
2021 June • Volum
e 74 • N

um
ber 3

Pages 189-281

KOREAN JOURNAL of 
ANESTHESIOLOGY

pISSN: 2005-6419     eISSN: 2005-7563

2021 June

The KOREAN SOCIETY of ANESTHESIOLOGISTS Online access in http://ekja.org

VOLUME 74 NUMBER 3

Korean Journal of Anesthesiology

Editorial
Determinants for the duration of a single-shot interscalene 

brachial plexus block: concentration vs. volume of  
local anesthetics

Review Articles
Anesthetics or anesthetic techniques and cancer surgical  

outcomes: a possible link

Interpretation of volume kinetics in terms of  
pharmacokinetic principles

Clinical Research Articles
A comparison of the breathing apparatus deadspace associated 

with a supraglottic airway and endotracheal tube using  
volumetric capnography in young children

Comparison between two different concentrations of a fixed 
dose of ropivacaine in interscalene brachial plexus  

block for pain management after arthroscopic shoulder  
surgery: a randomized clinical trial

Endotracheal intubation in patients undergoing open  
abdominal surgery in the lateral position: a comparison  

between the intubating video stylet and fiberoptic  
intubating bronchoscopy

Preoperative high-sensitivity troponin I and B-type natriuretic 
peptide, alone and in combination, for risk stratification of 

mortality after liver transplantation

Experimental Research Article
Patient barrier acceptance during airway management among 
anesthesiologists: a simulation pilot study

Case Reports
Endotracheal intubation using a three-dimensional printed 
airway model in a patient with Pierre Robin sequence and  
a history of tracheostomy 

Refractory gram-negative septic shock complicated by  
extended purpura fulminans and multiple organ failure in  
a 23-year-old puerpera 

Letters to the Editor
Local anesthetic systemic toxicity of levobupivacaine in erector 
spinae plane block

Rescue intubation via i-gel® device in Pierre-Robin sequence

Point-of-care ultrasonography as rescue for popliteal artery 
cannulation in prone position

Comment on "A rare case of Wilson disease associated with 
intracerebral hemorrhage"

Response to comment on “A rare case of Wilson disease  
associated with intracerebral hemorrhage”



우영메디텍_전단지 디자인2.indd   2 2021-05-11   오후 2:35:06



Simply ingenious starts here.
The new Atlan family.

Dräger Atlan® A300/A300 XL Anaesthesia Workstation

Atlan offers a wide range of functionalities to help make the anaesthesia process safer for patients and clinical 
staff. First, customisable screen layouts in combination with Dräger monitoring provide a quick to grasp overview 
of the patient status just the way you need it. Additionally, decision-support tools assist in making informed and 
safe decisions.

Atlan was designed with easy yet effective cleaning in mind. 
Tool-free disassembly of the breathing system as well as smooth 
and rounded surfaces ease the cleaning process and enhance 
compliance with cleaning standards. Parts and materials were 
designed to be cleaned effectively with standard procedures 
while ensuring material durability. In addition, the broad range of 
ttested Dräger consumables provide an effective way to further 
facilitate infection prevention while ensuring the best performance 
of your Atlan anaesthesia workstation.

Patient Safety

Decision Support

Infection Protection

Lung Protection Perioperative lung-protective ventilation approaches have been demonstrated to reduce the risk for postoperative 
pulmonary complications. Atlan offers numerous features to support the anaesthesiologist to protect the patient’s 
lungs during surgery. Among others, ICU-like ventilation performance comes as a standard, including precise 
tidal volume delivery (even independent from fresh-gas flow), active PEEP and high trigger sensitivity for 
spontaneous breathing. Atlan also supports the safe and efficient application of low- and minimal-flow 
anaesthesia by using its Econometer to make the user aware of fresh-gas flow deficits and surpluses. 
MoMoreover, it provides a very leak-tight breathing system as well as a sample-gas recirculation function. 
Last but not least, Atlan comes with a heated breathing system to reduce condensation.

In general, anaesthesia workplaces offer a wealth of information and 
data which are often not well contextualised and can thus be of limited 
use. Atlan provides meaningful support to help clinicians make informed 
decisions quickly. From the Econometer which provides you with graphical 
information on whether fresh-gas flow is sufficient or not during minimal
-flow anaesthesia, to the monitoring of oxygen and anaesthetic agent 
upuptake. In addition, Dräger's IACS patient monitoring allows the user to 
analyse the efficacy of recruitment manoeuvres while SmartPilot® View 
supports anaesthetic drug titration providing additional safety in complex 
clinical decisions. Some of the before mentioned functionalities are 
optional and may require additional hardware.

Learn more about our solutions: www.draeger.com
Draeger Korea Co., Ltd C-1109, HanamTechnovalley U1 Center, 947, 
Hanam-daero, Hanam-si, Gyeonggi-do
Tel +82 2 708 6400 / Fax +82 70 4275 0318



A Quantitative Monitor for Neuromuscular Blockade

Radically innovative. Ridiculously simple.

Let us give you a hand.

TECHNICAL SPECIFICATIONS

Electrode Array: 
Single-Patient Use
Monitors adductor pollicis or first dorsal interosseous muscle

Stimulation:
Current Range: 10-80 mA
Pulse Width: 100µs, 200µs, or 300µs 
Frequency: 1Hz - 50Hz ±5%
Sequences: Train-of-Four, Post-Tetanic Count, Single Twitch, Tetanus

Electromyography :
Accuracy: +/- 5%
Dynamic noise canceling

Battery: 
Type: Lithium Ion, Rechargeable 
Battery Life:  At least 6 hours when fully charged

Safety and Efficacy Compliance: 
IEC60601-1, IEC60601-1-2 , IEC60601-2-40 (EMG)

MKT18001 REV A

Blink Device Company is redefining ease-of-use, 

dependability and accuracy within the medical 

device industry. We develop technologies alongside 

clinicians to solve real clinical problems and enhance 

patient care. Our devices are practical, intuitive and 

cost-effective—allowing providers to focus on patient 

care, not the technology in-hand. Our company is 

headquartered in Seattle, Washington, and we make 

our products in the USA.

1530 Westlake Ave N# 600
Seattle, WA 98109

blinkdc.com
T: 206.708.6043
F: 973.215.8175

U.PinE fflED
566-55, Yeonnam-dong, Mapo-gu, Seoul, Korea 
Tel : 02-3141-1836 Fax : 02-3143-2320
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Aims and Scope
The Korean Journal of Anesthesiology (Korean J Anesthesiol; KJA) is an international, English-language, and Peer-reviewed  
journal for anesthesiology, critical care, and pain medicine. As an official journal of the Korean Society of Anesthesiologists, KJA 
was founded in 1968 and published monthly until 2014 and will now publish bimonthly in 2015.

KJA aims to publish high-quality clinical and scientific materials on all aspects of anesthesiology, critical care, and pain medi-
cine. In addition to publishing original articles, KJA features reviews, editorials, case reports, and letters to the editor. The major 
consideration for publication includes clarity, uniqueness, and advancement in design, performance, and knowledge. KJA also 
features Statistical Round to provide educational fundamentals and practical implications for clinical and experimental statistics 
to its readers. Additionally, KJA gladly reviews and publishes negative results for which publication will benefit clinical practice 
and promote further research activity.

The journal has been partly supported by the Korean Federation of Science and Technology Societies. KJA is indexed/tracked/
covered by ESCI (Emerging Sources Citation Index), KCI (indexed by the National Research Foundation of Korea), PubMed, 
PubMed Central, EBSCOhost Databases, KoreaMed, KoMCI Web, KoreaMed Synapse, Science Central, SCOPUS, Embase, CAS 
(Chemical Abstracts Service), WPRIM (Western Pacific Regional Index Medicus), DOI, DOAJ (Directory of Open Access Jour-
nal) and Google Scholar. It has been indexed in MEDLINE by U.S. National Library of Medicine. The KCI journals have been 
seamlessly integrated into the Web of Science since 2014. 
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T2 : The second twitch, TOF : Train-of-four, PTC : Posttetanic count

