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Journal metrics, document network, 
and conceptual and social structures 
of the Korean Journal of Anesthesiology 
from 2017 to July 2022: a bibliometric 
study
2017년부터 2022년 7월까지 Korean Journal of 
Anesthesiology의 학술지 계량 분석, 문서 네트워크, 
개념 구조 및 사회적 구조: 계량서지학적 연구

Sun Huh
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Review Article

배경: 이 연구는 Korean Journal of Anesthesiology (KJA)에 게재된 연구의 방향성을 파악하고, 계량

서지학적 분석을 통해 주요 주제 및 학술지 네트워크를 알아보고자 하였다. 이 결과를 우리 학

술지가 마취학 분야에서 최상위 저널로 승격하기 위한 전략에 반영할 수 있을 것이다.

방법: 2017년 1월 1일부터 2022년 9월 11일 사이 발행한 KJA 논문을 Web of Science Core Col-

lection에서 2022년 9월 11일에 검색하였고, Biblioshiny를 이용하여 분석하였다. 학술지 계량 분

석, 문서 네트워크, 개념 구조 및 사회적 구조를 파악하였다. 

결과: 525편의 논문 중 한국인이 교신저자인 논문은 절반이 안 되었다(48.6%). Journal impact 

factor는 2019년 2.316에서 2021년 5.167로 가파르게 증가했다. KJA의 허쉬(Hirsch) 지표는 24였

다. Keywords Plus의 동시출현 네트워크를 통해 수술, 관리, 마취 및 사망률이라는 4개의 중심 

키워드 군집을 확인하였다. Keywords Plus의 개념 구조 맵은 마취 및 진통의 주군집을 보여주

었고, 또 다른 부군집은 삽관 및 유도를 포함하였다. 공동인용 네트워크는 KJA가 국제 마취학 

학술지와 동일한 군집에 있다는 것을 입증하였다. 국가 협업 네트워크를 보면 한국 저자들은 

주로 미국과 캐나다의 연구자들과 협력하였다.

결론: 이러한 결과는 KJA가 마취학 분야에서 최상위 학술지로 승격하는 발전 과정을 보여준

다. 더 나아가, 학술지 승격을 위해 새롭게 떠오르고 인용 가능성이 매우 높은 주제 논문 모집 

및 전 세계 연구자들과 학회 회원들의 더욱 적극적인 협력 등의 전략을 제안한다.

Keywords: Anesthesiology; Bibliometrics; Journal impact factor; Periodicals as topic; Re-
public of Korea; Social structure.
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Three-dimensional pelvis computed 
tomography-assisted Taylor approach 
for spinal anesthesia in hip 
arthroplasty: a retrospective study
인공 고관절 치환술에서 척추마취를 위한 3차원 골반 
컴퓨터 단층 촬영 보조 Taylor 접근법: 후향적 연구

Saecheol Oh1, Yoojung Park2, Hana Kwoun3, Eunjin Eom3, 
Dal-ah Kim3

Department of Anesthesiology and Pain Medicine, 1Daejeon St. Mary’s Hospital, Daejeon, 2St. 
Vincent’s Hospital, Suwon, 3Incheon St. Mary’s Hospital, College of Medicine, The Catholic 
University of Korea, Incheon, Korea
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Clinical Research Article

배경: Taylor 접근법을 활용한 척추마취를 위한 바늘 삽입은 육안으로 L5-S1 공간을 찾기 어렵

기 때문에 까다롭다. 본 연구에서는 마취전문의가 바늘 삽입 지점을 찾는 데 도움이 되는 3차

원(three-dimensional, 3D) 골반 컴퓨터 단층 촬영(computed tomography, CT)의 사용을 제안한

다. 3D 골반 CT 보조 Taylor 접근법의 성공률을 기존 문헌의 다른 접근법과 비교하여 L5-S1 공

간에서 지주막하 차단을 위한 대안적인 방법으로 이 기법을 제안한다.

방법: 본 후향적 관찰 연구에서는 3D 골반 CT 보조 Taylor 접근법을 사용한 인공 고관절 치환

술의 기록을 검토하였다. 3D 골반 CT의 후면에서 정준선 및 능간선의 교차점에서 Taylor 접근

법을 위한 이상적인 피부 삽입 지점까지 가상의 유도선을 생성하였다. 일차 결과 지표는 성공

률이었다. 이차 결과 지표는 능간선과 유도선 사이의 각도, 유도선의 길이 및 이상적인 바늘 

삽입점과 L5-S1 공간 사이의 거리를 포함했다.

결과: 3D CT 보조 Taylor 접근법을 사용하여 인공 고관절 치환술을 받은 276명의 환자 기록을 

검토했다. 본 코호트에서 L5-S1 지주막하 차단시 3D CT 보조 Taylor 접근법은 276명의 환자 

중 25명에서만 실패했다. 3D CT 보조 Taylor 접근법의 성공률은 90.9%였다.

결론: 척추마취의 3D 골반 CT 보조 Taylor 접근법은 허용 가능한 성공률을 보였으며, L5-S1 공

간의 지주막하 차단에 대한 대안적인 방법이 될 수 있다. 

Keywords: Aged; Anesthesiologists; Congenital abnormalities; Femoral neck fractures; 
Men; Pelvis; Spinal anesthesia; Women.
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Effect of active airway warming with a 
heated-humidified breathing circuit 
on core body temperature in patients 
under general anesthesia: a systematic 
review and meta-analysis with trial 
sequential analysis
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배경: 가온 가습용 호흡 회로(heated-humidified breathing circuit)를 적용하면 기계 환기 중 호흡

기를 통한 열 손실을 줄일 수 있지만, 수술 중 저체온증을 예방하는 효과에 대해서는 논란의 

여지가 있다. 본 연구는 전신마취 하에서 기계 환기를 시행 받는 환자의 심부 체온을 유지하는 

데 있어서 가온 가습용 호흡 회로 적용의 유효성을 알아보고자 하였다.

방법: MEDLINE, Embase, Cochrane library (CENTRAL) 및 Google Scholar를 이용하여 가온 가

습 장치(heated humidifier) 및 기타 호흡 회로 장치를 사용한 환자의 수술 중 심부 체온을 비교

한 무작위 대조 연구(randomized controlled trial)를 검색하였다. 일차 결과 지표는 수술 종료 시 

측정한 심부 체온이었으며, 각 결과 지표에 대해 군 간의 가중 평균 차이(weighted mean differ-

ence, WMD)와 95% 신뢰구간(confidence interval, CI)을 분석하였다. 또한, 본 메타분석 결과의 

정확성 및 불확실성에 대한 평가를 위해 일차 결과 지표에 대한 시험 순차 분석(trial sequential 

analysis)을 수행하였다.

결과: 993명의 환자를 포함한 총 18건의 무작위 대조 연구가 분석에 포함되었다. 가온 가습 장

치를 사용한 환자에서 장치를 사용하지 않은 환자(WMD = 0.734, 95% CI [0.443, 1.025]) 및 열 

수분 교환기(heat and moisture exchanger)를 사용한 환자(WMD = 0.368, 95% CI [0.118, 0.618])

보다 수술 종료 시 측정한 심부 체온이 유의하게 더 높은 것으로 나타났으나 상당한 이질성을 

보였다.

결론: 본 연구 결과에서 가온 가습용 호흡회로의 적용이 전신마취 환자에서 저체온증을 완전

히 예방하지는 못한 것으로 나타났으나, 가온 가습용 호흡회로가 수술 중 심부 체온을 유지하

기 위한 효과적인 보조 장치로 활용될 수 있음을 시사하였다. 그러나 본 연구의 상당한 이질성

과 제한점을 고려할 때, 가온 가습용 호흡회로의 효과를 명확히 하기 위해서는 추가적인 연구

가 필요하다.

Keywords: Body temperature; Closed-circuit anesthesia; General anesthesia; Heating; Hy-
pothermia; Meta-analysis; Systemaic review.
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배경: 복강경 담낭절제술(laparoscopic cholecystectomy, LC)에 다양한 부위마취(regional anesthe-

sia, RA) 기법이 사용되었지만, 비교 효과에 대한 합의는 이루어지지 않았다. 본 연구는 네트워

크 메타분석 접근법을 활용하여 LC를 받는 환자에 대한 RA 기법의 효과를 평가하고자 하였

다.

방법: 본 연구에서는 체계적 문헌고찰 및 네트워크 메타분석을 수행하였다(PROSPERO: 

CRD42022307399). 다음과 같은 PICOS 기준을 이용하여 PubMed, Cochrane Central Register of 

Controlled Trials (CENTRAL), Scopus, 및 Web of Science (Science and Social Science Citation In-

dex)를 검색하였다: (P) LC를 받는 성인 환자; (I) 국소 마취제를 주입하는 모든 RA 단발 기법; 

(C) 위약 또는 중재 없음; (O) 모르핀 밀리그램 당량(morphine milligram equivalents, MME)으로 

표현된 수술 후 오피오이드 사용량, 수술 후 12시간 및 24시간에서의 휴식 시 통증, 수술 후 오

심 및 구토(postoperative nausea and vomiting, PONV), 입원 일수; 및 (S) 무작위 대조 시험. 

결과: 총 84건의 연구가 포함되었다. 복직근 초 차단술을 제외하고(P = 0.301), RA 기법은 오피

오이드 사용을 줄이는 데 있어서 위약보다 우수했다. 수술 후 통증과 관련하여, 횡문근(Trans-

versus abdominis plane, TAP) 차단 (11점 통증 척도에서 –1.80) 및 척추세움근면(erector spinae 

plane, ESP) 차단 (11점 통증 척도에서 –1.33)이 각각 12시간 및 24시간에서 가장 효과적이었다. 

또한, TAP 차단은 PONV의 가장 큰 감소와 관련이 있었다.

결론: RA 기법은 LC를 받은 환자의 수술 중 오피오이드 사용, 수술 후 통증 및 PONV를 감소

시키는 데 효과적이다. 환자는 양측 척추주위 차단, ESP 차단, 요방형근(QL) 차단 및 TAP 차

단의 혜택을 가장 많이 받는다. 

Keywords: Cholecystectomy; Conduction anesthesia; Laparoscopic cholecystectomy; Lap-
aroscopy; Local anesthesia; Meta-analysis.
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Ramped versus sniffing position in the 
videolaryngoscopy-guided tracheal 
intubation of morbidly obese patients: 
a prospective randomized study
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배경: 비만 환자에게 직접 후두경 하 기관내 삽관을 하는 경우 경사진 자세(ramped position)가 

권장된다. 그러나 경사진 자세가 비디오 후두경 유도 삽관에서 어떠한 이점이 있는지에 대해

서는 여전히 불분명하다. 본 연구는 병적 비만 환자에서 비디오 후두경을 이용한 삽관을 시행

하는 경우 경사진 자세 vs. 냄새 맡는 자세(sniffing position)의 삽관 시간을 평가하였다.

방법: 본 연구는 병적 비만 환자(n = 82; 체질량 지수 [BMI] ≥ 35 kg/m2)를 대상으로 한 전향적 

무작위배정 연구이다. 환자는 경사진 자세 또는 표준 냄새 맡는 자세군 중 하나에 무작위로 배

정되었다. 전신마취 유도 시 마스크 환기의 어려움은 Warters 척도를 사용하여 평가하였다. 기

관 삽관은 C-MAC® D-Blade 비디오 후두경을 사용하여 수행하였으며, 삽관 난이도 척도(intu-

bation difficulty scale, IDS)를 이용하여 삽관 난이도를 평가하였다. 일차 평가 변수는 후두경 검

사 및 튜브 삽입 시간의 합으로 계산된 총 삽관 시간이었다.

결과: 마스크 환기가 어려운 비율(Waters 척도 ≥ 4)은 냄새 맡는 자세군(n = 41)보다 경사진 자

세군(n = 40)에서 유의하게 낮았다(2.5% vs. 34.1%, P < 0.001). 용이한 삽관 비율(IDS = 0)은 냄

새 맡는 자세군보다 경사진 자세군에서 유의하게 높았다(70.0% vs. 7.3%, P < 0.001). 총 삽관 

시간은 냄새 맡는 자세군보다 경사진 자세군에서 유의하게 짧았다(22.5 ± 6.2초 vs. 40.9 ± 

9.0초, P < 0.001).

결론: 냄새 맡는 자세와 비교하여 경사진 자세는 병적 비만 환자의에서 비디오 후두경을 이용

한 삽관 시간을 줄이고 마스크 환기 및 기관 삽관을 효과적으로 용이하게 했다.

Keywords: Intratracheal intubation; Laryngoscopes; Masks; Obesity; Posture; Procedures 
and techniques utilization.
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Intrathecal dexmedetomidine 
attenuates mechanical allodynia 
through the downregulation of brain-
derived neurotrophic factor in a mild 
traumatic brain injury rat model
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배경: 외상성 뇌손상 후 다수의 환자가 임상적으로 유의한 통증을 호소하며, 이는 일차적 뇌손

상 후 신경조직 재생 과정에서 발현되는 뇌척수액내 뇌유래신경영양인자(brain-derived neuro-

trophic factor)와 연관이 있는 것으로 추정된다. 본 연구에서는 경도 외상성 뇌손상 백서 모델을 

사용하여 덱스메데토미딘과 프로포폴의 척수강내 주입이 뇌유래신경영양인자 조절 및 기계적 

이질통 발현에 미치는 영향을 조사하였다. 

방법: 백서의 경도 외상성 뇌손상 모델은 전신마취 하에서 뇌피질 충격(controlled cortical im-

pact)법을 사용하여 구현되었다(깊이: 3.5 mm, 속도: 3 m/s, 충격 시간: 85 ms). 뇌손상 직후, D

군과 P군은 각각 10 μl의 덱스메데토미딘(5 μg/kg)과 프로포폴(500 μg/kg)을 투여하였다. S군은 

개두술만을 시행하였으며, T군은 뇌손상 유도 후 약물을 투여하지 않았다. 뇌손상 유발 후 1

일, 7일 및 14일에 뇌척수액내 뇌유래신경영양인자 농도와 기계적 자극에 대한 회피 반응의 

50% 역치(50% mechanical withdrawal threshold [50% 회피 역치])를 측정하였다.

결과: T군은 S군보다, 뇌손상후 1일째 뇌척수액 뇌유래신경영양인자의 농도가 더 높았으며, 

뇌손상후 1일, 7일, 14일의 50% 회피 역치가 낮았다. D군의 뇌손상 후 1일째 뇌척수액내 뇌유

래신경영양인자의 농도는 T군보다 낮았으나, S군과는 전체 기간 유의한 차이를 보이지 않았

다. D군의 50% 회피 역치는 모든 시기에서 T군보다 높게 측정되었다. P군에서 뇌척수액내 뇌

유래신경영양인자 농도는 뇌손상 후 1일째 T군보다 높았으나, 50% 회피 역치는 모든 구간에

서 T군과 차이를 보이지 않았다. 

결론: 덱스메데토미딘의 척수강내 주입은 경도의 외상성 뇌손상 백서에서 뇌척수액 내 뇌유래

신경영양인자의 억제를 통해 외상 후 2주에 이르기까지 뇌손상에 의해 발생한 기계적 이질통

을 경감시켰다. 외상 후 급성기에서 뇌척수액 뇌유래신경영양인자의 억제는 뇌손상에 의한 만

성적인 신경병증성 통증의 발생을 감소시킨다.

Keywords: Brain-derived neurotrophic factor; Dexmedetomidine; Mechanical allodynia; 
Neuropathic pain; Propofol; Traumatic brain injuries.
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The gold standard surgical treatment for symptomatic gallstone disease is laparoscopic 
cholecystectomy (LC) [1], which is a minimally invasive procedure to remove the gall-
bladder. Compared to conventional open cholecystectomy, evidence of a significantly 
shorter hospital stay and faster patient recovery has been shown worldwide with LC [2]. 

LC is classically performed under general anesthesia (GA) with controlled ventilation 
using endotracheal intubation, which can help prevent aspiration, dyspnea, and hyper-
capnia resulting from carbon dioxide pneumoperitoneum [3]. Pneumoperitoneum 
during laparoscopy, which can cause abdominal and respiratory discomfort, is not well 
tolerated in patients who are awake during the procedure. The 2018 PROSPECT guide-
lines on LC recommended that wound/port infiltration be used as the routine regional 
technique, while the other available techniques were not recommended because of limit-
ed trial evidence, the rate of failure, or the potential for complications. However, several 
recent studies [4–7] have verified the availability and safety of regional anesthesia (RA), 
including spinal and epidural anesthesia, for LC. Under RA, patients are awake and ori-
ented at the end of the procedure and are able to ambulate earlier than patients receiving 
GA. Other advantages include less postoperative pain, nausea, and vomiting and a re-
duced neuroendocrine stress response compared with GA [4–7]. In addition, the risk of 
mortality, venous thromboembolism, myocardial infarction, and several other complica-
tions is lower with RA [8]. However, RA, such as spinal anesthesia, may cause abdominal 
discomfort and shoulder pain [9,10]. Therefore, various studies have assessed the feasibil-
ity of using RA for patients undergoing LC [4,7,9–13]. 

In this issue of the Korean Journal of Anesthesiology, we would like to introduce a sys-
tematic review and network meta-analysis on the effect of single-dose RA for LC con-
ducted by De Cassai et al. [14]. This study showed that most RA techniques are effective 
in reducing postoperative opioid consumption, pain on the first postoperative day, and 
postoperative nausea and vomiting (PONV), which is consistent with previously pub-
lished guidelines. The authors concluded that all the RA techniques assessed in patients 
undergoing LC in the 46 included studies were superior to placebo in reducing opioid 
consumption. Among the included techniques, the paravertebral block, which signifi-
cantly reduced morphine consumption, was the most effective. Postoperative pain was 
also evaluated at 12 h after surgery in 53 studies and 24 h after surgery in 65 studies. 
Compared to placebo, the subcostal transversus abdominis plane (TAP) block showed 
the greatest reduction in postoperative pain at 12 h, and the erector spinae plane (ESP) 
block showed the greatest reduction in postoperative pain compared to placebo at 24 h. 
Additionally, PONV was significantly reduced compared to placebo or no intervention in 
40 studies evaluating the ESP block; TAP block; intraperitoneal instillation; and wound/
port invasion, excluding the rectus sheath block, with the TAP block showing the greatest 
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effect on PONV. Additionally, the need for rescue analgesics after 
LC was reduced by all interventions in the 28 studies evaluating 
this outcome, with the quadratus lumborum block being the most 
effective. 

Regrettably, differences in the hospital length of stay was not as-
sessed in this study due to a lack of appropriate performance stud-
ies. Nevertheless, the strength of this study was the inclusion of 
various outcomes besides postoperative pain to evaluate the effect 
of RA on patients undergoing LC. 

Although GA has potential advantages over RA in patients un-
dergoing LC, the challenges of RA will continue to develop, par-
ticularly with advances in medical devices and RA techniques, 
and more diverse results will be expected from ongoing clinical 
studies. 
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Introduction 

The Korean Journal of Anesthesiology (KJA, eISSN: 2005-7563) is an official journal of 
the Korean Society of Anesthesiologists, which was created in 1956 and comprised more 
than 6,000 members in 2022. The KJA continued Taehan Mach’ikwa Hakhoe chi (ISSN: 
0302-5780) from 2009 onwards. Taehan Mach’ikwa Hakhoe chi was launched in 1968 and 
published through 2008 as a Korean-language journal. KJA was published in Korean or 
English in 2009. In 2010, its language was changed to English only. KJA was accepted to 
be listed in PubMed Central on May 24, 2010. Since then, it has been searchable in 
PubMed and PubMed Central—the most critical life science literature databases used by 
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Background: This study aimed to identify the directions of research published in the Ko-
rean Journal of Anesthesiology (KJA) and identify the main topics and journal network 
through a bibliometric analysis. The results can be reflected in strategies for the journal’s 
promotion to a top-ranking journal in the anesthesiology category. 
Methods: KJA articles from January 1, 2017 to September 11, 2022 were retrieved from 
the Web of Science Core Collection on September 11, 2022, and analyzed using Bib-
lioshiny. Journal metrics, the document network, the conceptual structure, and social 
structures were elucidated. 
Results: Out of 525 articles, fewer than half (48.6%) were from Korean corresponding au-
thors. The impact factor steeply increased from 2.316 in 2019 to 5.167 in 2021. The Hirsch 
index of KJA was 24. A co-occurrence network of Keywords Plus showed four clusters of 
central keywords: surgery, management, anesthesia, and mortality. The conceptual struc-
ture map of Keywords Plus showed a main cluster of anesthesia and analgesia, while an-
other minor cluster included intubation and induction. The co-citation network demon-
strated that KJA was in the same cluster of anesthesiology journals. The collaboration net-
work of the authors’ countries showed that Korean authors collaborated mainly with re-
searchers in the United States and Canada. 
Conclusions: These results show KJA’s developmental process of promotion to a top-tier 
journal in the anesthesiology category. Furthermore, the following strategies are suggested 
for journal promotion: recruitment of articles on emerging and highly citable topics; and 
more active collaboration of society members with researchers worldwide. 

Keywords: Anesthesiology; Bibliometrics; Journal impact factor; Periodicals as topic; Re-
public of Korea; Social structure.
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international researchers—from the first issue of 2010 [1]. KJA 
has been included in Scopus since 2010. It was listed in Emerging 
Sources Citation Index (ESCI) in 2016 and in the Directory of 
Open Access Journals in 2017. The editor of KJA received an ac-
ceptance mail from Clarivate to the Science Citation Index Ex-
panded (SCIE) on October 21, 2021. When the 2022 Journal Cita-
tion Report was released on June 28, 2022, KJA received its impact 
factor, 5.167, and its Journal Citation Indicator, 1.29 [2]. These re-
sults are a marvelous achievement that was made possible by the 
editors’ devotion and sacrifice, with unstinting support from the 
Korean Society of Anesthesiologists. 

I have consulted with the editors of KJA since 2009. On January 
9, 2009, there was a meeting with an editor, the late Dr. Soon Ho 
Nam, and other journal promotion committee members. I sug-
gested changing the journal language of KJA to English only for 
inclusion in PubMed Central instead of launching a new En-
glish-language journal and providing a digital object identifier 
(DOI) for each article by depositing in Crossref XML. I also stated 
that collaboration with an international commercial publishing 
company was unnecessary if the journal was indexed in PubMed/
PubMed Central. Dr. Nam accepted my suggestion, changed the 
journal language to English only in 2010, and added the journal 
to PubMed Central immediately after publication in English. I 
have frequently discussed these issues with the next editors, Drs. 

Younsuk Lee, Young Lan Kwak, and Tae Kyun Kim, in order to 
promote KJA to a top-tier journal. On July 1, 2022, a party was 
held to celebrate the inclusion of KJA in SCIE. I was happy to be 
invited to the party (Fig. 1). 

This journal has been an important medium that introduces 
the achievements of anesthesiologists of Korea internationally. It 
is time to present a leadership reinforcement strategy based on 
bibliometric analysis, as has been done for other medical journals 
in Korea, including Ultrasonography [3], Clinical Endoscopy [4], 
and Annals of Laboratory Medicine [5]. A bibliometric analysis 
also clarifies the evolution of specific research fields [6,7]. 

In order to memorialize KJA’s listing in SCIE, I would like to 
provide a bibliometric analysis of the journal. This study aimed to 
identify the directions of research published in KJA and the main 
topics and journal network. The specific topics are listed in the 
Materials and methods section under the Measurements heading. 
This research methodology makes it possible to grasp the research 
trends of local academic journals and help establish development 
strategies in the future. If a research group cluster is identified 
through network analysis between domestic and international re-
searchers, the research topic of that cluster will be easy to identify, 
which will help collaborate with other groups. 

Fig. 1. Photograph of the party to celebrate the KJA’s inclusion in SCIE, held on July 1, 2022, at Seoul Garden Hotel, Seoul, Korea. The author stood 
in the sixth position from the left in the second line (courtesy of the Korean Society of Anesthesiologists). KJA: Korean Journal of Anesthesiology, 
SCIE: Science Citation Index Expanded.
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Materials and Methods 

Ethics statement: Since this was a literature-based study, neither 
the approval by the institutional review board nor the obtainment 
of informed consent was required. 
Study design: This was a bibliometric study based on a literature 
database. 
Setting: Journal Citation Ranking (JCR)® and Web of Science 
Core Collection® searches were done on September 11, 2022. 
Data sources: From the Web of Science Core Collection, KJA arti-
cles from January 1, 2017 to September 11, 2022, were downloaded 
with fields including the author, title, journal title, cited frequency, 
abstract, address, affiliation, publication type, keyword, Web of 
Science category, research field, references, and the number of ref-
erences. Collected data were saved as a text file for analysis. 
Measurements: The following were analyzed based on the Web of 
Science Core Collection: first, the number of articles per year by 
publication type; second, the nationality distribution of corre-
sponding authors; third, frequently citing journals; fourth, trends 
in the impact factor; and fifth, the Hirsch index of the journal. 
The Hirsch index is defined as the number of papers with a cita-
tion number ≥  h, with the index h reached if the number of pa-
pers published over n years (Np) has at least h citations each and 
the other (Np – h) papers have ≤  h citations each [8]. 

The items and topics measured in the bibliometric analysis 
were the same as in the previous work [5]. The program used for 
analysis was Biblioshiny, an app version tool of Bibliometrix [9].  

Bias: There was no selection bias. 
Study size: No sample size estimation was required because all 
the target articles were included. 
Statistical methods: The results are presented as descriptive sta-
tistics. 

Results 

The annual number of articles by publication type: The number 
of articles per year is presented in Fig. 2. The number of research 
articles decreased from 67 in 2017 to 40 in 2021. 
Country-wide distribution of corresponding authors: The arti-
cles were authored by researchers from 33 countries (Supplemen-
tary Material 1). Of 525 articles, 255 (48.6%) were written by cor-
responding authors in Korea, which was followed by India (80, 
15.2%), USA (46, 8.8%), Japan (23, 4.4%), Singapore (17, 3.2%), 
Italy (16, 3.1%), Egypt (14, 2.7%), Canada (12, 2.3%), Turkey (11, 
2.1%), and Germany (7, 1.3%). 
Most frequently citing authors’ countries: The USA, China, and 
Korea were the top three countries of authors who cited KJA, fol-
lowed by India, Italy, England, Canada, and Germany (Supple-
mentary Material 2). 
Most frequently citing journals: The number of journals citing 
KJA was 1,475 (Supplementary Material 3). KJA was the most fre-
quently cited journal (156, 4.9%), followed by the Journal of Clini-
cal Medicine (60, 1.9%), BMC Anesthesiology (45, 1.4%), PLOS One 
(41, 1.3%), Medicine (37, 1.2%), the International Journal of Envi-

Fig. 2. Number of articles of the KJA by publication type from 2017 to September 2022 based on the Web of Science Core Collection. *It includes 
corrections, retracted publications, and retractions [cited 2022 September 11]. KJA: Korean Journal of Anesthesiology.
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ronmental Research and Public Health (32, 1.0%), and the Indian 
Journal of Anaesthesia (28, 0.9%). Mostly journals in the anesthesi-
ology category cited KJA, followed by those in the general medi-
cine category. 
Most frequently cited journals as references: The number of 
journals cited in the references was 2,146. The total number of 
references was 11,919 (Supplementary Material 4). The average 
number of references per article was 22.7. The most frequently 
cited journals were Anesthesia and Analgesia (772 times, 6.5%), 
followed by the British Journal of Anaesthesia (682, 5.7%), Anes-
thesiology (655, 5.5%), KJA (470, 4.0%), and Anesthesia (340, 
2.9%). 
Journal impact factor: The journal impact factors (JIFs) of KJA 
in 2019, 2020, and 2021 were 2.316, 3.714, and 5.167, respectively. 
The JIFs of 2019 and 2020 were manually calculated from the 
Web of Science Core Collection. The 2021 JIF, 5.167, was the 10th 
from the top in the anesthesiology category. 
Hirsch index of KJA: The Hirsch index of KJA was 24 (Supple-
mentary Material 5). The most frequently cited article was ‘What 
is the proper way to apply the multiple comparison test?’ Oct 
2018; 71 (5): 353-360. The next top five articles were all method-
ology articles on multicollinearity, the central limit theorem, miss-
ing values and outliers, systematic reviews, and ANOVA. 
Document network: As a field for the document network, Key-
words Plus was selected because ‘the data in Keywords Plus are 
words or phrases that frequently appear in the titles of an article’s 
references but do not appear in the title of the article itself, and 
Keywords Plus enhances the power of cited-reference searching 
by searching across disciplines for all articles that have cited refer-
ences in common’ [10]. A word cloud based on the 50 most fre-
quent words using Keywords Plus is presented in Fig. 3 and Sup-
plementary Material 6. The top five most frequent words using 
Keywords Plus were anesthesia (36), surgery (33), management 
(30), pain (24), and efficacy (23).  

Trends in topics by year were presented for Keywords Plus. The 
minimum word frequency and the number of words per year 
were each set to five. The top trending topics in 2017 were mor-
phine, postoperative nausea, placebo, age, and septic shock, while 
those in 2021 were tracheal intubation and guidelines (Fig. 4). 
The conceptual structure of documents through a co-occur-
rence network, thematic evolution, and factorial analysis: In 
Biblioshiny, the following conditions were set for the co-occur-
rence network: field, Keywords Plus; network layout, automatic 
layout; normalization; association, clustering; algorithm, Louvain; 
the number of nodes, 50; remove the isolated node, yes; and mini-
mum edges, 4, in accordance with the settings used in a previous 
article [5]. The co-occurrence network is presented in Fig. 5. The 

co-occurrence network of Keywords Plus showed four clusters 
with central keywords (surgery, management, anesthesia, and 
mortality). The first cluster included surgery, efficacy, meta-analy-
sis, analgesia, double-blind, and recovery. 

The map of thematic evolution is presented in Fig. 6 with the 
following conditions: field, Keywords Plus; the number of words, 
250; minimum cluster frequency (per thousand documents), 5; 
weight index, inclusion index weighted by word occurrence; min-
imum weight index, 0.1; the number of cutting points, 1; and cut-
ting year, 1 (2019). The emerging themes in 2020-2022, in con-
trast to 2017-2019, were pain, diagnosis, children, pharmacoki-
netics, acute lung injury, and glycopyrrolate. 

