conditions into account. With a mean BAC of 0.76‰, we did 
not reach the calculated and targeted 1‰ within one hour. Eng-
ström and colleagues used 96% pure ethanol added directly to a 
test tube, obviously without any additives. This and different me-
tabolites of ingested ethanol such as acetaldehyde may impair the 
assays differently [30]; furthermore, we allowed different types of 
alcohol (red wine, whisk[e]y and vodka). Moreover, we used ci-
trated blood sample tubes. Naturally, Engtröms et al. established 
no correlation to the in-vivo situation due to the limitations of the 
in-vitro setting. 

Based on our results, the implications for daily clinical practice 
remain unclear. Although the absolute reduction in fibrin clot 
firmness was only 1 mm at fA10 and 3 mm at fMCF, in patients 
with underlying coagulopathy (e.g., trauma patients), additionally 
impaired coagulation due to alcohol might affect bleeding, clinical 
outcome, and clinical therapeutic decisions. 

Alcohol is a socially accepted and commonly used drug. Mod-
erate amounts are even considered to be protective of the cardio-
vascular system [31,32]. The impact of acute ethanol intake on 
coagulation and the parameters of coagulation still require eluci-
dation and are hotly debated. Some studies found no effect, par-
ticularly with regard to standard coagulation measurements and 
hemorrhagic complications [14]. Others described multiple ef-
fects of ethanol on the coagulation system such as alterations in 
platelet function and prolonged bleeding time [9] or inhibition of 
platelet adhesion to fibrinogen [10]. Point-of-care coagulation as-
sessment by ROTEM or TEG has become a routine option in the 
last decade as it is considered to be a better predictor of clinical 
bleeding tendency than other coagulation tests [33,34]. Further-
more, it appears to be more sensitive and specific than routine co-
agulation tests in detecting impairments of the coagulation system 
[34–37]. ROTEM/TEG analysis evaluates hemostasis more holis-
tically than the standard coagulation test. These tests allow the 

detection of whole clot formation, fibrinogen-platelet interactions, 
and hyperfibrinolysis [24]. 

A trial investigating hemostasis in 264 trauma patients with ele-
vated ethanol blood concentration reported impaired clot forma-
tion in TEG assays; however, the elevated blood concentration 
was not predictive for transfusion requirements or early or late 
mortality. The authors concluded that ethanol potentially directly 
affected the TEG measurements and that further studies were 
needed [38]. 

Nevertheless, a significant number of patients in the emergency 
department are under the influence of higher BACs [2–5]. Trau-
ma mortality increases with blood ethanol level [19,20] and trau-
ma combined with ethanol is associated with increased blood loss 
requiring volume resuscitation and red blood cell transfusion [21]. 
Massive hemorrhage is one of the leading causes of death in trau-
ma patients, accounting for approximately 40% of trauma deaths 
[39]. Furthermore, the trauma itself can cause a hemostasis im-
balance known as TIC [40], which may lead to increased bleeding 
if alcohol intoxication is an additional factor. TIC is a complex 
mechanism triggered by hypoperfusion and activated protein C 
that eventually leads to hypofibrinogenemia, hyperfibrinolysis, 
impaired fibrinogen polymerization, and subsequent inhibition of 
normal clot formation, especially in cases of extensive tissue trau-
ma [41,42]. Extrapolating our results, it could be presumed that 
alcohol might aggravate hemostasis impairment. One conceivable 
mechanism besides the direct impairment of fibrinogen polymer-
ization is that alcohol-positive trauma patients had elevated base 
excess levels compared to trauma patients without alcohol with 
comparable severities of injury [38]. Hess et al. [1] described the 
coagulopathy of trauma as a situation in which acidemia itself im-
pairs plasma protease function and coagulation factor complex 
activity. Ethanol or its metabolites may aggravate acidemia and, 
therefore, contribute to the alteration of coagulation. 

This study has several limitations: we did not reach the average 
blood alcohol target of 1‰ in every volunteer, which limits the 
comparability of our data. Moreover, the type of alcohol was freely 
selectable. Because of this, the discrimination of specific type-de-
pendent alcohol effects was complicated. Furthermore, the sample 
size was not powered to show specific sex effects. In addition, all 
participants were healthy. 

In conclusion, our results showed a moderate impairment of 
thrombelastometric measurements, limited to early fibrin clot 
formation, in healthy volunteers. However, the fibrin-clot, deter-
mined by thrombelastometric methods, is expected to diminish 
after usual alcohol intake with the potential risk of falling below 
critical levels if other coagulation impairments supervene. Further 
studies are needed to evaluate the influence of ethanol itself on 
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thromboelastometry and to determine the effects of acute ethanol 
intoxication on hemostasis, particularly in trauma patients. 
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Since the introduction of sugammadex into clinical practice, several cases of sugamma-
dex-induced anaphylaxis have been reported [1–3]. Sugammadex is a synthetic γ-cyclo-
dextrin that can reverse neuromuscular blockade induced by rocuronium and vecuroni-
um in adults undergoing surgery. Its usage was approved by the US Food and Drug Ad-
ministration in 2015, which was later compared to its approval in Europe in 2008. Such 
delay in approval seemed to be partly due to lack of data regarding its adverse reactions 
including hypersensitivity. We have experienced sugammadex-induced anaphylaxis and 
confirmed that the patient was reactive to both sugammadex and sugammadex-rocuro-
nium complex by the intradermal skin test. Only one case report has documented the 
similar reactivity shown in our case [4]. But, in the reports that tested the sugamma-
dex-rocuronium complex, methods to make the complex were different from each other 
[2,4,5]. Therefore, we would like to consider the skin test method with case review. Writ-
ten informed consent was obtained from the patient for publication of this case report 
and accompanying images. 

Case Report 

This study was approved by St.Mary’s Hospital, The Catholic University of Korea 
(SC19ZESE0137).

A 60-year-old male (weight: 64 kg, height: 159 cm) was scheduled for emergency inci-
sion, drainage, and flap coverage on soft tissue infection of the right hand. He had ampu-

Background: In sugammadex-induced anaphylaxis, sugammadex and/or sugamma-
dex-rocuronium complex have possible allergenic epitope.  
Case: We report a case of sugammadex-induced anaphylaxis during general anesthesia in 
a 60-year-old male undergoing orthopedic hand surgery, manifesting as profound hypo-
tension and urticaria. The timing of onset was closely associated with sugammadex ad-
ministration. The patient recovered after extensive therapy including fluid, epinephrine, 
other vasopressors, steroid, and antihistamine administration. By intradermal skin test 
which was done at four weeks after anaphylaxis, we confirmed positive reactions to both 
sugammadex and sugammadex-rocuronium complex. 
Conclusions: This is a rare case of sugammadex-induced anaphylaxis that both sugamma-
dex and sugammadex-rocuronium complex were confirmed as allergenic epitopes.

Keywords: Anaphylaxis; General anesthesia; Hypotension; Rocuronium; Skin test; Sugam-
madex; Urticaria.  
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tation of the right index finger at another hospital 26 years ago, 
and had middle finger amputation and flap coverage in our or-
thopedic department seven years ago. Both surgeries were per-
formed under general anesthesia without exposure to sugamma-
dex. He had hypertension that was not treated. He did not have 
allergy history.  

After he entered the operating room with anxiety, blood pres-
sure (BP) 220/118 mmHg, heart rate 55 beats per minute (bpm), 
and O2 saturation by pulse oximetry 97% at room air were mea-
sured. Because a long time operation was scheduled and the pa-
tient refused regional anesthesia, we decided to perform general 
anesthesia. Within 5 min after we injected midazolam 3 mg and 
nicardipine 0.5 mg, he became comfortable and his BP decreased 
to 155/99 mmHg. After preoxygenation, general anesthesia was 
induced with propofol 120 mg and succinylcholine 70 mg using 
rapid sequence technique with supplemental remifentanil infu-
sion. Following endotracheal intubation, we maintained anesthe-
sia with inhalational gas mixture of oxygen (FiO2 0.4)-air-desflu-
rane (6 vol%), supplementary remifentanil infusion at a rate of 
0.03–0.07 μg/kg/min, and neuromuscular blocking agent rocuro-
nium (Esmeron®, MSD, the Netherlands) 40 mg. At 30 min after 
the operation, only a biopsy was performed and the operation was 
terminated because the malignancy was strongly suspected. Total 
anesthetic duration was 40 min. We discontinued the administra-
tion of all anesthetics. Sugammadex (Bridion®, MSD, the Nether-
lands) 200 mg was used to antagonize neuromuscular blockade at 
a train of four count of two monitored with a peripheral nerve 
stimulator (TOF watch®, Organon, Ireland). The patient started 
to breathe spontaneously while BP increased up to 207/119 
mmHg concurrently that was treated with nicardipine 0.5 mg 
again. About 3 min after extubation while we prepared to trans-
port the patient, his BP decreased suddenly to 78/38 mmHg. After 
10 mg of ephedrine and 100 μg of phenylephrine injection to 
compensate suspicious nicardipine overdose, BP rose to 93/48 
mmHg. He was transferred to the post anesthetic care unit 
(PACU). 