BridionⓇ(Sugammadex) 100 mg Selected Safety Information 
[Indications and Usage] Reversal of neuromuscular blockade induced by rocuronium or vecuronium. [Dosage and Administration] Adults: Routine reversal: A dose of 4 mg/kg Bridion is recommended as IV injection if recovery has reached at least 1-2 post-tetanic counts(PTC) following rocuronium or vecuronium induced blockade. A dose of 2 mg/kg Bridion is recommended 
as IV injection, if spontaneous recovery has occurred up to at least the reappearance of T2 following rocuronium or vecuronium induced blockade. Immediate Reversal of Rocuronium-Induced Blockade: A dose of 16 mg/kg Bridion is recommended if there is a clinical need to reversal neuromuscular blockade soon(approximately 3 minutes) after administration of rocuronium as 
IV injection. The safety and efficacy with the use of Bridion for immediate reversal following vecuronium induced blockade has not been established. Renal Impairment: No dosage adjustment is necessary for patients with mild or moderate renal impairment(creatinine clearance ≥30 mL/min and <80 mL/min). Bridion is not recommended for use in patients with severe renal 
impairment(creatinine clearance <30 mL/min) or dialysis. Elderly Patients: Elderly patients tend to delay recovery from neuromuscular blockade, but dose adjustment is not necessary. Obese Patients: The dose of this drug in obese patients should be based on actual weight(ABW). Hepatic Impairment: No dosage adjustment is necessary for patients with mild and moderate 
hepatic impairment. Since no clinical studies have been conducted with patients with hepatic impairment, caution should be taken in patients with severe hepatic impairment or hepatic impairment with coagulation disorders. [Warnings and Precautions] Contraindications: Patients with known hypersensitivity to Bridion or any of its components. Careful Administration: 1) 
Patients with renal impairment 2) Patients with hepatic impairment 3) Patients with decrease of cardiac output 4) Patients with edema state 5) Patients with a history of allergic reaction 6) Patients with a history of pulmonary complications(Possible occurrence of bronchospasm) 7) Patients with coagulation disorders 8) Patients with arrhythmia 9) The elderly 10) Pregnant or women 
who may be pregnant. Adverse Reactions: 1) The safety of Bridion has been evaluated based on an integrated safety database of approximately 1,700 surgical patients and 120 healthy adult volunteers. The most commonly reported adverse reactions in patients who experienced surgery were anaesthetic complications. Immune System: 1) Hypersensitivity(≥1/1,000, <1/100), the 
others: Anaesthetic complications(body movement in the middle of anesthesia or operation, coughing, grimacing and sucking of the tracheal tube(≥1/100, <1/10), involuntary awakening during anesthesia(≥1/1,000, <1/100). 2) In clinical trials with surgical patients, hypersensitivity including anaphylaxis has been reported infrequently. The frequency of occurrence of hypersensitivity 
reactions in post-marketing surveys is unknown. Hypersensitivity reactions that occurred varied from isolated skin reactions to serious systemic reactions(i.e., anaphylaxis, anaphylactic shock) and have occurred in patients with no prior exposure to Bridion. Symptoms associated with these reactions can include: flushing, urticaria, erythematous rash, severe hypotension, tachycardia, 
swelling of tongue, swelling of pharynx, bronchospasm and pulmonary obstructive events. Severe hypersensitivity reactions can be fatal. 3) Post-marketing clinical trials of obese patients(BMI ≥40 kg/m2) showed that the adverse reaction profile was generally similar between patients who were administered actual body weight(ABW) and patients who were administered ideal body 
weight(IBW). General Cautions: 1) Ventilatory support is mandatory for patients until adequate spontaneous respiration is restored following reversal of neuromuscular blockade. 2) In order to prevent recurrence of neuromuscular blockade, the recommended doses for routine should be used. 3) When drugs which potentiate neuromuscular blockade are used in the post-operative 
phase, special attention should be paid to the possibility of recurrence of neuromuscular blockade. 4) Recurrence of neuromuscular blockade may occur due to displacement of rocuronium or vecuronium from BRIDION by other drugs(i.e., Toremifene, fusidic acid). 5) When neuromuscular blockade was reversed intentionally in the middle of anaesthesia in clinical trials, signs of light 
anaesthesia were noted occasionally(movement, coughing, grimacing and sucking of the tracheal tube). 6) In patients for whom intubation is expected to be difficult, the method of airway maintenance should be considered beforehand. If rocuronium-induced neuromuscular blockade cannot or does not allow airway intubation, it should be promptly restored from neuromuscular 
blockade. 7) Coagulation parameters should be carefully monitored in patients with known coagulopathies when sugammadex is administered. 8) In patients with severe renal failure(creatinine clearance <30 mL/min), the excretion of Bridion or the Bridion-rocuronium complex was delayed; however, in these patients there were no signs of re-occurrence of neuromuscular blockade. 
This drug is not recommended for use in patients with severe renal impairment. 9) Dedicated studies in patients with hepatic impairment have not been conducted. Patients with severe hepatic impairment or hepatic impairment with coagulation disorders should be cautious when administering this drug. 10) Bridion has not been studied for reversal following rocuronium or 
vecuronium administration in the ICU. 11) Do not use Bridion to reverse neuromuscular blockade induced by nonsteroidal neuromuscular blocking agents such as succinylcholine or benzylisoquinolinium compounds, steroidal neuromuscular blocking agents, pancuronium other than rocuronium or vecuronium. 12) Conditions associated with prolonged circulation time such as 
cardiovascular disease, old age or edema state(i.e., severe hepatic impairment) may be associated with longer recovery times. 13) The patients should be carefully observed for the possibility of drug hypersensitivity reactions(including anaphylactic reactions). If any abnormality is observed, appropriate measures should be taken immediately. 14) Each 1 mL solution contains 9.7 mg 
sodium. If more than 2.4 mL(contain approximately 23 mg sodium) solution needs to be administered, this should be taken into consideration by patients on a controlled sodium diet. 15)  In rare instances, cases of marked bradycardia, some of which have resulted in cardiac arrest, have been observed within minutes after the administration of Bridion for reversal of neuromuscular 
blockade. Drug Interactions : 1) Toremifene: For toremifene, which has a relatively high binding affinity for Bridion and for which relatively high plasma concentrations might be present, some displacement of vecuronium or rocuronium from the complex with this drug could occur. 2) Fusidic acid: IV administration of fusidic acid in the pre-operative phase may give some delay in 
the recovery of the T4/T1 ratio to 0.9. No recurrence of neuromuscular blockade is expected in the post-operative phase, since the infusion rate of fusidic acid is over a period of several hours and the blood levels are cumulative over 2-3 days. 3) Hormonal contraceptives: The interaction between 4 mg/kg Bridion and a progestogen was predicted to lead to a decrease in progestogen 
exposure(34% of AUC). Pregnancy & Lactation Administration: There are no clinical trial data for exposure to this drug during pregnancy. It is administered only if the benefits of administration exceed the risk. No data are available regarding the presence of Bridion in human milk, the effects of Bridion on the breast fed infant, or the effects of Bridion on milk production. 
Breastfeeding is not recommended during the administration of this drug. Pediatric Administration: The safety and efficacy of this drug in children aged younger than 18 years have not been established. Elderly Administration: Exercise caution when administering BRIDION to elderly patients who tend to delay recovery from neuromuscular blockade.(Revised: 2021.01.26)
※Before administering BRIDION, please read the full prescribing information.
Study design1 : This randomised, multicentre, parallel-group trial included 98 adult patients. Patients received intravenous propofol for induction followed by sevoflurane maintenance anaesthesia. Neuromuscular blockade was monitored using acceleromyography and a train-of-four(TOF) 
mode of stimulation. Patients were randomly allocated to receive sugammadex 2.0 mg/kg or neostigmine 50 µg/kg(with glycopyrrolate 10 µg/kg) at reappearance of the second response of the TOF(mean 16% twitch height of first response) after the last dose of rocuronium. The primary 
endpoint was the time from sugammadex or neostigmine administration to recovery of the TOF ratio to 0.9.

Study design2 : This phase Ⅲ, randomized study enrolled surgical patients, aged 18 year or older with American Society of Anesthesiologists physical status Ⅰ-Ⅳ. 74 patients were randomized to receive sugammadex(4.0 mg/kg) or neostigmine(70 µg/kg) plus glycopyrrolate(14 µg/
kg). Anesthetized patients received an intubating dose of rocuronium(0.6 mg/kg), with maintenance doses(0.15 mg/kg) as required. Neuromuscular monitoring was performed by acceleromyography. Sugammadex or neostigmine was administered at reappearance of 1-2 posttetanic 
counts(profound neuromuscular blockade). The primary efficacy parameter was the time from sugammadex or neostigmine-glycopyrrolate administration to return of the train-of-four ratio to 0.9.

References : 1. Blobner M, et al. Reversal of rocuronium-induced neuromuscular blockade with sugammadex compared with neostigmine during sevoflurane anaesthesia: results of a randomised, controlled trial. Eur J Anaesthesiol. 2010;27(10):874-881. 2. Jones RK, et al. Reversal of 
profound rocuronium-induced blockade with sugammadex: a randomized comparison with neostigmine. Anesthesiology. 2008;109(5):816-824. 3. Bridion Product Label. Ministry of Food and Drug Safety.

Copyright ⓒ 2021 Merck & Co., Inc., Kenilworth, NJ, USA, and its affiliates. All rights reserved.
23Fl, Seoul Square Building, 416, Hangang-daero, Jung-gu, Seoul, Republic of Korea (Tel) 02-331-2000 http://www.msd-korea.com KR-XBR-00146 03/2023

Bridion (sugammadex) offered significantly fast and predictable recovery in most patients
with moderate to profound rocuronium-induced neuromuscular blockade (NMB).1,2

Reappearance of T2 for reversal of a NMB :  98% of Bridion (sugammadex) patients had recovered to a TOF ratio of 0.9 compared with only 11% of neostigmine patients within                             
5 minutes. In comparison, it took 101 min for 98% of patients receiving neostigmine to recover to a TOF ratio of 0.9.1 

Reappearance of 1-2 PTCs. :  The median (range [interquartile range]) time to recovery of the TOF ratio to 0.9 was 2.7 (1.2-16.1 [2.1-4.1]) min in the Bridion (sugammadex) group          
versus 49.0 (13.3-145.7 [35.7-65.6]) min in the neostigmine group.2

Indication of Bridion is reversal of neuromuscular blockade induced by rocuronium or vecuronium.3

The safety and ef�cacy of Bridion for pediatric and adolescents under the age of 18 has not been established.3

* For more information, please refer to the full prescribing information.
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2018년 현재 전 세계적으로 매년 960만 건의 사망이 암으로 인한 것이며, 인구 고령화와 함

께 암 발생률은 계속해서 증가할 것으로 예상된다. 수술은 고형 장기 암에 있어 중요한 치료 

방법이다. 악성 종양의 발달 과정이 여러 마취제의 작용 경로와 중첩될 수 있기 때문에, 마취

제 유형이나 투여 방법이 암 환자의 수술 후 결과에 영향을 미칠 수도 있다는 점이 지적되어 

왔다. 본 종설은 PubMed, EMBASE, Cochrane 등 여러 데이터베이스, 학술지, 서적에서 수

집된 최신 증거들에 대한 문헌 고찰로서, 암 발생 및 진행의 병태생리적 과정과 마취제 작용 

기전의 관계, 암과 마취제에 대한 전임상, 후향적 연구와 진행 중인 임상시험 등을 살펴보았

다. 부위마취 대비 전신마취가 암 재발에 미치는 영향에 대한 연구 결과들은 전반적으로 상충

되고 있지만, 흡입 마취제 대비 정맥 마취제에 대한 연구들에서는 정맥 마취제 프로포폴이 유

익하다고 제시한 결과가 다수이다. 우리가 수술 염증 반응과 관련된 생체 변화를 연구하면, 암

을 진행시키는 어떤 잠재적인 영향을 막을 수 있는 고유의 기회를 얻을 수 있다.

Keywords: Anesthesia; Anesthetics; Cancer; Neoplasms; Postoperative period; Surgery.  
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수액 역학(volume kinetics)은 정주된 수액이 어떻게 분포되고 제거되는지에 관한 약동학이

다. 일반적으로 약동학 모수는 약물의 농도를 측정하여 추정할 수 있다. 하지만 수액의 농도를 

직접 측정하는 것은 거의 불가능하다.  따라서 수액 역학에서 수액의 배치(disposition)는 혈

색소(hemoglobin)의 손실이 없다는 전제하에 혈색소 농도를 측정하여 간접적으로 정량화한

다. 수액을 투여하면서 혈색소 농도를 반복적으로 측정하게 되면, 해당 측정 시점에 대한 혈장

량의 상대적인 변화(희석)를 얻을 수 있다. 여기에서 희석은 수액 투여로 인한 혈장량의 확장 

개념으로 해석할 수 있다. 구획 분석으로 약물의 배치를 정량화하는 방법이 수액 역학에도 동

일하게 적용된다. 구획 간 수액의 이동은 일차 역학으로 설명되며, 수액은 중심 구획에서만 제

거된다고 가정하였다. 집단 분석(population analysis)을 사용하게 되면 수액 동역학 모수의 

개인 간 변이를 설명하는 공변량을 파악할 수 있다. 체중 및 평균 혈압은 수액 역학 모수의 대

표적인 공변량이다. 정질액 및 교질액을 투여하였을 때 수액 공간의 확장 효과를 수액 역학 변

수를 사용하여 더 효과적으로 이해할 수 있으며, 수액 요법을 적절하게 시행하는 데 도움이 된

다. 물론 수액 역학에 한계점이 있기는 하지만 수액을 투여하는 임상의사에게 중요한 시사점

을 제공해 줄 수 있을 것이다.