The following conditions were set for the factorial analysis: 
method, multiple correspondence analysis; field, Keywords Plus; 
the number of terms, 50; and the number of the cluster, auto. The 
conceptual structure map is presented in Fig. 7. A main cluster 
comprised the most Keywords Plus, while a minor cluster consist-
ed of induction, tracheal intubation, Remifentanil, sedative, and 
children. 
Intellectual structure of cited journals through a co-citation 
network: The following conditions were set for the co-citation 
network: network layout, automatic; clustering algorithm, Lou-
vain; the number of nodes, 50; removing isolate nodes, yes; and 
minimum edges, 5. The journal titles in the co-citation network 
are listed in Supplementary Material 7. KJA was included in the 
cluster of anesthesiology journals, including Anesthesia and Anal-
gesia, British Journal of Anaesthesia, Anesthesiology, and Anesthe-
sia. The other cluster included journals in the categories of general 
medicine, critical care, surgery, and circulatory system, including 

Fig. 3. Word cloud of the 50 most frequent words (Keywords Plus) 
used in articles published in the KJA from 2017 to September 2022 
based on the Web of Science Core Collection generated from the 
Authors menu of Biblioshiny [cited 2022 September 11]. KJA: Korean 
Journal of Anesthesiology.
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Fig. 4. Trends in topics of Keywords Plus by year for articles published in the KJA from 2017 to September 2022 based on the Web of Science Core 
Collection generated from the Document menu of Biblioshiny [cited 2022 September 11]. KJA: Korean Journal of Anesthesiology.

Fig. 5. Co-occurrence network of Keywords Plus of the KJA from 
2017 to September 2022 based on the Web of Science Core Collection, 
generated from the Document menu of Biblioshiny [cited 2022 
September 11]. KJA: Korean Journal of Anesthesiology.

New England Journal of Medicine, JAMA, British Medical Journal, 
PLOS One, Lancet, Circulation, Annals of Surgery, Critical Care, 
and Critical Care Medicine. 
The social structure of authors’ countries through a collabora-
tion network: The following conditions were set for the collabo-
ration network of authors’ countries: normalization, no; network 
layout, automatic; clustering algorithm, Louvain; the number of 
nodes, 50; remove isolated nodes, yes; and minimum edge, 2. Fig. 

8 shows the collaboration of authors from different countries. Ko-
rea, the USA, and Canada were included in the same cluster. A 
second cluster was the collaboration between Germany and Spain. 
A third cluster included the United Kingdom and Singapore. 

Discussion 

According to the JCR 2022 reports, the JIF of the KJA, 5.167, 
ranked 10th from the top in the category of anesthesiology. KJA is 
unique because it is the only open-access journal indexed in 
MEDLINE and PubMed Central out of the 10 top-ranking jour-
nals. The other nine journals are indexed only in MEDLINE. This 
result reflects the competency of the society members. Further-
more, international commercial publishing companies publish the 
other nine top-tier journals in the anesthesiology category. Only 
KJA is published by an academic society. In the market of scholar-
ly journals, it is difficult for an academic society journal to be 
competitive with commercial publishers’ journals due to budget 
shortages, professional staffing, and marketing ability. There is no 
article processing charge; instead, the cost of printing is required 
for Korean authors, but this fee is waived for authors from other 
countries. Therefore, KJA can be categorized as a diamond open 
access journal [11]. All publication costs are covered with support 
of the publisher (the Korean Society of Anesthesiologists), the Ko-
rean Federation of Science and Technology Societies, and adver-
tising fees. Therefore, the current promotion to a top-tier journal 
was indebted to the longstanding devotion and sacrifice of the ed-
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Fig. 6. Thematic evolution map of Keywords Plus for articles published in the KJA from 2017 to September 2022 based on the Web of Science 
Core Collection generated from the Conceptual Structure menu of Biblioshiny [cited 2022 September 11]. KJA: Korean Journal of Anesthesiology.

Fig. 7. Conceptual structure map of Keywords Plus based on multiple correspondence analyses in articles published in the KJA from 2017 
to September 2022 based on the Web of Science Core Collection generated from the Conceptual Structure menu of Biblioshiny [cited 2022 
September 11]. Dim: Dimension, KJA: Korean Journal of Anesthesiology.
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itors and reviewers. 
Korea was the most common country of authors in KJA, but 

Korean authors consisted of fewer than half of all authors. Al-
though the regional focus of KJA is mainly on Korea, it is an in-
ternational journal, as shown by its publication of articles by au-
thors from 33 countries. Its international scope is also supported 
by the 109 citing authors' countries. The 1,475 journals that cited 
KJA furnish evidence of the usability of KJA, not only in anesthe-
siology but also in other fields. . There was a discrepancy between 
the references cited in KJA and citing journals. Although the cited 
journals were mainly anesthesiology journals, the citing journals 
consisted of both journals in the anesthesiology category and 
those in the general medicine category. This phenomenon may 
reflect the general purpose of KJA in the medical field. The Hirsch 
index of KJA, 24, showed its usefulness for researchers worldwide. 
The top six most cited articles were about statistics and study de-
sign, which indicates that high-quality, well-described methodol-
ogy articles can be used and cited by researchers very frequently. 
Furthermore, the editor of KJA has invited society members who 
are particularly competent in study methodology to author arti-
cles. These experts have contributed to improving the quality of 
articles. 

The word cloud provided the main topics of articles, which in-
cluded anesthesia, surgery, management, and pain. These are be-
lieved to be the main topics of common anesthesiology journals. 

Trends in topics and the thematic evolution map provide infor-

mation on yearly changes in the main topics. The former provides 
information on the independent topics that are mainly dealt with, 
while the latter presents the evolution of a specific topic in relation 
to other topics. The thematic evolution indicated that surgery was 
diversified into surgery, analgesia, pain, anesthesia, and diagnosis. 
The topic of mortality evolved into general anesthesia and acute 
lung injury . Those trends in new topics may become the main 
themes of research articles, which can be considered essential 
components of the scope of the journal. 

The co-occurrence network of Keywords Plus showed four 
clusters of topics, including three main components of the jour-
nal’s scope: anesthesiology, critical care, and pain medicine. An-
other cluster was formed by surgery and analgesia . 

Although the conceptual structure map of Keywords Plus pro-
vided one large cluster and another small cluster, in the analysis 
for KJA, the small cluster was negligible, including tracheal intu-
bation, induction, remifentanil, and infants. This means that most 
concepts of KJA were included in a single cluster. 

The journal titles in the co-citation network were grouped into 
two clusters: one corresponding to the anesthesiology category, 
and one to the general medicine category. A co-citation is defined 
as a connection between two documents that are simultaneously 
cited by a third document. Commonly cited documents have 
common themes or themes used to select information that can 
create a consensus about ideas and structures [12]. KJA is grouped 
in the anesthesiology category, which has common themes. 

The collaboration network of authors’ countries consisted of 
three clusters: Korea-USA-Canada, Germany-Spain, and Singa-
pore-United Kingdom. It means that Korean researchers have the 
potential to collaborate with researchers worldwide. International 
collaboration should be encouraged to promote research quality 
and evidence-based medicine. Multi-national studies will be a 
priority in selecting the diagnosis and treatment of patients. 

Various tools for bibliometric analysis and network analysis re-
search are being introduced. Biblioshiny is a program that collects 
and analyzes literature using R version 4.2.0 (Foundation for Sta-
tistical Computing, Austria) [9]. In Korea, there are not many re-
sults of bibliometric analysis and network analysis for academic 
journals, although studies have conducted such analyses for Clini-
cal Endoscopy and Annals of Laboratory Medicine. In Clinical En-
doscopy, the ‘colorectal cancer-colonoscopy-randomized con-
trolled trial’ cluster had the most important influence and the 
highest centrality. Most of the citations (84.7%) were from outside 
Korea, indicating that the journal’s content is helpful to physicians 
worldwide [4].  

In Annals of Laboratory Medicine, the Keywords Plus co-occur-
rence network identified four clusters: diagnosis, identification, 

Fig. 8. Collaboration network of authors’ countries in articles 
published in the KJA from 2017 to September 2022 based on the Web 
of Science Core Collection generated from the Social Structure menu 
of Biblioshiny [cited 2022 September 11]. KJA: Korean Journal of 
Anesthesiology.
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prevalence, and risk. A Keywords Plus conceptual structure map 
based on multiple correspondence analysis showed two clusters 
(laboratory bacterial susceptibility and clinical course). A co-cita-
tion network indicated that Annals of Laboratory Medicine was 
within a cluster of the New England Journal of Medicine, The Lan-
cet, JAMA, and Annals of Internal Medicine. The collaboration 
network showed that Korean authors mainly collaborated with re-
searchers in the United States, Germany, and Italy [5]. 

Another example of analysis on a specific topic is for ‘SARS-
CoV-2,’ ‘COVID,’ or ‘novel coronavirus’ [6]. An analysis of a 
search of the Web of Science Core Collection literature on January 
30, 2021, showed that Korean authors published 3.2 times more 
articles related to COVID-19 in international journals than in do-
mestic journals. The conceptual structure of Keywords Plus by 
factor analysis showed two clusters: ‘pathology and clinical treat-
ment’ and ‘knowledge and attitude.’ Korean researchers actively 
collaborated with researchers from other countries, especially 
American researchers. These results suggest that since only a few 
domestic journals are included in the journal cluster through cou-
pling and co-citation networks, more active citation of Korean 
journals should be encouraged. Human behavior was identified as 
a separate topic in COVID-19 research from clinical research. 

This study has no noteworthy limitations. 
According to the above results and interpretation, the following 

steps are recommended for journal promotion. First, new topics 
should be carefully observed. For example, anesthesia for 
COVID-19 patients has been a hot topic recently and has been 
cited many times. Tracing trends in topics and thematic evolution 
is necessary. Second, methodology articles have received enor-
mous numbers of citations because of their excellent quality. It is 
necessary to continue regularly publishing articles on new and 
critical topics. Furthermore, articles on essential topics in anesthe-
siology should be recruited more actively, including clinical 
guidelines and emerging topics. Third, the society members’ col-
laboration with international researchers for multi-nation study 
should be encouraged for more widely-applicable results suitable 
for use in practice. Those efforts may not be easy. The publisher’s 
full support for the editor’s work is essential to achieve the jour-
nal’s promotion to a top-ranking journal. 

Next, some publishing policies should be more lucidly an-
nounced and implemented. Fourth, a preprint policy should be 
announced to recruit preprint submissions. Out of 76 academic 
society journals in Korea included in SCIE, 10 journals an-
nounced preprint policies in January 2021 [13]. Each journal can 
make a policy choice to accept preprints or not. However, the pre-
print policy itself should be announced to researchers. Fifth, al-
though KJA has adopted a clinical data sharing policy, this policy 

has been only a declaration, and no description of the clinical data 
sharing has been presented in articles. The data sharing policy is 
another policy for sharing research data beyond clinical data. Out 
of 170 Web of Science journals selected from the 2018 Scimago 
Journal and Country Ranking, 43 (25.9%) announced an optional 
policy, and one declared a mandatory policy in June 2020 [14]. It 
is also the journal’s choice to maintain a data sharing policy or 
not. However, it would be preferable to announce the data sharing 
policy in terms of the five levels of sharing: no policy, encourage, 
expect, mandate, and mandate with data peer review [15]. 

A bibliometric study with a document network and the concep-
tual and social structures of KJA showed its developmental pro-
cess of promotion to a top-tier journal in the anesthesiology cate-
gory. Trends in topics and thematic evolution can provide infor-
mation on emerging topics, so editors should be alert to those re-
sults. A co-occurrence network and analyses of documents’ con-
ceptual structure and social structure suggested strategies for 
journal promotion, including the recruitment of emerging and 
highly citable topics and the more active collaboration of society 
members with researchers worldwide. Furthermore, preprint and 
data-sharing policies should be announced with a more concrete 
description. I respect and applaud the competence of the editorial 
board and society members, and I anticipate that KJA will prosper 
and will maintain its role in disseminating precious information 
to patients requiring anesthesia, critical care, and pain control. 
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Clinical Research Article

Background: Needle insertion for spinal anesthesia using the Taylor approach is challeng-
ing as the L5-S1 space is difficult to locate from the surface anatomy. In this study, we sug-
gest the use of three-dimensional (3D) pelvis computed tomography (CT) to assist anes-
thesiologists in locating the needle insertion point. By comparing the success rate of 3D 
pelvis CT-assisted Taylor approach to that of other approaches in the existing literatures, 
we suggest this technique as an alternative method for subarachnoid block in the L5-S1 
space.
Methods: In this retrospective observational study, we reviewed the records of hip arthro-
plasty using the 3D pelvis CT-assisted Taylor approach. An imaginary guidance line was 
created from the intersection point of the midline and intercristal line on the posterior 
view of the 3D pelvis CT to the ideal skin insertion point for Taylor approach. The prima-
ry outcome was the success rate. The secondary outcomes included the angle between the 
intercristal line and the guidance line, and the length of the guidance line and the distance 
between the ideal needle insertion point and the L5-S1 space.
Results: We reviewed the records of the 276 patients who underwent hip arthroplasty us-
ing 3D CT-assisted Taylor approach. In this cohort, the 3D CT-assisted Taylor approach in 
L5-S1 subarachnoid block failed in only 25/276 patients. The success rate of 3D CT-assist-
ed Taylor approach was 90.9%.
Conclusions: Three-dimensional pelvis CT-assisted Taylor approach of spinal anesthesia 
can be an alternative method for subarachnoid block in the L5-S1 space with an acceptable 
success rate.

Keywords: Aged; Anesthesiologists; Congenital abnormalities; Femoral neck fractures; 
Men; Pelvis; Spinal anesthesia; Women.

Introduction 

Performing spinal anesthesia can be challenging in some elderly patients. Spinal defor-
mities due to aging, postoperative surgical scars, and metallic instrumentation during spi-
nal surgery are major obstacles to the success of spinal anesthesia. Gupta et al. [1] conclud-
ed that Taylor’s approach could be a reliable and less traumatic alternative to the midline 
approach for lumbar puncture in deformed spine. The Taylor’s approach of spinal anesthe-
sia, which is performed in the L5-S1 interlaminar interspace can solve this problem. 

In the Taylor approach, a spinal needle is inserted in the cephalomedial direction 
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through a skin wheal raised 1 cm medial and 1 cm caudal to the 
lowermost prominence of the posterior superior iliac spine (PSIS) 
[2]. However, it is challenging for a beginner to analyze the pa-
tient’s surface anatomy to localize the needle insertion point that 
needs to reach to the L5-S1 space (target). The needle insertion 
point is supposed to be situated near the ‘skin dimples,’ which cor-
responds to the lowermost prominence of the PSIS. However, not 
all elderly patients have remarkable skin dimples on their lower 
back. In addition, it is difficult to estimate the location of the tar-
get (L5-S1) space. The ‘cephalomedial direction’ is all the informa-
tion a novice anesthesiologist is provided to imagine its position. 
These two obstacles prompted us to focus on the three-dimen-
sional (3D) pelvis computed tomography (CT). 

Anesthesiologists utilize the measurements from radiological 
studies to decide the correct needle insertion depth and direction 
for the spinal anesthesia. When we had planned a Taylor approach 
for the spinal anesthesia, the pelvis 3D CT had benefited us in 
identification of the needle insertion point and direction towards 
the target space. Analysis of the three dimensional bony structures 
allowed us to easily identify the anatomical landmarks. 

We assumed that the success rate of the Taylor approach would 
be acceptable when anesthesiologists use the 3D CT to identify 
the needle insertion point. We compared our success rate to those 
calculated in other studies to prove this hypothesis. Zhang et al. 
[3] previously reported the success rate of an elevated lateral re-
cumbent position (ELP) and the regular lateral recumbent posi-
tion (LRP) with the paramedian approach to the subarachnoid 
space. Successful dural puncture within two attempts of the ELP 
and the LRP had success rates of 97.8% and 82.8%, respectively 
[3]. Gupta et al. [1] reported a failure rate of 15% with the conven-
tional Taylor’s approach. Our primary outcome was the success 
rate of the 3D CT-assisted Taylor approach, and the secondary 
outcomes were the mean values of the angles and lengths leading 
to the needle insertion point. Additionally, we analyzed whether 
patient factors, such as body mass index (BMI), scoliosis, kypho-
sis, and spinal instrumentation, would have a negative impact on 
the success of this technique.   

Materials and Methods 

This was a retrospective observational study in a single center. 
After obtaining approval from the Institutional Review Board 
(IRB no. 19RESI0047) of Daejeon St. Mary’s Hospital (Daejeon, 
Korea), the medical records of 280 patients who underwent hip 
arthroplasty with 3D pelvis CT from March 2018 to May 2019 
were assessed for eligibility for this study. All the procedures were 
conducted in accordance with the Helsinki Declaration-2013. 

Four cases were excluded from the review (Fig. 1) as their con-
ditions were not suitable for the subarachnoid block. The exclu-
sion criteria were (1) International Normalized Ratio (INR) over 
1.5, (2) warfarin treatment within 5 days, (3) platelet number of 
below 100,000 microliters of blood, (4) patient refusal, and (5) 
noncooperation due to confused mental status. Only one anesthe-
siologist attempted 3D pelvis CT-assisted Taylor approach for the 
spinal anesthesia. The following two conditions were requisite for 
the success of the 3D CT-assisted Taylor approach: (1) free flow of 
cerebrospinal fluid following a maximum of five trials of dural 
puncture, (2) no complaints of pain relating to the surgical inci-
sion. The number of trials is defined as the number of skin punc-
tures. Angles and lengths for the identification of the needle inser-
tion point was measured from the 3D pelvis CT and the imagi-
nary target distance from the needle insertion point was estimated 
from the 3D pelvis CT. Data on BMI were collected, and spinal 
deformities, such as compression fracture, kyphosis, scoliosis, me-
tallic instrumentation, and vertebroplasty, were analyzed using a 
simple L-spine radiograph interpreted by the radiologists. 

Clinical practice of 3D pelvis CT-assisted Taylor 
approach in the operating room 

Informed consent was obtained from patients who were sched-
uled for a hip arthroplasty. The 3D pelvis CT of the patients 
scheduled for surgery was confirmed by one physician. We deter-
mined the needle insertion point and the target (L5–S1) space for 
the Taylor approach (Fig. 2) with the following procedure: 

From the posterior view of the 3D pelvis CT, we selected the 
image wherein the symphysis pubis met the midline. (1) The nee-
dle insertion point for the Taylor approach (A) was 1 cm medial 
and 1 cm caudal to the PSIS. (2) The target (T) is defined as the 
point where the midline meets the L5-S1 interlaminar space. (3) 

Fig. 1. The exclusion criteria from the review. 3D: three-dimensional, CT: 
computed tomography, INR: International Normalized Ratio.

Patients who underwent hip 
arthroplasty with 3D-Pelvic CT 

(n = 280)

276 cases

Excluded criteria
1.5 < INR (n = 1), Warfarin treated 

within 5 days (n = 2), Dementia (n = 1)
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The intercristal line connects the two iliac crests. (4) The midline 
was perpendicular to the intercristal line. In the case of spinal sco-
liosis, the midline drawn on the sacrum was elongated to the lum-
bar area. (5) ‘B’ is the point where the intercristal line meets with 
the midline. (6) ‘X’ is the length between B and A. (7) ‘Y°’ is the 
angle between the intercristal line and the B-A line. (8) ‘X cm’ and 
‘Y°’ form a pair of length and angle representing the location of ‘A,’ 
and (9) ‘t cm’ is the length from B to the target (L5-S1) on the 
midline. 

The procedure was performed with the patient in the sitting 
position on the bed after intravenous administration of midazol-
am 0.5–2 mg and fentanyl 50–100 µg. All procedures were per-
formed with the aseptic method. The intercristal line and midline 
were drawn. From intersection B, we drew a line that was Y° 
down the intercristal line using a protractor. We marked ‘A’ as the 
point of needle insertion, X cm from B. Finally, the target (L5-S1 
space: t cm from B) was located (Fig. 3). A 3.5-inch spinal needle 
was inserted toward ‘T’ through ‘A.’ If a bone was encountered on 
the first needle insertion, the needle was walked off the sacrum 
into the target (T; L5-S1 space). After confirming the free flow of 
cerebrospinal fluid, 20 mg of heavy bupivacaine was administered. 
After being transferred from the bed to the operating table, the 
patient was placed in the Trendelenburg position for a few min-
utes. The level of the block was confirmed by the pinprick test. 
Once the level of the block reached the T10 dermatome, the pa-
tient was switched to the lateral position for surgery. The patient 
was sedated with propofol infusion at a rate of 150–200 mg/h with 
an initial bolus of 30 mg. Capnography was used to monitor the 

patient’s breathing. All procedures in this study were performed 
by one anesthesiologist. 

Statistical analysis 

The sample size was based on the available data during the 
study period. The means for continuous variables were compared 
using the unpaired Student’s t-test. The chi-squared test was used 
to compare categorical valuables, and P <  0.050 was considered 
statistically significant. All statistical analyses were performed us-
ing SPSS version 15 (SPSS Inc., USA). 

Results 

We reviewed the medical records of 280 patients who under-
went hip arthroplasty with 3D pelvis CT from March 2018 to May 
2019. Four patients were excluded from the study as they showed 
contraindications for subarachnoid block (Fig. 1). 

Primary outcome 

The success rate of 3D-CT assisted Taylor’s approach was 

Fig. 3. Determining the needle insertion point and the target (L5-
S1) space for the Taylor approach on 3D pelvis CT. A: The needle 
insertion point for the Taylor approach. A was 1 cm medial and 1 cm 
caudal to the posterior superior iliac spine. T: The target point where 
the midline meets the L5–S1 interlaminar space. The intercristal line 
connects the two iliac crests. The midline was perpendicular to the 
intercristal line. B: The point where the intercristal line meets with the 
midline. X: The length between B and A. Y°: The angle between the 
intercristal line and B-A line. “X cm” and “Y°” form a pair of length 
and angle representing the location of “A” and “t cm” is the length from 
B to the target (L5–S1) on the midline. 3D: three-dimensional, CT: 
computed tomography, PSIS: posterior superior iliac spine.

Intercristal line
Midline

PSIS

T: L5–S1 space X cm

Fig. 2. Clinical practice of 3D pelvis CT-assisted Taylor approach in the 
operating room. 3D: three-dimensional, CT: computed tomography.

Intercristal line

Midline

L5-S1 space (T)
X cm

t cm

https://doi.org/10.4097/kja.2209914

Oh et al. · CT-assisted Taylor approach

https://doi.org/10.4097/kja.22099


90.9%, and the number of trials between the success group and 
the failure group was 2.4 ±  1.6 and 5.6 ±  1.1 (P <  0.010), respec-
tively (Table 1).  

Secondary outcome  

The needle insertion point A was located on a line approxi-
mately 65.5 ±  5.8° from the intercristal line (success group: 65.5 
±  6.4°, failure group: 65.6 ±  4.9°) (P =  0.961) and 5.9 ±  0.6 cm 
from point B (success group: 5.9 ±  0.7 cm, failure group: 5.9 ±  
0.4 cm) (P =  0.810). The target (L5-S1 space) was 2.7 ±  0.6 cm 
(success group: 2.7 ±  0.5 cm, failure group: 3.1 ±  0.6 cm) (P =  
0.030) from point B (Table 2). 

BMI and spinal deformities such as compression 
fracture, kyphosis, scoliosis, metallic instrumentation, 
and vertebroplasty 

The BMI was 22.4 ±  3.7 kg/m2 and 23.5 ±  3.7 kg/m2 (P =  
0.172) in the success and failure groups, respectively. Compres-
sion fractures developed in 59% of women (men: 32%), kyphosis 
in 8% (men: 7%), scoliosis in 20% (men: 11%), metal instrumen-
tation in 13% (men: 7%), and vertebroplasty in 32% (men: 14%). 
The number of spinal deformities was 1.3 (failure: 1.1) and 0.7 

(failure: 0.8) in women and men, respectively, in the success group 
with no statistically significant difference between the number of 
spinal deformities and the success rate. 

Discussion 

This study showed that spinal anesthesia using the 3D pel-
vis-assisted Taylor approach was successful in 90.9% of patients 
who underwent hip arthroplasty. 

Spinal anesthesia is recommended for isolated orthopedic inju-
ries, such as femoral neck fracture, owing to the lower mortality 
rate, shorter hospital stay, and lower incidence of delirium in the 
postoperative period for elderly patients [4]. However, spinal an-
esthesia in elderly patients is more time-consuming and has lower 
success rates than that in young patients. This has led some anes-
thesiologists to attempt the Taylor approach. The L5-S1 space is 
not only wider than the other intervertebral spaces [5], but is also 
the most suitable space for the spinal block when other interspac-
es are not easy to approach due to spinal deformities [1]. 

In our center, 3D pelvis CT is always prescribed by orthopedic 
surgeons for their surgical procedure [6]. This imaging modality 
provides more stereoscopic vision than simple X-ray or 2D-CT, 
and anatomical landmarks are more distinctive on 3D pelvis CT 
than other imaging studies. 

The success rate of the 3D pelvis CT-assisted Taylor approach 
was 90.9% in our study, which is comparable with that of other 
studies. Zhang et al. [3] reported the success rate of an ELP and 
the regular LRP with the paramedian approach to the subarach-
noid space. Successful dural puncture within two attempts of the 
ELP and the LRP had success rates of 97.8% and 82.8%, respec-
tively [3]. Gupta et al. [1] reported a failure rate of 15% with the 
conventional Taylor’s approach. There were no significant statisti-
cal differences between the number of spinal deformities and the 
success rate. Contrary to anesthesiologist’s expectations, the num-
ber of spinal deformities had no negative contribution to the suc-
cess of the 3D pelvis CT-assisted Taylor approach. This could be 

Table 2. Secondary Outcomes Used for Locating Needle Insertion Points

Angle and distance for A* From B to the target (L5-S1)†

Y° (degree)‡ X (cm)§ t cmΙΙ

Success (n =  251) 65.5± 6.4 5.9± 0.7 2.7± 0.5
Failure (n =  25) 65.6± 4.9 5.9± 0.4 3.1± 0.7
Mean 65.5± 5.8 5.9± 0.6 2.7± 0.6
P value 0.961 0.810 0.030
Values are presented as mean ± SD. *The needle insertion point for the Taylor approach (A) was 1 cm medial and 1 cm caudal to the PSIS. †B is the 
point where intercristal line meets with the midline. ‡Y is the angle between the intercristal line and B-A line. §X is the length between B and A. ΙΙ‘t 
cm’ is the length from B to the target (L5-S1) on the midline. PSIS: posterior superior iliac spine.

Table 1. Demographic Data and Primary Outcomes in the Study Cohort

Variable Success group
(n =  251)

Failure group
(n =  25) P value

Sex (M/F) 45/206 7/18 0.221
Age (yr) 79.2± 9.1 79.6± 6.2 0.823
Height (cm) 154.6± 9.2 154.1± 6.7 0.780
Weight (kg) 53.6± 10.0 55.8± 9.7 0.290
BMI (kg/m2) 22.4± 3.7 23.5± 3.7 0.174
Number of trials 2.4± 1.6 5.6± 1.1 <  0.010
Values are presented as number of patients or mean ± SD. BMI: body 
mass index.

15https://doi.org/10.4097/kja.22099

Korean J Anesthesiol 2023;76(1):12-16

https://doi.org/10.4097/kja.22099


explained by the fact that the L5-S1 space is the widest despite 
pathological spinal diseases. 

This study leaves three questions unsolved. First, the compari-
son between the 3D pelvis CT-assisted approach and the usual 
Taylor approach needs to be expanded upon. A prospective con-
trol study is needed to prove that the 3D pelvis CT-assisted Taylor 
approach is superior to other approaches. Second, the pelvic CT is 
performed in a supine posture whereas the 3D pelvis CT-assisted 
Taylor approach is performed in a sitting position. The difference 
between those two postures may affect the results, and a related 
analysis is further required. Lastly, the entire medical records for 
the analysis revealed that only one anesthesiologist had performed 
the 3D pelvis CT-assisted Taylor approach in this. Thus, the pri-
mary outcomes may depend on the anesthesiologist’s proficiency 
with the technique. The fact that the success group had no statisti-
cally significant difference between the number of spinal deformi-
ties and the success rate empowers this possibility. Further studies 
are needed to reflect this factor in extracting the primary out-
come. 

In our conclusion, 3D-pelvis CT-assisted Taylor approach can 
be an alternative approach useful for locating the spinal needle in-
sertion point and the target (L5-S1) space in hip arthroplasty with 
acceptable success rate. 
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Clinical Research Article

Background: The application of a heated-humidified breathing circuit (HHBC) may re-
duce respiratory heat loss during mechanical ventilation, but its effect in preventing intra-
operative hypothermia is controversial. This study aimed to investigate the effectiveness of 
HHBC in maintaining the core temperature of patients receiving mechanical ventilation 
under general anesthesia. 
Methods: We searched MEDLINE, Embase, Cochrane library (CENTRAL), and Google 
Scholar to identify all randomized controlled trials (RCTs) up to February 2022 that com-
pared the intraoperative core temperature in patients with heated humidifier (HH) and 
other circuit devices. The primary outcome was the intraoperative core temperature at the 
end of surgery. The weighted mean differences (WMDs) between the groups and their 
95% CIs were calculated for each outcome. We performed a trial sequential analysis of the 
primary outcomes to assess whether our results were conclusive. 
Results: Eighteen RCTs with 993 patients were included in the analysis. A significantly 
higher core temperature was observed at the end of surgery in patients with HH than 
those with no device (WMD = 0.734, 95% CI [0.443, 1.025]) or heat and moisture ex-
changer (WMD = 0.368, 95% CI [0.118, 0.618]), but with substantial heterogeneity. 
Conclusions: Although HHBC did not absolutely prevent hypothermia, this meta-analy-
sis suggests that it can be used as an effective supplemental device to maintain the intraop-
erative core temperature under general anesthesia. However, considering the substantial 
heterogeneity and limitations of this study, further well-designed studies are needed to 
clarify the effectiveness of HHBC. 

Keywords: Body temperature; Closed-circuit anesthesia; General anesthesia; Heating; Hy-
pothermia; Meta-analysis; Systemaic review.

Introduction 

Hypothermia refers to a drop in the core body temperature and is a common problem 
in anesthetized patients during surgery [1]. After induction of anesthesia, the patient’s 
core temperature rapidly decreases during the first hour, mainly due to core-to-periph-
eral redistribution of heat following anesthetic-induced vasodilation. Thermoregulatory 
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impairment due to anesthesia and the cold operating room envi-
ronment keep these patients hypothermic [2]. 