During transport, he complained of itching sense at the buttock 
area. Just after arrival at the PACU, we found urticarial rashes on 
the neck, chest, and buttock. Soon, he became rapidly hypotensive 
(66/41 mmHg) and tachycardic (104–105 bpm). In turn, he devel-
oped generalized urticaria over the whole body. An anaphylactic 
shock was strongly suspected on the basis of hemodynamic data 
and skin manifestation. We rapidly elevated his both legs, in-
creased fluid infusion rate, and started infusion of epinephrine. 
We added norepinephrine to increase BP effectively. Also, meth-
ylprednisolone 125 mg, hydrocortisone 100 mg, and pheniramine 
4 mg were given intravenously. Portable echocardiography 

showed no abnormal wall motion except dehydration. Arterial 
blood gas analysis was normal. After 30 min, his condition im-
proved with a stable vital sign. After we explained anaphylaxis to 
the patient, he was transported to the intensive care unit for over-
night observation. His serum mast cell tryptase level was 2.4 μg/L 
at 12 h and 5.8 μg/L at 36 h post-event (reference value: <  11.0 
μg/L). His levels of immunoglobulins E, G, A, and M were nor-
mal. 

After one month from anaphylaxis, he was scheduled for an 
elective operation on the right first and third metacarpal bone re-
section. His hypertension was treated with atenolol. The plan of 
regional anesthesia was denied by the patient. After informed 
consent, an intradermal skin test was performed under general 
anesthesia. We anesthetized the patient in the same manner as 
prior anesthesia, but we used vecuronium (instead of rocuroni-
um) and anticholinesterase (neostigmine 1.5 mg) with anticholin-
ergics (glycopyrrolate 0.4 mg). 

For the intradermal test, we prepared dilutions of test drugs: 
nicardipine 1 mg/ml (diluted 1 : 100), rocuronium 10 mg/ml (di-
luted 1 : 100), and sugammadex 100 mg/ml (diluted 1 : 100, 1 : 
1000). We also prepared a mixture of rocuronium and sugamma-
dex to test the sugammadex-rocuronium complex. Sugammadex 
(1 : 500 dilution) was mixed with the same volume of rocuronium 
(1 : 50 dilution). Thus, the final dilutions of the two drugs were 1 : 
1000 and 1 : 100, respectively. This complex is known to have very 
few free sugammadex molecules. We used histamine (0.01%) as 
positive control and normal saline as negative control. Intrader-
mal testing was conducted according to standard protocol on the 
patient’s volar forearm with a 25 G needle, resulting in a 5 mm 
wheal, 30 mm apart from each other. After 20 min, we evaluated 
the intradermal skin test results.  

The skin tests were positive to 1 : 100 (20 ×  10 mm wheal, 44 
×  38 mm flare) and 1 : 1000 (14 ×  9 mm wheal, 43 ×  47 mm 
flare) dilutions of sugammadex. Sugammadex-rocuronium com-
plex site also showed a positive reaction (24 ×  10 mm wheal, 50 
×  35 mm flare) (Fig. 1). Reactions to normal saline, nicardipine, 
and rocuronium were negative. There was no systemic allergic re-
action during the test. 

He received one more general anesthesia for vitrectomy due to 
retinal detachment. We avoided the use of sugammadex again. 
Currently he is on treatment of primary cancer of skin appendage, 
lung cancer, and bone metastasis.  

Discussion 

Although the overall incidence of hypersensitivity seems to be 
low at 0.22% and the incidence of anaphylaxis is as low as 0.059% 
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in subjects who receive sugammadex under general anesthesia [6], 
signs and symptoms of reported cases are very severe to anesthe-
siologists and patients [7]. Clinically, skin rash and hypotension 
were most commonly presented. The very strong probability of 
sugammadex-induced anaphylaxis in most cases is based on time 
correlations between drug administration and appearance of 
symptoms and signs. In our case, the use of nicardipine to control 
hypertension and successive hypotension made us hesitate to di-
agnose anaphylaxis shortly, because nicardipine and sugammadex 
were injected at almost the same time. Persistent hypotension and 
skin manifestation were very helpful for the diagnosis of anaphy-
laxis. 

For diagnosis of anaphylaxis, plasma histamine and serum 
tryptase may be helpful [8,9]. For plasma histamine assay, sam-
pling time is important because it is increased for 15–60 min after 
the appearance of anaphylaxis. Also, special handling is required 
for sampling and manipulation, such as obtaining blood through 
wide-bore needle, keeping sample cold at all times, immediate 
centrifuging, and prompt freezing of the plasma [8]. On the other 
hand, serum and plasma tryptase levels are increased 15 min–3 h 

after the appearance of anaphylaxis and ordinary sampling way is 
required. Measurement of both plasma histamine and tryptase 
can increase the diagnostic accuracy. To our regret, the proper 
sampling time for detection of plasma histamine and serum trypt-
ase had passed. Histamine assay was omitted and tryptase levels 
were normal in the sample taken late. It is true that an elevated 
acute serum tryptase is highly predictive of IgE-mediated anaphy-
laxis. However, normal tryptase level does not preclude anaphy-
laxis according to its sensitivity, specificity, positive predictive val-
ue, or negative predictive value [10]. 

The skin test is superior to the analysis of histamine and trypt-
ase for the diagnosis of anaphylaxis. In the cases of sugamma-
dex-induced anaphylaxis, concurrent positive reactions to sugam-
madex and sugammadex-rocuronium complex have been rarely 
reported [2,4]. In some cases including this report, the skin tests 
for sugammadex and sugammadex-rocuronium complex were 
performed at the same time from the beginning [4,5]. In other 
cases, the skin test for the sugammadex-rocuronium complex was 
performed later to find out the possible allergenic antigen after 
negative reaction to sugammadex [2,11]. Nakanishi et al. [4] 
mixed equal volumes of sugammadex 100 mg/ml and rocuroni-
um 10 mg/ml and made a serial dilution (1 : 10, 1 : 100, and 1 : 
1000), yielding the ratio of sugammadex to rocuronium in the 
mixture 2.8 : 1 on a molar basis. By skin prick test, their patient 
was positive to sugammadex and undiluted rocuronium-sugam-
madex mixture. The authors suggested that a larger amount of 
free sugammadex molecules in the mixture seemed to elicit a pos-
itive skin reaction. In another case, Sadleir et al. [5] mixed equal 
volumes of 1 : 500 sugammadex and 1 : 50 rocuronium to make 
sugammadex 1 : 1000, rocuronium 1 : 100, respectively, resulting 
in a final concentration of 0.1 mg/ml for each drug. In that way, 
they expected very few free sugammadex molecules present in the 
mixture because the ratio of sugammadex to rocuronium in the 
mixture was 1 : 3.6 on a molar basis. Their patient was reactive to 
sugammadex, but not reactive to sugammadex-rocuronium com-
plex. The authors suggested that the allergenic epitope of sugam-
madex was occupied by the binding of two molecules or it might 
have undergone conformational change that it could not bind to 
IgE. Ho et al. [2] have mixed equal volumes of rocuronium at 1 : 
500 dilution (0.02 mg/ml) with sugammadex 1 : 50 (2 mg/ml). 
Their patient had a negative reaction to sugammadex, but a posi-
tive reaction to the sugammadex-rocuronium complex and 
sugammadex-vecuronium complex. In our case, although we 
used the method described by Sadleir et al. [5], different results 
were obtained. Our patient had a positive reaction to both sugam-
madex and sugammadex-rocuronium complex, suggesting that 
both of sugammadex and sugammadex encapsulating rocuroni-

Fig. 1. Intradermal skin test with suspicious allergen drugs. 
Sugammadex at both dilutions of 1 : 100 and 1 : 1000 showed positive 
reaction (5,6). The sugammadex-rocuronium complex also showed 
positive reaction (7). The red lines are the contour of flare and the blue 
lines are the contour of wheal. 1: normal saline as negative control, 
2: histamine 0.01% as positive control, 3: nicardipine 1 : 100 dilution, 
4: rocuronium 1 : 100 dilution, 5: sugammadex 1 : 100 dilution, 6: 
sugammadex 1 : 1000 dilution, 7: sugammadex-rocuronium complex.
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um expressed possible antigenic epitope. Like the case of anaphy-
laxis to sugammadex showing that γ-cyclodextrin in sugammadex 
was the causative allergen by skin test [12], the unchanged part 
common to sugammadex and sugammadex-rocuronium complex 
might have acted as allergen. It is extremely rare for both sugam-
madex and sugammadex-rocuronium complex to be identified as 
allergens in one patient [4]. However, as shown in this case, the 
anaphylactic symptoms were not more severe than other cases 
caused by only sugammadex or only sugammadex-rocuronium 
complex. 