Keywords: Body fluids; Colloids; Crystalloid solutions; Hemoglobins; Pharmacokinetics; 
Statistical models.
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배경: Air-Q® 등 성문 위 기도유지기(supraglottic airway, SGA)는 유아 및 소아에서 마취에 

쓰이는 빈도가 점차 늘어나고 있다. SGA는 기관내삽관 튜브(endotracheal tube, ETT)와 비

교하여 환기 회로 용적에 영향을 줄 수도 있지만, 기도 사강(airway deadspace)의 유의성을 

알아본 연구는 아직 부족하다. 본 연구에서는 소아에서 air-Q® 와 기관내삽관 튜브에 연관된 

기도 장치 사강을 평가하여 비교하고자 한다.

방법: 본 연구는 전향적 코호트 시험으로서, 예정된 비뇨기과 또는 일반외과 수술을 받는 체중 

5–20 kg인 3개월–6세의 소아 59명을 모집하였다. Air-Q® 또는 ETT가 마취의사의 판단에 

따라 삽입되었으며, 일회호흡량, 호기말양압 호흡수, 호기말이산화탄소분압을 계획에 따라 조

절하였다. 기도 사강은 10분 동안 2분마다 체적 호기말이산화탄소분압측정을 사용하여 기록

하였다. 

결과: 각 군의 통계적 특성에는 차이가 없었다. air-Q®군 및 ETT군 간 체중 보정 사강 부피에

서 유의한 차이가 있었으며, 각각 4.1 ± 0.8 ml/kg 및 3.0 ± 0.7 ml/kg이었다(P <  0.001). 

체중 보정 사강량(단위: ml/kg)은 air-Q®군 및 ETT군 모두에서 체중이 감소함에 따라 유의하

게 증가하였다.

결론: 예정수술을 위해 양압 환기를 받는 건강한 소아에서 air-Q® 성문 위 기도유지기의 기도 

사강은 ETT와 비교하여 유의하게 큰 결과를 보였다. 또한, 기도 사강과 이산화탄소분압의 정

상 범위를 유지하기 위한 분당환기량은 성문 위 기도유지기 또는 ETT와 상관없이 환자 몸무

게가 감소함에 따라 늘어나는 것으로 나타났다.  

Keywords: Airway management; Capnography; Child; General anesthesia; Laryngeal 
mask airway; Positive pressure respiration; Ventilation.
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배경: 현재 국소 마취제 고정 용량의 여러 농도 간 차이를 평가한 연구들은 일부만 있을 뿐이

다. 이 연구는 초음파 유도 사각근간 팔신경얼기 차단에서 사용된 로피바카인 고정 용량의 두 

가지 농도의 효과를 비교하기 위해 수행되었다. 

방법: 이 전향적, 무작위배정, 이중눈가림 연구에는 전신마취 하에 관절경 수술을 받은 환자 

62명을 대상으로 하였다. 환자는 무작위 배정하여 초음파 유도 사각근간 차단을 75 mg 로피

바카인으로 0.75% (10 ml; C군) 또는 0.375% (20 ml; V군) 중 하나의 농도로 받게 하였다. 

감각 차단 발생까지 시간, 차단 정도, 폐 기능 변화, 사각근간 차단의 진통 기간, 수술 후 24시

간 내 오피오이드 요구, 수술 후 통증 점수, 만족, 합병증 발생률을 기록하였다. 

결과: 감각 차단 발생까지 시간은 C군(P =  0.015)에서 더 짧았고, 성공적인 차단은 두 군 모

두에서 사각근간 차단 이후 30분에 달성되었다. 사각근간 차단의 진통 기간은 군별로 유의한 

차이는 없었다. 수술 후 24시간 내 오피오이드의 양은 C군 대비 V군에서 유의하게 줄어들었

다(P =  0.016). 나머지 요인들은 군별로 유의한 차이를 보이지 않았다.

결론: 10 ml의 0.75% 로피바카인 대비 20 ml의 0.375% 로피바카인을 통한 사각근간 차단은 

진통 기간을 늘이지는 못 했지만, 수술 후 24시간 내 오피오이드 요구를 줄이는 데 효과적이

었다.

Keywords: Brachial plexus; Pain management; Patient-controlled analgesia; Postoperative 
pain; Shoulder pain; Ultrasonography.  
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배경: 특별한 경우 마취통증의학과 의사는 측와위에서 기관내삽관을 실시해야 할 수도 있다. 

이에 복부 수술을 받는 환자를 대상으로 측와위에서 선택적 기관내삽관 시 굴곡성기관지내시

경(fiberoptic, FO)과 비디오속심(video stylet, VS) 간의 효용성을 비교하였다.

방법: 본 전향적 시험에 할당된 대상자 50명이 ‘VS 삽관군’ 또는 ‘FO 삽관군’으로 무작위배정

되었다. 마취 유도 후 환자를 측와위로 돌린 후, 비디오속심과 굴곡성기관지내시경에 모두 익

숙한 한 명의 시험자가 모든 삽관을 수행했다. 1차 평가변수는 삽관에 걸린 시간, 2차 평가변

수는 삽관 성공률, 시간대별 혈역학적 반응, 주술기 합병증이었다.

결과: 삽관에 걸린 평균 시간은 ‘VS 삽관군’에서 ‘FO 삽관군’보다 유의하게 적었으며, 그 값은 

각각 39.5 ± 10.0초 및 75.6 ± 16.2초였다(P <  0.001). 첫 삽관 시도의 성공률은 ‘VS 삽

관군’ 및 ‘FO 삽관군’에서 각각 88% 및 100%였으며, 유의한 차이는 없었다. 인후염이 ‘VS 삽

관군’에서 ‘FO 삽관군’보다 발생률이 높은 것(P =  0.002) 외에 주술기 합병증은 각 군 간 유

의미한 차이가 없었다.

결론: 측와위 환자에서 비디오속심을 이용한 기관내삽관은 굴곡성기관지내시경 이용 시보다 

삽관 시간이 적었고, 첫 삽관 시도의 성공률은 88%을 보였다. 하지만 삽관 후 혈역학적 반응

의 유의한 변화와 인후염의 발생률 증가가 동반되었다.

Keywords: Airway management; Bronchoscope; Intratracheal intubation; Laparotomy; 
Patient positioning; Video stylet.
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Preoperative high-sensitivity troponin 
I and B-type natriuretic peptide, alone 
and in combination, for risk 
stratification of mortality after liver 
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간이식 후 사망의 위험 층화를 위한 수술 전 고민감도 
트로포닌 I 및 B형 나트륨이뇨펩티드의 단독 및 종합 
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Clinical Research Article

배경: 기증자의 간이 부족하고 간이식 이후 심혈관 사망의 비율이 증가함에 따라, 정밀한 심혈

관계 위험 평가가 간이식 대상자 선정에 매우 중요해졌다. 본 연구는 B형 나트륨이뇨펩티드

(B-type natriuretic peptide, BNP) 및 고민감도 트로포닌 I (hsTnI)이 간이식 후 사망률 위

험 예측에 도움이 될 수 있는지 알아보았다.. 

방법: 후향적으로 2010–2018년 성인 간이식 환자 2,490명을 평가하였다. 간이식 후 90일 사

망률을 예측하는 BNP 및 hsTnI의 컷오프 값을 계산했다. 도출된 두 심장 생체표지자의 컷오

프 값에 따라 간이식 후 90일 사망률의 보정위험비(aHR)를 다변량 Cox 회귀 분석을 사용하

여 계산하였다.

결과: 간이식 후 90일 사망률은 2.9%였다(72명/2,490명). 두 심장 생체표지자의 반올림한 컷

오프 값은 BNP의 경우 400 pg/ml (aHR 2.02 [1.15, 3.52], P =  0.014)였으며, hsTnI의 경

우 60 ng/L였다(aHR 2.65 [1.48, 4.74], P =  0.001). BNP ≥  400 pg/ml인 환자 273명 중 

50.9%가 hsTnI ≥  60 ng/L를 보이며 추가 층화되었다. 간이식 후 90일 사망률은 간이식 전 

심장 생체표지자가 둘 다 상승되지 않았을 경우 1.0% (21명/2,084명), 하나만 상승하였을 경

우 9.0% (24명/267명), 둘 다 상승하였을 경우 19.4% (27명/139명, 로그순위 P <  0.001; 

aHR 4.23 [1.98, 9.03], P <  0.001)였다.

결론: 간이식 전 두 심장 생체표지자의 단독 및 동시상승은 간이식 후 90일 사망률의 강력한 

위험인자다. 간이식 전 BNP 및 hsTnI 측정은 간이식 대기자의 우선순위 선정에 도움이 될 것

으로 기대된다. 

Keywords: B-type natriuretic peptide; Liver transplantation; Mortality; Postoperative 
complication; Risk assessment; Troponin-I.
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배경: 의료인(healthcare providers, HCP)을 보호하는 것이 코로나19 (COVID-19) 팬데믹 

중 환자 관리에 있어 심각한 도전이 되었다. 추가적인 물리적 장벽이 개인보호구(personal 

protective equipment, PPE)를 강화하는 데 사용되었다. 이 연구에서 2가지 새로운 장벽에 

대한 사용자 수용도가 평가되었으며, PPE 단독 및 PPE와 추가 장벽 간 기도 관리 성능을 비

교하였다. 

방법: 공개된 2군 시뮬레이션 파일럿 연구가 수행되었다. 각 참여자는 백-마스크 환기 및 Gli-

deScope를 사용한 기관내삽관을 (1) PPE 착용, 이후 (2) PPE 착용과 격리 챔버(IC) 또는 에

어로졸 박스(AB) 추가 등 2가지 시나리오에서 수행하였다. 비디오 후두경을 사용한 기관내삽

관 시간을 측정하였다. 참여자는 시뮬레이션 사전 및 사후 설문지를 작성하였다.

결과: 마취과 의사 29명이 시험에 포함되었다. 시뮬레이션 사전 및 사후 설문지에 대한 응답

은 추가 장벽의 수용도를 뒷받침하였다. 군별로 삽관 시간에는 유의한 차이가 없었다(PPE vs. 

IC 95% CI, 26.3–35.1; PPE vs. AB 95% CI, 25.9–35.5; IC vs. AB 95% CI, 23.6–39.1). 

IC 및 AB 간 시뮬레이션 사후 설문지 응답 비교에서 유의한 차이를 보이지 않았다. 참여자는 

추가 장벽이 의사소통, 시각화, 작동에 있어 부정적인 영향을 미치지 않았다고 했다. 

결론: 전반적으로 IC 및 AB는 비교동등하였으며, 실험 조건에서 성능에 대한 부정적 영향은 

없었다. 실험에 따르면 마취과 의사는 기도 관리 중 추가적인 보호 장벽에 대한 긍정적인 수용

도를 보였다.

 

Keywords: Aerosols; COVID-19; Healthcare acceptability; Infectious disease transmis-
sion; Intubation; Personal protective equipment; Protective device. 
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Case Report

배경: Pierre Robin 증후군(Pierre Robin sequence, PRS) 환자는 해부학적 기도 이상소견

으로 인해 기관내삽관이 어려울 위험이 크며, 마취 전 3차원 인쇄 기도 모델을 통한 기관내삽

관 시뮬레이션은 안전한 기도 관리를 가능하게 할 수 있다. 