Although impairment of thermoregulation is a major factor in 
hypothermia during general anesthesia, respiratory heat loss also 
plays a role. When endotracheal intubation is performed in pa-
tients under general anesthesia, inspiratory gases become cold 
and dry due to a lack of heating and humidification in the normal 
upper airway [3]. Given these physiological changes, the applica-
tion of a heated humidifier (HH) may prevent respiratory heat 
loss and help maintain body temperature. A breathing circuit with 
a built-in heating and humidification system called a heated-hu-
midified breathing circuit (HHBC) has been recently introduced 
and is widely used in clinical practice for this purpose [4]. 

As even mild hypothermia can cause serious perioperative 
complications such as coagulopathy, wound infection, deteriora-
tion of cardiovascular function, and delayed recovery time [1,5], 
preventing temperature decline has always been a major concern 
in perioperative management. Several studies have investigated 
the effect of active warming of inspired gases using HH or HHBC 
for the prevention of intraoperative hypothermia. However, the 
results vary, and controversy regarding the effectiveness of active 
airway warming devices still exists [2,6–8]. 

To the best of our knowledge, no systematic review or me-
ta-analysis has been conducted to summarize or integrate these 
inconsistent findings. The purpose of this study was to evaluate 
the effects of active heating and humidification of inhalation gases 
on the core temperature of patients receiving mechanical ventila-
tion under general anesthesia. It also aimed to provide a basis for 
the utility of HHBC to healthcare providers and policymakers. By 
comparing the intraoperative core temperature of patients treated 
with HH or HHBC to that of patients treated with other circuit 
devices, we reviewed and synthesized evidences from relevant 
studies published to date. 

Materials and Methods 

The systematic review and meta-analysis with trial sequential 
analysis (TSA) was developed according to the Preferred Report-
ing Items for Systematic Review and Meta-Analysis Protocol 
(PRISMA-P) [9]. The protocol of this study was prospectively 
registered in the PROSPERO network (registration number: 
CRD42021274160; www.crd.york.ac.uk/prospero) on September 
14, 2021. This study was conducted according to the recommen-
dations of the Cochrane Collaboration [10] and reported by ob-
serving the PRISMA statement [11]. There are differences be-
tween this article and the registered protocol in terms of perfor-
mance of additional subgroup analysis according to the location 

of temperature probe (esophageal vs. non-esophageal). 

Inclusion and exclusion criteria 

The inclusion and exclusion criteria were determined before 
conducting the study. We included full reports of randomized con-
trolled trials (RCTs) that investigated the effects of active airway 
warming (HH or HHBC) in patients under general anesthesia. 

The PICO-SD information was comprised as follows: 
Patients (P): All patients receiving mechanical ventilator care for 
elective surgery under general anesthesia 
Intervention (I): Active airway warming devices including HH 
and HHBC 
Comparison (C): Conventional breathing circuit, passive hu-
midifier (heat and moisture exchange filter), and other airway 
heating strategies  
Outcome measurements (O): The primary outcome of this sys-
tematic review and meta-analysis with TSA was the intraopera-
tive core temperature at the end of surgery. The secondary out-
comes were the intraoperative core temperature at other time 
points and pooled combined intraoperative core temperature of 
multiple time points. 
Study design (SD): Full reports of RCTs 
Studies involving children ( <  18 years of age) or animals, review 
articles, case reports, case series, letters to the editor, commen-
taries, proceedings, and any other non-relevant studies were ex-
cluded. 

Search strategy 

Two independent investigators (G.J.C. and H.K.) carried out a 
comprehensive search in the OVID-MEDLINE, OVID-Embase, 
Cochrane Central Register of Controlled Trials (CENTRAL), and 
Google Scholar databases for relevant articles in October 2021 
and made final updates by February 2022. Search terms were de-
veloped in consultation with a medical librarian and included a 
combination of free text, Medical Subject Headings, and EM-
TREE terms including ‘heat,’ ‘humidified,’ ‘circuit,’ and ‘random-
ized controlled trial.’ The search terms used in MEDLINE and 
EMBASE are presented in Supplementary Material 1. We also 
conducted a search of gray literature using OpenSIGLE. Addition-
ally, to ensure that all available studies were searched, we manually 
scanned the reference lists of the searched original papers until no 
further relevant studies could be found. We did not apply limita-
tions on the publication date or language. 
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Study selection 

Two investigators (J.J.L. and W.J.L.) independently reviewed the 
titles and abstracts of the identified studies. If a study was consid-
ered eligible on the basis of the title or abstract, the full paper was 
retrieved and evaluated. Potentially relevant studies identified by 
at least one investigator or studies with an abstract that could not 
provide sufficient information regarding the eligibility criteria 
were retrieved and full-text versions were evaluated. Both investi-
gators discussed their opinions to arrive at a consensus as to 
whether a study should be included. In cases where a consensus 
could not be reached, disagreement over inclusion or exclusion 
was resolved with a discussion with a third investigator (H.K.). 

Kappa statistics were used to measure the degree of agreement 
for study selection between the two independent investigators. 
Kappa statistics were interpreted as follows: 1) less than 0, less 
than chance agreement; 2) 0.01 to 0.20, slight agreement; 3) 0.21 
to 0.40, fair agreement; 4) 0.41 to 0.60, moderate agreement; 5) 
0.61 to 0.80, substantial agreement; and 6) 0.8 to 0.99, almost per-
fect agreement [12]. 

Data extraction 

Using a standardized data collection form, two independent in-
vestigators (J.J.L. and W.J.L.) extracted all interrelated data from 
the included studies and cross-checked them. When the investi-
gators disagreed, the article was re-evaluated by each investigator 
until a consensus was reached. If no consensus was reached, a 
third investigator (H.K.) was consulted. 

The following data were extracted: (1) title, (2) name of the first 
author, (3) name of the journal, (4) year of publication, (5) study 
design, (6) country, (7) language, (8) risk of bias, (9) type of sur-
gery, (10) inclusion criteria, (11) exclusion criteria, (12) sex, (13) 
age, (14) number of subjects, (15) any airway heating and humidi-
fying devices and warming manipulations applied intraoperatively, 
and (16) nature of primary and secondary outcomes investigated. 

We selected the core body temperature data if various tempera-
ture data were reported in the study. Means and standard devia-
tions of intraoperative core temperatures were initially extracted 
from tables or text or calculated from the available data, if possi-
ble. Data presented only in a graphical format were derived from 
the open-source software Plot Digitizer (version 2.6.8; http://plot-
digitizer.sourceforge.net) [13]. If the values were incomplete or 
not reported, we attempted to contact the corresponding author 
to obtain the relevant information. 

Risk of bias assessment 

Two independent investigators (J.J.L. and S.B.C.) critically ap-
praised the quality of each study using the revised Cochrane risk 
of bias tool for randomized trials (RoB 2.0 version) [14]. Initially, 
investigators rated each domain in every study: D1) bias arising 
from the randomization process, D2) bias due to deviations from 
the intended interventions, D3) bias due to missing outcome data, 
D4) bias in measurement of the outcome, and D5) bias in selec-
tion of the reported result. The overall risk of bias was also evalu-
ated. It was judged as low risk when the risk of bias for all domains 
was low; high, when the risk of bias for at least one domain was 
high or the risk of bias for multiple domains was of some concern; 
and some concern, if the overall judgment was neither low nor 
high. In cases where a consensus could not be reached, disagree-
ment was resolved by discussion with a third investigator (H.K.). 

Data analysis 

Conventional meta-analysis 
Meta-analysis was conducted using Comprehensive Me-

ta-Analysis version 2.0 (Englewood, NJ, USA, 2008). Two investi-
gators (J.J.L. and W.J.L.) independently inputted all data into the 
software. The weighted mean difference (WMD) and 95% CI 
were calculated for each outcome. 

We used the chi-square and I2 tests to explore the heterogeneity 
between the studies [15]. A Pchi

2 less than 0.1 or an I2 greater than 
50% was considered to indicate considerable heterogeneity. A 
fixed effects model was selected if Pchi

2 ≥  0.10 and I2 ≤  50%. In 
cases of Pchi

2 <  0.10 or I2 >  50%, a random effects model was used 
[16]. 

To explore heterogeneity, we performed a sensitivity analysis by 
removing one study at a time and determining whether it altered 
the results. 

Subgroup analyses were performed according to the location of 
the temperature probe (esophageal vs. non-esophageal). Publica-
tion bias was assessed using Begg’s funnel plot and Egger’s linear 
regression test, and a P value <  0.05 was used to identify the pres-
ence of a publication bias; otherwise, funnel plots for each data set 
were visually assessed for asymmetry. If a publication bias was 
present, a trim-and-fill analysis was performed to evaluate its ef-
fect [17]. 

TSA 
We additionally performed a TSA on the intraoperative core 

temperature at the end of surgery using TSA software (Copenha-
gen Trial Unit, Centre for Clinical Intervention Research, Den-
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mark) to assess whether the results of the conventional meta-anal-
ysis were conclusive. Conventional meta-analysis runs the risk of 
overestimation (type I errors) or underestimation (type II errors) 
owing to sparse data [18]. TSA provides more information on the 
precision and uncertainty of meta-analysis results, specifically the 
required information size (RIS) and a threshold for statistical sig-
nificance, which controls the risk of potential false-positive and 
false-negative findings of meta-analyses. We used a random ef-
fects model with the DerSimonian–Laird (DL) method to con-
struct the cumulative Z-curve. TSA was performed to maintain 
an overall 5% risk of a type I error. 

When the cumulative Z-curve crossed the trial sequential mon-
itoring boundary or entered the futility area, a sufficient level of 
evidence to accept or reject the anticipated intervention effect 
may have been obtained, and no further studies were needed. If 
the Z-curve did not cross any boundaries and the RIS was not 
reached, the evidence to reach a conclusion would be considered 
insufficient, indicating the need for further studies.  

We used an alpha of 5% for all outcomes, a beta of 10%, and the 
observed mean difference, variance, and diversity, as suggested by 
the trials in the meta-analysis. 

Quality of the evidence 
Evidence grade was determined using the guidelines of the 

Grading of Recommendations Assessment, Development, and 
Evaluation (GRADE) system, which uses a sequential assessment 
of evidence quality, followed by an assessment of the risk-benefit 
balance and a subsequent judgment on the strength of the recom-
mendations [19].   

Results 

Study selection 

A total of 837 articles were acquired after searching the databas-
es, and 11 additional articles were identified after conducting a 
manual search (Fig. 1). After excluding duplicates (n =  95), 753 
articles were obtained. We reviewed the titles and abstracts of 
these articles, and 719 did not meet the selection criteria. In this 
stage of study selection, the kappa value for selecting articles be-
tween the two investigators was 0.798. 

The full text of the remaining 34 articles was reviewed in more 
detail, and another 16 were excluded for the following reasons: re-

Fig. 1. PRISMA flow diagram of literature search and selection. RCT: randomized controlled trial.
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view article [20,21], non-human study [22], case series [23], 
non-randomized study [24,25], no subject of interest [26], no in-
tervention of interest [27], unsuitable control group [28], and no 
outcome of interest [29–35]. The kappa value for selecting articles 
between the two investigators was 0.820. Finally, 18 relevant stud-
ies with a total of 993 patients were included in our systematic re-
view and meta-analysis with TSA. 

Study characteristics 

The study characteristics are summarized in Table 1. All select-
ed studies were prospective randomized clinical trials. Classifying 
these studies by country where the study was conducted, South 
Korea had the largest number of studies with nine articles [2,6–
8,36–40], followed by the United States with three articles [41–43], 
United Kingdom with two articles [3,44], and France [45], Nor-
way [46], Canada [47], and Taiwan [48] with one article each. All 
included patients received general anesthesia and mechanical 
ventilator care for their scheduled operations. The types of sur-
gery the patients had in the included studies are as follows: ab-
dominal surgery [36,41,48], gynecological surgery [42,45], ortho-
pedic surgery including arthroscopic surgery and arthroplasty 
[2,3,7,44], spinal surgery [8,37], neurosurgery [38], thyroid sur-
gery [6], escharectomy and skin graft for patients with major burn 
[40], uncomplicated cardiac surgery with cardiopulmonary by-
pass (CPB) [47], vascular surgery [46], and unspecified elective 
surgery [39,43]. In one study of patients undergoing liver trans-
plantation surgery [36], only core temperature data up to 3 h after 
anesthesia induction (before the extraction of liver) were included 
in the analysis, because the operation process, such as liver ex-
traction or reperfusion, can greatly affect the patient’s body heat 
content. One study of patients undergoing cardiac surgery using 
CPB [47] reported the core body temperature measured from 
CPB weaning to the end of surgery. Considering that it was not 
directly affected by extracorporeal circulation, we included the 
temperature data reported in this study. 

For active warming and humidification of inspired gas, HH was 
applied to the inspiratory limb of the anesthetic breathing circuit 
in 11 studies [3,8,36,41–48] and HHBC was used in seven studies 
[2,6,7,37–40]. In the analysis, interventions compared to HH (in-
cluding HHBC) were as follows: control without any other airway 
heating devices [3,6–8,38,39,41–48], heat and moisture exchanger 
(HME) filter [2,3,36,40,41,45], and Mega Acer Kit (MAK), an 
HHBC including a fluid warming device [37,38]. In these two 
studies, as the infused volume of intravenous fluid might affect 
the patient’s temperature change [1], the infusion rate of fluid was 
constantly managed among the study [37] or it was confirmed 

that there was no statistical difference in the total volume of IV 
fluid infused between the groups [38]. 

The measurement sites for monitoring the patient’s intraopera-
tive core body temperature were the esophagus [2,6,7,37– 
40,45,46], tympanic membrane [3,8,36,44], nasopharynx 
[43,47,48], and pulmonary artery [36]. One study measured the 
baseline core temperature via the tympanic membrane and re-
corded the pulmonary arterial temperature after anesthesia in-
duction [36]. Two studies extracted the sublingual temperature 
data [41,42]. In these two studies, the core body temperature data 
were either insufficient or not reported. Our attempt to contact 
the authors and request the core body temperature data was un-
successful. Therefore, we included these data in our pooled analy-
sis and performed a sensitivity analysis, excluding the data from 
the two studies. 

Risk of bias assessment 

The overall risk of bias assessment is presented in Table 2. For 
the overall risk of bias, 16 studies were evaluated to be high risk. 
One study evaluated to be low risk and one study as some con-
cerns. Bias arising from the randomization process was assessed 
to be high risk in three studies and some concerns in 13 studies. 
With the exception of one study [38], allocation concealment was 
not described in most studies. One study used a computer-gener-
ated random table 15 min before induction [8]; thus, allocation 
concealment was performed. One study randomly assigned pa-
tients according to the expected duration of surgery [43]; it was 
suspected that allocation concealment could not be achieved. For 
17 studies with no information on a pre-specified analysis plan or 
trial registration, bias arising from selection of the reported results 
was judged as having some concerns. One study [6] was judged as 
high risk in two bias domains. In this study, all dropouts occurred 
in the control group, and to make the groups comparable, investi-
gators matched the patients in the control group to those in the 
HHBC group according to their age. The final analysis was per-
formed only for matched patients. Therefore, the study was 
judged as high risk due to the randomization process and devia-
tions from the intended interventions. 

Conventional meta-analysis 

HH vs. Control 
Fifteen studies comparing core body temperature in 683 patients 

under general anesthesia receiving mechanical ventilation with HH 
or HHBC and in the control group (patients without inhalation gas 
warming devices) were evaluated in the analysis. At baseline, the 
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Table 2. Risk of Bias Assessment Using the RoB 2

Study Randomization 
process

Deviations from the
intended interventions

Missing outcome 
data

Measurement of 
the outcome

Selection of the
reported result

Overall risk of 
bias

Chen, 1994 [48] High risk* Low risk Low risk Low risk Some concerns High risk
Conahan, 1987 [42] Some concerns Low risk Low risk Low risk Some concerns High risk
Deriaz, 1992 [45] Some concerns Low risk Low risk Low risk Some concerns High risk
Goldberg, 1992 [41] Some concerns Low risk Low risk Low risk Some concerns High risk
Han, 2013 [36] Some concerns Low risk Low risk Low risk Some concerns High risk
Jo, 2013 [7] Some concerns Low risk Low risk Low risk Some concerns High risk
Jung, 2015 [37] Some concerns Low risk Low risk Low risk Some concerns High risk
Kim, 2015 [38] Low risk Low risk Low risk Low risk Low risk Low risk
Kulkarni, 1995 [44] Some concerns Low risk Low risk Low risk Some concerns High risk
Kwak, 2013 [40] Some concerns Low risk Low risk Low risk Some concerns High risk
Lee, 2011 [8] Low risk Low risk Low risk Low risk Some concerns Some concerns
Park, 2009 [39] Some concerns Low risk Low risk Low risk Some concerns High risk
Park, 2017 [6] High risk† High risk‡ Low risk Low risk Some concerns High risk
Park, 2017 [2] Some concerns Low risk Low risk Low risk Some concerns High risk
Ralley, 1984 [47] Some concerns Low risk Low risk Low risk Some concerns High risk
Stone, 1981 [43] High risk§ Low risk Low risk Low risk Some concerns High risk
Tølløfsrud, 1984 [46] Some concerns Low risk Low risk Low risk Some concerns High risk
Yam, 1990 [3] Some concerns Low risk Low risk Low risk Some concerns High risk
*Allocation concealment: no information; baseline imbalances: substantial differences in group size. †Allocation concealment: no information; base-
line imbalances: excessive similarity in baseline characteristics owing to the matching process. ‡Substantial impact of the failure to analyze partici-
pants in the group: all dropouts from the control group (26 of 111 patients). §Allocation concealment: suspect that the investigator had knowledge of 
the allocation (randomly assigned according to the duration of surgery).

difference in the core temperature between the HH and control 
groups was insignificant (WMD = 0.054, 95% CI [–0.028, 0.135], I2 
=  61.09, τ2 =  0.09, P = 0.015) (Supplementary Fig. 1). 

Intraoperative core temperature at the end of surgery. The pri-
mary outcome of this meta-analysis was the intraoperative core 
temperature at the end of surgery. From the studies that did not 
report the temperature measured at the end of surgery, the last re-
ported core temperature value was included in the analysis. The 
HH group showed a significantly higher core temperature at the 
end of surgery than the control group, but with substantial hetero-
geneity (WMD =  0.734, 95% CI [0.443, 1.025], I2 =  96.65, τ2 =  
0.31, P <  0.001) (Fig. 2A). The subgroup analysis for the location 
of the temperature probe showed that the core temperature at the 
end of surgery was significantly higher in the HH group than in 
the control group for both the esophageal temperature (WMD =  
0.432, 95% CI [0.274, 0.590], I2 =  65.82, τ2 =  0.23, P =  0.007) 
and non-esophageal temperature subgroups (WMD =  1.011, 95% 
CI [0.494, 1.528], I2 =  98.10, τ2 =  0.54, P <  0.001). 

Mean difference of intraoperative core temperature over time: 
The trend of core body temperature during anesthesia in both 
groups is shown in Fig. 3. A decrease in the core body tempera-
ture after induction was observed in both groups, but the decrease 
was less in the HH group than in the control group. The HH 

group showed a tendency to maintain body temperature from ap-
proximately 1 h after induction. The intraoperative core tempera-
ture was significantly higher in the HH group than in the control 
group at all time points at 15 min intervals after anesthesia induc-
tion (Fig. 3). In addition, the difference between the two groups 
tended to increase over time after induction. However, at all 
points, I2 was greater than 50% and Pchi

2 was less than 0.1, indicat-
ing substantial heterogeneity (Supplementary Material 2, Supple-
mentary Fig. 2). 

Pooled combined intraoperative core temperature of multiple 
time points: The average core temperature during anesthesia in the 
included studies was compared between the two groups. The 
pooled combined core body temperature value was significantly 
higher in the HH group than in the control group, with a mean 
difference of 0.481°C; however, substantial heterogeneity was de-
tected (95% CI [0.293, 0.668], I2 =  92.97, τ2 =  0.12, P <  0.001) 
(Fig. 2B). The subgroup analysis for the location of temperature 
probe showed that the pooled combined intraoperative core tem-
perature was significantly higher in the HH group than in the con-
trol group for both esophageal temperature (WMD = 0.316, 95% 
CI [0.179, 0.453], I2 =  68.99, τ2 =  0.23, P =  0.004) and non-esoph-
ageal temperature (WMD = 0.633, 95% CI [0.303, 0.963], I2 =  
98.10, τ2 =  0.21, P <  0.001). 
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Fig. 2. Forest plot for analysis comparing the intraoperative core temperature (°C) between the HH group and control group. (A) At the end 
of surgery, (B) pooled combined intraoperative core temperature of multiple time points. The core body temperature at the end of surgery and 
pooled combined core body temperature are significantly higher in the HH group than in the control group. HH: heated humidifier.

Fig. 3. The intraoperative core temperature (°C) over time in the HH group and control group (A) and the mean difference between the two 
groups (B). Temperature decline after induction of anesthesia is lesser in the HH group. Core body temperature during anesthesia is significantly 
higher in the HH group compared to the control group. HH: heated humidifier.

Publication bias: Begg’s funnel plots are shown in Fig. 4 and 
Supplementary Fig. 3. For baseline data among the included stud-
ies, the funnel plot was symmetric and Egger’s test also showed 
insignificant results (Coef =  –0.0512, 95% CI [–3.326, 2.303], P 
=  0.697). The P values from Egger’s test for data at 30, 60, and 90 
min post-induction and at the end of surgery and for the overall 
data were all greater than 0.05, indicating that no evidence of pub-
lication bias was detected. 

HH vs. HME 
Six studies were selected, including 275 patients, to compare the 

core body temperature between patients with HH/HHBC and pa-
tients with HME filters. The difference in the core temperature 
between the HH and HME groups was negligible at baseline 
(WMD =  0.066, 95% CI [–0.035, 0.167], I2 =  36.99, τ2 =  0.01, P 
=  0.161) (Supplementary Fig. 4). 

Intraoperative core temperature at the end of surgery: The re-
sults of the analysis are shown in Fig. 5A. Core temperature at the 
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end of surgery was significantly higher in the HH group than in 
the HME group, but with substantial heterogeneity (WMD =  
0.368, 95% CI [0.118, 0.618], I2 =  74.60, τ2 =  0.07, P =  0.060). 
The subgroup analysis for the location of temperature probe 
showed that the core temperature at the end of surgery was sig-
nificantly higher in the HH group than in the HME group for 
esophageal temperature (WMD = 0.361, 95% CI [0.115, 0.607], I2 
=  53.06, τ2 =  0.03, P = 0.119), but not for non-esophageal tem-
perature (WMD = 0.394, 95% CI [–0.134, 0.922], I2 =  86.90, τ2 =  
0.19, P <  0.001). 

Mean difference of intraoperative core temperature over time: 
As shown in Fig. 6, a significant difference in the intraoperative 
core temperature between the HH and HME groups was observed 
at all time points except at 60 min after induction (WMD =  
0.263, 95% CI [–0.026, 0.553], I2 =  76.89, τ2 =  0.07, p =  0.005). 
In general, the core temperature during anesthesia was signifi-

cantly higher in the HH group, and the difference between the 
two groups tended to increase slightly over time. However, con-
siderable heterogeneity was detected at 60, 120, and 180 min after 
induction (Supplementary Material 2, Supplementary Fig. 4). 

Pooled combined intraoperative core temperature of multiple 
time points: The overall intraoperative core temperature was high-
er in the HH group than in the HME group, with a significant 
mean difference of 0.238°C (95% CI [0.120, 0.355], I2 =  18.55, τ2 
=  0.01, P =  0.293), as shown in Fig. 5B. The subgroup analysis for 
the location of temperature probe showed that the pooled com-
bined intraoperative core temperature was significantly higher in 
the HH group than in the HME group for both esophageal tem-
perature (WMD = 0.234, 95% CI [0.083, 0.386], I2 =  34.15, τ2 =  
0.09, P =  0.219) and non-esophageal temperature (WMD = 
0.260, 95% CI [0.058, 0.428], I2 =  35.41, τ2 =  0.15, P =  0.213).  

Fig. 4. Begg’s funnel analyses of the studies comparing the core body temperature in the HH group and control group. (A) At baseline, (B) at the 
end of surgery. No evidence of publication bias is observed. HH: heated humidifier.

Fig. 5. Forest plot for analysis comparing the intraoperative core temperature (°C) between the HH group and HME group. (A) At the end of 
surgery, (B) pooled combined intraoperative core temperature of multiple time points. The core body temperature at the end of surgery and 
pooled combined core body temperature are significantly higher in the HH group than in the HME group. HH: heated humidifier, HME: heat 
and moisture exchanger.
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Fig. 7. Forest plot for analysis comparing the intraoperative core temperature (°C) at the end of surgery (A) and pooled combined intraoperative 
core temperature of multiple time points (C) between the HH and MAK groups. Mean difference of the intraoperative core temperature (°C) 
between the HH and MAK groups over time (B). HH: heated humidifier, MAK: Mega Acer Kit.

Fig. 6. Mean difference in intraoperative core temperature (°C) 
between the HH group and HME group over time. Intraoperative 
core temperature is significantly higher in the HH group, except at 60 
min after induction. HH: heated humidifier, HME: heat and moisture 
exchanger.
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HH vs. MAK 
Two studies with a total of 128 patients compared the intraop-

erative core body temperature between patients with HH/ HHBC 
and patients with MAK units. At baseline, the core body tempera-
ture was 0.111°C higher in the MAK group than in the HH group 

(95% CI [–0.204, –0.018], I2 =  0.00, τ2 =  0.00, P =  0.658) (Sup-
plementary Fig. 5). 

Intraoperative core temperature at the end of surgery: Although 
the core body temperature of the MAK group at the end of sur-
gery was 0.601°C higher than that of the HH group, the difference 
between the two groups was not statistically significant (95% CI 
[–1.238, 0.036], I2 =  95.27, τ2 =  0.20, P <  0.001) (Fig. 7A). 

Mean difference in intraoperative core temperature over time: 
The difference in the intraoperative core body temperature be-
tween the HH and MAK groups is shown in Fig. 7B. From base-
line to 15 min after anesthesia induction, the core temperature of 
the MAK group was significantly higher than that of the HH 
group (at 15 min after induction, WMD =  –0.343, 95% CI 
[–0.656, –0.029], I2 =  81.99, τ2 =  0.04, P =  0.010). Although the 
intraoperative core temperature was consistently higher in the 
MAK group and the mean value of the difference between the 
two groups tended to initially increase and stabilize over time, the 
difference from 30 min after induction to the end of surgery was 
not statistically significant (Fig. 7B, Supplementary Material 2, 
Supplementary Fig. 5). 

Pooled combined intraoperative core temperature of multiple 
time points: Despite the higher overall intraoperative core tem-
perature in the MAK group, the difference in the pooled com-
bined core temperature between the two groups was statistically 
insignificant (WMD =  –0.503, 95% CI [–1.105, 0.099], I2 =  
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96.05, τ2 =  0.18, P <  0.001) (Fig. 7C). 

Sensitivity analysis 

Sensitivity analysis was conducted with the exclusion of one 
study at a time, and there was no change in statistical significance. 

TSA 

HH vs. Control 
As shown in Fig. 8A, TSA indicated that more patients (528) 

than the RIS (173) were accrued. The cumulative Z-curve (com-

plete blue curve) crossed both the conventional test boundary 
(etched red line) and trial sequential monitoring boundary (com-
plete red curve). 

HH vs. HME 
TSA indicated that only 90.2% (275 of 305 patients) of the RIS 

was accrued. The cumulative Z-curve (complete blue curve) crossed 
both the conventional test boundary (etched red line) and trial se-
quential monitoring boundary (complete red curve) (Fig. 8B). 

HH vs. MAK 
The cumulative Z-curve (complete blue curve) did not reach 

Fig. 8. TSA on the intraoperative core temperature at the end of surgery. (A) HH vs. control and (B) HH vs. HME. (A) The cumulative Z-curve 
(complete blue curve) passed the RIS (vertical red line) and crossed both the conventional test boundary (etched red line) and trial sequential 
monitoring boundary (complete red curve). (B) The cumulative Z-curve did not reach the RIS. It crossed both the conventional test boundary and 
trial sequential monitoring boundary. TSA: trial sequential analysis, HH: heated humidifier, HME: heat and moisture exchanger, RIS: required 
information size.
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the RIS, and only 30.5% (128 of 419 patients) of the RIS was ac-
crued. The Z-curve crossed both the conventional test boundary 
(etched red line) and trial sequential monitoring boundary (com-
plete red curve), but returned to be within the conventional test 
boundary (Supplementary Fig. 6).  

Quality of the evidence  

Three outcomes were evaluated using the GRADE system. The 
quality of evidence for each outcome was either low or very low 
(Table 3). 

Discussion 

This systematic review and meta-analysis was designed to in-
vestigate whether active warming and humidification of inhaled 
gases helps maintain the core body temperature of patients receiv-
ing mechanical ventilation under general anesthesia. Although 
the application of HH or HHBC did not completely prevent hy-
pothermia, our meta-analysis indicates that using active airway 
warming devices can attenuate the initial decline in intraoperative 
core temperature and contribute to maintaining core temperature 
from approximately 1 h after induction of anesthesia. 

During general anesthesia, a rapid decrease in core temperature 
due to core-to-peripheral redistribution occurs until the first hour 
after anesthesia induction. Subsequently, a slower reduction in the 
core temperature appears for the next 2 to 4 h. It is mainly caused 
by heat loss through radiation, convection, conduction, and evap-
oration exceeding the metabolic heat production [1]. Respiratory 
heat loss accounts for approximately 10% of metabolic heat pro-
duction under normal conditions. While radiation accounts for 

the largest portion of intraoperative heat loss, respiratory heat loss 
accounts for a relatively small portion [8]. HH and HHBC supply 
heat and moisture to the inhalation gas by using an external 
source of heat energy and water. Reducing evaporation in the re-
spiratory mucous membrane and some of the heat convection are 
supposed to be the mechanisms for body heat preservation of the 
HH [7]. Therefore, the use of HH or HHBC may have a limited 
effect in compensating for intraoperative heat loss and preventing 
hypothermia. 