The dose of sugammadex that caused anaphylaxis was varied 
from 0.75 to 4 mg/kg [1,11]. Although the administered dose per 
body weight varies from patient to patient, many anesthesiologists 
administered 200 mg of sugammadex in the patients regardless of 
body weight, resulting in various concentrations of free sugam-
madex [2–4]. The sugammadex dose we used in this case was 200 
mg (about 3.13 mg/kg, body weight). This was more than the rec-
ommended dose which was 2 mg/kg of sugammadex at TOF 2/4. 
Thus, more free sugammadex molecules would have existed in 
the patient’s blood at high levels, which might be involved in in-
ducing anaphylaxis. There are two reports about sugammadex 
and hypersensitivity incidence in healthy non-anesthetized sub-
jects. de Kam et al. [13] have reported that hypersensitivity or 
anaphylactic reaction to sugammadex is dose-dependent while 
Min et al. [14] have concluded that hypersensitivity incidence is 
similar across sugammadex doses. Although these two experi-
mental conditions were different from clinical anesthesia, severe 
hypersensitivity reactions occurred clearly after a high dose of 16 
mg/kg. In clinical situations, it is difficult to determine the cor-
relation between sugammadex dose or concentration and anaphy-
laxis incidence based on the data obtained so far. 

For skin test after anaphylaxis, we have to wait 4–6 weeks be-
cause of temporary loss of cutaneous activity following anaphy-
laxis. Clinicians need a minimum of two weeks after anaphylaxis 
to perform skin test so that there is sufficient time to restore the 
cutaneous reactivity. However, inconclusive results might be pos-
sible [15]. 

To treat anaphylaxis, most physicians use adrenaline, steroids, 
antihistamines, and bronchodilators in case of bronchospasm 
[9,15]. Our first choice of drug was epinephrine, the first-line 
therapy in anaphylaxis guidelines. We had to replace volume by 
leg-up position and rapid fluid infusion, added norepinephrine, 
and administered steroids and antihistamines. Fortunately, no pa-
tient has died after sugammadex-induced anaphylaxis from all the 
case reports. Typically, clinical features of sugammadex anaphy-
laxis appeared when the patient was already extubated, being 
transferred to ward bed, or PACU [8]. This very busy time point 

is almost consistent with the report that symptoms are all ex-
pressed within 4 min [7]. Anesthesiologists should pay constant 
attention in blood pressure when using sugammadex because ex-
treme hypotension is the first sign in most cases. It seems that 
there is no difference in the degree of symptom between anaphy-
laxis induced by sugammadex and that induced by the sugamma-
dex-rocuronium complex [1–5,8]. 

A limitation of this case study is that a specific method to make 
the sugammadex-rocuronium complex for skin test is not estab-
lished, yet. Also, the method of skin test varies from author to au-
thor. 

Sugammadex-induced anaphylaxis is emerging as its usage is 
increased. Clinical presentation and timing of onset related to 
sugammadex administration are important clues for early diagno-
sis of sugammadex-induced anaphylaxis. After starting initial 
standard therapy for anaphylaxis, sampling for plasma histamine 
and serum tryptase evaluation within an appropriate time might 
be helpful. For precise diagnosis, it is important to perform a skin 
test for suspicious allergen, including sugammadex and sugam-
madex-rocuronium complex. However, the exact way to make in-
clusion complex is not established yet. Thus, when reporting this 
case of sugammadex anaphylaxis showing positive reactions to 
both sugammadex and sugammadex-rocuronium complex, si-
multaneous skin test for sugammadex and sugammadex-rocuro-
nium complex would be helpful for further detection of an aller-
genic part. 
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There are no published cases of cesarean section (C-sec) performed in pregnant wom-
en with severe acute respiratory syndrome Coronavirus-2 (SARS-CoV-2). Here, we re-
port the first case of a woman delivering a baby through C-sec at 37+6 weeks of pregnancy 
in the Republic of Korea. Since the first case of Coronavirus disease (COVID-19) caused 
by SARS-CoV-2 occurred in Wuhan in December 2019, the virus has spread to all the re-
gions of China [1]. The World Health Organization (WHO) announced SARS-CoV-2 as 
the cause of pneumonia on January 9, 2020, and declared the virus outbreak a pandemic 
on March 11, 2020. 

On January 19, 2020, a 35-year-old woman who returned from China was confirmed as 
the first SARS-CoV-2 infected case in Korea. It has spread all over Korea since then, and 
the number of confirmed patients as of March 27, 2020 is 9,241. The mortality rate is ap-
proximately 0.91%. Currently, there are 6,482 confirmed patients in Daegu City alone [2]. 

Pregnant women are usually considered a high-risk group for viral infections, such as 
SARS-CoV-2, due to their lowered immune response and the effects of SARS on the fetus 
[3]. Moreover, delivery induces massive bleeding and loss of amniotic and body fluids, 
causing unstable vital signs. Although some pregnant women have been confirmed posi-
tive for SARS-CoV-2 in Korea, the impact of the virus on pregnant women has not yet 
been determined [4]. 

Background: Since the first case of severe acute respiratory syndrome Coronavirus-2 
(SARS-CoV-2) occurred in Wuhan in December 2019, the virus has spread globally. The 
World Health Organization declared the virus outbreak a pandemic on March 11, 2020. 
On January 19, 2020, a 35-year-old woman who returned from China was confirmed as 
the first SARS-CoV-2 infected case in Korea. Since then, it has spread all over Korea. 
Case: We report the first case of a SARS-CoV-2 positive woman delivering a baby through 
cesarean section at 37+6 weeks of pregnancy in the Republic of Korea. 
Conclusions: This case suggested that negative pressure operating room, skillful medical 
team, and enhanced personal protective equipment including N95 masks, surgical cap, 
double gown, double gloves, shoe covers, and powered air- purifying respirator are re-
quired at the hospital for safe delivery in such a case. 

Keywords: Cesarean section; Coronavirus Infections; COVID-19; Pandemics; Pregnant 
women; Severe acute respiratory syndrome coronavirus 2.
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Our center has been designated for pregnant women infected 
with SARS-CoV-2 or those with symptoms caused by the virus, 
including fever, sore throat, cough, sputum, and pneumonia. 
Here, we report a case of anesthesia administered in a pregnant 
patient infected with SARS-CoV-2 and the protection of fetus and 
medical staff during the surgery. 