증례: 저자들은 전신마취가 필요한 Pierre Robin 증후군(소하악증, 설하수증, 기도 폐쇄를 포

함하는 3가지 증상), 기관절개술 및 성문하 섬유증의 병력이 있는 6.5세 소년의 증례를 기술

하였다. 이렇게 잠재적으로 어려운 기관내삽관을 위한 준비에는 기도의 3차원 컴퓨터 단층 촬

영에서 도출한 3차원 인쇄 기도 모델을 사용한 기관 내 튜브 크기 추정이 포함되었으며, 이는 

비디오 후두경을 통해 성공적인 기관내삽관이 가능하게 했다.

결론: Pierre Robin 증후군과 같은 이형적 특징이 있는 환자에서 전신마취가 필요하고, 기관 

병리(pathology)의 병력이 있는 경우 어려운 기관내삽관 가능성을 항상 고려해야 하며, 이러

한 상황에서 기도의 3차원 인쇄 모델을 사용한 기관내삽관의 시뮬레이션은 임상적으로 도움

이 될 수 있다.

Keywords: Airway management; Computer simulation; Endotracheal intubation; Pierre 
Robin sequence; Pierre-Robin syndrome; 3D printing.
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Refractory gram-negative septic shock 
complicated by extended purpura 
fulminans and multiple organ failure 
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23세 산후 임산부에서 연장된 전격성 자반증 및 다발성 
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Case Report

배경: 임신 관련 감염은 전세계 모성 사망 원인 3위이다. 이 보고서의 목적은 전격성 자반증 

및 다발성 장기 부전을 동반한 무반응성 패혈성 쇼크로 진행된 임신 관련 감염의 증례를 제시

하는 것이다.

증례: 산후 23세 여성에게 전격성 자반증 및 다발성 장기 부전을 합병증으로 동반한 전격성 

무반응성 패혈성 쇼크가 발생했다(급성호흡곤란증후군, 급성 신손상, 뇌병증). 관리에는 항박

테리아 요법, 수액 및 수혈 요법, 영양 지원, 보호적 기계 환기, 하이드로코르티손, 다량의 아

스코르브산, 티아민이 포함되었다. 신경학적 이상은 없었으며 모든 장기 기능은 정상으로 돌

아왔지만, SOFA (Sequential Organ Failure Assessment) 점수에 따라 예측된 병원 사망률

은 90%이 넘었다.  

결론: 패혈성 쇼크는 심각하지만 아직 완전히 이해되지 않은 생명을 위협하는 질환이며, 전격

성 자반증, 다발성 장기 부전, 파종성 혈관 내 응고, 광범위한 조직 괴사와 연관이 있을 수 있다.

Keywords: Disseminated intravascular coagulation; Hypercoagulability; Purpura fulmi-
nans; Sepsis; Septic shock; Therapeutic use; Vasoconstrictor agents.  
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Interscalene brachial plexus block (ISB) has been widely used to control postoperative 
pain in patients undergoing shoulder and arm surgeries. Continuous ISB with catheter 
insertion has been shown to be more effective than single-shot ISB for postoperative pain 
control. However, catheter-related complications, such as dislodgement and infection, 
should be considered when using continuous ISB with a catheter. When single-shot ISB 
is chosen for the fear or prevention of catheter-related complications, the duration of ISB 
is critical to achieve effective postoperative pain control. There are various determinants 
for the duration of nerve block. Local anesthetics, itself, have two determinants for the 
duration of nerve block, the concentration and volume, regardless of the characteristics 
of the local anesthetic used. Pippa et al. [1] reported that low concentration and high vol-
ume of local anesthetics for ISB covered more block areas and avoided complications, 
compared with high concentration and low volume of local anesthetics at the same dose. 
However, Zhai et al. [2] reported that ropivacaine 50 mg with 0.25, 0.5, or 0.75% with dif-
ferent volumes for ISB had similar block results, although 0.75% showed a faster onset. 

The current issue of the Korean Journal of Anesthesiology deals with the effect of the 
concentration and volume of local anesthetics in single-shot ISB on the characteristics of 
the block. Lee et al. [3] compared 0.75% ropivacaine 10 ml and 0.375% ropivacaine 20 ml 
with a fixed dose of 75 mg in patients undergoing arthroscopic shoulder surgeries. They 
found that low concentration and high volume (0.375% ropivacaine 20 ml) was effective 
in reducing the postoperative opioid requirement within 24 h of the surgery, although it 
was associated with a longer onset and did not prolong the duration of the block. They 
also checked pulmonary function using a spirometer, before and after ISB. Similar chang-
es in pulmonary function after ISB were observed with the use of 0.75% ropivacaine 10 
ml and 0.375% ropivacaine 20 ml. 

To achieve successful ISB without complications, the minimal effective concentration 
with minimal effective volume of the local anesthetic should be determined and used. 
This can only be achieved if the needle for ISB is positioned correctly. Although nerve 
stimulators and ultrasonography have been used for the success of ISB, it remains diffi-
cult to find the minimal effective concentration and minimal effective volume of the local 
anesthetic for individual patients. 

There is controversy over the concentration and volume of local anesthetics to be pri-
oritized in single-shot ISB to control postoperative pain in patients undergoing shoulder 
and arm surgeries. Considering that a higher concentration of local anesthetics with a 
longer duration is known to be associated with local anesthetic toxicities [4], a trial to re-
duce the concentration could be prioritized in single-shot ISB. 
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In conclusion, the study by Lee et al. [3] might be helpful in 
providing evidence that the use of ropivacaine at a lower concen-
tration for ISB had a beneficial effect, compared with the higher 
concentration. However, further studies are needed to clarify the 
priority of the concentration and volume of local anesthetics to 
achieve a longer duration of ISB without complications. 
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General introduction: anesthesia and cancer outcomes 

Cancer was responsible for 9.6 million deaths worldwide in 2018 and is the second 
leading cause of mortality globally [1]. In the context of aging populations, the incidence 
of cancer is expected to continue to rise from 14 million in 2012 to an estimated 24 mil-
lion in 2035 [2]. Surgery is a central treatment modality for patients with solid organ can-
cers; it is estimated that over 80% of cancer patients will undergo a surgical procedure as 
part of their treatment [3]. Recurrence of cancer after surgery is affected by numerous 
factors including primary cancer organ type, Tumor Node Metastasis staging, and surgi-
cal technique. 

Surgery results in a complex inflammatory response involving both the innate and 
adaptive immune system and is thought to result in a period of postoperative immuno-
suppression that predisposes to infection [4]. The inflammatory response has wide rang-
ing systemic effects from impacting postoperative recovery to sleep quality [4,5]. Periop-
erative interventions such as anesthesia and anesthetic techniques have been hypothe-
sized to play a role in modifying the surgical inflammatory response and thus cancer re-
currence. The role of anesthesia on cancer recurrence has been the subject of increasing 
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attention over the past decade and has resulted in many retrospec-
tive studies and pre-clinical research into the area. An increasing 
body of pre-clinical laboratory data suggests that general anes-
thetic agents have the ability to influence key hallmarks of cancer 
involved in tumorigenesis and metastasis [6]. There are two key 
classes of general anesthetic agents used in clinical practice: intra-
venous propofol and inhalational volatile anesthetic agents such 
as sevoflurane. Inhalation anesthetics have been shown to en-
hance proliferation, migration, invasion, and angiogenesis across 
a range of cancer cell types, whereas propofol has been shown to 
antagonize these same pathways [6]. Several retrospective studies 
have demonstrated an association between inhalational anesthesia 
and reduced recurrence-free survival in cancer patients undergo-
ing elective surgery compared to survival in cancer patients who 
receive propofol-based anesthesia [7,8]. However, there are small-
er retrospective studies that show no association, highlighting the 
need for future prospective and randomized controlled trials. 

In this literature review we present the most recent evidence ex-
tracted from various databases including PubMed, EMBASE, and 
the Cochrane, as well as journals and book reference lists. 

Cancer development 

Cancer results from the proliferation of a clonal population of 
cells—a multistage process termed carcinogenesis. A single cell 
undergoes a mutation in critical genes responsible for the control 
of cell division, cell death, and the maintenance of genetic integri-
ty thereby rendering the cell susceptible to the acquisition of fur-
ther mutations [9]. The tumor cell becomes refractory to regula-
tory biochemical cell signaling pathways, which results in the pro-
gressive loss of differentiation and in turn, uncontrolled cellular 
proliferation ensues [9]. The expanding pre-neoplastic cell clone 
outgrows the capacity of the host vasculature and subsequent tu-
mor progression is dependent on angiogenesis for the supply of 
growth factors and oxygen [10]. Pro-angiogenic factors including 
vascular endothelial growth factor (VEGF), platelet-derived endo-
thelial growth factor (PDGF), and fibroblast growth factor are re-
leased from the tumor, establishing a new capillary network that 
promotes tumor growth, local invasion, and metastasis [11]. 

Metastasis and tumor progression 

The pathogenesis of cancer metastases is complex, of which a 
series of tumor-host interactions are outlined by the metastatic 
cascade. Tumor cells lose their cell polarity and cell-cell adhesion 
properties, allowing for a subclone of cells with metastatic poten-
tial to invade the surrounding stroma and dissociate from the pri-

mary tumor mass (invasion) [12]. The detached cells, known as 
circulating tumor cells (CTCs), enter the systemic circulation via 
the established blood vessel network formed through angiogene-
sis and the lymphatic system (intravasation). During this process, 
most CTCs are rapidly destroyed by the immune system as a re-
sult of host immunosurveillance carried out by NK cells and 
CD8+ T cells, with only 0.1% of cells viable after 24 h [13]. The 
surviving tumor cells arrest in the capillary beds of a distant organ 
and adhere to capillary endothelial cells and thus penetrate the 
endothelium and basement membrane (extravasation). Conse-
quently, proliferation within the secondary organ parenchyma 
achieves metastasis and the formation of a malignant tumor. 

It is becoming increasingly recognized that various anesthetic 
agents used in the perioperative setting for primary cancer sur-
gery have a role in cancer recurrence through postoperative me-
tastasis [14]. In this narrative review, we aim to present the cur-
rent state of evidence linking anesthetic techniques and cancer 
surgical outcomes. 

Molecular actions of anesthetics and cancer 

Inhalational anesthetics 

Volatile anesthesia 
Rapidly acting volatile anesthetic agents, such as sevoflurane 

and isoflurane, are commonly used for the maintenance of gener-
al anesthesia. It is well-established that these agents have pro-in-
flammatory and immune modulatory effects, and therefore, may 
have deleterious effects in cancer recurrence, although the exact 
molecular mechanisms are incompletely understood [6,15,16]. 

In particular, volatile anesthetics have been shown to suppress 
NK cell cytotoxicity and induce T-lymphocyte apoptosis, of which 
both cells have a vital role in immune surveillance and achieving 
anti-metastatic immunity after cancer surgery [17,18]. Thus, vola-
tile agents may promote immunosuppression and the metastatic 
spread of residual cancer cells postoperatively. 