As a result of the meta-analysis, compared to the HME filter, 
HHBC was found to be more advantageous in maintaining intra-
operative core body temperature. HME performs the action of 
heating and humidification, similar to the nasal cavity. It retains 
heat and moisture from every exhaled breath with a condenser 
and returns them back to the next inspired gas in a passive man-
ner [20]. Considering the limited source of heat and moisture in 
the HME filter, it is believed that, comparatively, HH would have 
a greater effect on core body temperature [36]. In addition, the re-
sults of TSA support the results of our conventional meta-analysis 
that HH and HHBC are more effective in preserving core body 
temperature during anesthesia than a HME filter or conventional 
breathing circuit. In the meta-analysis comparing HH and MAK, 
the differences in core temperature between the two groups were 
not statistically significant, but consistently higher mean tempera-
tures were observed in the patients with MAK, which is an HHBC 
that includes an IV fluid warming kit. This suggests that HH may 
be more effective when used in combination with other warming 
devices. Considering the overall results of this study, we recom-
mend that HHBC should be used in combination with other 
warming manipulations to reduce the incidence of intraoperative 
hypothermia. 

Table 3. The GRADE Evidence Quality for Each Outcome

Outcomes Number of 
studies (n)

Risk of 
bias Inconsistency Indirectness Imprecision Publication 

bias Mean difference Quality

Vs. Control 
group

Total 15 serious serious not serious not serious not serious 0.481 (0.293 to 0.668) ◯◯◯◯
Low

End of surgery 15 serious serious not serious not serious not serious 0.734 (0.443 to 1.025) ◯◯◯◯
Low

Vs. HME 
group

Total 6 serious serious not serious not serious N/A 0.238 (0.120 to 0.355) ◯◯◯◯
Low

End of surgery 6 serious serious not serious not serious N/A 0.368 (0.118 to 0.618) ◯◯◯◯
Low

Vs. MAK 
group

Total 2 serious serious not serious serious N/A –0.503 (–1.105 to 0.099) ◯◯◯◯
Very low

End of surgery 2 serious serious not serious serious N/A –0.601 (–1.238 to 0.036) ◯◯◯◯
Very low

HME: heat and moisture exchanger, MAK: Mega Acer Kit, N/A: not applicable.
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Although a significantly higher intraoperative core temperature 
was observed in patients with HH/HHBC than in those with a 
conventional breathing circuit or HME, the possibility of mea-
surement error cannot be ruled out. Bissonnette et al. [49] report-
ed that when airway heating was applied, the esophageal tempera-
ture was approximately 0.35°C above the tympanic membrane 
temperature. In this study, half of the included studies reported 
core temperature data measured in the esophagus, which is sus-
ceptible to direct influence of a HH due to its anatomy. However, 
the subgroup analyses demonstrated that the location of the tem-
perature probe had little effect on the result that the core body 
temperature was significantly higher in the HH group than in the 
control or HME group. 

The present study has several limitations. Substantial heteroge-
neity was observed in the results. There were several possible 
sources of clinical and methodological heterogeneity among the 
included studies, such as the type and duration of surgery, demo-
graphic characteristics of patients, measurement site and timing 
of temperature, anesthetic management, and perioperative ther-
mal manipulations. Although we performed a sensitivity analysis, 
we could not control for heterogeneity. Second, the quality of the 
included RCTs was limited. The overall risk of bias was high in a 
significant number of the included studies. Third, the effect on in-
traoperative core body temperature was the only outcome evalu-
ated in our study to determine the effectiveness of HH. Among 
the studies evaluated, data on other outcomes that could deter-
mine the effectiveness of HH, such as postoperative shivering, la-
ryngopharyngeal complaints, and postoperative respiratory com-
plications, were insufficient to perform a meta-analysis. In addi-
tion, we could not provide any information regarding the cost-ef-
fectiveness of HH or HHBC. HHBC devices are much more ex-
pensive than conventional breathing circuits and HME filters. To 
determine the recommendation of using any medical equipment, 
it is essential to weigh the cost of utilization and following medical 
advantages, as well as patient satisfaction. 

Based on the limitations of this study, additional well-designed 
studies with a low risk of bias are needed to confirm the effective-
ness of HHBC suggested by our analysis. Furthermore, future 
studies on specific populations, such as children and the elderly, 
or under specific surgical conditions, would make it possible to 
investigate the indicators that can benefit significantly from the 
use of HHBC. 

Despite these limitations, this study had several strengths. First, 
this is the first systematic review and meta-analysis to examine 
the effects of airway heating and humidification using HHBC on 
intraoperative body temperature in patients under general anes-
thesia. A rigorous methodology was applied to the study based on 

a registered, pre-planned protocol. Second, the effect of HHBC 
was compared with various anesthetic circuit devices, including 
the HME filter and MAK, as well as with a control using a con-
ventional breathing circuit. Third, to control for the possibility of 
a type I error from multiple comparisons at each time point, we 
combined the intraoperative core temperature data of multiple 
time points and performed additional analysis using the pooled 
combined outcomes. Finally, we performed a TSA to evaluate the 
statistical significance and strength of the available evidence, de-
spite considerable heterogeneity. 

In conclusion, the current study suggests that HHBC can be 
used as an effective supplemental device to maintain core body 
temperature during surgery under general anesthesia. Although 
active airway warming and humidification cannot absolutely pre-
vent hypothermia, the use of HH or HHBC is more effective in 
attenuating the temperature decline and maintaining a higher in-
traoperative core temperature than conventional breathing circuit 
or HME filter. However, considering the substantial heterogeneity 
and limitations of this study, additional data from well-designed 
studies are needed to clarify the effectiveness of HHBC and im-
prove the quality of evidence. 

Funding 

None. 

Conflicts of Interest 

Kang Hyun was an Editor for the Korean Journal of Anesthesi-
ology (KJA) from 2020 to 2022 and Geun Joo Choi has also been 
an editor for the KJA since 2020. However, they were not involved 
in any process of review for this article, including peer reviewer 
selection, evaluation, or decision-making. There were no other 
potential conflicts of interest relevant to this article.

Data Availability

The study data supporting this systematic review and me-
ta-analysis were obtained from previously reported studies and 
datasets, which have been cited. The data presented in this study 
are available in this article and Supplementary Materials.

Author Contributions 

Je Jin Lee (Conceptualization; Data curation; Formal analysis; In-
vestigation; Visualization; Writing – original draft; Writing – re-
view & editing) 

https://doi.org/10.4097/kja.2220030

Lee et al. · HHBC and temperature: a meta-analysis

https://doi.org/10.4097/kja.22200


Geun Joo Choi (Formal analysis; Investigation; Methodology; 
Writing – review & editing) 
Won Jun Lee (Data curation; Investigation) 
Sang Bong Choi (Data curation; Visualization) 
Hyun Kang (Conceptualization; Data curation; Formal analysis; 
Methodology; Supervision; Validation; Visualization; Writing – 
original draft; Writing – review & editing)  

Supplementary Materials

Supplementary Material 1. Search terms used in literature search.
Supplementary Material 2. Supplementary data.
Supplementary Fig. 1. Forest plot for analysis comparing the in-
traoperative core temperature (°C) at baseline between the HH 
group and control group.
Supplementary Fig. 2. Forest plots for analysis comparing the in-
traoperative core temperature (°C) over time between the HH 
group and control group.
Supplementary Fig. 3. Begg’s funnel analysis comparing the HH 
group and control group for data of the pooled combined intra-
operative core temperature at multiple time points.
Supplementary Fig. 4. Forest plots for analysis comparing the in-
traoperative core temperature (°C) over time between the HH 
group and HME group.
Supplementary Fig. 5. Forest plots for analysis comparing the in-
traoperative core temperature (°C) over time between the HH 
group and MAK group.
Supplementary Fig. 6. TSA comparing intraoperative core tem-
perature at the end of surgery. HH vs. MAK.

ORCID 

Je Jin Lee, https://orcid.org/0000-0002-9986-9026
Geun Joo Choi, https://orcid.org/0000-0002-4653-4193
Won Jun Lee, https://orcid.org/0000-0001-8440-2610
Sang Bong Choi, https://orcid.org/0000-0003-0532-3557
Hyun Kang, https://orcid.org/0000-0003-2844-5880

References 

1. Sessler DI. Perioperative thermoregulation and heat balance. 
Lancet 2016; 387: 2655-64.

2. Park S, Yoon SH, Youn AM, Song SH, Hwang JG. Heated wire 
humidification circuit attenuates the decrease of core tempera-
ture during general anesthesia in patients undergoing ar-
throscopic hip surgery. Korean J Anesthesiol 2017; 70: 619-25.

3. Yam PC, Carli F. Maintenance of body temperature in elderly 

patients who have joint replacement surgery. A comparison be-
tween the heat and moisture exchanger and heated humidifier. 
Anaesthesia 1990; 45: 563-5. 

4. Kim DJ, Kim SH, So KY, An TH. Mega Acer Kit® is more effec-
tive for warming the intravenous fluid than RangerTM and Ther-
moSens® at 440 ml/h of infusion rate: an experimental perfor-
mance study. Korean J Anesthesiol 2017; 70: 456-61. 

5. Lenhardt R, Marker E, Goll V, Tschernich H, Kurz A, Sessler DI, 
et al. Mild intraoperative hypothermia prolongs postanesthetic 
recovery. Anesthesiology 1997; 87: 1318-23.

6. Park HJ, Moon HS, Moon SH, Do Jeong H, Jeon YJ, Do Han K, 
et al. The effect of humidified heated breathing circuit on core 
body temperature in perioperative hypothermia during thyroid 
surgery. Int J Med Sci 2017; 14: 791-7. 

7. Jo YY, Kim HS, Chang YJ, Yun SY, Kwak HJ. The effect of 
warmed inspired gases on body temperature during arthroscop-
ic shoulder surgery under general anesthesia. Korean J Anesthe-
siol 2013; 65: 14-8.

8. Lee HK, Jang YH, Choi KW, Lee JH. The effect of electrically 
heated humidifier on the body temperature and blood loss in 
spinal surgery under general anesthesia. Korean J Anesthesiol 
2011; 61: 112-6.

9. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew 
M, et al. Preferred reporting items for systematic review and me-
ta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 
2015; 4: 1.

10. Deeks JJ, Higgins JP, Altman DG. Analysing data and undertak-
ing meta‐analyses. In: Cochrane Handbook for Systematic Re-
views of Interventions. 2nd ed. Edited by Higgins JP, Thomas J, 
Chandler J, Cumpston M, Li T, Page MJ: Chichester, John Wiley 
& Sons. 2019, pp 241-84.

11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 2021; 372: n71.

12. Viera AJ, Garrett JM. Understanding interobserver agreement: 
the kappa statistic. Fam Med 2005; 37: 360-3. 

13. Jelicic Kadic A, Vucic K, Dosenovic S, Sapunar D, Puljak L. Ex-
tracting data from figures with software was faster, with higher 
interrater reliability than manual extraction. J Clin Epidemiol 
2016; 74: 119-23.

14. Higgins JP, Sterne JA, Savovic J, Page MJ, Hrobjartsson A, 
Boutron I, et al. A revised tool for assessing risk of bias in ran-
domized trials. Cochrane Database Syst Rev 2016; 10 (Suppl 1): 
29-31.

15. Higgins JP, Thompson SG. Quantifying heterogeneity in a me-
ta-analysis. Stat Med 2002; 21: 1539-58.

16. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring in-

31https://doi.org/10.4097/kja.22200

Korean J Anesthesiol 2023;76(1):17-33

https://doi.org/10.1016/s0140-6736(15)00981-2
https://doi.org/10.1016/s0140-6736(15)00981-2
https://doi.org/10.4097/kjae.2017.70.6.619
https://doi.org/10.4097/kjae.2017.70.6.619
https://doi.org/10.4097/kjae.2017.70.6.619
https://doi.org/10.4097/kjae.2017.70.6.619
https://doi.org/10.1111/j.1365-2044.1990.tb14832.x
https://doi.org/10.1111/j.1365-2044.1990.tb14832.x
https://doi.org/10.1111/j.1365-2044.1990.tb14832.x
https://doi.org/10.1111/j.1365-2044.1990.tb14832.x
https://doi.org/10.4097/kjae.2017.70.4.456
https://doi.org/10.4097/kjae.2017.70.4.456
https://doi.org/10.4097/kjae.2017.70.4.456
https://doi.org/10.4097/kjae.2017.70.4.456
https://doi.org/10.1097/00000542-199712000-00009
https://doi.org/10.1097/00000542-199712000-00009
https://doi.org/10.1097/00000542-199712000-00009
https://doi.org/10.1097/00000542-199712000-00009
https://doi.org/10.7150/ijms.19318
https://doi.org/10.7150/ijms.19318
https://doi.org/10.7150/ijms.19318
https://doi.org/10.7150/ijms.19318
https://doi.org/10.7150/ijms.19318
https://doi.org/10.4097/kjae.2013.65.1.14
https://doi.org/10.4097/kjae.2013.65.1.14
https://doi.org/10.4097/kjae.2013.65.1.14
https://doi.org/10.4097/kjae.2013.65.1.14
https://doi.org/10.4097/kjae.2013.65.1.14
https://doi.org/10.4097/kjae.2011.61.2.112
https://doi.org/10.4097/kjae.2011.61.2.112
https://doi.org/10.4097/kjae.2011.61.2.112
https://doi.org/10.4097/kjae.2011.61.2.112
https://doi.org/10.4097/kjae.2011.61.2.112
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/15883903
http://www.ncbi.nlm.nih.gov/pubmed/15883903
http://www.ncbi.nlm.nih.gov/pubmed/15883903
https://doi.org/10.1016/j.jclinepi.2016.01.002
https://doi.org/10.1016/j.jclinepi.2016.01.002
https://doi.org/10.1016/j.jclinepi.2016.01.002
https://doi.org/10.1016/j.jclinepi.2016.01.002
https://doi.org/10.1016/j.jclinepi.2016.01.002
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.4097/kja.22200


consistency in meta-analyses. BMJ 2003; 327: 557-60.
17. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based 

method of testing and adjusting for publication bias in me-
ta-analysis. Biometrics 2000; 56: 455-63.

18. Kang H. Trial sequential analysis: novel approach for meta-anal-
ysis. Anesth Pain Med (Seoul) 2021; 16: 138-50. 

19. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et 
al. Grading quality of evidence and strength of recommenda-
tions. BMJ 2004; 328: 1490.

20. Al Ashry HS, Modrykamien AM. Humidification during me-
chanical ventilation in the adult patient. Biomed Res Int 2014; 
2014: 715434.

21. Cerpa F, Cáceres D, Romero-Dapueto C, Giugliano-Jaramillo C, 
Pérez R, Budini H, et al. Humidification on ventilated patients: 
heated humidifications or heat and moisture exchangers? Open 
Respir Med J 2015; 9: 104-11.

22. Schumann S, Stahl CA, Möller K, Priebe HJ, Guttmann J. Mois-
turizing and mechanical characteristics of a new counter-flow 
type heated humidifier. Br J Anaesth 2007; 98: 531-8.

23. Tausk HC, Miller R, Roberts RB. Maintenance of body tempera-
ture by heated humidification. Anesth Analg 1976; 55: 719-23.

24. Christiansen S, Renzing K, Hirche H, Reidemeister JC. Measure-
ment of the humidity of inspired air in ventilated patients with 
various humidifer systems. Anasthesiol Intensivmed Notfallmed 
Schmerzther 1998; 33: 300-5.

25. Linko K, Honkavaara P, Nieminen MT. Heated humidification in 
major abdominal surgery. Eur J Anaesthesiol 1984; 1: 285-91.

26. Kirkegaard L, Andersen BN, Jensen S. Moistening of inspired air 
during respirator treatment. Comparison between the wa-
ter-bath evaporator and hygroscopic moisture heat exchanger. 
Ugeskr Laeger 1987; 149: 152-5.

27. Eckerbom B, Lindholm CE. Heat and moisture exchangers and 
the body temperature: a peroperative study. Acta Anaesthesiol 
Scand 1990; 34: 538-42.

28. Ginsberg S, Solina A, Papp D, Krause T, Pantin E, Scott G, et al. 
A prospective comparison of three heat preservation methods 
for patients undergoing hypothermic cardiopulmonary bypass. J 
Cardiothorac Vasc Anesth 2000; 14: 501-5.

29. Gilmour IJ, Boyle MJ, Rozenberg A, Palahniuk RJ. The effect of 
heated wire circuits on humidification of inspired gases. Anesth 
Analg 1994; 79: 160-4.

30. Jung TH, Rho JH, Hwang JH, Lee JH, Cha SC, Woo SC. The ef-
fect of the humidifier on sore throat and cough after thyroidec-
tomy. Korean J Anesthesiol 2011; 61: 470-4.

31. Kim DK, Rhee KY, Kwon WK, Kim TY, Kang JE. A heated hu-
midifier does not reduce laryngo- pharyngeal complaints after 
brief laryngeal mask anesthesia. Can J Anaesth 2007; 54: 134-40.

32. McEvoy MT, Carey TJ. Shivering and rewarming after cardiac 
surgery: comparison of ventilator circuits with humidifier and 
heated wires to heat and moisture exchangers. Am J Crit Care 
1995; 4: 293-9.

33. Seo H, Kim SH, Choi JH, Hong JY, Hwang JH. Effect of heated 
humidified ventilation on bronchial mucus transport velocity in 
general anaesthesia: a randomized trial. J Int Med Res 2014; 42: 
1222-31.

34. Carli F, Clark MM, Woollen JW. Investigation of the relationship 
between heat loss and nitrogen excretion in elderly patients un-
dergoing major abdominal surgery under general anaesthetic. 
Br J Anaesth 1982; 54: 1023-9.

35. Hynson JM, Sessler DI. Intraoperative warming therapies: a 
comparison of three devices. J Clin Anesth 1992; 4: 194-9.

36. Han SB, Gwak MS, Choi SJ, Kim MH, Ko JS, Kim GS, et al. Ef-
fect of active airway warming on body core temperature during 
adult liver transplantation. Transplant Proc 2013; 45: 251-4.

37. Jung KT, Kim SH, So KY, So HJ, Shim SB. Clinical evaluation of a 
newly designed fluid warming kit on fluid warming and hypo-
thermia during spinal surgery. Korean J Anesthesiol 2015; 68: 
462-8.

38. Kim E, Lee SY, Lim YJ, Choi JY, Jeon YT, Hwang JW, et al. Effect 
of a new heated and humidified breathing circuit with a flu-
id-warming device on intraoperative core temperature: a pro-
spective randomized study. J Anesth 2015; 29: 499-507.

39. Park HG, Im JS, Park JS, Joe JK, Lee S, Yon JH, et al. A compara-
tive evaluation of humidifier with heated wire breathing circuit 
under general anesthesia. Korean J Anesthesiol 2009; 57: 32-7.

40. Kwak IS, Choi DY, Lee TH, Bae JY, Lim TW, Kim KM. The effect 
of heated breathing circuit on body temperature and humidity 
of anesthetic gas in major burns. Korean J Anesthesiol 2013; 64: 
6-11.

41. Goldberg ME, Epstein R, Rosenblum F, Larijani GE, Marr A, 
Lessin J, et al. Do heated humidifiers and heat and moisture ex-
changers prevent temperature drop during lower abdominal 
surgery? J Clin Anesth 1992; 4: 16-20.

42. Conahan TJ 3rd, Williams GD, Apfelbaum JL, Lecky JH. Airway 
heating reduces recovery time (cost) in outpatients. Anesthesiol-
ogy 1987; 67: 128-30.

43. Stone DR, Downs JB, Paul WL, Perkins HM. Adult body tem-
perature and heated humidification of anesthetic gases during 
general anesthesia. Anesth Analg 1981; 60: 736-41.

44. Kulkarni P, Webster J, Carli F. Body heat transfer during hip sur-
gery using active core warming. Can J Anaesth 1995; 42: 571-6.

45. Deriaz H, Fiez N, Lienhart A. Effect of hygrophobic filter or 
heated humidifier on peroperative hypothermia. Ann Fr Anesth 
Reanim 1992; 11: 145-9.

https://doi.org/10.4097/kja.2220032

Lee et al. · HHBC and temperature: a meta-analysis

https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.1111/j.0006-341x.2000.00455.x
https://doi.org/10.17085/apm.21038
https://doi.org/10.17085/apm.21038
https://doi.org/10.17085/apm.21038
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1155/2014/715434
https://doi.org/10.1155/2014/715434
https://doi.org/10.1155/2014/715434
https://doi.org/10.1155/2014/715434
https://doi.org/10.2174/1874306401509010104
https://doi.org/10.2174/1874306401509010104
https://doi.org/10.2174/1874306401509010104
https://doi.org/10.2174/1874306401509010104
https://doi.org/10.2174/1874306401509010104
https://doi.org/10.1093/bja/aem006
https://doi.org/10.1093/bja/aem006
https://doi.org/10.1093/bja/aem006
https://doi.org/10.1093/bja/aem006
https://doi.org/10.1213/00000539-197609000-00024
https://doi.org/10.1213/00000539-197609000-00024
https://doi.org/10.1055/s-2007-994253
https://doi.org/10.1055/s-2007-994253
https://doi.org/10.1055/s-2007-994253
https://doi.org/10.1055/s-2007-994253
http://www.ncbi.nlm.nih.gov/pubmed/6536517
http://www.ncbi.nlm.nih.gov/pubmed/6536517
http://www.ncbi.nlm.nih.gov/pubmed/3547970
http://www.ncbi.nlm.nih.gov/pubmed/3547970
http://www.ncbi.nlm.nih.gov/pubmed/3547970
http://www.ncbi.nlm.nih.gov/pubmed/3547970
https://doi.org/10.1111/j.1399-6576.1990.tb03141.x
https://doi.org/10.1111/j.1399-6576.1990.tb03141.x
https://doi.org/10.1111/j.1399-6576.1990.tb03141.x
https://doi.org/10.1053/jcan.2000.9489
https://doi.org/10.1053/jcan.2000.9489
https://doi.org/10.1053/jcan.2000.9489
https://doi.org/10.1053/jcan.2000.9489
https://doi.org/10.1053/jcan.2000.9489
https://doi.org/10.1213/00000539-199407000-00030
https://doi.org/10.1213/00000539-199407000-00030
https://doi.org/10.1213/00000539-199407000-00030
https://doi.org/10.1213/00000539-199407000-00030
https://doi.org/10.4097/kjae.2011.61.6.470
https://doi.org/10.4097/kjae.2011.61.6.470
https://doi.org/10.4097/kjae.2011.61.6.470
https://doi.org/10.4097/kjae.2011.61.6.470
https://doi.org/10.1007/bf03022010
https://doi.org/10.1007/bf03022010
https://doi.org/10.1007/bf03022010
https://doi.org/10.1007/bf03022010
https://doi.org/10.4037/ajcc1995.4.4.293
https://doi.org/10.4037/ajcc1995.4.4.293
https://doi.org/10.4037/ajcc1995.4.4.293
https://doi.org/10.4037/ajcc1995.4.4.293
https://doi.org/10.1177/0300060514548291
https://doi.org/10.1177/0300060514548291
https://doi.org/10.1177/0300060514548291
https://doi.org/10.1177/0300060514548291
https://doi.org/10.1093/bja/54.10.1023
https://doi.org/10.1093/bja/54.10.1023
https://doi.org/10.1093/bja/54.10.1023
https://doi.org/10.1093/bja/54.10.1023
https://doi.org/10.1016/0952-8180(92)90064-8
https://doi.org/10.1016/0952-8180(92)90064-8
https://doi.org/10.1016/j.transproceed.2012.05.088
https://doi.org/10.1016/j.transproceed.2012.05.088
https://doi.org/10.1016/j.transproceed.2012.05.088
https://doi.org/10.4097/kjae.2015.68.5.462
https://doi.org/10.4097/kjae.2015.68.5.462
https://doi.org/10.4097/kjae.2015.68.5.462
https://doi.org/10.4097/kjae.2015.68.5.462
https://doi.org/10.1007/s00540-015-1994-z
https://doi.org/10.1007/s00540-015-1994-z
https://doi.org/10.1007/s00540-015-1994-z
https://doi.org/10.1007/s00540-015-1994-z
https://doi.org/10.4097/kjae.2009.57.1.32
https://doi.org/10.4097/kjae.2009.57.1.32
https://doi.org/10.4097/kjae.2009.57.1.32
https://doi.org/10.4097/kjae.2013.64.1.6
https://doi.org/10.4097/kjae.2013.64.1.6
https://doi.org/10.4097/kjae.2013.64.1.6
https://doi.org/10.4097/kjae.2013.64.1.6
https://doi.org/10.1016/0952-8180(92)90113-f
https://doi.org/10.1016/0952-8180(92)90113-f
https://doi.org/10.1016/0952-8180(92)90113-f
https://doi.org/10.1016/0952-8180(92)90113-f
https://doi.org/10.1097/00000542-198707000-00028
https://doi.org/10.1097/00000542-198707000-00028
https://doi.org/10.1097/00000542-198707000-00028
https://doi.org/10.1213/00000539-198110000-00008
https://doi.org/10.1213/00000539-198110000-00008
https://doi.org/10.1213/00000539-198110000-00008
https://doi.org/10.1007/bf03011873
https://doi.org/10.1007/bf03011873
https://www.ncbi.nlm.nih.gov/pubmed/1503286
http://www.ncbi.nlm.nih.gov/pubmed/1503286
http://www.ncbi.nlm.nih.gov/pubmed/1503286
http://www.ncbi.nlm.nih.gov/pubmed/1503286
https://doi.org/10.4097/kja.22200


46. Tølløfsrud SG, Gundersen Y, Andersen R. Peroperative hypo-
thermia. Acta Anaesthesiol Scand 1984; 28: 511-5.

47. Ralley FE, Ramsay JG, Wynands JE, Townsend GE, Whalley DG, 
DelliColli P. Effect of heated humidified gases on temperature 
drop after cardiopulmonary bypass. Anesth Analg 1984; 63: 
1106-10.

48. Chen TY, Chen KT, Chang DP, Yeh FC, Chang CL. The effect of 

heated humidifier in the prevention of intra-operative hypother-
mia. Acta Anaesthesiol Sin 1994; 32: 27-30.

49. Bissonnette B, Sessler DI, LaFlamme P. Intraoperative tempera-
ture monitoring sites in infants and children and the effect of in-
spired gas warming on esophageal temperature. Anesth Analg 
1989; 69: 192-6.

33https://doi.org/10.4097/kja.22200

Korean J Anesthesiol 2023;76(1):17-33

https://doi.org/10.1111/j.1399-6576.1984.tb02109.x
https://doi.org/10.1111/j.1399-6576.1984.tb02109.x
https://doi.org/10.1111/j.1399-6576.1984.tb02109.x
https://doi.org/10.1213/00000539-198412000-00009
https://doi.org/10.1213/00000539-198412000-00009
https://doi.org/10.1213/00000539-198412000-00009
https://doi.org/10.1213/00000539-198412000-00009
https://doi.org/10.1213/00000539-198412000-00009
https://www.ncbi.nlm.nih.gov/pubmed/8031400
http://www.ncbi.nlm.nih.gov/pubmed/8031400
http://www.ncbi.nlm.nih.gov/pubmed/8031400
http://www.ncbi.nlm.nih.gov/pubmed/8031400
https://doi.org/10.1213/00000539-198908000-00009
https://doi.org/10.1213/00000539-198908000-00009
https://doi.org/10.1213/00000539-198908000-00009
https://doi.org/10.1213/00000539-198908000-00009
https://doi.org/10.1213/00000539-198908000-00009
https://doi.org/10.4097/kja.22200


The Korean Society of Anesthesiologists, 2023

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

Online access in http://ekja.org34

Received: June 22, 2022
Revised: September 5, 2022
Accepted: November 6, 2022

Corresponding author: 
Federico Geraldini, M.D.
UOC Anesthesia and Intensive Care Unit, 
University Hospital of Padova, Via Giustiniani 
2, Padova 35128, Italy
Tel: +39-0498213090
Fax: +39-0498213091
Email: federico.geraldini@aopd.veneto.it 
ORCID: https://orcid.org/0000-0002-1837-0662

Single-shot regional anesthesia for 
laparoscopic cholecystectomies: a 
systematic review and network meta-
analysis
Alessandro De Cassai1, Nicolò Sella1, Federico Geraldini1,  
Serkan Tulgar2, Ali Ahiskalioglu3,4, Burhan Dost5, Silvia Manfrin6, 
Yunus Emre Karapinar3, Greta Paganini6, Muzeyyen Beldagli5, 
Vittoria Luoni6, Busra Burcu Kucuk Ordulu2, Annalisa Boscolo1, 
Paolo Navalesi1,6

1UOC Anesthesia and Intensive Care Unit, University Hospital of Padua, Padua, Italy, 
2Department of Anesthesiology and Reanimation, Samsun Training and Research Hospital, 
Samsun University Faculty of Medicine, Samsun, 3Department of Anesthesiology and 
Reanimation, Ataturk University School of Medicine, 4Clinical Research, Development and 
Design Application and Research Center, Ataturk University School of Medicine, Erzurum, 
5Department of Anesthesiology and Reanimation, Ondokuz Mayis University Faculty of 
Medicine, Samsun, Turkey, 6UOC Anesthesia and Intensive Care Unit, Department of Medicine 
- DIMED, University of Padua, Padua, Italy

Korean J Anesthesiol 2023;76(1):34-46
https://doi.org/10.4097/kja.22366
pISSN 2005–6419 • eISSN 2005–7563

Clinical Research Article

Background: Different regional anesthesia (RA) techniques have been used for laparo-
scopic cholecystectomy (LC), but there is no consensus on their comparative effectiveness. 
Our objective was to evaluate the effect of RA techniques on patients undergoing LC using 
a network meta-analysis approach. 
Methods: We conducted a systematic review and network meta-analysis. We searched 
PubMed, the Cochrane Central Register of Controlled Trials (CENTRAL), Scopus, and 
Web of Science (Science and Social Science Citation Index) using the following PICOS 
criteria: (P) adult patients undergoing LC; (I) any RA single-shot technique with injection 
of local anesthetics; (C) placebo or no intervention; (O) postoperative opioid consumption 
expressed as morphine milligram equivalents (MME), rest pain at 12 h and 24 h post-op-
eration, postoperative nausea and vomiting (PONV), length of stay; and (S) randomized 
controlled trials. 
Results: A total of 84 studies were included. With the exception of the rectus sheath block 
(P = 0.301), the RA techniques were superior to placebo at reducing opioid consumption. 
Regarding postoperative pain, the transversus abdominis plane (TAP) block (−1.80 on an 
11-point pain scale) and erector spinae plane (ESP) block (−1.33 on an 11-point pain 
scale) were the most effective at 12 and 24 h. The TAP block was also associated with the 
greatest reduction in PONV. 
Conclusions: RA techniques are effective at reducing intraoperative opioid use, postoper-
ative pain, and PONV in patients undergoing LC. Patients benefit the most from the bilat-
eral paravertebral, ESP, quadratus lumborum, and TAP blocks. 