Case Report 

Written informed consent was obtained from the patient.
A 28-year old pregnant woman (gravida 0, para 0) was recom-

mended for C-sec at a local gynecology hospital due to cephalo-
pelvic disproportion. She had been in contact with a SARS-CoV-2 
infected patient, and she began self-isolation on February 14, 
2020. She developed fever (>  38℃), mild sore throat, and cough, 
after which she visited a public health center and was tested posi-
tive for SARS-CoV-2 on February 25 (36+2 weeks gestation). She 
self-isolated herself at home after diagnosis and observed her 
prognosis. She had mild symptoms and received conservative 
treatment without medication. The symptoms improved and she 
only had a mild cough with no fever and sputum on February 29. 
She wanted to delay delivery until she recovered from the infec-
tion. However, an emergency C-sec was decided on March 6 (37+6 
weeks) due to obstructed labor with incomplete rotation of the fe-
tal head. The patient was transferred to our center, which is a des-
ignated hospital for pregnant patients infected with SARS-Cov-2. 
Her blood type was ‘O-Rh (+)’ and pre-natal workup did not 
show any specific findings. On arrival, she was immediately trans-
ferred to the radiology center for chest radiographs and computer 
tomography (CT) scans. We then transferred her to a pre-treat-
ment room in the delivery center equipped with negative-pressure 
ventilation, exclusive elevators, and pre-operative laboratory test 
kits, including electrocardiograph (ECG), X-ray machine, blood 
tests, and urine test. Hemoglobin was 10.9 g/dl, erythrocyte sedi-
mentation rate was slightly elevated (42 mm/h), C-reactive pro-
tein was normal (0.15 mg/dl), and other pre-operative laboratory 
test and ECG results seemed normal. The chest radiographs re-
vealed left lower/middle lobe consolidation and increased vascu-
lar marking (Fig. 1A). We also observed multifocal peribronchial 
ground glass appearance and consolidation in the left lower lobe 
from chest CT scans (Fig. 1B). The SARS-CoV-2 reverse tran-
scription-polymerase chain reaction (RT-PCR) result of sputum 
and nasopharyngeal swab was obtained pre-operatively. Baseline 
fetal heart rate was 129 beats/min. 

The C-sec was performed in an operating room at the delivery 
center, which is located on a different floor from the main operat-
ing room (Figs. 2A and 2B). Hence, the traffic line of the patient 

did not overlap with that of the other surgical patients. In this 
case, spinal anesthesia was selected as the anesthetic method, be-
cause even if we started with spinal anesthesia, there could still be 
chances of switching to general anesthesia in case of inadequate 
anesthesia or sudden changes in the patient’s clinical condition. 
We were already equipped with a ventilator protected by three 
mechanical high-efficiency particulate air filters, video laryngo-
scope, fiber-optic laryngoscope blades and handles, endotracheal 
tubes (6.5 mm, 7.0 mm, and stylet), medication drugs such as 
propofol, lidocaine, rocuronium, sugammadex, atropine, and 
closed suction catheter before the patient entered the operating 
room. 

All medical staff members wore enhanced personal protective 
equipment (PPE), including N95 mask, surgical cap, double gown, 
double gloves, shoe covers, and a powered air-purifying respirator 
(Figs. 3A and 3B) in the fitting room (Fig. 2B). In the operating 
room, we measured the initial blood pressure (115/69 mmHg), 
heart rate (82 beats/min), and peripheral capillary oxygen satura-
tion (99%) under a facial N95 mask without any O2 supply [5], 
and the ECG result showed normal sinus rhythm. 

The patient was 166 cm in height and 62 kg in weight. She was 
placed in the left lateral decubitus position. Spinal anesthesia was 
performed with a 25-gauge Pencan spinal needle at the L3/4 inter-
space, and 9 mg of 0.5% marcaine and 20 μg of fentanyl were in-
jected intrathecally. She was placed in the supine position with a 
left lateral tilt after 10 min, and anesthesia was assessed bilaterally 
with cold alcohol cotton and the T4 level blockage was checked.  

After spinal injection, the patient experienced nausea and had 
low blood pressure (71/40 mmHg). The nausea improved with ele-
vation in blood pressure (103/60 mmHg), and the vital signs stabi-
lized after five injections of 100 μg phenylephrine and fast drop-
ping 400 cc of Hartmann solution and 250 cc of colloid (Volulyte®, 

Fig. 1. Chest radiograph and computed tomography of the patient. 
(A) Chest radiograph shows left lower lobe and left middle lobe 
consolidation and increased vascular marking. (B) Multifocal 
peribronchial ground glass appearance and consolidation in the left 
lower lobe is observed on chest computed tomography scans.
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https://doi.org/10.4097/kja.20116348

Lee et al. · Cesarean section during pandemic



Fresenius Kabi, Bad Homburg, Germany). The C-sec was per-
formed uneventfully. The baby was born 6 min after incision, and 
then 100 mg carbetocin was administered intravenously shortly 
after the birth. Oxytocin 20 IU/1000 ml Hartmann dextrose was 
also infused continuously to produce uterine contraction and 
minimize the blood loss. 

Total anesthesia time was 50 min and operation time was 40 
min (Table 1). An estimated blood loss of 400 cc was noted, and 
780 cc of crystalloid and 250 cc of colloid were administered 

during surgery. For pain control, a patient-controlled analgesia 
pump (ANAPA AC0605®, Ehwa Biomedics, Korea) with butor-
phanol (10 mg), ketorolac tromethamine (180 mg), ramosetron 
(0.6 mg), and normal saline (26 ml) was used. 

During the recovery state, the patient stayed in the operating 
room. Her vital signs remained stable and the patient had no 
complaints. Recovery blockage on T8 was confirmed and she was 
transferred to a single room in the SARS-CoV-2 ward (another 
SARS-CoV-2 suspected mother stayed separately there) through 
an exclusive elevator with a nurse wearing PPE. 

Both SARS-CoV-2 RT-PCR tests conducted on March 6 and 
March 8 were confirmed negative. Therefore, the patient was 
transferred from the SARS-CoV-2 ward to the general ward on 
March 10 and discharged on March 11 without any complica-
tions. 

The baby girl weighing 3130 gm was born on March 6, 2020 at 
11:22 with Apgar scores at 1 and 5 min of 9 and 10, respectively. 
She was transferred immediately to a private newborn’s room in 
the neonatal intensive care unit (NICU) in order to avoid being 
exposed to SARS-CoV-2. The NICU consists of two separate 
spaces: one for suspected or confirmed SARS-CoV-2 babies and 
the other for healthy babies. All four newborn babies delivered 
from mothers with suspected SARS-CoV-2 tested negative and 
were transferred to the latter in the NICU. 

The SARS-CoV-2 RT-PCR results using placenta, amniotic flu-
id, and cord blood were negative. Furthermore, the nasopharyn-
geal swab of the baby was negative on two consecutive SARS-

Fig. 2. Schematic diagram of the delivery center for severe acute respiratory syndrome Coronavirus-2 positive pregnant woman. There are three 
rooms: (A) pre-treatment room, (B) fitting room for medical staff, and (C) negative pressure operating room. The patient is transferred to a pre-
treatment room (A) in the delivery center equipped with negative-pressure ventilation, exclusive elevators, and pre-operative laboratory test kits, 
including electrocardiogram, blood test, and urine test.

Fig. 3. Anesthesia with personal protective equipment. (A) All 
medical staff members wear enhanced personal protective equipment 
including N95 mask, surgical cap, double gown, double gloves, shoe 
covers, and a powered air-purifying respirator. (B) Anesthesia is 
administered by an expert, ensuring that both the anesthesia time and 
unnecessary virus exposure time is reduced.

A B
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CoV-2 RT-PCR tests. The medical staff had to wear level ‘D’ PPE 
until their SARS-CoV-2 PCR testing was reported negative. 

The neonate was in a healthy state getting oral feeding and was 
discharged with her mother. 

Discussion 

The impact of SARS- CoV-2, a highly infectious respiratory vi-
rus, on pregnant women has yet to be reported. We performed a 
C-sec in a SARS-CoV-2 pregnant patient for the first time in Ko-
rea. 

Our center has established guidelines as per the recommenda-
tions for Middle-East respiratory syndrome-Coronavirus (MERS-
CoV) and WHO [6,7], and we have performed emergency C-sec 
on such patients with an experienced medical team. Although 
COVID-19 has a reportedly lower mortality rate than MERS-CoV 
(3% and 40%, respectively), it shows a higher reproduction rate 
(1.4–5.5 and < 1, respectively) [8]. Therefore, we needed to be pre-
pared more thoroughly when dealing with COVID-19 cases. We 
prevented the affected patient from being exposed to the virus from 
the hospital entrance by not passing through the emergency room 
or obstetric outpatient clinic. After performing chest radiographs 
and CT scans in a radiation room, we transferred her to the delivery 
center. The delivery center is located on a different floor from the 
main operating room and temporarily equipped with negative-pres-
sure ventilation for this surgery. Although we did not have devices to 
measure the negative pressure level, we could confirm the negative 
pressure by airflow visualization test (smoke test) (Video 1) [6,9]. To 
check the negative pressure in the operating room, we held a smoke 
tube around 5 cm in front of the base of the closed door. If the room 
were under negative pressure, the smoke would flow into the room. 
We were careful to check that the generated smoke velocity did not 
overpower the air velocity [10].  