Moreover, volatile anesthetics have a protective role against 
ischemia-reperfusion injury in various organs and tissues [19]. 
These cytoprotective features, however, are associated with the 
upregulation of hypoxia-inducible factor 1-alpha (HIF-1α) in tu-
mor cells, causing increased transcription of genes encoding 
VEGF and PDGF [20] and thereby facilitate tumor angiogenesis, 
residual cell survival, and tumor cell migration. 

Nitrous oxide 
Nitrous oxide is an anesthetic gas used for the maintenance of 

anesthesia often in combination with more potent general anes-
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thetic techniques for surgical anesthesia. This inhaled agent has 
been related to a number of immunosuppressive effects, primarily 
through impaired neutrophil chemotaxis and suppressed NK cell 
and macrophage function [21,22]. This is mediated by its interac-
tion with vitamin B12, causing selective inactivation of methi-
onine synthase, which is critical for DNA, purine, and thymidylate 
synthesis [23]. Consequently, there is impaired synthesis of hema-
topoietic cells involved in tumor surveillance. 

Intravenous anesthetics 

Propofol 
Propofol is the most extensively used intravenous anesthetic 

agent for induction and maintenance of general anesthesia. It has 
been demonstrated to possess a range of antitumor properties and 
may seem to have protective effects against cancer cell dissemina-
tion and development of metastasis. This is achieved directly by 
regulating key cell signaling pathways implicated in tumorigene-
sis, such as the MAPK and NF-κB pathways [24], as well as regu-
lating expression of miRNA and HIF-1α [24,25]. Indirectly, 
propofol has been shown to minimize perioperative immunosup-
pression by preserving NK cell and cytotoxic T cell function [26]. 

Ketamine and thiopental 
Ketamine and thiopental are alternative suitable intravenous 

anesthetic agents indicated in emergency medicine and for pa-
tients with high intracranial pressure respectively. Both agents 
have exhibited immunomodulatory effects by suppressing NK cell 
activity and increasing tumor cell viability [27]. In particular, ket-
amine can upregulate anti-apoptotic proteins such as Bcl-2 en-
abling tumor cell proliferation and promotes production of 
pro-inflammatory cytokines such as IL-6 and TNFα [28,29]. 

Local anesthesia 

Local anesthetics cause reversible, local inhibition of nocicep-
tion, providing targeted anesthesia and analgesia. Local anesthet-
ics have been shown to exert anti-tumor growth activity [30], al-
though exact mechanisms are widely conflicted in studies. Possi-
ble mechanisms include their well-established inhibitory actions 
on voltage-gated sodium channels, which are expressed by cancer 
cells and correlate with tumor growth and metastatic formation 
[31]. Other evidence suggests these agents have protective effects 
on cell-mediated immunity and administration of lidocaine in 
particular can directly inhibit the epidermal growth factor recep-
tor (EGFR) involved in cellular proliferation [30]. Intravenous in-
fusions of lidocaine are a popular component of multimodal anal-

gesia, particularly for major surgery, and therefore, are a feasible 
adjunct. 

Sedatives 

Common benzodiazepines, consisting of midazolam, loraze-
pam, and diazepam, are primarily used for preoperative sedation. 
The effect of benzodiazepines on tumor recurrence is disputed 
between studies. Early studies show that these sedatives, especially 
midazolam, have negative immunomodulatory effects and poten-
tiate tumor occurrence [32]. Other studies report there is no asso-
ciation [33]. 

Opioids 

Opioid analgesics are widely used in the perioperative period to 
supplement general anesthetic agents during induction and main-
tenance of anesthesia. Evidence from experimental studies inves-
tigating the role of opioids in tumor growth and metastasis is con-
flicting. Multiple animal studies have found that some opioids 
promote immunosuppression and in turn, tumor recurrence 
post-operatively, with the effects on immune function varying be-
tween the different types of opioids. In particular, morphine has 
largely been shown to suppress NK cell cytotoxicity and T-cell 
proliferation [34,35]; however, a small number of studies contra-
dict these findings and instead propose the antitumor effects of 
morphine [36,37]. Likewise, fentanyl has been shown to inhibit 
NK cells and promote apoptosis of lymphocytes and macrophages 
in various laboratory studies [38,39]. Yet, a recent retrospective 
cohort study of 1,679 patients with stage I-III colorectal cancer 
showed no association between fentanyl and oncological out-
comes/prognosis [40]. Alternatively, tramadol has been shown to 
have immune stimulatory properties by enhancing NK cell cyto-
toxicity [41]. 

There is also evidence that mu-opioid receptors (MORs) are 
overexpressed in certain cancers. Consequently, opioid binding at 
the MOR directly promotes cancer cell growth via growth-factor 
induced receptor signaling and potentiation of angiogenesis [42]. 
A study of lung samples from 34 patients with lung cancer 
demonstrated there was a two-fold increase in MOR expression in 
patients with metastatic lung disease [43]. Clinical studies further 
support the role of MOR in cancer progression. In a retrospective 
study of 113 prostate cancer patients, overexpression of MOR was 
associated with reduced overall survival and progression-free sur-
vival, especially prominent in those with metastatic disease [44]. 
In keeping with these results, two randomized controlled trials 
have shown treatment with Methylnaltrexone (a MOR antagonist) 
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is associated with increased overall survival in end-stage cancer 
patients [45]. 

Overall, the role of opioids in facilitating tumor recurrence and 
metastasis are variable and conflicting with opioid type, dosage, 
and administration also influencing outcomes. Greater quality 
clinical evidence in the form of prospective randomized con-
trolled trials is needed. 

Pre-clinical in vitro and in vivo studies of 
cancer and anesthetics 

The effects of anesthesia on various cancers have been exten-
sively studied in vitro, although in vivo studies are limited in com-
parison. The molecular actions of anesthetic agents and ligno-
caine are summarized in Table 1. Understanding the underlying 

Table 1. Summary of the Molecular Actions of Anesthetics Found in in vitro and in vivo Studies

Anesthetics Oncological effects
Sevoflurane Colon cancer cells:

Induces apoptosis
Inhibits proliferation and invasion as it inhibits Ras/Raf/MEK/ERK signaling pathway [46]
Ovarian cancer cells:
Inhibits migration and invasion
↓ MMP-9 and STC1 [48]
Inhibits proliferation via ↓ phosphorylation of JNK and p38 MAPK signaling pathways [49]
Potential enhanced cancer proliferation via ↑ VEGF-A, MMP-11, CXCR2, and TGF-β genes [50]
Cervical cancer cells:
Enhanced proliferation, migration, and invasion of cells via ↑ histone deacetylase 6 expression via the ERK1/2 and phosphatidyli-

nositide 3-kinase/AKT signaling pathways [52]
Osteosarcoma cells:
Inhibits invasion and proliferation via ↓ miR-203/WNT2B/Wnt/β-catenin axis [53]
Leukemia cells:
Inhibits proliferation via ↓ Wnt/β-catenin [54]
Induces cognitive dysfunction via Wnt/β-catenin-Annexin A1 pathway [55]
Lung cancer cells:
Promotes metastases via ↑ IL-6 [56]
Glioma cells:
Inhibits growth via ↓ MMP-2 migration and activity [57]

Isoflurane Hepatic carcinoma cells:
Inhibits growth via NF-κB and PI3K/Akt signaling pathways [58]
Glioblastoma cells:
Promotes tumor and migration [59]

Propofol Human colon cancer cells:
Inhibits JAK2/STAT3 pathway
Inhibits proliferation, migration, and invasion [60]
Induces apoptosis via STAT3/HOTAIR by ↑WIF-1 and ↓Wnt pathway [61]
Adenocarcinoma alveolar basal epithelial cells:
Accelerates apoptosis via miR-21/PTEN/AKT pathway [62]
Pancreatic cancer cells:
Inhibits migration and induces apoptosis via miR-34a-mediated E-cadherin and LOC285194 signals [63]
↓ expression of ADAM8
Inhibits cell proliferation and migration via ↓ β1, ERK1/2, MMP2, and MMP9 [64]
Human gastric cells:
Inhibition of EMT, migration, and invasion [65]
Papillary thyroid cancer cells:
Inhibits proliferation and migration
↑ miR-320a and ↓ ANRIL
↓ Wnt/β-catenin and NF-κB [66]
Glioma cells:
Inhibits cell proliferation, invasion, and migration via mir-410-3p/TGFBR2 2 axis [67]
Cardia cancer cells:
Inhibits proliferation of cell growth
Induces apoptosis via inhibition of the MAPK/ERK signaling pathway [68]

(Continued to next page)
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Lidocaine Cervical cancer cells:
Inhibits growth via modulation of IncRNA-MEG3/miR-421/BTG1 pathway [70]
Lung cancer cells:
Inhibits proliferation, migration, and invasion via ↓ TNFα, MMP-9 secretion, and ↓ GOLPH2 in NSCLC A549 cells [74]
Retinoblastoma cells:
Inhibits tumor growth via modulation of miR-520a-3p/EGFR axis [72]
Human gastric cancer cells:
Inhibits growth via altering MAPK pathway [73]

Ras/Raf/MEK/ERK: Ras/Raf/Mitogen-activated protein kinase/ERK kinase (MEK)/extracellular-signal-regulated kinase (ERK), MMP: Matrix 
metalloproteinase, STC1: stanniocalcin 1, JNK: c-Jun N-terminal kinase, p38 MAPK: p38 mitogen-activated protein kinase, VEGF-A: vascular 
endothelial growth factor-A, CXCR2: CXC chemokine receptor 2, TGF-β: Transforming growth factor beta, miR-203: microRNA-203, WNT: 
wingless-type MMTV integration site, IL: interleukin, NF-κB: Nuclear factor kappa B, PI3K: phosphatidylinositol 3-kinase, Akt: protein kinase B, 
JAK2: Janus kinase 2, STAT3: signal transducer and activator of transcription 3, HOTAIR: HOX transcript antisense RNA, WIF1: WNT Inhibitory 
Factor 1, PTEN: phosphatase and tensin homolog deleted on chromosome 10, ADAM8: A Disintegrin and metalloproteinase domain-containing 
protein 8, ERK: extracellular signal-regulated kinase, EMT: Epithelial-mesenchymal transition, ANRIL: antisense non-coding RNA in the INK4 
locus, IncRNA: long non-coding RNA, BTG1: B-cell translocation gene 1, GOLPH2: Golgi phosphoprotein 2, NSCLC: non-small cell lung cancer, 
EGFR: epidermal growth factor.

Anesthetics Oncological effects

Table 1. Continued

mechanism of anesthetics and their potential effects on cell cycle 
arrest and apoptosis will give us more insight into the clinical im-
plications. 

Sevoflurane 

Literature studying the effects of volatile anesthetics on cancer 
proliferation, migration, apoptosis, and tumor aggression remains 
inconsistent. Yang et al. [46] incubated SW480 colon cells with 
different concentrations of sevoflurane (1.7%, 3.4% and 5.1%) for 
6 h, and the results have shown sevoflurane’s capacity to induce 
apoptosis and inhibit the proliferation and invasion of colon can-
cer cells by inactivating the Ras/Raf/MEK/ERK signaling pathway. 
However, research by Bundscherer et al. [47] had revealed sevo-
flurane’s and desflurane’s limited effect on SW480 colon cancer 
cells, albeit at lower concentrations of drug during incubation (1% 
or 2.5% sevoflurane). 