Keywords: Cholecystectomy; Conduction anesthesia; Laparoscopic cholecystectomy; Lap-
aroscopy; Local anesthesia; Meta-analysis.

http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://doi.org/10.4097/kja.22366


Introduction 

Laparoscopic cholecystectomy (LC), the most frequently per-
formed upper abdominal laparoscopic surgery, is the gold stan-
dard treatment modality for gallbladder disorders, such as 
cholelithiasis and cholecystitis [1,2]. This minimally invasive pro-
cedure is considered superior to open surgery, especially due in 
terms of lower postoperative pain and early recovery, and triggers 
a relatively reduced immune response [3,4]. 

Although LC is considered less painful than open surgery, post-
operative pain must still be managed [5]. The components of pain 
in laparoscopic upper abdominal surgeries differ from those in 
open surgeries. Some of these components include incisional 
pain, visceral pain, pain secondary to peritoneal irritation, and 
shoulder pain [5,6]. Despite these many components, the primary 
source of pain reported for LC is incisional; therefore, incisional 
pain should be the main focus of postoperative pain management 
[5]. However, a multimodal analgesic approach that alleviates all 
components of pain is the most appropriate. Generally, multi-
modal analgesia is applied in LC, including regional anesthesia 
(RA) techniques. Some components of multimodal analgesia in 
LC include nonsteroidal anti-inflammatory drugs and parac-
etamol, opioids, local infiltration analgesia, fascial plane blocks, 
and paravertebral and peri-paravertebral blocks [2,7,8]. 

Many meta-analyses have evaluated different RA techniques for 
postoperative pain and analgesia requirements in LC [2,9–13]. 
Herein, we designed and conducted a systematic review and me-
ta-analysis of all randomized controlled comparative studies that 
evaluated the effect of RA techniques, including infiltration, in 
LC. The primary outcome of this analysis was postoperative mor-
phine consumption. In addition, this study aimed to compare the 
overall relative effectiveness of each technique. 

Materials and Methods 

The network meta-analysis protocol used for this study was 
registered prospectively (PROSPERO identification number: 
CRD42022307399), and we followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) State-
ment Guidelines in order to prepare the present manuscript [14]. 

Eligibility criteria 

Studies were considered eligible for inclusion based on the fol-
lowing PICOS criteria: (P) surgical patients aged >  18 years re-
quiring LCA; (I) any RA single-shot technique with local anes-
thetics; (C) placebo or no intervention; (O) postoperative opioid 

consumption expressed as morphine milligram equivalents 
(MME), rest pain at 12 and 24 h post-operation, postoperative 
nausea and vomiting (PONV), and hospital length of stay (LOS); 
and (S) randomized controlled trials. 

Search strategy 

We performed a systematic search of the medical literature for 
the identification, screening, and inclusion of articles. The search 
was performed in the following databases: PubMed, The Co-
chrane Central Register of Controlled Trials (CENTRAL), Sco-
pus, and Web of Science (Science and Social Science Citation In-
dex) from inception to April 9, 2022. We also performed litera-
ture snowballing by checking the references of the included stud-
ies to identify additional eligible studies. We did not apply any 
restrictions on the language, status, or year of publication. The 
search strategy used for each database is available as supplemen-
tary material (Supplementary Material 1, which reports our 
search strategy). 

Study selection 

Two researchers independently screened the titles and abstracts 
of the identified papers to select the relevant manuscripts. The full 
text of every citation considered potentially relevant was reviewed.  

Data extraction and data retrieval  

After identifying studies that met the inclusion criteria, two au-
thors manually reviewed and assessed each of the included stud-
ies. Opioids were converted to compare intravenous MME using 
the GlobalRPh morphine equivalent calculator, considering a 0% 
cross-tolerance modifier (http://www.globalrph.com/narcotic). 

Quality assessment and certainty of evidence assessment 

Two team members independently evaluated the quality of the 
included RCTs using the Risk of Bias (RoB) 2 tool [15]. Disagree-
ments were resolved through discussion, or, if the disagreement 
could not be resolved, a third researcher was consulted. According 
to the RoB 2 tool, the overall risk of bias is expressed using a 
three-grade scale (i.e., “low risk of bias,” “high risk of bias,” or “ 
some concerns”). We used the Grades of Recommendation, As-
sessment, Development and Evaluation (GRADE) approach to 
assess the certainty of evidence related to each of the outcomes 
[16]. 
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Statistical methods 

The meta-analysis was performed using R version 4.1 (R Foun-
dation for Statistical Computing, Austria) and the ‘netmeta’ pack-
age. The treatment effect on continuous outcomes was expressed 
as the mean difference (MD) with a 95% CI. The treatment effect 
for dichotomous outcomes was expressed as the odds ratio (OR) 
with a 95% CI. The methods were ranked based on the frequentist 
analog of the surface under the cumulative ranking curve [17]. 
When necessary, we converted the reported median and inter-
quartile range to the estimated mean and SD using Hozo’s method 
[18]. We decided not to apply continuity correction to zero events. 

Inconsistency, heterogeneity, and publication bias 
analysis 

To assess study heterogeneity, the chi-square test and I2 statistic 
were used (I2 values were classified as follows: low, <  25%; mod-
erate, 25–50%; and high, >  50%) [19]. The within-design hetero-
geneity and between-design inconsistency were evaluated using 
Cochrane Q. A random-effects model was preferred, regardless of 
both inconsistency and heterogeneity. Publication bias was evalu-
ated by visual inspection of funnel plots. 

Results 

Study selection and data retrieval 

The search results are shown in the PRISMA diagram (Fig. 1). 
The initial screening identified 9,124 studies. Of these, 8,955 were 
excluded during the preliminary screening because they were un-
related or duplicate studies. The remaining 169 full-text manu-
scripts were retrieved, 85 of which were excluded based on the in-
clusion and exclusion criteria. A total of 84 studies that evaluated 
nine different RA techniques were included in the quantitative 
and qualitative analyses [20–103]. 

The regional and local anesthesia techniques assessed included 
intraperitoneal local anesthetic instillations; wound/port infiltra-
tions; and erector spinae plane (ESP), transversus abdominis 
plane (TAP), subcostal TAP, rectus sheath, quadratus lumborum 
(QL), and paravertebral blocks. The resulting network is shown 
graphically in Fig. 2. 

According to the risk of bias evaluation, seven studies were clas-
sified as low risk of bias, ten as high risk of bias, and the remain-
ing studies had some concerns (Fig. 3). The criteria used to assign 
these risk of bias judgments are available as supplementary mate-
rial (Supplementary Material 2 with the risk of bias table).  

Fig. 1. PRISMA flowchart of the study.

Records identified through database 
searching (n = 9,124)

• PubMed (n = 3,079)
• Cochrane (n = 2,489)
• Web of Science (n = 3,017)
• Scopus (n = 539)

Additional records identified through 
other sources (n = 10)

• Reference of retrieved articles (n = 10)

Full-text excluded (n = 85)

• Cohort studies (n = 12)
• Duplicates not detected at a previous stage (n = 13)
• Combination of regional anesthesia techiniques (n = 7)
• Same regional anesthesia with different anesthetics 

without other comparison (n = 48)
• Other surgery (n = 3)
• Not pertinent (n = 2)

Records after removal of duplicates (n = 3,512)

Records screened (n = 3,512) Records excluded (n = 3,343)

Full-text articles assessed for eligibility (n = 169)

Included in the qualitative analysis (n = 84)

Included in the quantitative analysis (n = 84)
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Study characteristics  

The 84 studies included a total of 6,214 patients. Of these, 2,079 
were allocated to the placebo or no intervention groups, while 
4,135 were allocated to the regional or local anesthesia groups 
(1,117 to wound/port infiltrations, 1,490 to intraperitoneal instil-
lations, 263 to ESP blocks, 447 to TAP blocks, 520 to subcostal 
TAP blocks, 86 to rectus sheath blocks, 149 to QL blocks, and 63 
to paravertebral blocks). Among the comparator groups, 70 stud-
ies used placebo/no intervention, 30 used wound/port infiltra-
tions, 37 used intraperitoneal instillations, 8 used ESP blocks, 12 
used TAP blocks, 15 used subcostal TAP blocks, 3 used rectus 
sheath blocks, 4 used QL blocks, and 2 used paravertebral blocks. 
The characteristics of all the included studies are available for 
consultation (Supplementary Material 3). 

Outcomes 

Primary outcome: postoperative opioid consumption at 24 h 
Postoperative opioid consumption was evaluated in 46 of the 

studies. With the exception of the rectus sheath block (P =  0.301), 
all RA techniques were superior at reducing opioid consumption 
compared to placebo. The most effective block in our analysis was 
the paravertebral block (−6.64 MME [−9.67,  −3.63]). The results 
for the primary outcome are graphically depicted in Fig. 4, and 
the results for all outcomes are summarized in Tables 1 and 2, and 
additionally, direct and indirect evidence contributing to each 
outcome is available as Supplementary Material 4. 

Using the GRADE assessment, the quality of evidence was rat-
ed as low due to high heterogeneity (I2 =  96.6%) and evidence of 
possible publication bias according to the Egger test. 

Postoperative pain at 12 h 
Postoperative pain at 12 h was evaluated in 53 of the studies. 

Compared to placebo, the greatest reduction in pain was obtained 
with the subcostal TAP block (−1.80 [−2.21, −1.36] on an 
11-point pain scale). Notably, the paravertebral block did not 
reach statistical significance given the relatively low sample size 
compared to the other interventions, resulting in a large CI 
(−1.92, 0.32). 

Using the GRADE assessment, the quality of evidence was rat-
ed as moderate owing to high heterogeneity (I2 =  85.4%). 

Postoperative pain at 24 h 
Postoperative pain at 24 h was evaluated in 65 of the studies. 

The ESP block was associated with the greatest pain reduction 
compared to placebo (−1.33 [−1.96, −0.71] on an 11-point pain 
scale). Irrespective of the block type, the pain scores in the control 
groups were greater than those in the RA groups. For this out-
come, the paravertebral block did not reach statistical significance, 
and had a large CI (−2.15,  −0.15). 

Fig. 2. Network graph. Overview of the network. Each regional 
anesthesia technique is represented at each corner of the polygon. The 
width of the lines connecting interventions are proportional to the 
number of trials assessing the comparisons. ESP: erector spinae plane, 
QL: quadratus lumborum, TAP: transversus abdominis plane.

Fig. 3. Bias assessment. Overview of the ROB 2 assessment.
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Using the GRADE assessment, the quality of evidence was rat-
ed as moderate owing to high heterogeneity (I2 =  89.6%). 

PONV 

PONV was evaluated in 40 of the studies. This outcome was 
not available for the rectus sheath block. The relevant studies as-
sessing the ESP block, intraperitoneal instillation, TAP block, and 
wound/port infiltration resulted in a statistically significant reduc-
tion in PONV compared to placebo or no intervention. The high-
est reduction in PONV was obtained with the TAP block, with an 
OR of 0.35 (0.22, 0.57). 

Using the GRADE assessment, the quality of evidence was rat-
ed as moderate with low heterogeneity (I2 =  0%), but high incon-
sistency.  

Hospital length of stay  

Only 12 of the studies evaluated the effect of RA on hospital 
length of stay. Considering the small number of trials, a me-
ta-analysis was not performed to avoid potentially misleading re-
sults. We chose to provide a qualitative description of the results 
instead. 

Three of the trials found a statistically significant difference, 
two of which investigated intraperitoneal instillation vs. placebo 
[56,97], while the third one evaluated ESP block vs. subcostal TAP 
block [65]. However, only one study found a difference that was 
both statistically and clinically significant [98] (1.3 ±  0.6 vs. 1.9 ±  
1.2 days). For the other two trials, the mean difference was two 
[56] and three hours [65], respectively, which we considered clini-

cally insignificant. 
No differences in the hospital LOS were found in the remaining 

nine trials. These studies evaluated intraperitoneal instillation 
compared to placebo (five trials) [21,23,33,48,66], rectus sheath 
block compared to placebo (one trial) [67], paravertebral block 
compared to placebo (one trial) [73], wound/port infiltration 
compared to TAP block [90], and intraperitoneal instillation com-
pared to TAP block compared to wound/port infiltration com-
pared to placebo (one study) [24]. 

Use of rescue analgesics 

The use of additional analgesics was also evaluated in 28 of the 
studies. All interventions were found to significantly reduced the 
use of postoperative rescue analgesics. The QL block was the most 
effective intervention, with an OR of 0.07 (95% CI [0.01, 0.40]). 

Using the GRADE assessment, the quality of evidence was rat-
ed as moderate owing to high heterogeneity (I2 =  61.7%). 

Publication bias 

Egger’s test revealed a potential publication bias only for post-
operative opioid consumption (P =  0.417). The funnel plots are 
available as Supplementary Material 5. 

Sensitivity analysis 

We performed a sensitivity analysis by removing studies with a 
high risk of bias. The results of the sensitivity analysis were not 
significantly different from the main analysis, moreover, such sen-

Fig. 4. Forest plot of the network meta-analysis. Morphine consumption at 24 h expressed as MME. MME: morphine miligram equivalents, MD: 
mean difference, ESP: erector spinae plane, QL: quadratus lumborum, TAP: transversus abdominis plane.
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sitivity analysis could not explain the possible publication bias for 
postoperative opioid consumption (Supplementary Material 6). 

Discussion 

Our study showed that patients receiving RA for LC had lower 
opioid consumption and pain in the first 24 h post-operation 
compared to placebo or no intervention. However, the limited 
amount of data prevented any conclusions regarding possible 
benefits to be made for hospital stay. LC is the most frequently 
performed upper abdominal laparoscopic surgery, and the 2018 
PROSPECT guidelines for LC recommended that wound/port in-
filtration be the routine regional technique used; the other tech-
niques were not recommended because of limited small trial evi-
dence and the potential for complications or failure of the anes-
thetic technique [104]. However, in the four years since these 
guidelines were published, many studies have substantially im-
proved our knowledge on this topic. 

Pain after LC may be associated with both visceral and somatic 
innervation. Postoperative analgesia should therefore be chosen 
considering both sources of pain. Our analysis confirms that most 
RA techniques are effective at reducing postoperative opioid con-
sumption, pain on the first postoperative day, and PONV, that all 
of which are in line with previously published guidelines [104].  

Considering our primary outcome, the paravertebral block was 
the most effective technique with the most significant reduction 
in morphine consumption (6.64 mg). While this difference is sta-
tistically significant, previous studies have suggested that a reduc-
tion in morphine that is <  10 mg may have a limited clinical im-
pact [105]. While the clinical significance of small reductions in 
opioid consumption has not been clearly established, a recent re-
view showed that there are no clear data to define the minimal 
clinically important difference for 24 h opioid consumption [106]. 

Pain at 12 and 24 h post-operation similarly showed that most 
RA techniques were effective, with the subcostal TAP block and 
the ESP block showing the greatest effect. Among the RA tech-
niques, only the paravertebral block did not show statistically sig-
nificant results regarding pain in the first 24 h post-operation. 
This result is likely due to the relatively small sample size for the 
paravertebral block compared with the other interventions, that 
producinge a large CI. 

Of note, while the small reduction in opioid consumption may 
be debatable, the overall benefit of these blocks on pain scores and 
PONV indicates that the benefits are not limited only to opioid 
consumption, but also affect overall patient comfort, strongly sug-
gesting that these techniques should be routinely adopted. 

Not all the investigated techniques appeared to be equally effec-Ta
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tive at achieving the desired results for morphine consumption or 
postoperative pain. In particular, the rectus sheath block was not 
statistically significant for any of the investigated outcomes, and 
intraperitoneal instillation of local anesthetics and wound/port 
infiltration were consistently among the least effective treatments. 
A recent meta-analysis investigating the effect of the rectus sheath 
block on various laparoscopic surgeries [13] found that the tech-
nique was effectively reduced pain for both the second and the 
composite – 10–12 h post-operation, though it was not effective at 
24 h post-operation. A limitation of this study relates to the inclu-
sion of several different types of laparoscopic procedures, the ma-
jority of which are gynecological interventions. While we did not 
investigate early postoperative pain at 2 h, the evaluation of a sin-
gle type of intervention makes our patient population more ho-
mogenous, potentially strengthening the significance of our re-
sults. Another potential limitation related to the use of the rectus 
sheath block in LC is that it targets only the anterior ramus of the 
ventral branch of the spinal nerve, which limits its ability to affect 
both visceral and abdominal wall pain originating from laparo-
scopic ports lateral to the rectus sheaths after LC. Previous studies 
have reported that visceral pain is the most significant contributor 
to pain in the first 24 h after LC [107,108]. Given this context, our 
results regarding the rectus sheath block were unsurprising. 

Future studies comparing paravertebral and interfascial blocks 
are warranted. Moreover, considering that part of the evidence 
produced by our study arose from indirect evidence, more studies 
directly comparing interventions are necessary. 

Our study has some limitations. First, all our analyses were 
characterized by high heterogeneity, likely resulting from the 
pooling of heterogeneous studies of anesthetic and analgesic regi-
mens, which, if these characteristics interacted with the outcomes 
of the local anesthetic injection, may have compromised the esti-

mated outcomes. Therefore, readers should be cautious when ex-
trapolating and applying these results to routine clinical practice. 
Second, we pooled no-intervention and placebo groups together 
for the meta-analysis; however, no block is not the same as a pla-
cebo since it has no potential favorable psychological advantages. 
Placebo may cause a psychological effect lowering pain scores and 
opioid use when a patient is not offered a block in daily clinical 
practice. Analyzing these interventions individually improves the 
accuracy and strength of our results. Third, the conclusions re-
garding some RA techniques (such as the paravertebral block) 
were based on a small sample size, which greatly decreases the 
strength of the evidence for these techniques. While we decided 
not to remove these techniques from our analysis, further studies 
are necessary to increase the certainty of evidence regarding these 
blocks. 

In conclusion, regional single-shot techniques are effective at 
reducing intraoperative morphine consumption, pain, and PONV 
in patients undergoing LC. Patients benefit the most from the bi-
lateral paravertebral, ESP, QL, and TAP blocks. The rectus sheath 
block was not effective for the considered outcomes.  
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Table 2. Ranking among Treatments (P-score)

RA technique MME 24 h (mg) Pain at 12 h Pain at 24 h PONV Additional analgesics
ESP block 2 (0.845) 4 (0.756) 1 (0.862) 3 (0.663) 3 (0.681)
Intraperitoneal 8 (0.310) 7 (0.246) 8 (0.233) 7 (0.278) 6 (0.175)
Paravertebral 1 (0.958) 6 (0.358) 4 (0.621) 5 (0.482) N/A
QL block 3 (0.605) 3 (0.791) 2 (0.764) 2 (0.677) 1 (0.854)
Rectus sheath block 6 (0.355) 8 (0.196) 7 (0.316) N/A N/A
Subcostal TAP block 5 (0.467) 1 (0.835) 3 (0.758) 4 (0.539) 4 (0.628)
TAP block 4 (0.602) 2 (0.824) 5 (0.509) 1 (0.860) 2 (0.757)
Wounds/ports infiltration 7 (0.341) 5 (0.463) 6 (0.416) 6 (0.462) 5 (0.403)
Placebo 9 (0.015) 9 (0.029) 9 (0.016) 8 (0.035) 7 (0.000)
Described as rank and the surface under the corresponding cumulative ranking curve within parenthesis. RA: regional anesthesia, MME: 
morphine milligram equivalents, PONV: postoperative nausea and vomiting, ESP: erector spinae plane, QL: quadratus lumborum, TAP: 
transversus abdominis plane, N/A: data not available.
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Clinical Research Article

Background: Ramped positioning is recommended for intubating obese patients under-
going direct laryngoscopy. However, whether the use of the ramped position can provide 
any benefit in videolaryngoscopy-guided intubation remains unclear. This study assessed 
intubation time using videolaryngoscopy in morbidly obese patients in the ramped versus 
sniffing positions. 
Methods: This is a prospective randomized study in patients with morbid obesity (n = 82; 
body mass index [BMI] ≥ 35 kg/m2). Patients were randomly allocated to either the 
ramped or the standard sniffing position groups. During the induction of general anesthe-
sia, difficulty in mask ventilation was assessed using the Warters scale. Tracheal intubation 
was performed using a C-MAC® D-Blade videolaryngoscope, and intubation difficulty 
was assessed using the intubation difficulty scale (IDS). The primary endpoint was the to-
tal intubation time calculated as the sum of the laryngoscopy and tube insertion times. 
Results: The percentage of difficult mask ventilation (Warters scale ≥ 4) was significantly 
lower in the ramped (n = 40) than in the sniffing group (n = 41) (2.5% vs. 34.1%, P < 
0.001). The percentage of easy intubation (IDS = 0) was significantly higher in the ramped 
than in the sniffing group (70.0% vs. 7.3%, P < 0.001). The total intubation time was sig-
nificantly shorter in the ramped than in the sniffing group (22.5 ± 6.2 vs. 40.9 ± 9.0, P < 
0.001). 
Conclusions: Compared with the sniffing position, the ramped position reduced intuba-
tion time in morbidly obese patients and effectively facilitated both mask ventilation and 
tracheal intubation using videolaryngoscopy. 

Keywords: Intratracheal intubation; Laryngoscopes; Masks; Obesity; Posture; Procedures 
and techniques utilization.

Introduction 

With the worldwide increase in the prevalence of obesity, anesthesiologists are encoun-
tering an increasing number of obese patients in the operating room [1,2]. Although in-
creased body mass index (BMI) itself poorly predicts difficult laryngoscopy [3–5], obese 
patients tend to have other predictors of difficult intubation, such as a large neck circum-
ference [6,7]. Many studies have reported that laryngoscopy and tracheal intubation are 
more difficult to perform in obese patients than in lean patients [3,8,9]. 

For successful intubation under direct laryngoscopy, appropriate positioning is increas-
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ingly emphasized in obese patients [10,11]. Collins et al. [12] sug-
gested placing morbidly obese patients in a ramped position rath-
er than in the standard sniffing position. The ramped position is 
achieved by arranging blankets under the patient’s upper body 
and head to obtain a horizontal alignment between the external 
auditory meatus and sternal notch [13]. This position produces 
proper alignment of the oral, pharyngeal, and laryngeal axes (the 
three axes of intubation) in obese patients, similar to the sniffing 
position in lean patients. Subsequent studies have demonstrated 
that the ramped position significantly improved the laryngeal 
view in morbidly obese patients during direct laryngoscopy [14–
16]. 

Videolaryngoscopy is another useful option for tracheal intuba-
tion in obese patients. A recent meta-analysis of 13 randomized 
controlled trials showed that videolaryngoscopy was superior to 
direct laryngoscopy in terms of intubation success rate, intubation 
time, and glottic visualization in obese patients [17]. Only four of 
these 13 trials described the use of the ramped position for intu-
bation, while the others did not describe patient positioning or 
did not use the ramped position. Unlike direct laryngoscopy, vid-
eolaryngoscopy does not require eye alignment with the three 
axes of intubation to visualize the glottis and facilitate tracheal in-
tubation [18]. Considering this advantage, it seems possible that 
the implementation of videolaryngoscopy could lead to successful 
intubation in obese patients, even without the use of the ramped 
position. 

However, it remains unclear whether the use of the ramped po-
sition confers any benefit to videolaryngoscopy-guided intubation 
in obese patients. Therefore, this study was conducted to compare 
videolaryngoscopy-guided intubation of morbidly obese patients 
in the ramped versus sniffing position. The hypothesis of the 
study was that the intubation time in the ramped position might 
be shorter than that in the sniffing position. The primary outcome 
was intubation time (the time required for successful intubation); 
the secondary outcomes were difficulties in mask ventilation and 
intubation. 

Materials and Methods 

This prospective, randomized, parallel-group study was ap-
proved by the Institutional Review Board of the Chonnam Na-
tional University Hospital (IRB no. 2019-361). The study has been 
registered at the Clinical Research Information Service of the Ko-
rea National Institute of Health (https://cris.nih.go.kr) under the 
registration number KCT0004589. The study was conducted in a 
university hospital between December 2019 and March 2021, in 
accordance with the principles of the 2013 Declaration of Helsin-

ki. Written informed consent was obtained from all participants 
prior to enrollment. 

This study enrolled patients with BMI ≥  35 kg/m2, age 20–80 
years, and an American Society of Anesthesiologists physical sta-
tus classification of I–III who were scheduled to receive general 
anesthesia for surgery with orotracheal intubation. Patients with a 
history of difficult intubation, cervical spine defect, previous head 
and neck surgery, or risk of pulmonary aspiration were excluded. 
Preoperative airway evaluation was conducted the day before sur-
gery and included Mallampati classification, neck circumference, 
sternomental distance, thyromental distance, and inter-incisor 
distance. 

Patients were divided into two groups: a sniffing position group 
and a ramped position group. Position allocation was based on a 
computer-generated random number list with random block sizes 
of 2 and 4, which was prepared by an investigator with no clinical 
involvement in the trial. In the sniffing group, the patient was 
placed in the supine position with a 7-cm-high pillow placed un-
der the occiput. For the ramped group, pillows were placed under 
the patient’s upper body and head such that the external auditory 
meatus and sternal notch were horizontal. The height of the oper-
ating table for patients in both groups was adjusted to ensure that 
the patient’s head was located between the anesthesiologist’s lower 
xiphoid process and the upper part of the umbilicus. 

Upon arrival in the operating room, the patient was placed in 
the assigned position (sniffing or ramped position) with standard 
monitors, including for electrocardiogram, non-invasive blood 
pressure, pulse oximetry, and capnography. All patients were pre-
oxygenated with 100% oxygen for 3 min, after which anesthesia 
was induced with propofol and remifentanil. After loss of con-
sciousness, repetitive train-of-four (TOF) stimulation was started 
and rocuronium (0.6–1.0  mg/kg of ideal body weight) was ad-
ministered. 

The difficulty in manual mask ventilation was assessed using 
the Warters scale, which assigns points based on escalating levels 
of intervention to achieve a target tidal volume of 5 ml/kg of ideal 
body weight (Table 1) [19]. If the target tidal volume was not 
achieved, an airway device, increased inspiratory pressure, and 
two-person ventilation were used. The mask ventilation score was 
recorded when the TOF count reached zero. Difficult mask venti-
lation was defined as a score ≥  4 on the Warters scale [20]. 

Tracheal intubation was performed using a C-MAC® D-Blade 
videolaryngoscope (Karl Storz, Germany) (Fig. 1). The videola-
ryngoscope blade has a large upward curvature at its distal end 
[21]. The internal diameter of the endotracheal tube was 8 mm 
for men and 7 mm for women; each stylet was pre-shaped to re-
semble the curvature of the C-MAC D-blade. All mask ventilation 
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and tracheal intubation procedures were performed by a single 
faculty anesthesiologist who had experience in anesthesia for 
more than 10 years and was experienced with the use of the 
C-MAC D-blade videolaryngoscope. 

The difficulty in tracheal intubation was assessed using the In-
tubation Difficulty Scale (IDS) [22]. The IDS score was derived 
from the sum of seven variables, which consisted of the number 
of intubation attempts, number of additional operators, number 
of alternative intubation techniques used, Cormack grade of la-
ryngeal view, use of increased lifting force during laryngoscopy, 
application of external laryngeal pressure, and position of the vo-
cal cord under laryngoscopic view. The degree of difficulty was 
categorized as easy (IDS =  0), slightly difficult (IDS =  1 to 5), 
moderate to major difficulty (IDS >  5), or impossible intubation 
(IDS =  infinity) according to the IDS score. 

Laryngoscopy and tube insertion times were measured sepa-
rately to distinguish between difficult laryngoscopy and difficult 
tube insertion. Laryngoscopy time was measured from the time 
when the blade tip touched the patient’s lip until the best glottic 
view was achieved on the video laryngoscope monitor. Tube in-
sertion time was measured from the time the endotracheal tube 
was inserted into the patient’s mouth until the passage of the tube 
through the glottis. The total intubation time was calculated as the 
sum of the laryngoscopy and tube insertion times. Intubation fail-
ure was defined as a total intubation time >  90 s or esophageal 
intubation. 

Sample size was determined based on the mean intubation time 
estimated in a pilot study (n =  12 for each group), reporting a 
mean difference of 7.6 s and a standard deviation of 11.6 s. Power 
analysis showed that a sample size of 76 patients (38 patients in 
each group) would provide a statistical power of 0.8 with a 
two-sided level of 0.05 to detect significant differences. Consider-
ing possible dropouts, a total sample size of 82 patients was calcu-
lated. 

The Kolmogorov–Smirnov test was performed to examine the 
assumption of normality. Normally distributed continuous vari-
ables were compared using the Student’s t-test; non-normally dis-
tributed continuous variables and ordinal variables were com-
pared using the Mann–Whitney U test. Categorical variables were 
compared using the chi-square test or Fisher’s exact test. Data are 
presented as the number of patients, mean ±  SD, or median (Q1, 
Q3). Statistical significance was set at P <  0.05.  

Results 

Among the 93 patients screened for eligibility, 11 were excluded 
for the reasons shown in Fig. 2. Eighty-two patients were random-
ized in the study, but one patient in the ramped group was exclud-
ed because the operation was canceled. Thus, the study popula-
tion comprised of 81 patients (40 patients for the ramped group 
and 41 patients for the sniffing group). There were no significant 
differences in the demographic data and airway parameters be-
tween the two groups (Table 2). 

The incidence of difficult mask ventilation was significantly 
lower in the ramped than in the sniffing group (2.5% vs. 34.1%, P 
<  0.001) (Table 3). The rate of easy intubation was significantly 
higher in the ramped than in the sniffing group (70.0% vs. 7.3%, 
P <  0.001). The rate of Cormack grade I was higher in the 
ramped than in the sniffing group (95.0% vs. 63.4%, P =  0.001), 
although poor visualization of the glottis (Cormack grade ≥  3) 
under videolaryngoscopy was not observed in either group. In-
creased lifting force to expose the glottis during videolaryngosco-
py was less frequent in the ramped than in the sniffing group 
(5.0% vs. 80.5%, P <  0.001). Neither group had failed mask venti-
lation or intubation. 