Although the smoke test has an advantage of checking the flow of 
air intuitively, it does not check the continuous pressure in the room. 

To overcome this disadvantage, we hung a light plastic material that 
shook in the air in the space of the closed door to check the airflow 
continuously. After that, we ventilated the delivery room for more 
than 100 min after surgery. 

Regional anesthesia is recommended because it is known to be 
safer for both mother and fetus than general anesthesia [11,12]. 
Chest radiographs showed increased vascular marking and con-
solidation in the left middle lobe and left lower lobe. The patient 
had previously presented with cough and sputum; hence, regional 
anesthesia was recommended because general anesthesia could 
cause unnecessary aerosol generation [13]. 

Anesthesia and surgery were performed by experts, which en-
sured reduced anesthesia time and unnecessary virus exposure time. 
Fortunately, the SARS-CoV-2 RT-PCR test of the baby was negative. 
This could be because the exposure of the virus was minimized by 
reducing the time in the operating room and by moving the baby to 
the NICU immediately after birth. The NICU and operating room 
were adjacent, and we could quickly transfer the neonate by keeping 
her on the arm. However, it is recommended that negative pressure 
incubator should be used for the transfer [14]. Another reason for 
the baby’s negative PCR test could be that the transmission of the vi-
rus was weakened as the mother’s pre-operative PCR test was turned 
into a negative result. Furthermore, Li et al. [15] reported that there 
was no vertical transmission. In our case, the results of SARS-CoV-2 
PCR test of placenta, amniotic fluid, and cord blood were all nega-
tive. 

In a virus pandemic, it is critical to prevent medical staff members 
from being exposed to viral infections and to provide a safe environ-
ment for them. In addition, performing C-sec in pregnant women 
with significant physiologic changes and managing babies being ex-
posed to pathogen should occur simultaneously. There was no case 
of C-sec except this case on March 6; hence, we did not prepare for 
other patients, except for ventilating the delivery room for more than 
100 min after surgery. 

Therefore, it is essential to establish a formal protocol for manag-

Table 1. Timeline of the Admitted Pregnant Woman with Confirmed Severe Acute Respiratory Syndrome Coronavirus-2 

Time Schedule
March 6, 09:00 The patient is transferred to the hospital from house where she was isolated.
March 6, 10:15 After SARS-CoV-2 reverse transcription-polymerase chain reaction testing at the screening clinic, chest radiography and com-

puted tomography is performed before visiting the pre-treatment room on a wheel chair and the patient is in alert mental state.
March 6, 10:40 The patient is transferred to a pre-treatment room in the delivery center equipped with negative-pressure ventilation, exclusive  

elevators, and pre-operative laboratory test kits, including electrocardiogram, blood test, and urine test.
March 6, 11:15 Cesarean section is started
March 6, 11:21 Neonate is born healthy with Apgar score (9/10)
March 6, 11:55 Cesarean section is completed
March 6, 12:23 The patient leaves the negative pressure operating room in a healthy state
SARS-CoV-2: severe acute respiratory syndrome Coronavirus-2.
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ing SARS-CoV-2 infected pregnant women in order to minimize vi-
ral exposure and avoid transmission of the virus. It is better to form 
a multidisciplinary team with designated specialized infection con-
trol personnel comprising of surgeon, anesthesiologist, nurse and fa-
cility, and equipment technician. 
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The Difficult Airway Society guidelines on awake tracheal intubation have recently 
been published [1]. We agree that the use of supraglottic airway devices (SADs) as a con-
duit for awake tracheal intubation warrants future investigation. We recently reported a 
case series of awake supraglottic airway-guided flexible bronchoscopic intubation (SAG-
FBI) [2], a technique that may offer additional advantages to conventional FBI. 

The technique allows three preliminary tests in the awake patient before proceeding 
with SAGFBI and the subsequent induction of anesthesia. 

1. “Awake test insertion” of the SAD determines if it can be inserted into a patient with 
moderately restricted mouth opening. The oral route may be preferred for awake intuba-
tion because of issues with surgical access, the presence of nasal pathology, or an in-
creased risk of epistaxis. In our case series [2], we successfully inserted an Ambu Au-
ragainTM(Ambu A/S, Ballerup, Denmark) size 3 into patients with interdental distances of 
16 and 20 mm despite the product specifications recommending a required distance of 
21 mm for insertion. We warmed the SAD to soften it in order to facilitate its insertion. 

2. The “awake look” (along with other awake intubation techniques) allows evaluation 
of the periglottic region to identify any anatomical distortion or local pathology that may 
cause difficulties with intubation or indicate that a different technique for securing the 
airway should be used, e.g., front-of-neck access. 

3. “Awake test ventilation” confirms whether ventilation via SADs is possible or not in 
an awake patient. A normal square capnograph waveform indicates satisfactory SAD po-
sitioning, which makes obtaining a partial or full glottic view during  

SAGFBI more likely [2]. By ruling out the “cannot ventilate” scenario, it provides some 
reassurance before proceeding with the induction of anesthesia and administration of 
muscle relaxants. The latter should be avoided in cases of difficult airways since the pres-
ervation of spontaneous ventilation is indicated. Failed ventilation may result from SAD 
malposition or anatomical factors. Both are likely to cause failure of SAGFBI, and correc-
tive SAD strategies [3] or a different technique to secure the airway, respectively, should 
be considered. 

Other aspects of awake SAGFBI may make it preferable to other awake intubation 
techniques, including patients’ tolerance for the SAD during insertion and SAD function-
ality. Awake SAD insertion may be more tolerable compared to awake direct or video la-
ryngoscopy for three reasons. First, SAD cuffs are relatively soft, as they are made of sili-
cone (LMA ClassicTM [Intavent Orthofix Ltd., Maidenhead, United Kingdom]), polyvinyl 
chloride (LMA SupremeTM [LMATM North America, Inc., USA]), or medical-grade ther-
moplastic elastomer (I-gel® [Intersurgical Ltd, United Kingdom]), compared to a hard 
plastic or metal laryngoscope blade. Therefore, SAD insertion may cause less oropharyn-

Korean J Anesthesiol 2020;73(4):352-353
https://doi.org/10.4097/kja.20174 
pISSN 2005–6419 • eISSN 2005–7563

Received: April 16, 2020 
Revised: April 22, 2020 
Accepted: April 22, 2020 

Corresponding author: 
Patrick Wong, M.B.B.S., F.R.C.A. 
Department of Anesthesiology, Singapore 
General Hospital, Outram Road, Singapore 
169608, Singapore 
Tel: +65-6321-4220 
Fax: +65-6326-6494 
Email: patrick.wong@singhealth.com.sg
ORCID: https://orcid.org/0000-0002-3212-9496

Difficult Airway Society awake 
intubation guidelines: supraglottic 
airway-guided flexible bronchoscopic 
intubation as an alternative
Patrick Wong1,2,3, Wan Yen Lim3

1Duke-NUS Medical School, 2Yong Loo Lin School of Medicine, National University of 
Singapore, 3Department of Anesthesiology, Singapore General Hospital, Singapore Letter to the Editor

The Korean Society of Anesthesiologists, 2020

This is an open-access article distributed under the 
terms of the Creative Commons Attribution Non-Com-
mercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commer-
cial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Online access in http://ekja.org352

http://orcid.org/0000-0002-3212-9496


geal trauma, which is associated with the use of direct and video 
laryngoscopy [4]. Second, the tip of the SAD sits above the upper 
esophageal sphincter and is less likely to stimulate the gag reflex 
compared to the pressure in the vallecular from a laryngoscope 
blade tip [2]. Third, after SAD insertion, no additional force, 
torque, or head extension is required for SAGFBI; these are often 
required to optimize the glottic view during direct or video laryn-
goscopy [2]. 

The SAD component of SAGFBI yields desirable functionalities 
that are not possible during direct or video laryngoscopy or FBI. 
First, intermittent ventilation via the in-situ SAD can be performed 
during awake SAGFBI, if necessary. Second, the use of a sec-
ond-generation SAD separates the respiratory and gastrointestinal 
tracts, thereby decreasing the risk of aspiration during SAGFBI. 
Third, SADs can also displace secretions and tamponade bleeding 
in the oropharynx, which may interfere with laryngoscopy or FBI. 