Sevoflurane was also found to inhibit the viability of SKOV3 
and OVCAR3 cells in a dose-dependent manner, by reducing the 
migration and invasion ability of these cells. In addition, MMP-9 
and stanniocalcin 1 (STC1) were also downregulated. These fac-
tors in combination have alluded to sevoflurane’s involvement in 
inhibiting the progression of ovarian cancer (concentrations of 
sevoflurane ranging from 0.5% to 10%, depending on cell type) 
[48]. The effects of sevoflurane were corroborated in a study by 
Kang and Wang [49], which had also shown an inhibition of ovar-
ian cancer proliferation (sevoflurane low concentration (1.7%), 
medium concentration (3.4%) and high concentration (5.1%) 
groups); however, this was through the repression of the phos-
phorylation of JNK and p38 MAPK signaling pathways. In con-

trast, a study that utilized higher concentrations of volatile anes-
thetics (sevoflurane 3.6%, isoflurane 2%, and desflurane 10.3%), 
but with a shorter incubation period, had revealed a significant 
increase in VEGF-A, MMP-11, CXCR2, and TGF-β genes, which 
collectively may enhance ovarian cancer proliferation [50]. Cervi-
cal cancer Caski and HeLa lines were incubated with sevoflurane 
(1–3%) for 2–4 h, which resulted in the proliferation, migration, 
and invasion of immortalized cervical cancer cells by increasing 
histone deacetylase 6 expression via the ERK1/2 and phosphati-
dylinositide 3-kinase/AKT signaling pathways [51,52]. 

Data from Chen et al. [53] has shown sevoflurane’s inhibition of 
osteosarcoma cell invasion and proliferation through regulating 
miR-203/WNT2B/Wnt/β-catenin axis; cells were exposed to 0%, 
1%, 2%, 5% and 10% sevoflurane. Further evidence of sevoflu-
rane’s involvement (0%, 2%, 4% or 8% sevoflurane) in the inhibi-
tion of Wnt/β-catenin is noted in the inhibition of leukemia cell 
proliferation [54], and involvement in cognitive dysfunction (3.6% 
sevoflurane) [55]. Furthermore, sevoflurane (0.2 mM) has been 
reported to promote lung metastases through the overexpression 
of IL-6 in pre-metastatic lung during the perioperative phase [56]. 
Results from Hurmath et al. [57] have highlighted that the inhibi-
tory role of sevoflurane (2.5%), and different concentrations of 
thiopental, in glioma cells is dependent on regulating MMP-2 mi-
gration and activity. Another volatile anesthetic, isoflurane, has 
been shown to be involved in the inhibition of hepatic carcinoma 
aggression, as achieved through the regulation of NF-κB and 
PI3K/AKT signaling pathways [58], in addition to having detri-
mental effects in glioblastoma by promoting tumor and migration 
capacities (1.2% isoflurane) [59]. 
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Propofol 

A variety of mechanisms have been proposed to explain the role 
of propofol in cancer cells. Liang and Dong [60] incubated human 
colon cancer line SW480 with propofol (2, 4, and 8 μg/ml) and 
propofol with colivelin, which resulted in the inhibition of JAK2/
STAT3 signaling pathway and the proliferation, migration, and 
invasion of human colon cancer cells. Similarly, Zhang et al. [61] 
incubated LOVO and SW480 cells with propofol (8 μg/ml), exert-
ing an inhibition of cell invasion and induction of apoptosis 
through STAT3/HOTAIR by activation of WIF-1 and the sup-
pression of the Wnt pathway. 

The A549 cancer line, which are adenocarcinoma alveolar basal 
epithelial cells, was incubated with propofol (0, 2, 5, and 10 μg/
ml). Propofol demonstrated inhibition of A549 cell growth in a 
concentrated and time-dependent manner, by accelerating apop-
tosis via the miR-21/PTEN/AKT pathway [62]. Wang et al. [63] 
exposed pancreatic cancer PANC-1 cells to a relatively higher 
concentration of propofol (20 μg/ml). Consequently, propofol was 
seen to inhibit the migration and apoptosis induction of PANC-1 
cells via miR-34a-mediated E-cadherin and LOC285194 signals. 
In another study, PANC-1 cells were treated with 5 or 10 μg/ml of 
propofol, resulting in a reduced expression of ADAM8 and inhi-
bition of cell proliferation and migration of PANC-1 via downreg-
ulation of β1, ERK1/2, MMP2, and MMP9 [64]. Human gastric 
cells, SGC-7901 and NCI-N87, were exposed to different concen-
trations of propofol (5, 10, 20 μM), in which inhibition of epitheli-
al to mesenchymal transition, migration, and invasion of gastric 
cells were noted in a dose-dependent manner [65]. The inhibitory 
effects of propofol (5, 10, 20 mg/ml) on papillary thyroid cancer  
cells were reported, in which an upregulation of miR-320a and 
downregulation of ANRIL and inactivation of Wnt/β-catenin and 
NF-κB pathways all played a role [66]. 

U251 and A172 glioma cell lines were incubated with different 
concentrations of propofol (5, 10 μg/ml) for 24 h. This conse-
quently resulted in the inhibition of cell proliferation, invasion, 
and migration through the mir-410-3p/transforming growth fac-
tor-β receptor type 2 axis [67]. Finally, Su et al. [68] utilized higher 
concentrations of propofol (12.5, 25, and 50 μg/ml) in their incu-
bation of cardia cancer cells and had reported an inhibition of 
proliferation of cancer cell growth and induction of apoptosis via 
inhibition of the MAPK/ERK signaling pathway. Our group has 
shown that propofol (4 μg/ml) reduced cell viability and inhibited 
proliferation migration and invasion of lung cancer cells, but not 
in neuroglioma cells. In lung cancer cells, propofol downregulated 
glucose transporter 1, mitochondrial pyruvate carrier 1, p-Akt, 
p-Erk1/2, and HIF-1α, and upregulated pigment epithelium de-

rived factor expression [69]. The reason for the disparity in be-
havior of lung cancer cells and neuroglioma cells from our experi-
ments is uncertain and warrants further study. 

Lidocaine 

Lidocaine, a local anesthetic, has also been investigated for its 
role in cancer involvement. For instance, lidocaine (50, 100, 500 
or 1000 μM) was shown to inhibit cervical cancer growth through 
the modulation of the IncRNA-MEG3/miR-421/BTG1 pathway 
[70]. The large-cell cancer line, 95D, was exposed to different con-
centrations of lidocaine (2, 5, and 10 μg/ml). In a dose-dependent 
manner , lidocaine demonstrated anti-tumor activity by inhibiting 
the PI3K/AKT/mTOR signaling pathway [71]. Lidocaine (50, 100, 
500 or 1000 μM) has been seen to also inhibit the growth of reti-
noblastomas by modulation of the miR-520a-3p/EGFR axis [72] 
and human gastric cancers by alteration of the MAPK pathway 
[73]. 

Overall, current literature does indicate a possible association 
between anesthetics and anti-tumor properties [74]. Although 
this may provide us with potential clinical implications, we must 
be cautious in any interpretation as there are considerable dis-
crepancies in the methodologies between studies. This can be ul-
timately reduced to different concentrations of anesthetic drugs 
and varying length of incubation time. 

Retrospective studies 

Numerous retrospective clinical studies have investigated the po-
tential relationship between anesthetic technique and the out-
comes of patients following oncological surgery. As surgical stress 
is thought to produce a pro-inflammatory response that favors tu-
mor growth and metastasis, optimizing perioperative interven-
tions, including anesthesia, may confer an improvement in long-
term cancer outcomes. Furthermore, surgical resection in patients 
with solid tumors can lead to tumor cell release into the circula-
tion [75,76]. 

There is a significant lack of prospective evidence regarding the 
putative relationship between anesthetic technique and post-op-
erative outcomes in oncological surgery. The only such random-
ized controlled trial studied the efficacy of regional paravertebral 
anesthesia in combination with propofol-based total intravenous 
anesthesia (TIVA) vs. sevoflurane inhalational anesthesia plus 
opioid analgesia [77]. The study was conducted in thirteen coun-
tries and recruited 2,100 women due for primary breast cancer 
surgery. The authors found that propofol anesthesia with paraver-
tebral block had no impact breast cancer recurrence compared 
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with inhalational anesthesia and opioids (HR: 0.97, 95% CI: 0.74, 
1.3; P =  0.84) [77]. As the first and potentially largest RCT of its 
kind, these findings are pivotal, particularly in the context of the 
significant amount of retrospective evidence purporting a rela-
tionship between the use of TIVA and an improvement in 
post-operative survival and disease recurrence compared to inha-
lational anesthesia. 

Wigmore et al. [7] conducted the largest retrospective series of 
7,030 patients over a 3-year period from one cancer center, with 
around half of the patients receiving TIVA with propofol and the 
remainder receiving volatile inhalational anesthesia.  

The hazard ratio (HR) for death within the inhalational cohort 
compared to the TIVA cohort was 1.46 (95% CI: 1.29, 1.66; P <  
0.001), after multivariable analysis of known confounders and a 
median follow-up of 2.6 years. Furthermore, within the inhala-
tional cohort, 87.9% of patients survived at one year, compared to 
94.1% in the TIVA cohort. The authors found that the decreased 
survival within the inhalational group was present regardless of 
American Society of Anesthesiologists grade, surgical severity, or 
the presence of metastases at the point of operation.  

These findings are supported by similar studies. Using data 
from a Swedish database, a retrospective study of 2,838 patients 
who received surgery for colon, rectal, or breast cancer found that 
the survival rate for patients in the propofol group was 4.7% high-
er at one year and 5.6% higher at five years compared to patients 
receiving volatile inhalational anesthesia [78]. It is important to 
note that the differences in this study were not significant after 
adjustment for confounders. An additional retrospective observa-
tional study of 922 patients who underwent esophagectomy found 
the inhalational anesthesia cohort had reduced overall survival 
(HR: 1.58, 95% CI: 1.24, 2.01; P <  0.001) and recurrence-free sur-
vival (HR: 1.42, 95% CI: 1.12, 1.79; P =  0.003) after multivariate 
adjustment. Similar favorable long-term outcomes with propofol–
TIVA have also been found in patients undergoing gastrectomy 
[79] and colectomy [80]. 

Overall, it seems unclear whether tumor type plays a critical 
role in this apparent correlation; evidence suggests that the degree 
of surgical stress is an important determining factor. This theory 
seems to be supported by a retrospective analysis of 383 patients 
receiving modified radical mastectomy, rather than commoner 
and less invasive breast-conserving procedures, which found a 
statistically significant decrease in cancer recurrence in the group 
that received propofol-based TIVA (HR: 0.550, 95% CI: 0.311, 
0.973; P =  0.037) [81]. However, there was no difference in over-
all survival between the propofol-based TIVA group and the sevo-
flurane group, and the study did not directly compare the out-
comes of patients receiving mastectomy compared to those having 

breast-conserving surgery [81]. 
Despite the various studies that seem to suggest improved out-

comes in patients receiving TIVA, it is important to note that 
there is a limited amount of prospective evidence, whilst the only 
RCT conducted suggests no benefit in post-operative outcomes 
with TIVA [77]. Furthermore, other retrospective studies have 
also reported no benefit in overall survival in patients receiving 
intravenous anesthesia for breast [78,82,83], lung [84], and col-
orectal surgery [78]. 