Table 1. The Warters Grading Scale for Mask Ventilation

Description/definition Points
Oral or nasal airway 1
PIP 20–25 cmH2O 1
PIP 26–30 cmH2O 2
PIP >  30 cmH2O 3
Unable to generate PIP >  30 cmH2O 3
Two-person ventilation 2
Tidal volume 2–5 ml/kg 2
Unable to ventilate 4
The point system is based on the ability to achieve a target volume of 5 
ml/kg (ideal body weight). PIP: peak inspiratory pressure.

Fig. 1. The conventional C-MAC videolaryngoscope blade (Macintosh 
size 3, [A]) and the hyperangulated C-MAC D-blade (B).

18° 40°AA BB
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Fig. 2. CONSORT flow diagram.

Table 2. Demographic Data

Variable Ramped group (n =  40) Sniffing group (n =  41) P value
Sex (M/F) 19/21 20/21 0.908
Age (yr) 40.7 ±  15.7 46.5 ±  14.0 0.085
Height (cm) 162.1 ±  11.9 164.4 ±  10.3 0.350
Weight (kg) 101.6 ±  18.3 100.7 ±  14.2 0.800
BMI (kg/m2) 36.8 (35.6, 40.9) 35.7 (35.2, 38.0) 0.058
ASA physical status (I/II/III) 0/24/16 0/21/20 0.505
Airway parameters
 Mallampati score (I/II/III) 23/14/3 21/20/0 0.128
 Neck circumference (cm) 45.1 ±  5.6 45.2 ±  5.0 0.918
 Sternomental distance (cm) 16.0 (14.9, 17.0) 15.2 (14.5, 16.8) 0.435
 Thyromental distance (cm) 8.1 (6.8, 9.0) 8.2 (7.0, 8.8) 0.527
 Inter-incisor distance (cm) 4.9 (4.5, 5.0) 5.0 (4.4, 5.2) 0.895
Values are presented as number of patients or mean ± SD or median (Q1, Q3). BMI: body mass index, ASA: American Society of 
Anesthesiologists.

The total intubation time, which was the primary outcome of 
the study was significantly shorter in the ramped than in the sniff-
ing group (22.5 ±  6.2 vs. 40.9 ±  9.0 s; mean difference [95% CI] 
18.4 [15.0, 21.8], P <  0.001) (Fig. 3). Two components of the total 
intubation time were also significantly shorter in the ramped than 
in the sniffing group, respectively (10.0 ±  2.7 vs. 18.9 ±  4.5 s for 
laryngoscopy time, P <  0.001; 12.5 ±  4.9 vs. 22.0 ±  7.3 s for tube 
insertion time, P <  0.001). 

Discussion 

In the present study, intubation time using a videolaryngoscope 
was compared between morbidly obese patients placed in the 
ramped versus the sniffing position. All intubations were com-
pleted successfully in both positions. However, the total intuba-
tion time was significantly shorter in the ramped than in the 
sniffing group. Laryngoscopy and tube insertion times (compo-
nents of the total intubation time) were also shorter in the ramped 
group. Additionally, mask ventilation and tracheal intubation 

Assessed for eligibility (n = 93)Enrollment

Allocated to ramped position
(n = 41)

Discontinued intervention (n = 1)

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

Allocated to sniffing position
(n = 41)

Discontinued intervention (n = 0)

Analyzed (n = 41)
 · Excluded from analysis (n = 0)

Excluded (n = 11)
• Patient refusal (n = 9)
• Did not meet inclusion criteria (n = 2)

Randomized (n = 82)

Allocation

Follow-up

Analysis

https://doi.org/10.4097/kja.2226850

Lee et al. · Ramped position in the videolaryngoscopy

https://doi.org/10.4097/kja.22268


Table 3. Difficulty in Mask Ventilation and Tracheal Intubation

Variable Ramped group (n =  40) Sniffing group (n =  41) P value
Difficulty of mask ventilation
 Warters scale 1 (1, 2) 3 (2, 4) <  0.001
 No. of difficult cases (a score ≥  4) 1 (2.5) 14 (34.1) <  0.001
Difficulty of intubation
 IDS score 0 (0, 1) 2 (1, 3) <  0.001
  A. No. of attempts (n-1)
   1 40 (100) 37 (90.2) 0.116
   2 0 (0) 4 (9.8)
  B. No. of operators (n-1)
   1 40 (100) 41 (100) N/A
  C. No. of alternative techniques (n)
   0 40 (100) 34 (82.9) 0.012
   1 0 (0) 7 (17.1)
  D. Cormack grade (grade - 1)
   1 38 (95.0) 26 (63.4) 0.001
   2 2 (5.0) 15 (36.6)
  E. Lifting force required (increased =  1) 2 (5.0) 33 (80.5) <  0.001
  F. External laryngeal pressure (applied =  1) 5 (12.5) 13 (31.7) 0.060
  G. Vocal cord mobility (adduction =  1) 5 (12.5) 2 (4.9) 0.264
Ease of intubation
 Easy (IDS =  0) 28 (70.0) 3 (7.3) <  0.001
 Slight difficulty (0 <  IDS ≤  5) 12 (30.0) 38 (92.7)
 Moderate to major difficulty (IDS >  5) 0 (0) 0 (0)
Values are presented as the number of patients (%) or median (Q1, Q3). IDS score = sum of score of seven variables (A–G). An intubating 
stylet was routinely used during videolaryngoscopy and was not considered an alternative technique. IDS: intubation difficulty scale, N/A: not 
applicable.

were easier in the ramped than in the sniffing group. These results 
suggest that despite the advantage conferred by videolaryngosco-
py in all patients, the ramped position remains useful for tracheal 
intubation in obese patients. 

The long laryngoscopy time of the patients in the sniffing posi-
tion can be explained by the difficult insertion of the laryngo-
scope blade. During laryngoscope insertion into the oral cavity, 
the tip of the laryngoscope handle moves towards the patient’s 
chest. For morbidly obese patients in the sniffing position, laryn-
goscope insertion and manipulation are often impeded by the an-
terior expansion of the chest cavity, which results from increased 
fat deposition (Fig. 4). A similar problem frequently occurs in 
pregnant patients, in whom the use of a short laryngoscope han-
dle has been clinically accepted because pregnancy-related breast 
enlargement could be an impediment to intubation with a stan-
dard laryngoscope handle [23]. 

However, a short-handle design is not available for most video-
laryngoscopes, including the C-MAC® D-Blade videolaryngo-
scope used in the present study. Furthermore, the C-MAC® 

Fig. 3. Comparison of laryngoscopy time, tube insertion time, and the 
total intubation time during videolaryngoscopy in the ramped versus 
sniffing position. Laryngoscopy time: from the insertion of the blade 
to the best glottic visualization, Tube insertion time: from the insertion 
of the endotracheal tube to the passage of the tube through the glottis, 
Total intubation time: laryngoscopy time + tube insertion time.
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D-Blade has a hyperangulation of 40°, in contrast to the 18° angu-
lation of conventional C-MAC blades [21]. Hyperangulation may 
further increase the difficulty of blade insertion because the han-
dle must be more sloped to allow the hyperangulated blade to en-
ter the oral cavity [24]. For patients in the sniffing position, a lon-
ger laryngoscopy time may be required for additional manipula-
tions, including 90° rotation of the handle to the right or blade 
orientation in the reverse direction [24,25]. In contrast, patient 
placement in the ramped position provides more space for con-
ventional handling of the laryngoscope. 

The tube insertion time was also significantly shorter in the 
ramped than in the sniffing group, although videolaryngoscopy 
provided adequate exposure of the glottis (Cormack grade 1 or 2) 
for all patients. This finding demonstrated that the tube tip move-
ment toward the glottic opening and tube advancement into the 
trachea are easier when obese patients are placed in the ramped 
position.  

One possible explanation for this finding is that the oropharyn-
geal airway may widen in the ramped position. Obese patients 
have a smaller upper airway cavity, which tends to collapse as fat 
accumulates in the upper respiratory tract and tongue [26–29]. A 
large amount of soft tissue around the neck may also affect up-
per-airway patency [30]. For non-obese patients, elevating the 
head from the table in the sniffing position produces an increased 
distance between the mentum and cervical column compared to 
the neutral position, resulting in a wider oropharyngeal airway 
[31]. For obese patients, however, this distance might not be in-
creased adequately in the standard sniffing position because of 
their increased fat deposition in the back. The head is more ele-
vated in the ramped position than in the sniffing position, which 

increases the distance between the mentum and the cervical col-
umn. Thus, the ramped position may provide wider space for 
tube advancement to the glottic opening. This mechanism is sup-
ported by the IDS score, which indicates a lower need for an ab-
normally increased lifting force during laryngoscopy in patients 
in the ramped position. 

An alternative explanation for the difference in tube insertion 
time is the disparity between the view and the tracheal axes. 
During direct laryngoscopy, the view axis (the operator’s eye) and 
tracheal axis are generally similar if the three airway axes exhibit 
good alignment. During videolaryngoscopy, the view axis (with 
the camera at the distal tip of the blade) and tracheal axis usually 
form a large angle, especially if the airway axes are not aligned 
[32]. Increasing the angle between the blade and trachea can com-
plicate tube advancement into the trachea, regardless of adequate 
laryngeal exposure during videolaryngoscopy [33–35]. For obese 
patients in the ramped position, this angle is probably smaller be-
cause the alignment of the airway axes is similar to that in nor-
mal-weight patients who are placed in the sniffing position. 

Morbid obesity is an independent risk factor of difficult mask 
ventilation [36–38]. In the present study, the ramped position not 
only facilitated faster and easier tracheal intubation but also made 
mask ventilation easier in morbidly obese patients when com-
pared with the sniffing position. This finding is consistent with a 
previous study by Cattano et al. [16], which showed that mask 
ventilation was easier in 35% of the patients upon shifting from 
the neutral position to the ramped position. Prolonged intubation 
time with difficult mask ventilation is expected to be more prob-
lematic in morbidly obese patients because the altered respiratory 
mechanics of these patients can lead to arterial desaturation even 

Fig. 4. Comparison of the difficulty of the videolaryngoscope blade insertion between the sniffing position (A) and the ramped position (B). In 
the sniffing position, laryngoscope insertion could be impeded by anterior expansion of the chest cavity in morbidly obese patients. In the ramped 
position, there might be more space for laryngoscope insertion and manipulation.
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after a brief period of apnea, despite adequate preoxygenation 
[39–41]. Therefore, the present study suggests that morbidly 
obese patients need to be placed in the ramped position during 
the induction of anesthesia, regardless of whether videolaryngos-
copy is used or not. 

This study has several limitations. First, a crossover design was 
not used due to safety concerns. In anesthetized obese patients, 
multiple position changes and prolonged induction time with an 
unsecured airway increase the risk of positioning injury or hypox-
emia. Second, the assessor could not be blinded due to the nature 
of interventions used in this study. Third, only one type of video-
laryngoscope (with a hyperangulated blade) was used. Thus, cau-
tion is needed when generalizing these results to other videola-
ryngoscopes. Fourth, this was a single-center study, which may 
limit the applicability of the results to other institutions. Fifth, the 
time for intubation and the difficulty of intubation were signifi-
cantly different between the groups in the present study. Thus, the 
incidence of complications related to tracheal intubation, such as 
postoperative sore throat or hoarseness, might be different be-
tween the groups. However, we did not collect data on the com-
plications of tracheal intubation. 

In conclusion, the present study demonstrated that the ramped 
position could reduce intubation time and achieve easy intubation 
using videolaryngoscopy in morbidly obese patients. Regardless 
of videolaryngoscopy usage, the ramped position should be con-
sidered to improve airway management in morbidly obese pa-
tients. 
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Background: This study evaluated the effects of dexmedetomidine and propofol on 
brain-derived neurotrophic factor level in the cerebrospinal fluid (c-BDNF) and mechani-
cal allodynia in a mild traumatic brain injury (TBI) rat model. 
Methods: After fixing the rat’s skull on a stereotactic frame under general anesthesia, cra-
niotomy was performed. After impact, 10 µl of drug was injected into the cisterna magna 
(group S: sham, group D: dexmedetomidine 5 μg/kg, group P: propofol 500 μg/kg, and 
group T: untreated TBI). The 50% mechanical withdrawal threshold (50% MWT) and 
c-BDNF level were measured on postoperative days (PODs) 1, 7, and 14. 
Results: The 50% MWT measured on PODs 1, 7, and 14 was lower and the c-BDNF level 
on POD 1 was higher in group T than in group S. In group D, the c-BDNF level on POD 1 
was lower than that in group T and was comparable with that in group S during the whole 
study period. The 50% MWT of group D was higher than that of group T throughout the 
postoperative period. In group P, there were no significant differences in the 50% MWT 
during the entire postoperative period compared with group T; the c-BDNF level was 
higher than that in group T on POD 1. 
Conclusions: Intrathecal administration of dexmedetomidine may attenuate TBI-induced 
mechanical allodynia for up to two weeks post-injury through immediate suppression of 
c-BDNF in mild TBI rats. The inhibition of c-BDNF expression in the acute phase reduced 
the occurrence of TBI-induced chronic neuropathic pain. 

Keywords: Brain-derived neurotrophic factor; Dexmedetomidine; Mechanical allodynia; 
Neuropathic pain; Propofol; Traumatic brain injuries.

Introduction 

According to the World Health Organization, traumatic brain injury (TBI) resulting in 
death or disability affects approximately 10 million people annually [1]. TBI is preceded 
by sudden impact of an external force; as a result, the damaged brain tissue undergoes 
pathological changes, leading to dysfunction and neurological deficits [2]. The primary 
injuries include neuronal, axonal, glial, and vascular damage. The secondary injuries re-
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sult from local biochemical responses and include excitotoxicity, 
inflammation, increased vascular permeability, and oxidative 
stress. The aberrant biochemical activities cause lesion expansion 
and neuronal cell death and worsen the dysfunction [3]. 

The majority (75–80%) of TBI cases is mild [4]. Mild TBI may 
be self-limiting and may often resolve completely without any neu-
rological sequelae (e.g., motor deficits) [5]. Although mild TBI is 
associated with less severe clinical trauma, post-traumatic pain is 
more common in mild TBI than in moderate or severe TBI (75.3% 
vs. 32.1%) [6]. TBI-induced acute pain appears at the site of the 
primary injury and persists for the duration of its healing. The 
symptoms of pain and neurologic impairment may persist as 
chronic extra-cranial pain, post-traumatic headaches, sensory ab-
normalities, or mechanical allodynia [7]. Chronic pain may criti-
cally impact a patient’s quality of life, impeding daily recreational 
and occupational activities, with notable economic cost [8]. 

A systematic understanding of the underlying mechanisms and 
pathophysiology of TBI-induced pain is not yet established, and 
several theories have been proposed. A well-evidenced theory in-
volves disruption of nociceptive signaling through induced dys-
function of descending inhibitory (e.g., noradrenergic) and as-
cending facilitatory (e.g., spinothalamic) pain pathways [9,10]. 
Furthermore, secondary injuries of neuronal cell death, neuroin-
flammation, excitotoxicity, neurodegeneration, and synaptic 
changes may contribute to chronic pain [7]. 

Brain-derived neurotrophic factor (BDNF), a ubiquitously ex-
pressed neurotrophin, and high-affinity receptor tropomyosin-re-
ceptor-kinase B (TrkB) are well-known for their roles in neuronal 
survival, maintenance, and plasticity [11,12]. BDNF has neuro-
protective and neuro-regenerative functions in the central ner-
vous system (CNS) and is closely related to the pathophysiology 
of several neurodegenerative diseases [12]. Based on the neuro-
protective function of BDNF, its therapeutic potential in TBI has 
been assessed. However, infusions of BDNF in an experimental 
TBI model did not improve neuronal recovery or survival post-in-
jury [13]. The BDNF-TrkB pathway has a documented associa-
tion with neuropathic pain (NP) and hyperalgesia [11,14]. In de-
scending pain pathways, BDNF plays a pro-nociceptive role in 
neuro-inflammatory and NP responses via the periaqueductal 
gray neurons within the rostroventral medulla and in the spinal 
cord [11,15]. Nociceptive sensitization corresponding with BDNF 
upregulation has been reported in rodent models of peripheral 
nerve ligation, spinal cord injury, and TBI [16–18]. TBI upregu-
lates BDNF expression in the cortex, hippocampus, and spinal 
cord, inducing TBI-related pain sensitization [16,19]. It has been 
demonstrated that TBI-induced mechanical allodynia is correlat-
ed with elevations of BDNF level in the cerebrospinal fluid (CSF) 

(c-BDNF) [20]. 
Most patients with TBI admitted to the intensive care unit 

(ICU) require sedation [21]. Propofol and dexmedetomidine are 
the commonly used sedative agents in the ICU. In addition, 
propofol and dexmedetomidine are known to have properties that 
attenuate the occurrence of NP [22–24]. Dexmedetomidine and 
propofol, directly and indirectly, affect the BDNF-TrkB pathway 
[25,26]. This study hypothesized that dexmedetomidine and 
propofol would suppress the elevation of BDNF level after TBI, 
thereby alleviating the occurrence of TBI-induced mechanical al-
lodynia. 

This study aimed to investigate the effects of intrathecal (IT) 
administration of dexmedetomidine and propofol on changes in 
the level of c-BDNF and the incidence of mechanical allodynia 
caused by mild TBI.  

Materials and Methods  

Experimental animals, ethics statement, and 
randomization 

All animal procedures were approved by the Institutional Ani-
mal Care and Use Committee of Pusan National University (ap-
proval number: PNUH-2019-157). All experiments followed the 
Guide for the Care and Use of Laboratory Animals published by 
the United States National Institute of Health (NIH Publication 
No. 85-23, updated 2011). 

Seven-week-old male Sprague-Dawley rats weighing approxi-
mately 220 g were purchased from Hana Laboratories (Busan, 
Korea) and housed in a temperature-controlled room. Block ran-
domization of 120 rats using an internet-based randomizer 
(https://www.sealedenvelope.com/simple-randomiser/v1/lists) al-
located 30 age-matched rats each to one of the four groups as fol-
lows: an only craniotomy sham group (group S), an untreated TBI 
group (group T), a dexmedetomidine-treated TBI group (group 
D), and a propofol-treated TBI group (group P). The rats that ex-
pired were excluded from later analyses. 

TBI modeling and treatment 

Mild TBI was induced in the rat model by controlled cortical 
impact (CCI) [20] using an electromagnetically driven impactor 
device (PinPoint PCI3000 Precision Cortical Impactor, Hatteras 
Instruments, USA). The rats were briefly anesthetized (oxygen 
with 5% [vol/vol] and 2.5% [vol/vol] of isoflurane for induction 
and maintenance, respectively), and the skull was securely fixed to 
the stereotactic frame (U-frame stereotaxic instrument, Harvard 
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apparatus, USA) while in the prone position. Craniotomy was 
performed using a mini drill with 5 mm trephine drill bits applied 
to the midline between the bregma and the lambda and 5 mm to 
the right of the sagittal suture (Fig. 1). The bone flap was then re-
moved, and the tip of the CCI device was aligned vertically with 
the dura. The tip was subsequently positioned on the dura and 
delivered the impact with a depth of 3.5 mm, velocity of 3 m/s, 
and dwell time of 85 ms. We determined the set point of CCI 
based on the study of Schönfeld et al. [27]. After all processing 
was completed, the scalp was closed with a surgical stapler. 

Immediately post-surgery, IT drug administration was per-
formed under general anesthesia. The area of needle insertion was 
sterilized with betadine and alcohol. A 27 G disposable scalp vein 
set (Ningbo Greatcare Co., Ltd., China) was inserted vertically 
into the atlanto-occipital space. After confirming the free flow of 
CSF, 10 µl of drug (group D: dexmedetomidine 5 µg/kg and group 
P: propofol 500 µg/kg), pre-loaded in the scalp vein set, was slow-
ly injected into the cisterna magna (Fig. 2A and 2B). At this time, 
if bloody CSF was visualized in the set or if CSF reflux was not 
observed, the procedure was immediately stopped and considered 
a failure. 

Recovery time 

Recovery time was measured to confirm the success of IT drug 

administration. The supply of inhalation anesthetic was removed, 
and the rats were placed in the supine position in the cage. Recov-
ery time was defined as the time from anesthetic removal until 
the first change from the supine to prone position. 

Pain behavior test 

Before conducting the tests, the rats were habituated for 1 h on 
a metal mesh screen. The von Frey test for punctate mechanical 
allodynia was performed preoperatively and on postoperative 
days (PODs) 1, 7, and 14 by a blinded investigator to assess the 
50% mechanical withdrawal threshold (50% MWT). A set of 11 
von Frey filaments (vFF) was used (BIOSEB, In-Vivo Research 
Instruments, France) starting from vFF number 4.31. The vFFs 
were perpendicularly applied to the plantar surface of the left hind 
paws from underneath the screen, with sufficient force to bend 
the filaments. The vFFs were held in place for 2 s using the ‘up-
down’ method [28]. The tests were continued until six additional 
stimuli after the first positive response had been recorded. If the 
response was continuously positive or negative, the stimulation 
was assigned a vFF number of 3.538 or 5.272, respectively.  

The 50% MWT value was calculated using Dixon’s formula: 
50% MWT =  10(X+kd)/104; where X is the value of the final vFF 
number in logarithmic units, k is the tabular value of a positive/
negative response, and d is the mean difference between the stim-

Fig. 1. Illustration of rat head positioning for craniotomy during CCI. The skull of the anesthetized rat was securely fixed to the stereotactic frame 
in the prone position. Craniotomy was performed on the midline between the bregma and lambda and 5 mm to the right of the sagittal suture 
using a mini drill with 5-mm trephine drill bits. CCI: controlled cortical impact.

Bregma
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uli in logarithmic units (0.22) [29]. 
Mechanical allodynia was defined as a significant difference in 

the 50% MWT value comparing the experimental groups and 
group S at the same time point [16]. As an adjuvant method, me-
chanical allodynia was defined as a significant decrease in 50% 
MWT by comparing the preoperative and postoperative 50% 
MWT. 

CSF sampling and storage 

CSF samples were collected on PODs 1, 7, and 14. After anes-
thesia with isoflurane (oxygen with 5% [vol/vol] and 2.5% [vol/ 
vol] of isoflurane for induction and maintenance, respectively), a 

27 G scalp vein set (Ningbo Greatcare Co., Ltd., China) connected 
to a 1 ml syringe was vertically inserted into the atlanto-occipital 
space. A minimum CSF volume of 100 µl is required for BDNF 
enzyme-linked immunosorbent assay (ELISA) analysis. There-
fore, 100 µl of CSF was collected by natural draining or gentle as-
piration (Fig. 2C). On each experimental day, samples with vol-
umes less than 100 µl or containing blood contamination were ex-
cluded from the analyses. Only grade 0 CSF samples (colorless 
and transparent [Fig. 3]) were analyzed. The samples were imme-
diately stored in an icebox at 4°C. After centrifugation at 3000 
rpm and 4°C for 15 min, the supernatants were collected and 
stored at –80°C. 

Fig. 2. Needle positioning for CSF collection and IT drug administration. (A) A 27 G scalp vein set connected with a 1 ml syringe was used for 
CSF collection and IT drug administration. After identifying the bony landmarks (triangle: external occipital protuberance, circle: atlas), the center 
of these two points was set as the needle entry point. (B) The needle was vertically inserted into the atlanto-occipital space. (C) The needle passes 
through the atlanto-occipital membrane and is placed in the cisterna magna. Once the needle is positioned correctly, clear CSF is pushed out 
into the tube attached to the needle. By the same method of needle insertion and using the same equipment, the drug was administered into the 
subarachnoid space. CSF: cerebrospinal fluid. IT: intrathecal.

Fig. 3. Grade 0 CSF and CSF with blood contamination. CSF samples were classified into four grades according to blood contamination. 
Grade 0 is colorless and completely transparent. Grade 1 is slightly red but transparent. Grade 2 is slightly red and translucent. Grade 3 is red 
and opaque. By the same method of needle insertion and using the same equipment, the drug was introduced into the subarachnoid space. 
CSF: cerebrospinal fluid.
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ELISA 

c-BDNF levels were measured using ELISA (ProteinTech, 
USA), as per the manufacturer’s protocol. The BDNF in the sam-
ples was bound to the wells of a 96-well plate for 120 min using 
immobilized antibodies. Standard, blank, and CSF samples (100 
µl each) were aliquoted in duplicate into the 96-well plate. After a 
buffer wash, a biotinylated anti-rat BDNF antibody was added, 
and the plate was incubated for 1 h. After a wash with buffer and 
addition of horseradish peroxidase-conjugated streptavidin, the 
wells were incubated for a further 40 min. The wells were washed 
with buffer, stained with 3,3′, 5,5′-tetramethylbenzidine substrate 
solution for 20 min in the dark, and incubated with the stop solu-
tion. Absorbance was measured at 450 nm using a micro-
plate-spectrophotometer (SynergyTM H1, BioTek Instruments Inc., 
USA) and converted to pg/ml, the selected unit for BDNF con-
centration. An average BDNF value was obtained from the dupli-
cate samples. 

Outcomes 

The primary outcomes were changes in c-BDNF level and 50% 
MWT on PODs 1, 7, and 14 after mild TBI. The secondary out-
comes were development of mechanical allodynia and mean 
weight change after mild TBI. 

Statistical analyses 

According to Cohen’s study, 18 subjects per group were required, 
with an alpha value of 0.05, a beta-value of 0.2, and a large effect 
size [30]. Estimating the dropout rate as 40%, 30 subjects per group 
were included. All analyses were performed using IBM SPSS Sta-
tistical Software (version 25; IBM Corp., USA) and MedCalc® Sta-
tistical Software (version 18.11.6; MedCalc Software Ltd., Bel-
gium). The variables are presented as mean ± standard deviation 
or median and interquartile range. Normally distributed data were 
analyzed using ANOVA, and non-parametric data were analyzed 
using the Kruskal–Wallis test. If significant differences were re-
ported, the Tukey-Kramer test and Conover test were performed 
for post-hoc multiple comparisons, as appropriate. Two-sided P 
values <  0.05 were considered statistically significant.  

Results 

Of the 120 rats, 30, 29, 30, and 30 rats were included in groups 
S, T, D, and P, respectively, for the final analyses (Fig. 4). The body 
weights and recovery times are presented in Table 1. The mean 

body weight of group P was significantly lower than that of group 
S on POD 14. The mean recovery time of groups D and P was sig-
nificantly longer than that of group T on the day of IT drug ad-
ministration (Table 1). 

The 50% MWT of groups T and P was significantly lower than 
that of group S during the entire postoperative period (Table 2). 
The 50% MWT of group D was significantly higher than that of 
group T on PODs 1, 7, and 14. There was no significant difference 
in the 50% MWT of group P compared with that of group T 
during the entire period. In group S, the baseline 50% MWT 
showed a lower trend on PODs 7 and 14, but there was no signifi-
cant change during the entire period (Fig. 5). In group T, the base-
line 50% MWT at PODs 1, 7, and 14 was 75.3% (47.8%, 94.9%), 
65.2% (32.0%, 94.9%), and 56.7% (42.1%, 105.1%), respectively, 
and showed significant differences compared with that at baseline 
(P <  0.001) (Fig. 5). In group P, the baseline 50% MWT at PODs 
1, 7, and 14 was 84.5% (41.7%, 100.0%), 62.0% (45.5%, 100.0%), 
and 62.0% (41.7%, 90.4%), respectively, and showed significant 
differences compared with that at baseline (P <  0.001) (Fig. 5). 

On POD 1, group T showed significantly higher c-BDNF levels 
than group S (11.0 [10.0, 12.4] pg/ml vs. 8.6 [7.2, 9.8] pg/ml, P <  
0.001) (Table 3). In group D, the c-BDNF level on POD 1 was sig-
nificantly lower than that in group T (7.5 [4.7, 9.1] pg/ml vs. 11.0 
[10.0, 12.4] pg/ml, P <  0.001) (Table 3). In group P, the c-BDNF 
level was higher than that in group T (14.3 [12.7, 17.0] pg/ml vs. 
11.0 [10.0, 12.4] pg/ml, P <  0.001) on POD 1 (Table 3). On PODs 
7 and 14, there was no significant difference in the c-BDNF level 
among all groups (Fig. 6). 

Discussion 

In this study, changes in the level of c-BDNF and the incidence 
of mechanical allodynia were observed after mild TBI. It was 
demonstrated that mild TBI induced an increase in the c-BDNF 
level and mechanical allodynia incidence. The administration of 
IT dexmedetomidine also suppressed the increase in the level of 
c-BDNF and the development of mechanical allodynia after mild 
TBI. However, IT propofol had no effect on the changes in the 
c-BDNF level and mechanical allodynia incidence after mild TBI. 

Group T showed significantly higher c-BDNF levels than group 
S on POD 1. This increase in the c-BDNF level is thought to be a 
result of a neuroprotective and neuro-regenerative reaction due to 
the normal compensatory mechanism. Since this normal com-
pensatory reaction did not occur in group D, the c-BDNF level 
was lower than that in group T. Due to this difference, group D 
may have an effect of inhibiting normal neuro-regeneration, but it 
is also thought to have an effect of inhibiting the generation of 
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Fig. 4. Flow chart of the selection process for the mild TBI rat model. For the quality control of sample analysis, samples less than 100 µl or not 
of grade 0 were considered as inappropriate samples. This figure shows the number of rats included in PODs 1, 7, and 14 for each group and the 
number of samples analyzed. All expired rats were excluded from later analyses. A minimum volume of 100 µl of grade 0 CSF was required for the 
analysis. All other samples were discarded. Group S: sham group, group T: untreated TBI, group D: dexmedetomidine treatment after TBI, group P: 
propofol treatment after TBI. TBI: traumatic brain injury, POD: postoperative day, CSF: cerebrospinal fluid.