The SAD acts as a conduit for FBI, decreasing the manipulation 
of the bronchoscope and reliance to identify the upper airway ana-
tomical structures compared to conventional awake FBI. This is 
associated with high success rates in asleep SAGFBI in both nor-
mal and difficult airways (81–100% and 96–97%, respectively) [2], 
even when performed by a novice [5]. One explanation for this is 
that a partial or full glottic view is seen once the bronchoscope ex-
its the SAD bowl in normal and difficult airways (66–96% and 77–
84%, respectively) [2]. However, there have been no studies on the 
glottic view in awake SAGFBI, and therefore, further research is 
warranted in this area. 

Patients with difficult airways may not be able to lie flat, such as 
those with severe cardiorespiratory compromise or neck patholo-
gy, e.g., ankylosing spondylitis or immobilization in a halo trac-
tion. Awake direct and video laryngoscopy is difficult to perform 
with the patient sitting up, as the operator would need to reach 
over the head of the patient to insert the laryngoscope. However, 
SAGFBI lends itself well to being performed in such patients, as 
the operator can insert the SAD and perform SAGFBI while being 
positioned face-to-face with the sitting patient. The sitting position 
has additional advantages: Gravity helps maintain airway patency 
and lung functional residual capacity; the stomach is lower in rela-
tion to the glottis, so the risk of aspiration is potentially reduced; 
and by facing the operator, the procedure is less distressing for pa-
tients [2]. 

The limitations of awake SAGFBI include situations where 1) 
SAD placement is not possible (e.g., patients with severe trismus or 

restricted mouth opening) or contraindicated (e.g., obstructing su-
praglottic lesions); 2) nasal intubation is required to allow surgical 
access to the oropharynx; and 3) the size of the tracheal tube used 
is limited by the diameter of the SAD ventilation port. 
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Bear maul injuries are a rare cause of facial trauma and can cause severe deep lacera-
tions involving the eyes, lips, nose, and maxillofacial structures. These facial injuries re-
quire multiple reconstructive surgeries to achieve long-term aesthetic and functional out-
comes. 

Case scenario 1: A 45-year-old woman (weight: 53 kg, height: 168 cm) presented to the 
emergency room with a history of an offensive attack on face by a sloth bear. The patient 
provided informed written consent for the publication of her case report in the medical 
literature. At the time of presentation, she had facial disfigurement with a right orbital 
fracture, loss of the right cheek, split palate, and mandibular fracture (Fig. 1A). A trache-
ostomy was performed owing to difficult airway at the time of presentation, followed by 
initial debridement and suturing. Seven days later, a free anterolateral thigh flap recon-
struction was performed. The flap failed on the 8th post-surgery day because of sudden 
extensive hemorrhage. A radial artery forearm extracorporeal flap used as salvage partial-
ly covered the defect. Finally, a trapezius myocutaneous flap was used for resurfacing, fol-
lowed by multiple scalp rotation flaps. All five reconstructive surgeries were performed 
under general anesthesia via the tracheostomy port. Her tracheostomy site was closed 9 
months after the injury. 

Case scenario 2: The same patient presented for flap revision after undergoing multiple 
surgeries; we noted overgrowth of the myocutaneous flap over the right cheek and neck 
(Fig. 1B). Flap revision and cutting were required to enable her to extend her face and 
open her mouth to achieve aesthetic and functional improvement. An airway examina-
tion revealed a lateral mouth opening of only 2 cm, limited neck movement (both flexion 
and extension), a sterno-mental distance of 5 cm, a thyro-mental distance of 2.5 cm, a 
patent left nostril, and extensive flap overgrowth over the right side of the face (Fig. 1B).  

We prepared our patient with lidocaine nebulization, mouth gargles, and anti-sial-
agogue 0.2 mg of glycopyrrolate. Inside the operating theater, after standard monitors 
were attached, pre and para-oxygenation was provided via a nasal cannula. The patient 
maintained spontaneous ventilation, and aliquots of 1 mg of midazolam and 60 mg of 
ketamine were given. Mask placement was difficult but was achieved using the two-hand-
ed two-operator technique with a mask overlying the left side of the nasal cavity and 
mouth and the reservoir bag held by the other person. One hundred percent oxygen and 
sevoflurane was titrated to maintain a minimum alveolar concentration induction of 1.2 
under spontaneous ventilation, an i-gel® supraglottic airway (Intersurgical Ltd., United 
Kingdom) size 2.5 was inserted laterally into the mouth by a senior anesthesiologist (Fig. 
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1C) and placement confirmed by end tidal carbon dioxide and 
chest rise. The available 2-cm mouth opening could accommo-
date only an i-gel size 2.5, and it was secured properly and con-
nected to a closed circuit. She was kept on ventilation with a pres-
sure support of 10 cmH2O, partial end expiratory pressure of 5 
cmH2O, trigger at 1 L/min, and apnea frequency of 10 /min. On 
these settings, the patient was generating a tidal volume of 380–
400 ml, spontaneous breath efforts of 14–15 /min, a minimal leak 
of 20–40 ml, peak airway pressure of 14–16 cmH2O, and end tidal 
carbon dioxide of 31–35 mmHg. The entire surgery (extraoral) 
lasted for 45 min with minimal blood loss on spontaneous venti-
lation with pressure support. The i-gel was removed at the end of 
the surgery and the patient was shifted to the postoperative area. 
We had access to a backup tracheostomy and fiberoptic broncho-
scope, but it was not working properly. The only other option was 
to cancel the surgery and awaken the patient. The plans were dis-
cussed with the surgeons, patient, and her relatives. 

A bear is a strong wild animal that is potentially dangerous and 
can cause unpredictable serious injuries over the face. In this case, 
on first arrival in hospital, owing to complete facial disfigurement, 
a tracheostomy was the only available option; anesthesia for the 
rest of the facial reconstructive surgeries was administered via the 
tracheostomy port. In the second case scenario, she underwent 
closure of the tracheostomy site placed for the anticipated difficult 
airway owing to the decreased mouth opening, limited neck 
movement, and no nostril. We had limited options for securing 
the airway in this case. We prepared the airway with lidocaine 
gargles, nebulization, and mouth spray, with due consideration 
taken, not to exceed local anesthetic toxic dosage. We did not have 
a functional fiberoptic device, and intubation via the same can be 

A B C

Fig. 1. Changes in the patient's face and inserted i-gel. (A) After being mauled by a bear, the patient presented to the emergency room with a right 
orbital fracture, loss of the right cheek, a split palate, and mandibular fracture for which she was tracheotomized and underwent reconstructive 
surgeries via the tracheostomy port. (B) After many reconstructive surgeries and closure of the tracheostomy port, the lateral mouth opening was 
2 cm at the level of the canines, neck movement was limited (both flexion and extension), left nostril was patent, and significant flap overgrowth 
was noted on the right side of the face. (C) An i-gel size 2.5 was secured on the lateral side of the mouth and surgery was uneventful.

tricky in such cases owing to the availability of a single nostril and 
distorted airway anatomy. Direct laryngoscopy was impossible 
owing to limited mouth space. We maintained para-oxygenation 
via a nasal cannula and the patient’s ventilation remained sponta-
neous throughout the surgery. Mask ventilation was difficult ow-
ing to the nasal flap fistula and overgrowth over the right side. We 
meticulously kept the mask over left side of the face and held it 
opposite the fistula site and inserted gauze pieces in the open ar-
eas. We inserted an i-gel under lidocaine preparation of the air-
way and sedation with midazolam, ketamine, and sevoflurane. 
The surgeons were ready to perform a tracheostomy in case of 
difficulty. 

We reiterate that not all difficult airways require intubation, al-
though the standard of care in most difficult airway cases is awake 
fiberoptic intubation. If a fiberoptic device is not available, an i-gel 
can be used as a definitive device for short procedures to defer 
tracheostomy and reduce undue patient morbidity. Meticulous 
preparation of the airway, maintaining spontaneous ventilation, 
sedation and analgesia maintained by ketamine, and inhalational 
agent assistance enabled successful i-gel placement without any 
procedural complications. 
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Wilson disease is an inherited autosomal recessive disease of copper metabolism that 
results in copper toxicity; it has an incidence of 1 in 40,000 [1]. Wilson disease is associat-
ed with liver failure; however, evidence on its bleeding tendencies is equivocal [2]. We 
present a case of Wilson disease with secondary parkinsonism and liver cirrhosis compli-
cated by intracerebral hemorrhage (ICH), which has not yet been reported in the litera-
ture. Patient consent was obtained for this report. 