With regards to regional anesthesia, early, predominantly retro-
spective studies suggest that the use of regional anesthesia is asso-
ciated with an improvement in overall and disease-free survival 
for colorectal, prostate, breast, ovarian, and head and neck malig-
nancies [85–88]. Furthermore, a randomized trial of 177 patients 
with colorectal cancer demonstrated a benefit associated with epi-
dural analgesia, but this was limited to 1–5 years post-operatively 
[89]. A randomized study of 132 patients with cancer of abdomi-
nal organs treated with abdominal surgery receiving epidural an-
algesia showed a non-statistically significant improvement in re-
currence-free survival, although the study was clinically under-
powered [90]. Although the precise reasons for this benefit re-
main to be elucidated, it has been postulated it may be due to the 
avoidance of opioids, which have previously been shown to po-
tentiate tumor cell survival and angiogenesis [7,91]. 

Despite this, post-hoc analyses of previous clinical studies, as 
well as randomized trials, suggest that there is limited benefit as-
sociated with regional anesthesia in the context of oncological 
surgery. Reanalysis of the MASTER trial is the first and largest 
post-hoc analysis of nearly 500 patients who had abdominal ma-
lignancy who were randomized to general anesthesia or epidural 
anesthesia. The study demonstrated no significant impact of epi-
dural anesthesia on the recurrence of cancer [92]. Additionally a 
recent large multi-country randomized controlled trial investigat-
ing the impact of regional anesthesia-analgesia (paravertebral 
blocks and propofol) or general anesthesia (sevoflurane) and opi-
oid analgesia on local or metastatic breast cancer recurrence in 
2,132 women found no difference between the two groups (HR 
for regional anesthesia: 0.97, 95% CI: 0.74, 1.28; P =  0.84) [77].  

In conclusion, studies investigating the relationship between re-
gional anesthesia, cancer recurrence, and overall survival have 
yielded mixed results, with many studies suggesting no benefit 
[85,86]. The results of clinical studies investigating propofol-based 
TIVA versus inhalational anesthesia are summarized in Table 2. 
However, the heterogeneous, non-randomized, retrospective na-
tures of the majority of these studies are key limiting factors. 
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Ongoing clinical trials 

As discussed previously, evidence regarding the effects of vari-
ous anesthetic techniques on surgical outcomes in patients with 
cancer is almost exclusively from observational, retrospective 
studies. The single RCT that has been conducted suggests region-
al anesthesia is unlikely to impact recurrence after breast cancer 
surgery; other tumor types may show a difference based on anes-
thetic technique [77]. Furthermore, an interesting new pre-clini-
cal development suggests that peri-operative systemically admin-
istered lidocaine decreases pulmonary metastases when combined 
with inhalational anesthesia, thus potentially heralding a new ave-
nue for clinical trial development [93]. 

There are a several large, randomized controlled trials investi-
gating the effect of inhalational anesthetic agents vs. propofol on 
cancer recurrence following surgery. Results from these trials are 
eagerly awaited and will be highly informative in providing high 

quality evidence to answer and provide greater certainty as to the 
impact of anesthetic choice on cancer recurrence (NCT01975064 [94], 
NCT02660411 [95], NCT03034096 [96], ACTRN12617001065381 
[97], NCT02660411 [98]). 

Implications and conclusions 

There is an increasing body of evidence investigating the im-
pact of anesthesia and anesthetic techniques on cancer recurrence 
and survival in cancer patients. The impact of regional anesthesia 
vs. general anesthesia on cancer recurrence is also uncertain, with 
conflicting results from retrospective studies and small clinical 
trials. A recent large multi-country randomized controlled trial 
failed to show a benefit of regional anesthesia on either local or 
metastatic recurrence of breast cancer following surgery [77]. 
Further studies are required across a greater range of cancer types 
and more diverse patient populations to definitively prove any 

Table 2. Summary of the Clinical Studies Evaluating Relative Benefit of Propofol-based TIVA vs. Inhalational Anesthesia on Cancer Recurrence and 
Overall Survival

Study type Anesthesia Cancer type Results
Randomized controlled trial [77] Inhalational anesthesia plus opioids 

vs. propofol-based TIVA
Breast Propofol-based TIVA had no impact on breast can-

cer recurrence compared with inhalational anes-
thesia and opioids: HR 0.97 (95% CI: 0.74, 1.3;  
P =  0.84)

Retrospective analysis [7] Inhalational anesthesia vs. propo-
fol-based TIVA

Solid organ Inhalational anesthesia associated with greater HR 
of death: HR 1.46 (95% CI 1.29, 1.66; P <  0.001)  

Retrospective analysis [78] Inhalational anesthesia vs. propo-
fol-based TIVA

Breast, colorectal Differences in overall one- and five-year survival 
rates for all three sites combined were 4.7% (P =  
0.004) and 5.6% (P <  0.001), respectively, in favor 
of propofol.

Retrospective analysis [79] Inhalational anesthesia vs. propo-
fol-based TIVA

Gastric TIVA was associated with a HR of 0.67 (95% CI: 
0.58, 0.77) for death in univariate analysis and 0.65 
(95% CI: 0.56, 0.75) after a multivariate analysis of 
known confounders in the matched group.

Retrospective analysis [80] Inhalational anesthesia vs. propo-
fol-based TIVA

Colon (HR: 0.22, 95% CI: 0.11, 0.42; P <  0.001) or higher 
tumor-node-metastasis stage (HR: 0.42, 95% CI: 
0.32, 0.55; P <  0.001) and presence of metastases 
(HR: 0.67, 95% CI: 0.51, 0.86; P =  0.002) or ab-
sence of metastases (HR: 0.08, 95% CI: 0.01, 0.62; 
P =  0.016)

Retrospective analysis [81] Inhalational anesthesia vs. propo-
fol-based TIVA

Breast Propofol group showed a lower rate of cancer recur-
rence (P =  0.037), with an estimated HR of 0.550 
(95% CI: 0.311, 0.973).

Retrospective analysis [82] Inhalational anesthesia vs. propo-
fol-based TIVA

Breast No association found using Cox regression analyses 
and propensity matching.

Retrospective analysis [83] Inhalational anesthesia vs. propo-
fol-based TIVA

Breast Kaplan-Meier survival curves showed no significant 
difference in recurrence-free or overall survival 
between the two groups.

Retrospective analysis [84] Inhalational anesthesia vs. propo-
fol-based TIVA

Lung No significant difference in HR for recurrence (P =  
0.233) or HR for death (P =  0.551) between the 
two groups.

TIVA: total intravenous anesthesia, HR: hazard ratio.
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benefit of regional over general anesthesia on postoperative can-
cer recurrence. 

The majority of evidence thus far suggests a benefit of the use 
of intravenous propofol over inhalational volatile anesthetics such 
as sevoflurane. This evidence is mainly pre-clinical and retrospec-
tive in nature. A recent meta-analysis that examined the effect of 
propofol vs. volatile anesthesia on cancer recurrence and survival 
found the use of propofol-based TIVA was associated with im-
proved recurrence-free survival in all cancer types (pooled HR: 
0.78, 95% CI: 0.65, 0.94; P <  0.01) and improved overall survival 
(pooled HR: 0.76, 95% CI: 0.63, 0.92; P <  0.01) [99]. Although 
this provides support that propofol is superior to volatile anesthe-
sia in reducing cancer recurrence, the meta-analysis has several 
limitations. Notably nine of the ten studies included were obser-
vational studies, and heterogeneity in studies included in terms of 
study population, the stages of cancer and differences in use of re-
gional anesthesia. Therefore, the results of four large randomized 
controlled trials investigating this question will be eagerly antici-
pated and will provide more definitive results as to whether 
propofol is superior to volatile anesthesia . 

The perioperative period is characterized by physiological 
changes induced by surgery and perioperative interventions. 
These biological changes associated with the surgical inflammato-
ry response, and the pharmacological actions of anesthetic drugs, 
may promote the recurrence of cancer in postoperative cancer pa-
tients. This highlights an opportunity to intervene to counteract 
any potentially cancer-promoting effects. Anesthesia, anesthetic 
technique, and other strategies such as the use of anti-adrenergic, 
anti-inflammatory, and anti-thrombotic therapies (which haven’t 
been discussed in this review) offer the potential to promote re-
currence-free survival of postoperative cancer patients [6,100].  
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Introduction 

Maintenance of stable vital signs is crucial during surgery. In this context, anesthesiolo-
gists typically attempt to select an appropriate fluid type and administer the necessary 
amount to the patient. The quantification disposition of fluids administered to the body 
facilitates an efficient fluid administration. This process is similar to that used to describe 
the pharmacokinetics of intravenous drugs. Pharmacokinetic parameters can be estimat-
ed by measuring the concentration of a drug. However, it is almost impossible to directly 
measure the concentration of fluids. Therefore, the distribution and elimination of fluids 
are indirectly described by measuring endogenous substances that change as fluids are 
administered. Hemoglobin is primarily used as an endogenous tracer. An anesthesiolo-
gist named Robert G. Hahn established an analysis method for fluid volume kinetics [1]. 
The method of quantifying the disposition of drugs with compartmental analysis was 
equally applied to volume kinetics. Therefore, to obtain a comprehensive understanding 
of volume kinetics, it is important to understand the pharmacokinetics, which is the basis 
of the theory. Herein, the general yet fundamental concept of volume kinetics in terms of 
pharmacokinetic principles is presented.  
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Review Article Volume kinetics is the pharmacokinetics of infusion fluids and describes the distribution 
and elimination of infused volume. Generally, pharmacokinetic parameters can be esti-
mated by measuring the concentration of a drug. However, it is almost impossible to di-
rectly measure the concentration of fluids. Therefore, in volume kinetics, the disposition of 
fluids is indirectly quantified by measuring the hemoglobin concentration under the 
premise of no hemoglobin loss. If the hemoglobin concentration is repeatedly measured 
while administering the fluids, the dilution (relative change of the plasma volume) for each 
corresponding hemoglobin concentration can be obtained. The dilution is based on the 
concept of plasma volume expansion. The method of quantifying the drugs disposition 
with compartmental analysis has been equally applied to volume kinetics. The transfer of 
fluids between compartments is explained by first-order kinetics, and it is assumed that 
fluid is only removed from the central compartment. Population analysis can be used to 
identify covariates that can account for inter-individual variability in volume kinetic pa-
rameters. Body weight and mean blood pressure are well-known representative covariates 
of kinetic volume parameters. Using volume kinetic parameters, the volume expansion ef-
fects of crystalloid and colloid solutions can be understood more effectively, thereby facili-
tating appropriate fluid therapy. Although limitations exist in volume kinetics, its implica-
tions are important for clinicians when administering fluids. 
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Pharmacokinetic principles for understanding 
volume kinetics 

Because general anesthesia is performed using various hypnot-
ics and analgesics, anesthetic pharmacology can be considered as 
a basic subject for anesthesiologists. The basis for understanding 
pharmacology is the pharmacokinetic equation. The pharmacoki-
netic equation quantitatively evaluates drug transfer in the body 
and can be easily induced based on a few principles. In mammil-
lary compartmental models, the kinetics of drug transfer between 
compartments were initially determined. Subsequently, linear dif-
ferential equations were constructed based on kinetics. The La-
place transforms of these differential equations can be used to de-
rive functions to calculate drug amounts in the central or periph-
eral compartments. In addition, the inverse Laplace transforms of 
these functions are used to obtain the pharmacokinetic equations 
in the time domain. 