Table 1. Changes in Body Weight according to Time and Recovery Time

Group S Group T Group D Group P P value
Changes in body weight (g) according to time

Preoperative 220.9 ±  15.9 (30) 221.0 ±  7.6 (30) 220.5 ±  9.2 (30) 221.9 ±  9.3 (30) 0.965
POD 1 208.9 ±  16.3 (30) 211.1 ±  8.1 (30) 206.3 ±  8.5 (30) 207.6 ±  9.3 (30) 0.386
POD 7 249.4 ±  13.4 (30) 254.0 ±  10.3 (30) 249.5 ±  14.1 (30) 245.3 ±  19.1 (30) 0.122
POD 14 291.6 ±  12.8 (30) 287.4 ±  22.5 (29) 283.7 ±  16.3 (30) 277.3 ±  27.5* (30) 0.044

Recovery time (s)
Immediately after surgery N/A 273.5 [253.0, 315.0] (30) 1314.0 [840.0, 1860.0]† (30) 430.5 [360.0, 551.0]† (30) <  0.001
POD 1 N/A 246.0 [217.0, 278.0] (30) 219.5 [167.0, 266.0] (30) 231.0 [191.0, 260.0] (30) 0.236
POD 7 N/A 243.0 [213.0, 280.0] (30) 242.5 [206.0, 282.0] (30) 240.5 [215.0, 296.0] (30) 0.753
POD 14 N/A 225.0 [202.0, 256.5] (29) 246.5 [216.0, 280.0] (30) 219.0 [192.0, 259.0] (30) 0.170

The normally distributed values are presented as mean ± SD (number), and non-parametric values are presented as median with first and third 
quartile [Q1, Q3]. The Tukey-Kramer test and Conover test were performed for post-hoc multiple comparisons as appropriate. Group S: sham 
group, group T: untreated traumatic brain injury (TBI), group D: dexmedetomidine treatment after TBI, group P: propofol treatment after TBI. 
POD: postoperative day, N/A: not applicable. *P < 0.05 compared to the group S, †P < 0.05 compared to group T.

Table 2. Change in 50% MWT (g) according to Time

Group S Group T Group D Group P P value
Preoperative 18.7 [11.6, 18.7] (30) 17.8 [16.9, 18.7] (30) 18.7 [13.4, 18.7] (30) 18.7 [11.6, 18.7] (30) 0.631
POD 1 18.7 [10.1, 18.7] (30) 13.4 [8.5, 16.9]* (30) 18.7 [18.7, 18.7]† (30) 15.8 [7.8, 18.7]* (30) <  0.001
POD 7 15.1 [6.6, 18.7] (30) 11.6 [5.7, 16.9]* (30) 18.7 [10.0, 18.7]† (30) 11.6 [8.5, 18.7]* (30) 0.046
POD 14 15.1 [10.0, 18.7] (30) 10.1 [7.5, 18.7]* (29) 16.9 [14.7, 18.7]† (30) 11.6 [7.8, 16.9]* (30) 0.014
Values are presented as median with first and third quartile [Q1, Q3] (number); and Conover test was performed for post-hoc multiple 
comparisons. 50% MWT: Group S: sham group, group T: untreated traumatic brain injury (TBI), group D: dexmedetomidine treatment after TBI, 
group P: propofol treatment after TBI. 50% MWT: 50% mechanical withdrawal threshold, POD: postoperative day. *P < 0.05 compared to the 
group S, †P < 0.05 compared to group T.
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NPs. During a short-term follow-up, suppression of c-BDNF was 
associated with a decrease in the incidence of mechanical allody-
nia. However, further research is needed to determine what type 
of change would be observed at the long-term follow-up. In previ-
ous studies, the expression of BDNF was examined in CNS tissues 
[16,31,32]. When using CNS tissues, BDNF can only be measured 
at one time point; therefore, it was not possible to identify trends 
through continuous observation. Hence, this study was designed 
to measure the c-BDNF level, which was correlated with BDNF in 
the CNS and could be measured repeatedly [20]. In a human TBI 
study, the c-BDNF level was also significantly elevated at one day 
after TBI compared with that noted at baseline [32]. The results of 
this report were not different from our study results, which 

demonstrate that our model implemented mild TBI well [32,33]. 
A significant decrease in the 50% MWT was observed in 

groups T and P but not in group D. Although it was not statisti-
cally significant in group D, the 50% MWT was increased com-
pared with that in group S. These results were consistent with the 
tendency shown in the difference in the c-BDNF level. That is, in 
groups D and S, wherein the c-BDNF level remained lower on 
POD 1, the 50% MWT was also maintained at a higher level than 
that in groups T and P. These results not only show that the ex-
pression of mechanical allodynia is related to the c-BDNF level 
but also imply that dexmedetomidine plays a role in suppressing 
the development of mechanical allodynia and that propofol does 
not play a role in suppressing it. The c-BDNF level in group P was 

Fig. 5. Changes in 50% MWT. The figure represents the change in 
the 50% MWT when comparing the 50% MWT of PODs 1, 7, and 14 
with the preoperative value as the baseline. In groups T and P, the 50% 
MWT on PODs 1, 7, and 14 was significantly reduced compared with 
that at baseline. There were no significant changes in groups S and D. 
*P < 0.05 compared to the baseline. Group S: sham group, group T: 
untreated traumatic brain injury (TBI), group D: dexmedetomidine 
treatment after TBI, group P: propofol treatment after TBI. 50% 
MWT: 50% mechanical withdrawal threshold, POD: postoperative 
day.

Fig. 6. BDNF level in the CSF. On POD 1, group T recorded 
significantly higher c-BDNF levels than group S. On POD 1, group D 
showed significantly lower c-BDNF levels than group T. In group P, c- 
BDNF levels on POD 1 were significantly higher than those in groups 
T and S. On PODs 7 and 14, there were no significant differences 
in c-BDNF levels among all groups. *P < 0.05 compared to group T. 
†P < 0.05 compared to the group S. Group S: sham group, group T: 
untreated traumatic brain injury (TBI), group D: dexmedetomidine 
treatment after TBI, group P: propofol treatment after TBI. c-BDNF: 
brain-derived neurotrophic factor level in the cerebrospinal fluid, 
POD: postoperative day.

Table 3. Changes of BDNF (pg/ml) in CSF

Group S Group T Group D Group P P value
POD 1 8.6* [7.2, 9.8] (16) 11.0† [10.0, 12.4] (11) 7.5* [4.7, 9.1] (10) 14.3*† [12.7, 17.0] (11) <  0.001
POD 7 12.2 [5.2, 17.3] (20) 9.5 [9.2, 11.4] (14) 11.6 [10.3, 15.0] (13) 11.3 [8.4, 15.5] (14) 0.594
POD 14 7.4 [3.0, 20.7] (19) 10.3 [7.9, 12.8] (14) 12.8 [10.1, 20.6] (13) 12.9 [6.1, 18.6] (15) 0.488
Values are presented as median with first and third quartile [Q1, Q3] (number); and Conover tests were performed for post-hoc multiple 
comparisons. Group S: sham group, group T: untreated traumatic brain injury (TBI), group D: dexmedetomidine treatment after TBI, group P: 
propofol treatment after TBI. BDNF: brain-derived neurotrophic factor, CSF: cerebrospinal fluid, POD: postoperative day. *P < 0.05 compared to 
group T, †P < 0.05 compared to the group S.
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significantly higher than that in group T; thus, it is questionable 
whether elevation of the c-BDNF level plays a role in promoting 
the development of allodynia. However, this will have to be eluci-
dated through further experiments. 

Dexmedetomidine and propofol are the commonly used seda-
tive drugs in the ICU. Dexmedetomidine is a potent alpha-2 ad-
renergic agonist that is clinically applied for sedation and analge-
sia [34]. Although there is no known mechanism for the analgesic 
effect of dexmedetomidine, it has been found to be related to 
some downstream pathways of BDNF. 

Dexmedetomidine inhibits P2X4 receptor activation in microg-
lia and induces the downregulation of p-38-mitogen-activated 
protein kinase and BDNF [35]. Propofol acts as an inhibitory 
neurotransmitter by binding to the gamma-aminobutyric acid 
(GABA) receptor [36]. Propofol induces the downregulation of 
protein kinase A-cAMP response element-binding protein-BDNF 
pathway [25,37]. GABA receptor inhibition, N-methyl-D-aspar-
tate phosphorylation, and potassium-chloride cotransporter-2 
protein blocker can activate the BDNF-TrkB pathway [11]. There-
fore, dexmedetomidine and propofol were assumed to be related 
to the action of BDNF and the development of NP [26,38]. To the 
best of our knowledge, this study is the first to conduct IT dexme-
detomidine and propofol administration and consequently fol-
low-up the c-BDNF level, which may be related to the incidence 
of mechanical allodynia in a mild TBI rat model. We found that 
dexmedetomidine suppressed c-BDNF elevation but propofol did 
not. The results revealed in our study are partially consistent with 
those of previous studies but partially contradictory as well. This 
is presumed to be related to the action of drugs by another mech-
anism or the concentration of the drug or solvent. 

As can be seen from our results, only the c-BDNF level mea-
sured on POD 1 showed a difference. However, for the 50% MWT 
of the contralateral hind paw, the difference in the results persist-
ed not only on POD 1 but also on PODs 7 and 14. These results 
suggest that a transient increase in the BDNF level in the acute 
phase affects the occurrence of mechanical allodynia. Thus, the 
increase in the c-BDNF level in the acute phase is crucial for the 
development of mechanical allodynia. The mechanical allodynia 
in group T persisted up to POD 14, suggesting that the symptom 
was not self-limiting and might require intervention in the acute 
phase. In addition, after one significant increase, mechanical allo-
dynia occurred even though the c-BDNF level was lowered, simi-
lar to that noted in other groups, on POD 7, suggesting that me-
chanical allodynia cannot be suppressed after it has already oc-
curred. However, since the measurement was performed on POD 
7 after POD 1, the interval was too long; more detailed observa-
tions are needed to determine whether there was a significant in-

crease in the c-BDNF level from POD 1 to POD 7. In addition, 
since the timing of dexmedetomidine administration was imme-
diately after the impact, further studies should examine whether a 
subsequent injection can also affect it. The immediate post-injury 
administration of dexmedetomidine resulted in early suppression 
of BDNF expression and resolution of pain symptoms in the acute 
phase. This was followed by suppression of mechanical allodynia 
development for two weeks thereafter. Dexmedetomidine effec-
tively inhibited the development of chronic NP [22,35,39–41]. 
Therefore, the focus of therapeutic efforts should address a timely 
reduction in the c-BDNF level [42,43]. 

It was expected that normal weight gain would be interrupted 
by TBI-induced mechanical allodynia [44]. On POD 1, the body 
weight decreased in all the groups compared with that before 
brain injury. On POD 7, the body weight had returned to normal; 
the mean weight had increased post-operatively compared with 
that before brain injury. On PODs 1 and 7, postoperative differ-
ences in the mean body weight were not significant between the 
TBI groups (groups T, D, and P) and group S. In group P, weight 
recovery on POD 7 showed a tendency to be slow. On POD 14, 
there was a significant difference in the mean body weight of 
Group P compared with that in other groups. Craniotomy alone 
might affect normal weight gain. In addition, there has been a re-
port that craniotomy itself can cause brain injury [45]. The causes 
of the weight difference are unknown due to a lack of research. 
Furthermore, propofol may inhibit or adversely affect weight re-
covery, and further studies are needed to verify this. 

Recovery time was used for confirmation of IT drug adminis-
tration. If dexmedetomidine and propofol were accurately inject-
ed into the cisterna magna, the recovery time would naturally ex-
tend. The recovery times of all subjects were prolonged on the day 
of IT drug administration. This confirmed that IT drug adminis-
tration was performed properly in all the rats. 

This study presented several challenges and limitations. First, a 
high dropout rate (52.6%) was recorded when considering all fac-
tors, resulting in exclusion; therefore, a large sample number is 
needed to analyze the results more reliably. IT catheterization is 
considered more appropriate for repeated CSF collection and IT 
drug administration. However, for several reasons, the IT catheter 
was not used in this experiment. There have been cases of the IT 
catheter detrimentally invading the spinal cord [46]. This indi-
cates that IT catheterization itself can induce mechanical allodyn-
ia or affect the 50% MWT. IT catheterization is known to induce 
neuro-immune activation, resulting in an increase in glial markers 
and specific cytokines [47]. Thus, DeLeo et al. [47] did not rec-
ommend IT catheterization in neuro-immune-related studies. 
Therefore, we performed direct collection using a 27 G vein set 
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instead of an IT catheter. 
Second, definitive confirmation of NP in the nociceptive model 

is difficult to achieve. Late-onset NP after CNS injury is reported 
to occur even 1–3 years after the initial insult [48,49]. Thus, defin-
ing NP development in a TBI rat model is not realistically possi-
ble; therefore, mechanical allodynia was used as a reference for 
pain. Mechanical allodynia and NP after TBI are not the same; 
however, the results from the allodynia tests may extrapolate to 
NP and warrant further investigation. The standard 50% MWT 
for mechanical allodynia also varies across animals, and there is 
no known reference value. In comparison with the sham group, 
the 50% MWT that showed a significant difference was defined as 
mechanical allodynia [16]. 

Third, there is currently no evidence describing the mecha-
nisms by which dexmedetomidine and propofol may alter the lev-
els of c-BDNF and the effects thereof on pain responses. However, 
the study’s findings support a new avenue of investigation that 
may help better understand TBI-related pain pathophysiology 
and stimulate the development of novel therapeutic approaches to 
TBI treatment. 

Fourth, we did not record observations on the presence or ab-
sence of rat hind paw paralysis. To evaluate NP using the vFF test, 
this study was designed to induce mild TBI that preserves the gross 
motor function. Schönfeld et al. [27] evaluated motor deficits in a 
rat model of CCI using an impact depth of 5 mm and velocity of 3 
m/s and reported that, after CCI-induced TBI, rats showed im-
paired fine motor skills but intact gross motor skills. In our study, 
no rat exhibited paralysis of the hind paws or the fore paws. 

In conclusion, the results of our study demonstrate that dexme-
detomidine may attenuate TBI-induced mechanical allodynia for 
up to two weeks post-traumatic injury through immediate sup-
pression of c-BDNF in a mild TBI rat model. The administration 
of IT dexmedetomidine was sufficient for correcting the mechan-
ical allodynia over the measurement period. From a clinical per-
spective, management of the c-BDNF level in the acute phase may 
be a therapeutic goal for TBI-induced chronic pain. 
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Kartagener syndrome (KS) is a subset of primary ciliary dyskinesia (PCD) that is in-
herited in an autosomal recessive manner. Its clinical features include situs inversus, 
chronic sinusitis, and bronchiectasis [1]. The decreased ciliary function causes frequent 
respiratory infections in neonates with defective mucociliary clearance [2]. 

The tracheal bronchus is a congenital anomaly of bronchial variations with an inci-
dence of 0.001–2%. The normal right upper lobe (RUL) bronchus arises 1–3 cm distal to 
the carina. However, the tracheal bronchus is usually seen 2–6 cm above the carina. It is 
associated with other congenital anomalies such as Down syndrome and congenital heart 
disease [2–4]. 

Until now, there have been no reports of tracheal bronchus in patients with KS. We de-
scribe the case of one-lung ventilation (OLV) using an EZ-Blocker® (EZB, Teleflex Life 
Sciences Ltd., Ireland) during thoracic surgery in a tracheal bronchus patient with KS. 

Case Report 

A 66-year-old female patient with KS, 150 cm in height and 47 kg in weight, under-
went left-side diaphragmatic plication. She had undergone surgery for diaphragmatic 
palsy 18 years prior. Routine laboratory tests showed normal results, and atrial premature 
contractions were frequently observed during electrocardiography. The patient’s chest ra-
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Case Report

Background: The tracheal bronchus in Kartagener syndrome (KS) is a rare case that may 
cause difficulty in one-lung ventilation (OLV). Here we reported a case of successful OLV 
using bronchial blocker in a patient with tracheal bronchus and KS.
Case: A 66-year-old female patient with KS was admitted for left-side diaphragmatic plica-
tion. The patient’s preoperative computed tomography image showed a tracheal bronchus 
of the apical segment in the right upper lobe. The patient received epidural analgesia and 
general anesthesia through total intravenous anesthesia. An EZ-Blocker® (Teleflex Life 
Sciences Ltd., Ireland) was used to perform OLV. 
Conclusions: OLV through an EZ-Blocker® can be successfully performed in tracheal 
bronchus patients with KS without side effects. 

Keywords: Airway management; Ciliary motility disorders; Kartagener syndrome; One-
lung ventilation; Tracheal diseases.
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diography and computed tomography revealed dextrocardia and 
bronchiectasis without situs inversus. In addition, patients had a 
tracheal bronchus of the apical segment in the RUL (Fig. 1). Aus-
cultation was normal, and the pulmonary function test showed a 
mild restrictive pattern. The day before surgery, we explained our 
plan for airway management and the risk of failure of OLV and 
got written informed consent. The written informed consent of 
publication for the use of photos and case details in this report has 
been obtained. 

The patient received a 0.2 mg intramuscular injection of glyco-
pyrrolate 30 min before the surgery. Baseline vital signs were 
checked upon the patient’s arrival in the operating room. The pa-
tient was placed in a left lateral decubitus position during the pro-
cedure. An epidural block was performed at the T4 level, with a 
test dose of 3 ml (2% lidocaine with 1 : 200,000 epinephrine) and 
a loading dose of 5.5 ml (fentanyl: 50 μg, 0.75% ropivacaine: 1 ml, 
and normal saline: 3.5 ml) administered through the catheter. A 
patient-controlled epidural analgesia device was set with a bolus 

dose of 3 ml, a lockout interval of 5 min, and a no-limit of 4 h. 
Anesthesia was induced and maintained using target controlled 
infusion of propofol at target concentration of 3–4 µg/ml and 
remifentanil at concentration of 3–6 ng/ml. The right radial artery 
was used for arterial line placement. We performed a fiberoptic 
bronchoscopy assisted intubation using a single-lumen endotra-
cheal tube (SLT, size: 7.5, cuffed; TaperGuardTM, Covidien, Ire-
land). Results of the fiberoptic bronchoscopy showed a tracheal 
bronchus of the RUL apical segment that mimicked a normal ca-
rina (Fig. 2). The tracheal bronchus had a smaller diameter com-
pared to a normal carina and a sharp bifurcation angle at diver-
gence. As the fiberoptic bronchoscope advanced into the main 
trachea, an actual tracheal carina was observed (Fig. 3). Under the 
bronchoscopic vision, in which the endotracheal tube is placed 
above the tracheal bronchus, the EZB was lubricated and intro-
duced until its distal ends reached the right and left main-stem 
bronchus (Fig. 4). After the EZB was positioned properly, the en-
dotracheal tube was readvanced carefully into the trachea not to 

Fig. 1. The serial axial computed tomography images of cranial to caudal. A small tracheal bronchus (arrow) was observed in the apical segment 
of the right upper lobe. 
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obstruct the opening of tracheal bronchus. We disconnected the 
tube for 20 s to collapse the operated lung and reinflate the left-
side cuff of the EZB. A pressure-controlled volume guaranteed 
ventilation mode was used. The patient received a tidal volume of 
5–6 ml/kg with a fraction of inspired oxygen of 0.6–0.7. Further-
more, the inspiratory:expiratory (I:E) ratio was 1:2. The respirato-
ry rate was adjusted to keep the end-tidal carbon dioxide partial 
pressure between 30 and 40 mmHg. The operation took 2 h and 
45 min, and anesthesia was administered for 4 h. After extuba-
tion, the patient was transferred to the post-anesthesia care unit. 
To stabilize the patient’s vital signs, we administered 3 L/min of 
supplemental oxygen through a nasal cannula. The patient was 
discharged uneventfully on the fifth postoperative day. 

Discussion 

Here we reported a case of using EZB in a patient with tracheal 
bronchus. The patient’s underlying disease was KS that usually ac-
companies with dextrocardia and bronchiectasis [1]. Tracheal 
bronchus is known to be associated with other congenital anoma-
lies, such as Down syndrome, VATER (vertebrae, anus, trachea, 
esophagus, renal) syndrome, tracheoesophageal fistula, esopha-
geal atresia, laryngeal and duodenal webs, spinal fusion and cardi-
ac congenital defects, and hypoplastic lung [2–4]. There have been 

no reports of tracheal bronchus in patients with KS. 
The tracheal bronchus is subdivided into the displaced type or 

supernumerary type. A displaced tracheal bronchus refers to a 
normal RUL bronchus or segment that is transposed from the 
right main bronchus to the trachea. In such cases, there is no RUL 

Fig. 2. The tracheal bronchus of the right upper lobe (RUL) apical 
segment. The tracheal bronchus of the RUL apical segment (arrow) 
mimics the normal carina. 

Fig. 4. The placement of the EZ-Blocker® (EZB) into the right 
and left main-stem bronchus. Under the bronchoscopic vision, an 
endotracheal tube is placed above the tracheal bronchus, and an EZB 
is introduced until its distal end reaches the right and left main-stem 
bronchus.

Fig. 3. The actual tracheal carina. As the fiberoptic bronchoscope 
advanced into the main trachea, an actual tracheal carina was observed.
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bronchus originating from the right main bronchus. A supernu-
merary tracheal bronchus is an accessory segment or bronchus 
where there is a normal trifurcation of the RUL bronchus [5]. This 
patient has a supernumerary tracheal bronchus showing an extra 
RUL that has its origin above the carina (Fig. 5). 

OLV is challenging in patients with lung anomalies such as tra-
cheal bronchus. The tracheal bronchus is an abnormal branch 
near the carina, making it difficult to determine which tube is 
better for OLV. Several devices can be used to separate the lungs, 
including the double-lumen tube (DLT). The DLT is the most 
widely used device for OLV. There was also a case of successful 
right-lung isolation for left pneumonectomy using DLT in a pa-
tient with a right tracheal bronchus [6]. However, the use of DLTs 
has limitations and complications. They are larger than conven-
tional endotracheal tubes and are often more difficult to correctly 

insert. Additionally, they are associated with vocal cord damage 
and tracheal ruptures. Using these devices in patients with diffi-
cult airways may be more problematic. There is a report of unsuc-
cessful attempts at positioning a DLT to achieve lung isolation in 
the case of a patient who has a more complex torsion structurally 
accompanied by a tracheal bronchus [7]. In addition, the tracheal 
cuff of the DLT can block the tracheal bronchus because it is fixed 
above the carina [8]. Even in our patient, the length from the cari-
na to the bronchus opening was only 2.07 cm, so there was a high 
risk of blockage of the opening when using DLT (Fig. 5). More-
over, when the patient requires postoperative ventilation, the DLT 
should be changed to SLT after surgery. 

Bronchial blocker (BB) is an alternative to the use of DLTs. Us-
ing a BB with a SLT can minimize airway damage when a patient 
is placed on a ventilator immediately after surgery. With BBs, lung 
isolation can be selectively performed even with an abnormal-
ly-structured bronchus. However, BBs are less stable and take lon-
ger to fix than DLTs [9]. There are several types of conventional 
BBs, including the wire-guided endo-bronchial Arndt blocker, 
Cohen flex-tip blocker, and Univent torque control blocker. A 
conventional BB is easy to use, but it is difficult to reposition if 
there is a change in the posture. 

An EZB is a novel bronchial blocker. Minimum 7 mm of inner 
diameter of SLT allows easy insertion of an EZB as well as easy 
positioning and repositioning during surgery. An EZB further 
eliminates the need for careful size adjustment with each patient. 
However, there are disadvantages to using the EZB in patients 
with lung anomalies. Because they have a fixed shape, EZBs are 
difficult to use in anomalies near the carina. In this case, there was 
no other anatomical distortion except the tracheal bronchus, and 
the Y-shaped design of the EZB allowed the blocker to anchor on 
the carina and lead to positional stability comparing with other 
BBs. The insertion time of an SLT with an EZB was longer owing 
to two separate actions—intubation with a single lumen and in-
sertion of the EZB [10]. However, although the overall anesthesia 
duration could be prolonged, it was determined that the risk of 
aspiration could be reduced by using SLT to intubate faster than 
DLT to secure the airway safely. A previous study [11] reported a 
slower alveolar collapse in non-dependent lung when using a BB, 
but this was solved by disconnecting the SLT before OLV. 

Since the patient was scheduled for left-lung surgery, we suc-
cessfully performed OLV using the EZB without side effects. If the 
patient had a tracheal bronchus on the side that required surgery, 
it would have been significantly difficult to achieve complete OLV 
with the EZB alone. 

Fig. 5. The schematic of structure of tracheal bronchus. The opening 
of the tracheal bronchus is located 2.07 cm above the carina. Tracheal 
bronchus was a supernumerary type showing an extra right upper lobe 
that has its origin above the carina. TB: tracheal bronchus, RMB: right 
main bronchus, LMB: left main bronchus, RULB: right upper lobe 
bronchus, RMLB: right middle lobe bronchus, RLLB: right lower lobe 
bronchus.
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Sugammadex, a modified gamma-cyclodextrin, is a widely used medication for the re-
versal of aminosteroid neuromuscular blockades including rocuronium and vecuronium. 
Although sugammadex is generally regarded to be relatively efficacious and safe, serious 
complications such as hypersensitivity reactions and severe bradycardia have been in-
creasingly reported [1–4]. Recently, a few cases of coronary vasospasm after sugammadex 
administration were reported [5–8]. However, there is only one previous case in which 
the occurrence of coronary vasospasm was confirmed by coronary angiography [8]. 
Here, we present a case of cardiac arrest due to coronary vasospasm after sugammadex 
administration. 

Case Report 

This report was approved by the Institutional Review Board of the Jeju National Uni-
versity Hospital (IRB no. 2022-05-004), and the requirement for obtaining informed con-
sent was waived. 

A 57-year-old man, 173 cm tall and weighing 99 kg, was scheduled for general anesthe-
sia to undergo cardiac radiofrequency catheter ablation (RFCA) due to symptomatic per-
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Case Report

Background: Sugammadex is a widely used medication for the reversal of aminosteroid 
neuromuscular blockades. Although sugammadex is generally regarded to be safe, con-
cerns about the risk of serious complications have emerged. 
Case: A 57-year-old man without a history of coronary disease was scheduled for general 
anesthesia to undergo cardiac radiofrequency catheter ablation due to symptomatic per-
sistent atrial fibrillation and flutter. At the end of the procedure, he was given 400 mg of 
sugammadex. A little later, the electrocardiogram showed a sudden ST elevation on the in-
ferior leads, followed by cardiac arrest. The urgent coronary angiography demonstrated 
total collapse of the right coronary artery. After two injections of intra-coronary nitroglyc-
erin, the vasospasm of the right coronary artery was completely resolved. The patient re-
covered without sequelae and was discharged on postoperative day 5. 
Conclusions: Clinicians should pay close attention to the potential risk of coronary vaso-
spasm, even cardiac arrest, after sugammadex administration. 

Keywords: Anesthesia; Cardiopulmonary resuscitation; Coronary angiography; Coronary 
vasospasm; Heart arrest; Sugammadex.
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sistent atrial fibrillation and flutter. The patient was diagnosed 
with hypertension but had no history of chest pain to suspect cor-
onary disease. The echocardiography showed normal wall motion 
and ejection fraction with concentric left ventricular hypertrophy 
and mild diastolic dysfunction. The patient had no history of al-
lergies, and the other preoperative laboratory tests were normal. 

When the patient entered the cardiac angiography room, rou-
tine monitoring systems including non-invasive blood pressure, 
pulse oximetry, and electrocardiogram (ECG) were implemented. 
His initial vital signs were a blood pressure of 138/76 mmHg, 
pulse oxygen saturation of 97%, and heart rate of 114 beats/min 
with atrial fibrillation. General anesthesia was induced with 400 
mg of thiopental and 90 mg of rocuronium. Endotracheal intuba-
tion was done, and anesthesia was maintained with 2–3% sevoflu-
rane in 50% oxygen/air. Invasive arterial blood pressure was mon-
itored continuously at the femoral artery from the femoral sheath 
for RFCA. His vital signs were maintained within a systolic blood 
pressure of 80–120 mmHg, pulse oxygen saturation of 98–100%, 
and heart rate of 70–130 beats/min during the procedure. An ad-
ditional 50 mg of rocuronium was administered to maintain mus-
cle relaxation, so the total dose of rocuronium was 140 mg. 

The RFCA was completed uneventfully and took 3 h and 15 
min. The ECG and other vital signs were normal. We stopped 
sevoflurane administration and gave him 400 mg of sugammadex 
(Bridion®, Merck and Co., USA). Within two minutes of the 
sugammadex administration, the ECG suddenly demonstrated ST 
elevation on the inferior leads, so an occlusion of the right coro-
nary artery was strongly suspected (Fig. 1). His vital signs includ-
ed a blood pressure of 80/57 mmHg, pulse oxygen saturation of 
100%, and heart rate of 77 beats/min. There were no signs of hy-

persensitivity reactions, such as urticaria, wheals, swelling, or in-
creased airway pressure. 

Coronary angiography was initiated immediately, simultane-
ously with the infusion of norepinephrine at 16 μg/min and dopa-
mine at 20 μg/kg/min. A little later, the patient’s heart rate gradu-
ally decreased, and the ECG showed pulseless electrical activity. 
Cardiac movement was not identified on X-ray fluoroscopy, so 
chest compressions were started immediately. Epinephrine (1 mg) 
was injected, and an external pacemaker was applied, but he did 
not respond. Chest compression was continued and an additional 
1 mg of epinephrine was injected. At that time, coronary angiog-
raphy demonstrated total collapse of the right coronary artery, 
and 0.2 mg of intra-coronary nitroglycerin was injected. The right 
coronary artery was partially dilated, and the ECG showed ven-
tricular fibrillation. Cardioversion with 200 J was done, and the 
ECG returned to normal sinus rhythm. Additional intra-coronary 
nitroglycerin was injected, and the vasospasm of the right coro-
nary artery was completely resolved (Fig. 2). Afterward, the pa-
tient underwent a left coronary artery angiogram, which revealed 
a normal pattern. His blood pressure became normal with the in-
fusion of norepinephrine at 8 μg/min, dopamine at 10 μg/kg/min, 
and nitroglycerin at 10 μg/kg/min. However, because the echocar-
diography showed abnormal wall motion and low ejection frac-
tion, extracorporeal membrane oxygenation was applied, and he 
was transferred to the intensive care unit. 

On postoperative day 1, the patient’s trachea was extubated and 
extracorporeal membrane oxygenation was removed. On postop-
erative day 2, his vital signs remained stable without vasopressors 
and he was transferred to the general ward. There were no symp-
toms of chest pain, and there was no clinical basis to suspect coro-

Fig. 1. Electrocardiogram (ECG). (A) At the end of radiofrequency catheter ablation, the ECG showed normal. (B) After sugammadex 
administration, it suddenly demonstrated ST elevation on the inferior leads. 
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nary disease. The echocardiography showed normal wall motion 
and ejection fraction, and the ECG showed normal. He was dis-
charged on postoperative day 5 without sequelae.