A 35-year-old man, who had been diagnosed with Wilson disease two years earlier, 
presented with inability to sleep and increased tremors that had lasted for a month. He 
had secondary Parkinsonism along with child Pugh A liver cirrhosis that had lasted for 1 
year. He also had bipolar disease and alcohol and cannabis abuse disorders, and was on 
regular follow-up at a psychiatric clinic. Clinically, he had extrapyramidal symptoms. He-
matological investigations were essentially normal; however, biochemistry revealed a se-
rum ceruloplasmin level <  9.5 mg/dl and 24-hour urinary copper level of 398.18 µg/day, 
which are consistent with Wilson disease. Ultrasonography of the abdomen revealed 
hepatomegaly with coarse echotexture and splenomegaly. Portal hypertension was diag-
nosed on the basis of color doppler flow imaging findings, and upper gastrointestinal en-
doscopy revealed small varices with severe portal hypertensive gastropathy and gastric 
antral vascular ectasia. At the time of reporting, the patient was undergoing zinc treat-
ment for Wilson disease. He was admitted, and penicillamine treatment was initiated. His 
anti-parkinsonism treatment was also optimized. He was discharged after 1 week and 
scheduled for regular follow-up. One month after the initiation of penicillamine and 
while on follow-up, he developed pancytopenia with a hemoglobin (Hb) level of 12.8 g/dl 
total leukocyte count of 4.1 ×  109/L and platelet count of 70 ×  109/L. Given the pancyto-
penia, penicillamine was discontinued and the zinc tablet dosing was increased. At 1 
week post-cessation of the penicillamine therapy, he had a left-sided focal seizure associ-
ated with extensor posturing of the right limbs and altered sensorium. On clinical evalua-
tion, the patient had a pulse of 66 beats/min and blood pressure of 126/84 mmHg with a 
right gaze preference, extensor posturing, fixed dilated right pupil, and left pupil at 6 mm 
with sluggish reaction. Urgent non-contrast computed tomography of the head revealed 
a large left basal ganglia hemorrhage with an intraventricular extension (13-mm midline 
shift) and uncal herniation (Fig. 1). Anti-compression measures were initiated with man-
nitol. He was intubated and mechanically ventilated. Hematology revealed a Hb level of 
9.4 g/dl and platelet count of 43 ×  109/L with an international normalized ratio of 1.65. 
The external ventricular drain was placed following neurosurgical consultation, and 
blood component transfusion was administered with 6 units of random donor platelets 
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and 4 units of fresh frozen plasma, which improved the platelet 
count to 53 ×  109/L. However, even after 24 hours post-onset of 
neurological symptoms, there was no improvement in sensorium 
and brainstem reflexes. Intensive monitoring and care were con-
tinued, and additional blood products, including 10 units of ran-
dom donor platelets and 6 units of fresh frozen plasma, were ad-
ministered over the next 3 days. On the 5th day of admission, the 
patient developed sudden onset bradycardia followed by cardiac 
arrest, and he could not be revived. 

The literature has reports of abnormal liver functions with sig-
nificantly decreased levels of factors II, V, VII, and X in Wilson 
disease patients [3]. Clinically, relevant coagulopathy due to pri-
mary pathology has not been reported. However, pancytopenia, 
including thrombocytopenia, is a known adverse effect of penicil-
lamine therapy [4]. Deranged coagulation parameters with super-
imposed penicillamine-induced pancytopenia may be a cause of 
ICH as seen with our patient. Marijuana users are also more likely 
to be admitted for ICH; however, marijuana is not an independent 
risk factor for ICH [5]. Given the above findings, it is prudent to 
conclude that Wilson disease patients started on penicillamine 
should be strictly followed up to detect any bone marrow suppres-
sion at the earliest. As an anesthesiologist, coagulopathy should be 
looked for in each case of Wilson disease undergoing treatment 

with penicillamine during preoperative evaluation if anesthesia is 
being planned, and requisite blood should be secured before the 
procedure. 
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Fig. 1. Non-contrast computed tomography image of the head 
showing a large left basal ganglia hemorrhage with intraventricular 
extension.
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Noninvasive ventilation (NIV) is considered as the first-line treatment for conditions, 
namely, acute exacerbations of chronic obstructive pulmonary disease (COPD), acute 
cardiogenic pulmonary edema, acute respiratory failure in the immunocompromised and 
in weaning COPD patients off-invasive ventilation; however, its role as respiratory sup-
port in patients with acute lung injury and acute respiratory distress syndrome (ARDS) 
remains highly controversial. Though various studies have reported favorable usage of 
NIV in such clinical conditions, the demographics of patients actually benefiting from its 
use are still indefinable. The current approach of maintaining a low threshold for endo-
tracheal intubation in patients suffering from COVID-19 related ARDS is followed by 
most clinicians globally that have resulted in an undermined role of NIV for management 
of ARDS associated with COVID-19. Herein, we would like to briefly review this ap-
proach while dealing with patients during the COVID-19 pandemic. 

Clinical benefit of NIV in COVID-19: Several studies have reported the use of NIV in 
severe acute respiratory illness and have demonstrated that it can avoid intubation in up 
to 70% of patients with mild hypoxic respiratory failure. In a retrospective study on 
COVID-19 patients, Zhou et al. [1] reported that the mortality was higher in the intubat-
ed group (96%) than in the NIV group (92%). A similar study on COVID-19 patients by 
Yang et al. [2] revealed a mortality rate of 86% and 57% in the intubated group and the 
NIV group, respectively. Cascella et al. [3] showed a favorable outcome of NIV in 
COVID-19 patients suffering from a non-severe form of respiratory failure along with a 
low risk of airborne transmission to healthcare providers (HCPs) with the proper fitting 
interface. 

Exaggerating disadvantages of NIV in COVID-19: The most important concern raised 
by clinicians with regards to the NIV approach during the COVID-19 pandemic is its po-
tential for aerosol generation and transmission of infection to HCP. Cheung et al. [4] 
studied the effectiveness of NIV in 20 patients with SARS coronavirus (SARS-CoV) in-
fection and its risk of transmission among the HCPs and reported that NIV was effective 
in the treatment of acute respiratory failure associated with SARS-CoV and none of the 
HCPs tested positive for SARS-CoV at end of the study. 

ARDS in COVID-19: COVID-19 results in the massive alveolar damage because of the 
release of inflammatory exudates in the alveoli and infiltrates in the interstitium, thus, 
leading to the development of ARDS. Evidences have shown that COVID-19-associated 
severe ARDS displayed atypically high compliance and shunt fraction that were markedly 
different from severe ARDS resulting from other causes. Pan et al. [5] used the recruit-
ment-to-inflation ratio (R/I ratio) to assess the potential for lung recruitment in 
COVID-19 patients and found a poor R/I ratio in more than 80% of patients with severe 
SARS-CoV-2 associated ARDS, suggesting a poor lung recruitability. Since disturbed pul-
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monary vascular autoregulation has been implicated for hypox-
emia and poor oxygenation during the early stages of ARDS, us-
ing the common protocol of applying high positive end-expirato-
ry pressure to all the patients might aggravate the lung injury re-
sulting in a poor outcome. 

Disadvantages of invasive ventilation: The procedures associated 
with invasive ventilation such as preoxygenation, bag-mask venti-
lation, intubation or extubation, and suctioning of the airway are 
aerosol-generating and pose a serious risk of infection for HCPs. 
Ventilator-associated complications such as lung injury, pneumo-
nia, and prolonged intubation should also be considered before 
making the choice for the invasive or non-invasive ventilation ap-
proach for COVID-19 associated ARDS. 

We hereby conclude that there is a certain population of 
COVID-19 patients with ARDS having a particular demographic 
profile (younger age and lesser comorbidities) who may benefit 
from an early and meticulously supervised NIV procedure instead 
of blindly intubating all patients with hypoxemia and ARDS. 
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2) Article retraction
Errors serious enough to invalidate a paper’s results and conclu-
sions (Infringements of professional ethical codes, such as mul-
tiple submission, bogus claims of authorship, plagiarism, fraud-
ulent 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 miscal-
culation) leads to a major change in the direction or signifi-
cance of the results, interpretations, and conclusions. If the er-
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KJA adheres to COPE guidelines regarding appeals to editorial 
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Data sharing statement

KJA accepts the ICMJE Recommendations for data sharing state-
ment 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 leg-
ends, must be typed in one double space. Materials should be 
prepared with a standard 12-point typeface or greater (Times 
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, in-
troduction, materials and methods, results, discussion, refer-
ences, tables, and figure legends), figures, other submission ele-
ments. 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 for-
mat is DOCX or DOC. A single PDF file containing all materi-
als 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 sub-
mission is accepted, you will be asked to upload your final doc-
ument file in DOCX or DOC format as well. Make sure to up-
date your PDF file with the most recent version of your manu-
script.

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 head-
ing (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 sur-
name.

3) Apply citation before a comma or period.
4) Identify reference by several or coupled Arabic numbers, en-

closed 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)
Title Page file, uploaded separately
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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 con-
clusion should be included in the discussion section. Number 
pages consecutively, beginning with the first page. Page num-
bers 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 hy-
pothesis 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 de-
scribe 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 en-
courages authors to show confidence intervals. It is not rec-
ommended to present the P value without showing the confi-
dence interval. In addition, the uncertainty of estimated val-
ues, 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 ex-
ample, non-inferiority trials, the P values should be two-
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 de-
tail5. Sample size calculation must aim at preventing false 
negative results pertaining to the primary, instead of second-
ary, endpoint. Usually, the mean difference and standard de-
viation (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 sig-
nificance is acceptable.6

9) When reporting a randomized clinical study, a CON-
SORT-type flow diagram, as well as all the items in the CON-
SORT checklist, should be included. If limited in terms of the 
space of the manuscript, this information should be submit-
ted as a separate file along with the manuscript.7

10) 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 num-
bers (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 mea-
sured on a sclae that is accurate to 0.1 kg should be expressed 
as 65.45 ±  2.52 kg.

11) Except when otherwise stated herein, authors should conform 
to the most recent edition of the American Medical Associa-
tion Manual of Style.8
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2Kim TK. T test as a parametric statistic. Korean J Anesthesiol 
2015; 68: 540-6.
3Nahm FS. Nonparametric statistical tests for the continuous data: 
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2016; 69: 8-14.
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6Lee S and Lee DK. What is the proper way to apply the multiple 
comparison test? Korean J Anesthesiol 2018; 71: 353-60.
7The CONSORT statement, checklist, and flow diagram can be 
found at http://www.consort-statement.org.
8http://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 insti-
tutional 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 let-
ters and spaces, should be described. If inappropriate, the edi-
torial 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 con-
flict 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 fund-
ing 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). Ad-
ditional 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

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 mini-
mum 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 suffi-
cient details of the design, subjects, and methods of the ar-
ticle in order, as well as the data analysis methods and con-
trol of bias in the study. Sufficient details need to be ad-
dressed in the methodology section of an experimental 
study so that it can be further replicated by others.
∙ When reporting experiments with human or animal sub-
jects, the authors should indicate whether they received 
approval from the Institutional Review Board 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 Anesthesiolo-
gists physical status classification” should not be abbreviat-
ed. As a rule, subsection titles are not recommended.
∙ Clearly describe the selection of observational or experi-
mental 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 de-
termine 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-recommenda-
tions/.
∙ Units
Laboratory information should be reported in Internation-
al System of Units [SI]. Please refer to A Guide for Biologi-
cal 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 origi-
nal data available. The KJA strongly encourages authors to 
show confidence intervals. It is not recommended to pres-
ent the P value without showing the confidence interval. A 
sample size calculation should be described in detail. Sam-
ple 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, ta-
bles, and illustrations, giving the main or most important 
findings first. Do not repeat all of the data in the tables or il-
lustrations in the text; emphasize or summarize only the most 
important observations. Results can be sectioned by subsec-
tion 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 giv-
en 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 para-
graph of the Discussion section.
⑦ References
The description of the journal reference follows the descrip-
tions 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 [In-
ternet]. 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 ref-
erences, 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 foot-
notes in the body text section. All of the references should 
be stated in English, including author, title, name of jour-
nal, etc.
∙ If necessary, the editorial board may request original doc-
uments 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 ref-
erence.
∙ 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 refer-
ence.
∙ Description format
A. Regular journal
Author name. Title of journal Name of journal published 
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: 256-
61.
Ex) Hirota K, Lambert DG. Ketamine: its mechanism(s) of 
action and unusual clinical uses. Br J Anaesth 1996; 77: 
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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 pa-
tients undergoing total knee replacement arthroplasty un-
der spinal anesthesia. Korean J Anesthesiol 2004; 46: 284-
92.
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 oper-
ating room. 2nd ed. New York, Raven Press. 1986, pp 136-
71.
C. Chapter
Ex) Blitt C. Monitoring the anesthesized patient. In: Clini-
cal 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 screen-
ing among older women. Emerg Infect Dis [serial on the 
Internet]. 2005 Nov [2005 Nov 25]. Available from www.
cdc.gov/ncidod/EID/vol11no11/05-0575.htm.
E. Online journal article
Ex) Sampson AL, Singer RF, Walters GD. Uric acid lower-
ing 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 publi-
cation 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 
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 ci-
tation 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 In-
ternational 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 col-
or figures are used without charge for online reading. Howev-
er, 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 diffi-
cult to see on the printed page (e.g., yellow) or are visually dis-
tracting (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). Con-
trast of photos or graphs should be at least 600 dpi. Contrast 
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.
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⑤ In horizontal and vertical legends, the letter of the first En-
glish 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 photo-
graphs 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, au-
dio 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., ar-
rows, 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 proce-
dure, 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 re-
view 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 man-
uscript submission and should be marked as supplementary 
video files.
① The video clip(s) should have simple file names (e.g., Vid-
eo 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 play-
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, ac-
companied by legends. The video clip file name(s) should re-
fer to the corresponding figure number(s).

2) Case Reports
A case report is almost never a suitable means to describe the 
efficacy of a treatment or a drug; instead, an adequately pow-
ered and well-controlled clinical trial should be performed to 
demonstrate such efficacy. The only context in which a case re-
port can be used to describe efficacy is in a clinical scenario, or 
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 guard-
ian. Authors should submit copies of written informed consents 
by using the online manuscript submission system. If it is un-
available, the IRB approval should be needed. Copy of IRB ap-
proval 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 ab-
stract that is written only in English. Provide an abstract of no 
more than 150 words. It should contain 3 subsections: Back-
ground, 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 de-
scribe the case and background without a title.
④ Case report: Describe only the clinical statement that is di-
rectly 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 Edito-
rial Board.
⑦ Tables and figures: Proportional to clinical and experimen-
tal studies.

ixOnline access in http://ekja.org



3) 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 sci-
entific consensus exists, as well as aspects that remain contro-
versial and are the subject of ongoing scientific disagreement 
and research. Review articles should include unstructured ab-
stracts equal to or less than 250 words in English. Figures and 
tables should be provided in English. References should be ob-
viously 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 
pages, and the number of figures and tables should be equal to 
or less than 6.

4) Letters to the Editor
Letters to the Editor also should include brief constructive com-
ments on the articles published in KJA and interesting cases. 
Letters to the editor of humans must state in the text that in-
formed 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 review-
ers may request copies of these documents. Letters to the Editor 
cover individual articles not described by any of the above cate-
gories. 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 num-

ber of references, it should be negotiated with the Editorial 
Board. A figure or a table may be used. A maximum of five au-
thors is allowable. Letter may be edited by the Editorial Board 
and if necessary, responses of the author of the subject paper 
may be provided.

5) Book Reviews and Announcements
Book reviews as well as News of Scientific Societies and scien-
tific meeting dates in Korea or abroad can be included. Their 
formats will be same as Letter to the Editor.

6) Statistical Round
A Statistical Round is a narrative review of the application of 
contemporary quantitative sciences to issues of concern to an-
esthesia researchers. A Statistical Round involves a focused dis-
cussion 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 pub-
lished in English and translated into Korean for the conve-
nience 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 November 2019 submissions.
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