Discussion 

In the present case, the patient had sudden ST elevation on the 
inferior leads after sugammadex administration, followed by car-
diac arrest. Since he had undergone RFCA in the cardiac angiog-
raphy room, coronary angiography could be initiated immediately 
and confirmed the total collapse of the right coronary artery. After 
two injections of intra-coronary nitroglycerin, the vasospasm of 
the right coronary artery was completely resolved, and the patient 
recovered. Because coronary vasospasms related to RFCA mostly 
occur during the main procedure, especially after transseptal 
puncture [9], we do not believe that this case was related to RFCA 
complications. In addition, considering the timing between coro-
nary vasospasm and sugammadex administration, it would be ap-
propriate to suspect that sugammadex was the cause of the event. 

Sugammadex, a modified gamma-cyclodextrin, is a widely used 
medication for the reversal of aminosteroid neuromuscular block-
ades including rocuronium and vecuronium. Although sugam-
madex is generally regarded to be relatively efficacious and safe, 
serious complications have been increasingly reported. Hypersen-
sitivity reaction is a well-known complication of sugammadex, 
with varying degrees of severity. The most frequent signs and 
symptoms are skin rash, swelling, and bronchospasm, with or 
without severe hypotension and tachycardia [1,2]. Hypersensitivi-
ty reactions can occur without a history of previous sugammadex 
exposure [10]. Miyazaki et al. [11] reported that the incidence of 
intraoperative anaphylaxis associated with sugammadex was 

0.039%.
Another serious complication is profound bradycardia with a 

heart rate of 20–30 beats/min with or without hypotension, which 
can be treated with repeated injections of atropine and ephedrine 
[12,13]. However, some patients developed cardiac arrest wherein 
cardiopulmonary resuscitation was needed, and some resulted in 
death [3,4,14]. While cardiovascular collapse after sugammadex 
administration has been thought to be a result of anaphylaxis, 
these recent reports suggested that this can occur due to unknown 
mechanisms without evidence of anaphylaxis. 

Recently, four cases of coronary vasospasm after sugammadex 
administration were reported. Two papers suggested the direct ef-
fect of sugammadex on the coronary vasospasm. Ko et al. [7] re-
ported the case of a 76-year-old man who had ventricular prema-
ture contraction bigeminy, followed by cardiac arrest after sugam-
madex administration. He was postoperatively diagnosed with 
variant angina, and a skin allergy test showed negative results, so 
the authors suggested that sugammadex could directly cause cor-
onary vasospasm. Hoshino et al. [5] also reported the case of a 
patient who had ST depression, followed by cardiac arrest after 
sugammadex administration. The patient was postoperatively di-
agnosed with variant angina, and sugammadex was considered to 
be the direct cause of the coronary vasospasm. 

Other two papers reported cases of coronary vasospasm caused 
by Kounis syndrome. These patients developed ST elevation/de-
pression after sugammadex administration, and skin allergy tests 
showed positive results for sugammadex or rocuronium-sugam-
madex complex [6,8]. Kounis syndrome is a rare, acute coronary 
syndrome associated with hypersensitivity reactions. During an 
allergic event, activated mast cells release inflammatory mediators 
such as histamine, tryptase, and a variety of cytokines. These me-

Fig. 2. Left anterior oblique view on coronary angiography. (A) After cardiac arrest, the right coronary artery totally collapsed. (B) After the 
first injection of intra-coronary nitroglycerin, the right coronary artery was partially dilated. (C) After an additional injection of intra-coronary 
nitroglycerin, the vasospasm of the right coronary artery was completely resolved. Black arrow: right coronary artery.
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diators impact hemodynamic functions, resulting in generalized 
vasodilation and coronary vasospasm [15]. 

Our patient developed cardiac arrest following sudden ST ele-
vation after sugammadex administration, and the total collapse of 
the right coronary artery was confirmed by urgent coronary angi-
ography. There were no signs of hypersensitivity reactions such as 
urticaria, wheals, swelling, or increased airway pressure. There-
fore, a direct effect of sugammadex was thought to be the most 
probable cause of coronary vasospasm. 

However, Kounis syndrome might occur in the absence of typi-
cal skin rash or other hypersensitivity symptoms [8]. Therefore, it 
would be better to check the levels of inflammatory mediators or 
perform a skin prick test to accurately determine the cause. In the 
present case, we failed to check the levels of inflammatory media-
tors at the time of the event. Afterward, we recommended a skin 
prick test, but the patient refused. Therefore, we cannot complete-
ly rule out the possibility of Kounis syndrome. However, the im-
portant point is that whatever the cause might be, there is a possi-
bility of coronary vasospasm after sugammadex administration. 
And, if the degree of coronary vasospasm is severe enough to lead 
to cardiovascular collapse, the current acute coronary event pro-
tocol, including cardiopulmonary resuscitation, should be initiat-
ed immediately. Additionally, if Kounis syndrome is suspected, 
the use of corticosteroids and antihistamines with mast-cell stabi-
lizers may help to relieve the symptoms [15].  

In conclusion, the present case demonstrated cardiac arrest due 
to coronary vasospasm in a patient who received sugammadex. 
Therefore, clinicians should pay close attention to the potential 
risk of coronary vasospasm, even cardiac arrest, after sugamma-
dex administration. 
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I read with immense interest the editorial in the Korean Journal of Anesthesiology (KJA) 
[1] that elaborated on the editorial/peer review process regarding the inclusion of a re-
tracted article in a systematic review and meta-analysis (SRMA) published recently in the 
KJA [2]. I greatly appreciate the vigilance of the production team of the KJA for identify-
ing this during the proof check and the efforts of the Editorial Board of the KJA for mak-
ing a balanced decision after analyzing this grave issue from various angles during the re-
view process. I also greatly respect the views expressed in the editorial and wish to em-
phasize the importance of preventing this perennial menace in this letter. 

While I fully agree that the inclusion of the retracted article happened at an “ambiguous 
time” on this particular occasion, I feel that this problem must be further analyzed to pre-
vent it from happening in the future. Although the authors of the editorial [1] stated that 
the date of retraction of the article was September 9, 2021, the first notification occurred 
on June 1, 2021 [3]. While Jo et al. [2] completed their search of the literature in May 
2021, they submitted their SRMA on July 26, 2021. Here, I would like to suggest that all 
journals require authors to acknowledge that they have not cited any retracted article in 
their manuscript during the submission process itself, as this precautionary measure 
might have prevented this problem. While submitting a manuscript as an author about a 
year ago, I noted that one of the journals in the field of anesthesiology namely “Anaesthe-
sia” was following this practice, and I believe that it could contribute more to preventing 
the citation of retracted articles. 

I also strongly value the suggestion made in the editorial that, as a part of the peer-re-
view process, it should be confirmed that no retracted articles are included in the refer-
ences. However, I feel that the primary responsibility lies with the authors to cross-check 
the current status of all their references during submission and periodically until their ar-
ticle is published. Also, the reference cited (reference #7 of the editorial [1], reference #4 
here) did not match for that sentence. Grey et al. [4] suggested that the integrity of publi-
cations be determined through a special checklist “REAPPRAISED” to prevent the delay 
in retracting the articles and its impact on science.  

The unique feature of this particular instance is that it happened at an “ambiguous 
time” especially for an article of the SRMA type. It would have been relatively easier for 
authors of any other type of article to make corrections at this juncture. Fortunately, it 
was identified in the nick of time and the Editorial Board of the KJA went to great lengths 
to make the review process credible. I hope my suggestion in this letter will assist the KJA 
in eradicating this problem in the future. 
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In a randomized controlled trial that included 60 obese patients undergoing elective 
laparoscopic bariatric surgery, Elshazly et al. [1] compared the postoperative analgesic ef-
ficacy of the erector spinae plane block (ESPB) with the transversus abdominis plane 
block (TAPB). They showed that the bilateral ESPB was more effective than the TAPB for 
intraoperative and postoperative analgesia. Given that the use of a multimodal strategy 
(including a nerve or fascial plane block) to improve perioperative analgesia, enhance 
postoperative recovery, and decrease opioid requirements is highly desirable for patients 
undergoing bariatric surgery [2], this study has considerably potential implications. Oth-
er than the limitations described by the authors in the discussion, several issues with this 
study need further clarification and discussion. 

First, postoperative pain was determined using a visual analog scale (VAS). However, 
the status of the patients during pain level assessment was not provided. The available lit-
erature indicates that pain intensity following bariatric surgery is higher during move-
ment than at rest [3]. We are thus concerned that this unknown factor could have affected 
the postoperative pain assessment results in this study. 

Second, the mean VAS score in the first 24 h postoperatively was higher in patients re-
ceiving the TAPB than in those receiving the ESPB. However, we noted that the mean 
VAS scores during the first 24 h postoperatively in the two groups were <  3, with small 
standard deviations (2.78 ±  0.34 vs. 2.32 ±  0.12). This indicates that most patients expe-
rienced only mild postoperative pain. Furthermore, the maximal between-group differ-
ence in the mean VAS scores during the first 24 h postoperatively appeared 20 min after 
extubation and was <  1. Most importantly, this study did not assess and compare patient 
satisfaction with postoperative pain control for the TAPB and ESPB. On this basis, we 
cannot determine whether the greater postoperative pain control reported with the ESPB 
compared to the TAPB should be considered clinically important. 

Third, the authors reported that intravenous nalbuphine was used as the first rescue 
analgesic and intravenous ketorolac as the second rescue analgesic in cases where the 
postoperative pain VAS score was ≥  4, as needed. In the results, the authors only provid-
ed total nalbuphine consumption during the first 24 h postoperatively and not ketorolac 
consumption.  

We were thus very interested to know whether any of the patients received intravenous 
ketorolac as a second rescue analgesic. Moreover, when between-group difference in 
postoperative analgesic consumption has been compared in previous studies assessing 
the efficacy of different analgesia modalities in patients undergoing bariatric surgery, the 
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dosages of all the analgesics used for postoperative pain control 
were converted into morphine milligram equivalents in the oral 
or intravenous form [2]. As the equianalgesic conversion factor of 
morphine and nalbuphine for postoperative analgesia is approxi-
mately 1 : 1.5, the net between-group difference in mean nalbu-
phine consumption within the first 24 h postoperatively in this 
study were only equivalent to 2.94 mg intravenous morphine. The 
available literature recommends that the minimal clinically im-
portant difference in morphine milligram equivalents for postop-
erative pain control be an absolute reduction of 10 mg of intrave-
nous morphine within 24 h [4]. Thus, the clinical significance of 
postoperative opioid sparing with the ESPB compared to the 
TAPB is not clearly evident. 

Finally, this study assessed the time to first flatus or stool but no 
other outcome variables of enhanced recovery after surgical pro-
tocols for bariatric surgery, such as the incidence of postoperative 
nausea and vomiting, time to early mobilization, time to hospital 
discharge, and quality of postoperative recovery [5]. Because of 
this design limitation, an important question that this study can-
not answer is whether the improved postoperative pain control 
and decreased opioid consumption reported for the ESPB com-
pared to the TAPB can be translated into early postoperative ben-
efits in obese patients undergoing bariatric surgery. 
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We would like to express our thanks for giving us the opportunity to clarify some as-
pects of our study by responding to the issues that have been raised. We would also like to 
thank the authors for their interest in our study and for taking the time to express their 
concerns [1]. 

In the letter to the editor, the first concern was that when pain was assessed using the 
visual analog scale (VAS) in our study, the status of the patients was not clear. We agree 
that the status of the patients affects pain intensity. We also agree that pain intensity is ex-
pected to be higher during movement than at rest. However, in our study, all pain assess-
ments were performed at rest. We believe that pain is routinely assessed by VAS at rest 
unless clearly stated otherwise (e.g., during movement or while coughing), as is evident 
in many previous studies that have not provided further clarification of the patient’s status 
during pain assessment [1,2]. 

Concerning the second point, we agree that both the erector spinae plane block (ESPB) 
and transversus abdominis plane block (TAPB) are effective modalities for postoperative 
pain management as we clarified in our study. Our findings show that the ESPB provided 
better analgesic effect, which is consistent with a previous study that found that patients 
who received an ESPB had a VAS score <  3 in the first 24 h postoperatively [3], and re-
quired less time to perform successfully. These findings met the goal of our study, which 
was to compare the effectiveness and feasibility of both blocks. 

Third, none of the patients in our study required a second rescue analgesic. We agree 
that the difference in nalbuphine consumption between the two groups was only equiva-
lent to 2.94 mg of intravenous morphine. However, combined with the other statistically 
significant outcomes, such as a lower VAS score, longer duration to the first dose of res-
cue analgesic, and less time required to perform a successful block, the ESPB was found 
to be a more effective and feasible block than the TAPB.  

Finally, we chose time to flatus or stool as our secondary outcome since we believe that, 
especially with gastrointestinal surgeries, factors other than the effectiveness of the block 
and the opioid-sparing effect, such as the duration of surgery, duration of abdominal in-
sufflation, predisposing patient factors, and the sleeve gastrectomy technique used, can 
have a statistically significant effect on the incidence of nausea and vomiting [4]. More-
over, knowing that patient satisfaction and quality of recovery are greatly affected by the 
occurrence of early postoperative nausea and vomiting [5] compelled us not to choose 
this as a secondary outcome in our primary research hypothesis. Furthermore, we believe 
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that our study achieved our primary research objective, which 
was to compare the effectiveness and feasibility of both blocks in a 
challenging population. 
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This corrects the article “Survival analysis: Part I — analysis of time-to-event” on page 
190.

The article by In and Lee entitled “Survival analysis: Part I — analysis of time-to-event”, 
contained an error in the sample size calculation example. The calculated numbers are 
incorrect; here, we present the corrected calculation process and results. 

Supposing that these five patients were observed for four weeks on average, the hazard 
rate (λ) is 2/(5 ×  4 weeks) =  0.1/person-week. The value of the 4-week survival function 
for conventional drug A, estimated using the relationship between the survival function 
and hazard function, is SA(4) =  exp (–0.1 ×  4) =  0.670. Since new drug B decreases re-
currence by 30%, the hazard ratio is 0.7, and the value of the 4-week survival function for 
new drug B is SB(4) =  exp ((–0.1 ×  0.7) ×  4) =  0756. If both groups have the same sam-
ple size, π1 =  π2 =  0.5, the probability of an event, which is the denominator of the sam-
ple size calculation formula, is 1 –(π1S1(t) + π2S2(t)) =  1 – (0.5 ×  0.670 + 0.5 ×  0.756) =  
0.287. The total event count, which is the numerator of the sample size calculation for-
mula, can be obtained from Equation 3. zα/2 and zβ, which represent the values of proba-
bility in a standard normal distribution, are 1.96 and 0.842, respectively, for a significance 
level of 0.05 and statistical power of 80%. With the values of π1 and π2 set to 0.5 each and 
the hazard ratio set at 0.7, the total event count required is (1.96 + 0.842)2/{0.5 ×  0.5 ×  
(log0.7)2} =  246.9, i.e., 247 events. Substituting this value and the incidence rate into 
Equation 4, 247/0.287 =  860.6, i.e., 861 is obtained. 

Applying the generally assumed withdrawal rate of 10% to the value obtained, 861/(1 – 
0.1) =  956.7, i.e., a total of 957 subjects, is set as the required sample size. With the group 
size ratio set at 0.5, 479 subjects are to be assigned to each group.  

The authors apologize for any inconvenience these mistakes may have caused.
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This corrects the article “Survival analysis: Part II — applied clinical data analysis” on 
pages 453-456.

The article by In and Lee entitled, “Survival analysis: Part II — applied clinical data 
analysis”, contained a wrong explanation in “R code for time-dependent coefficient Cox 
regression model: step function.” On page 453, the authors described the combined re-
sults from the time-dependent coefficient Cox regression model. The estimated coeffi-
cients corresponding to the segmented time periods cannot be combined; they should be 
interpreted as separated (Table 10). The R code described as “#Combined results” also is 
not a results-combining process. The function “survfit” computes estimates of a survival 
curve using the established survival function. That is, the following R code produces the 
estimates of the time-dependent coefficient Cox regression model, which is fitted before 
and defined in the object “fit.tdc” 

R code (P454) ‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ 
cfit.tdc < - survfit(fit.tdc, newdata =  combine.tdc, id =  parameter) 
‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒‒ 

This R code can calculate the estimates of specific populations by providing a user-de-
fined data frame using the argument “newdata =  ”. For example, we can get the estimates 
of the fitted Cox regression model for Antiemetic =  0 and Inopioid =  0, and so on. The 
final example model of the time-dependent coefficient Cox regression has two categorical 
independent variables, each having two levels, and four types of populations can be de-
fined. The provided data frame on page 453 named “combine.tdc” has the wrong code in 
the argument “parameter.” We have to set the four types of population, “parameter =  
rep(0:3, each =  3)” is right instead of “parameter =  rep(0:1, each =  6).” Consequently, 
the figures 10 and 11B are also wrong, we present the corrected graphs below, having four 
types of populations. These new graphs are created using the same R code provided in 
the original manuscript. 
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Figure 1. Corrected Figure 10. Time-dependent coefficient Cox regression curves are plotted for four types of populations.  

Figure 2. Corrected Figure 11B. Time-dependent coefficient Cox regression curves are plotted for four types of populations. Com-
pared to the original figure 11B, the confidence intervals are removed to enhance the discriminability.

 
The authors apologize for any inconvenience these mistakes may have caused.
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1. On-line manuscript review process

1) All proposed manuscripts for publication in the Korean Journal 
of Anesthesiology will be processed exclusively online.
Please use the “Questions and Answers” section of our website 
(http://www.editorialmanager.com/kja) for any concerns you 
may have vis-á-vis problems, questions, or suggestions for im-
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electronic manuscripts processing manager (editorial manager) 
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2) Processing publication-related inquiries for newly submitted 
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undue burden for the KJA in its general duties.
As such, these inquiries should be made entirely online in the 
“Questions & Answers” section of the website. Requests and or-
ders - including the expected date of publication and the status 
of manuscript under review - should be made online, and re-
sponses shall be provided without delay upon confirmation.
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ing author will be notified by e-mail whenever there is any 
change in the status of a submitted manuscript, and any resub-
mission can only be made by the corresponding author.

4) A manuscript needs to be resubmitted if there is a change in 
the makeup of the manuscript authorship; thus, special care 
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Instructions to authors

The Korean Journal of Anesthesiology (KJA) is an international, 
English-language, open-access, and peer-reviewed journal for an-
esthesiology, critical care, and pain medicine. As an official scien-
tific journal of the Korean Society of Anesthesiologists (KSA), the 
KJA published monthly until 2014 and now publish bimonthly in 
2015. Its abbreviated title is “Korean J Anesthesiol.” The KJA pub-
lishes definitive articles that can improve clinical care or guide 
further research in the field of anesthesiology. Additionally, KJA 
gladly reviews and publishes negative results for which publica-
tion will benefit clinical practice and promote further research ac-
tivity. Manuscripts for submission to the KJA should be written 
according to the following policies. The KJA follows the Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Writing and Editing for Biomedical Publication, available at: 
www.icmje.org/, if otherwise not described below.

Editorial Policy

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

General information

1. Publication types
The KJA focuses on Original articles (Clinical trial/Experimen-
tal research, Meta-analysis),  Case reports, Reviews, Letters to 
the editor, Statistical round, and Editorials.

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

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

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

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

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

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

Research and publication ethics

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

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

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

2. Statement of informed consent and Institutional 
Review Board approval

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

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

4. Registration of the clinical trial research
Any researches that deals with clinical trial should be registered 
with the primary national clinical trial registration site such as Ko-
rea Clinical Research Information Service (cris.nih.go.kr/) or oth-
er sites accredited by WHO or International Committee of Medi-
cal Journal Editor such as ClinicalTrials.gov (clinicaltrials.gov/).

5. Reporting guidelines
The KJA recommends a submitted manuscript to follow report-
ing guidelines appropriate for various study types. Good sourc-
es for reporting guidelines are the Enhancing the QUAlity and 
Transparency Of health Research (EQUATOR) Network (www.
equator-network.org/) and the U.S. National Library of Medi-
cine’s (NLM’s) Research Reporting Guidelines and Initiatives 
(www.nlm.nih.gov/services/research_report_guide.html). The 
appropriate checklist (and flow diagram, if applicable) must be 
included with each submission.
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tions to conception and design, acquisition of data, or analysis 
and interpretation of data; AND 2) drafting the article or revis-
ing it critically for important intellectual content; AND 3) final 
approval of the version to be published; AND 4) agreement to 
be accountable for all aspects of the work in ensuring that ques-
tions related to the accuracy or integrity of any part of the work 
are appropriately investigated and resolved. Authors should 
meet these 4 conditions. If the number of authors is equal to or 
greater than 2, there should be a list of each author’s role in the 
submitted paper. Authors are obliged to participate in peer re-
view process. All others who contributed to the work who are 
not authors should be named in the Acknowledgements sec-
tion. KJA has a strict policy on changes to authorship after ac-
ceptance of the article and will only consider changes in the 
most extraordinary situations once the article is accepted.

7. Plagiarism and duplicate publication
Plagiarism is the use of previously published material without 

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

8. Secondary publication
It is possible to republish manuscripts if the manuscripts satisfy 
the condition of secondary publication of the Uniform Require-
ments for Manuscripts Submitted to Biomedical Journals, avail-
able at: www.icmje.org/.

9. Feedback after publication
If the authors or readers find any errors, or contents that should 
be revised, it can be requested from the Editorial Board. The 
Editorial Board may consider erratum, corrigendum or a re-
traction. If there are any revisions to the article, there will be a 
CrossMark description to announce the final draft. If there is a 
reader’s opinion on the published article with the form of Letter 
to the editor, it will be forwarded to the authors. The authors 
can reply to the reader’s letter. Letter to the editor and the au-
thor’s reply may be also published.

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

9-2. Policy of Article withdrawal, retraction, and replacement
1) Article withdrawal
Articles in Press (articles that have been accepted for publica-
tion but which have not been formally published and will not 
yet have the complete volume/issue/page information) that in-
clude errors, or are discovered to be accidental duplicates of 
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other published article(s), or are determined to violate our jour-
nal publishing ethics guidelines in the view of the editors (such 
as multiple submission, bogus claims of authorship, plagiarism, 
fraudulent use of data or the like), may be “Withdrawn”.
2) Article retraction
Errors serious enough to invalidate a paper’s results and 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-
ror is judged to be unintentional, the underlying science ap-
pears valid, and the changed version of the paper survives fur-
ther review and editorial scrutiny, then replacement of the 
changed paper, with an explanation, allows full correction of 
the scientific literature.
See also the National Library of Medicine’s policy on retractions 
and the recommendations of the International Committee of 
Medical Journal Editors (ICMJE) concerning corrections and re-
tractions, or https://publicationethics.org/resources/guidelines.

9-3. Appeals and complaints
KJA adheres to COPE guidelines regarding appeals to editorial 
decisions and complaints. For additional information, please 
visit https://publicationethics.org/core-practices.

Data sharing statement

KJA accepts the ICMJE Recommendations for data sharing 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, referenc-
es, 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 nu-
merals throughout the manuscripts. Our preferred file format is 
DOCX or DOC. A single PDF file that contains all materials in 
a file including figures and figure legends is acceptable. In that 
case, authors should add line numbers throughout the docu-
ment. Manuscript containing anything in headers and footers, 
except of page numbers, will be returned to authors. If your PDF 
submission is accepted, you will be asked to upload your final 
document file in DOCX or DOC format as well. Make sure to 
update your PDF file with the most recent version of your man-
uscript.

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.
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Cover letter (optional)
Title Page file, uploaded separately
Manuscript, as a single file in word processing format (eg, .doc), 
consisting of Title and running title, Abstract (if required for 
the article type; see relevant section), Body Text, References, 
Tables, Figure Legends, if any (in numerical order, on the same 
page); be sure to number all pages of the manuscript file
Figures (each Figure should be a separate file in figure file format)
Other submission elements (Supplemental Digital Content, 
etc.)
Each new section’s title should begin on a new page. The 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-
tail.5 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) It is recommended using mean ±  SD or median (Q1, Q3) 
format to present representative values of continuous vari-
ables. Results must be written in significant figures. The mea-
sured and derived numbers should be rounded off to reflect 
the original degree of precision. Calculated or estimated 
numbers (such as mean and SD) should be expressed in no 
more than one significant digit beyond the measured accura-
cy. Therefore, the mean ±  SD of body weight in patients 
measured on a scale that is accurate to 0.1 kg should be ex-
pressed as 65.45 ±  2.52 kg.

10) Except when otherwise stated herein, authors should conform 
to the most recent edition of the American Medical Associa-
tion Manual of Style.7

1Lee S, Kang H. Statistical and methodological considerations for 
reporting RCTs in medical literature. Korean J Anesthesiol 2015; 
68: 106-15.

2Kim TK. T test as a parametric statistic. Korean J Anesthesiol 
2015; 68: 540-6.

3Nahm FS. Nonparametric statistical tests for the continuous data: 
the basic concept and the practical use. Korean J Anesthesiol 
2016; 69: 8-14.

4Park S. Significant results: statistical or clinical? Korean J Anes-
thesiol 2016; 69: 121-5.

5In J. Considerations when calculating the sample size for an in-
equality test. Korean J Anesthesiol 2016; 69: 327-31.

6Lee S and Lee DK. What is the proper way to apply the multiple 
comparison test? Korean J Anesthesiol 2018; 71: 353-60.

7http://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 IRB for the study and the IRB approval 
number needs to be provided. When reporting experi-
ments with animal subjects, the authors should indicate 
whether the handling of the animals was supervised by In-
stitutional Board for the Care and Use of Laboratory Ani-
mals. “American Society of Anesthesiologists physical sta-
tus classification” should not be abbreviated. 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/.

∙ Reports of randomized trials must conform to the revised 
CONSORT guidelines and should be submitted with the 
CONSORT flow diagram. The CONSORT checklist should 
be submitted as a separate file along with the manuscript. 
The CONSORT statement, checklist, and flow diagram can 
be found at http://www.consort-statement.org or EQUA-
TOR Network (https://www.equator-network.org/home/)

∙ 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 docu-
ments 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 refer-
ence.

∙ 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 

viiOnline access in http://ekja.org

http://www.icmje.org/about-icmje/faqs/icmje-recommendations/
http://www.icmje.org/about-icmje/faqs/icmje-recommendations/
http://www.icmje.org/about-icmje/faqs/icmje-recommendations/
http://www.consort-statement.org
https://www.equator-network.org/home/
http://www.icmje.org/about-icmje/faqs/icmje-recommendations/
http://www.icmje.org/about-icmje/faqs/icmje-recommendations/
http://www.nlm.nih.gov/citingmedicine
http://www.nlm.nih.gov/citingmedicine
http://www.nlm.nih.gov/archive/20130415/tsd/serials/lji.html
http://www.nlm.nih.gov/archive/20130415/tsd/serials/lji.html
http://koreamed.org/


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: 
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 wwwnc.
cdc.gov/eid/article/11/11/05-0575_article
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 cita-

tion 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 Inter-
national 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 ta-

bles 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 
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of line drawings should be at least 1,200 dpi. Number figures 
as “Fig. (Arabic numeral)” in the order of their citation. (ex. 
Fig. 1).
④ Photographs should be submitted individually. If Figure 1 
is divided into A, B, C and D, do not combine it into 1, but 
submit each of them separately. Authors should submit line 
drawings in black and white.
⑤ In horizontal and vertical legends, the letter of the first 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., Video 
1***, Video 2***) and include the appropriate extension (e.g., 
.mov, .mpg).
② The maximum number of video clips is 20.
③ The video clip(s) should be playable on both Windows and 
MAC computers. The video clip(s) should be tested for 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) Systematic review and meta-analysis
Systematic reviews are systematic, critical assessments of litera-
ture and data sources in order to answer a specific question, 
and/or includes a statistical technique leading to a quantitative 
summary of results and examining sources of differences in re-
sults among studies, if any. The subtitle should include the 
phrase “A systematic review” and/or “A Meta-analysis.”

Organization of systematic review and meta-analysis: Same 
as clinical and experimental studies, except, 

∙ All systematic reviews and meta-analyses should be regis-
tered at an appropriate online public registry (eg, PROSPE-
RO; http://www.crd.york.ac.uk/PROSPERO/), and registra-
tion information should be included with the submission. 

∙ Authors of reports of meta-analyses of clinical trials should 
submit the PRISMA flow diagram. The PRISMA checklist 
should be submitted as a separate file along with the manu-
script. For information regarding PRISMA guidelines, 
please visit http://www.prisma-statement.org or EQUATOR 
Network (https://www.equator-network.org/home/). Sys-
tematic reviews and meta-analyses of observational studies 
in epidemiology should be reported according to MOOSE 
guidelines. For more information regarding MOOSE guide-
lines, please visit http://www.equator-network.org/report-
ing-guidelines/meta-analysis-of-observational-studies-in-epi-
demiology-a-proposal-for-reporting-meta-analysis-of-obser-
vational-studies-in-epidemiology-moose-group/.

∙ No limitation the number of the references.

3) Case Reports
A case report is almost never a suitable means to describe the 
efficacy of a treatment or a drug; instead, an adequately 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 
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population, that is so unusual that a clinical trial is not feasible.
Case reports of humans must state in the text that informed 

consent to publication was obtained from the patient or 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.

4) Reviews
Review articles synthesize previously published material into an 
integrated presentation of our current understanding of a topic. 
Review articles should describe aspects of a topic in which 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.

5) Letters to the Editor
Letters to the Editor also should include brief constructive com-
ments on the articles published in KJA and interesting cases.  
Book reviews as well as news of scientific societies and scientific 
meeting dates in Korea or abroad can be included. Letters to the 
editor of humans must state in the text that informed consent 
to publication was obtained from the patient or guardian. Au-
thors should submit copies of written informed consents by us-
ing the online manuscript submission system. If it is unavail-
able, the IRB approval should be needed. Copy of IRB approval 
should be kept. If necessary, the editor or reviewers may request 
copies of these documents. Letters to the Editor cover individu-
al articles not described by any of the above categories. The 
short manuscripts with a constructive note on the Journal or 
the anesthesiology at large are welcome.

Cover pages should be formatted as those of clinical research 
papers. The body text should not exceed 1,000 words and 
should have no more than 5 references. For exceeding the 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.

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 February 2021 submissions.
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