Kinetics of drugs 

Pharmacokinetics is typically referred to as the ADME of a 
drug, which is acronym for absorption, distribution, metabolism, 
and excretion. Metabolism and excretion are known as elimina-
tion, and distribution and elimination are known as disposition. 
Kinetics refers to the process by which drugs are transferred to the 
body. Depending on the type of kinetics involved during absorp-
tion, distribution, and elimination, the differential equation de-
scribing the change in drug amount in the pharmacokinetic com-
partment varies, as well as the pharmacokinetic equation derived 
from it. Drug kinetics can be categorized into zero- and first-order 
kinetics. Zero-order kinetics are described when a fixed amount 
of a drug is consistently eliminated per time unit. Suppose that 
100 mg of a drug exists in the body of an individual, and this drug 
follows the zero-order kinetics but its amount reduces by 10 mg per 
hour. Therefore, 90 mg of the drug will remain in the body of the in-
dividual after 1 h, 80 mg after 2 h, and 70 mg after 3 h (Fig. 1A). Be-
cause the volume of distribution for each drug is considered to be 
constant, the concentration is obtained by dividing the drug 
amount by the distribution volume. Therefore, the relationship 
between time and drug amount can be considered the same as 
that between time and concentration. Zero-order kinetics are 
simple and linear; however, drugs lost through zero-order kinetics 
are not common. In general, most drugs are lost through first-or-
der kinetics. First-order kinetics refers to the loss (or inflow) of 
drugs per time unit by a certain fraction of X (t), which is the 
amount of drug remaining in the body. If the drug is lost, then the 
sign of rate of change for the drug amount will be negative; con-

Applying the Laplace transform to this equation yields 

The inverse Laplace transformation of this equation yields a 
drug amount function over time, as follows:  

versely, if the drug is introduced, then the sign will be positive. 
For instance, assume that 100 mg of a drug exists in the body of 
an individual, and 20% of the drug is lost per hour. After 1 h, 80 
(=  100 − 100 ×  0.2) mg of the drug will remain in the body, 64 
(=  80 − 80 ×  0.2) mg after 2 h, and 51.2 (=  64 − 64 ×  0.2) mg 
after 3 h. This can be illustrated by an exponential curve, as shown 
in Fig. 1B. A mathematical understanding of the exponential de-
crease in first-order kinetics is important. The loss of drugs fol-
lowing first-order kinetics can be expressed as a differential equa-
tion as follows:  
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Fig. 1. Zero-order (A) and first-order (B) kinetics. X: amount of drug, 
t: time in h, X0 = 100 mg, k: elimination rate constant (mg/h for zero-
order kinetics and 1/h for first-order kinetics).
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X (t) = X (0)  · e–kt (Equation 3), 

where e-kt refers to the fraction of the initial amount X (0) of the 
drug remaining in the body after the drug was removed by 
first-order kinetics during time t, and has a value between 0 and 1. 
Additionally, the disposition of fluids in the body can be explained 
by first-order kinetics.  

Mammillary compartmental model 

Compartmental analysis is an analysis method that partitions 
the body into several compartments and quantifies the transfer of 
drugs between compartments. Among the compartmental mod-
els, the mammary model is primarily used to estimate the phar-
macokinetic parameters of drugs. In the mammillary compart-
mental model, the central compartment is related to all other pe-
ripheral compartments, but no relationship exists among the lat-
ter. In addition, it is assumed that the transfer of drugs between 
the central and peripheral compartments is based on first-order 
kinetics. Furthermore, it is assumed that the drug is only removed 
from the central compartment. For example, a two-compartment 
mammillary pharmacokinetic model can be expressed as shown 
in Fig. 2. The differential equation for the change in drug amount 
by compartment is as follows: 
 

model to estimate the volume kinetic parameters. In Fig. 2, the 
pharmacokinetic parameters are expressed in the micro-rate con-
stant domain (V1, k10, k12, k21). However, they can be expressed in 
terms of volume and clearance domain (V1 volume of distribution 
in the central compartment; V2 volume of distribution in the pe-
ripheral compartment; Cl, metabolic clearance; Q, inter-compart-
mental clearance). The relationship between the two domains can 
be described as follows: 

Cl= V1 × k10 

Q= V1 × k12 = V2 × k21 (Equation 5) 

In other words, if the pharmacokinetic parameters of one do-
main are estimated from the time-concentration curve, they can 
be converted to those of the other domain. 

Population analysis 

It is typically observed that different effects are exhibited in dif-
ferent individuals, even when the same weight-based dose was 
administered. This is owing to variabilities in pharmacokinetics 
and pharmacodynamics from one person to another. These vari-
abilities may be due to a person’s specific characteristics (covari-
ates). For example, these variabilities can occur because of weight, 
height, age, sex, race, and genetic variations. Population analysis is 
a method that can explain the inter-individual variability in phar-
macokinetics and pharmacodynamics by mathematically con-
necting patient-specific covariates for each pharmacokinetic and 
pharmacodynamic parameter [2]. Unlike the standard two-stage 
method, which analyzes individual time–concentration curves 
separately, all individuals are analyzed at once to identify the char-
acteristics that can be associated with the pharmacokinetic and 
pharmacodynamic parameters. Several software programs can be 
used to perform population analysis; however, the first and most 
representative is nonlinear mixed-effects modeling (NONMEM), 
created by Lewis B. Sheiner (physician) and Stuart L. Beal (statis-
tician) of the University of San Francisco [3]. NONMEM is also 
the name of a standard software (ICON Development Solutions, 
Ireland) for population analysis. Fig. 3 shows the basic concept of 
population pharmacokinetic and pharmacodynamic analyses us-
ing NONMEM. In the mixed-effects model, a pharmacokinetic 
parameter is estimated by dividing mixed-effects by a fixed-effect 
parameter that does not change from person to person (θ in 
NONMEM) and a random-effect parameter between individuals 
(η in NONMEM). Herein, the random-effect parameter between 
subjects describes the random inter-individual variability of the 
pharmacokinetic parameters. This random variability between 

Drug administration

I

k12

k21

k10

Central compartment
(V1)

Peripheral compartment
(V2)

Fig. 2. Two-compartment mammillary pharmacokinetic model. I: 
input, kij: micro-rate constant from compartment i to compartment j, 
Vi: volume of distribution of compartment i. Here, i = 1, 2.

These differential equations are used in the same structural 
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individuals exhibits a normal distribution with a mean of 0 and a 
variance of ω2, and it is a biologically natural phenomenon. In the 
population analysis, the part that can be explained by the patient’s 
characteristics (covariate) among the random inter-individual 
variability of the pharmacokinetic parameter is mathematically 
linked to the fixed-effect parameter. This is the essence of popula-
tion analysis. Hence, the control stream of NONMEM is written 
as follows, using V1 (volume of distribution in the central com-
partment) as an example.  

TV1 =  THETA(1)  
V1 =  TV1*EXP(ETA(1)),  

where TV1 is a representative value of V1 (typical value, a typi-
cal human or population average value with zero variation be-
tween random individuals), and in this case, THETA(1). ETA(1) 
is the random effect parameter between individuals in V1. In other 
words, THETA(1) is connected by an exponential function with 
ETA(1). Additionally, they can be connected by multiplication or 
addition, and the one that best describes the data will be selected. 
Suppose that part of ETA(1) is described by the patient’s weight; 
in this case, the NONMEM control stream can be changed as fol-
lows: 

TV1 =  THETA(1) + THETA(2)*WT; WT =  weight 

When a pharmacokinetic model involving the equation above 
is incorporated into the target-controlled infusion system, the 
dose can vary based on weight [4,5]. Previously, in the field of vol-
ume kinetics, parameters were primarily estimated using MAT-
LAB (Mathworks, Inc., USA), but population analysis has been 
primarily used since 2016 [6–9]. 

Mixed effects models

PK, PD parameters

Random inter-individual effects: 
η ~ N (0, ω2)

Residual random effects: 
ε ~ N (0, σ2)

Fixed effects: 0 Covariates

For TCI

Fig. 3. Concepts of population analysis using nonlinear mixed-effects modeling. PK: pharmacokinetics, PD: pharmacodynamics, TCI: target-
controlled infusion.

Calculation of plasma volume expansion 
caused by fluid administration using 
hemoglobin 

If blood volume is defined as the volume of hemoglobin distri-
bution, then hemoglobin can be used as an endogenous tracer to 
analyze the volume expansion of a fluid space. In this regard, the 
following two assumptions should be applied: (i) no loss of red 
blood cells; (ii) the hemoglobin concentration decreases as the 
plasma volume expands. Dr. Robert G. Hahn introduced a new 
method to calculate plasma volume expansion using hemoglobin 
in 1997 [1], and the effectiveness of this method was confirmed in 
clinical trials participated by healthy volunteers [10,11]. The plas-
ma volume (Vp) at any time t after the start of intravenous infu-
sion can be expressed as follows, based on the hematocrit (Hct). 

Vp (t) = Vb (t) ×  (1 – Hct (t)) (Equation 6) 

where Vb(t) is the blood volume at any time t. Assuming that 
the volume of erythrocytes is constant during the observation 
time, then the volume of erythrocytes at t =  0 before intravenous 
infusion is equivalent to the volume of erythrocytes at any time t 
after intravenous infusion. 

Hct (0) × Vb (0) = Hct (t) ×  Vb (t) (Equation 7) 

However, if bleeding occurs, Equation 7 does not hold. In other 
words, the amount of hemoglobin at t =  0 before intravenous in-
fusion and the amount of hemoglobin at any time t after intrave-
nous infusion will be the same. The hemoglobin level is calculated 
by multiplying the hemoglobin concentration and blood volume 
as follows: 
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CHb (0) × Vb (0) = CHb (t) ×  Vb (t) (Equation 8)  

Using Equations 6 and 8, the following equation can be derived.  

If the amount of administered fluid is set as Ap, then Ap at any 
time t, i.e., Ap(t), during an intravenous infusion can be described 
as follows: 

Ap (t) = Vp (t) – Vp (0) (Equation 10) 

The relative change in the plasma volume induced by fluid in-
fusion can be expressed as shown in Equation 11.  

where Dp is dimensionless and is referred to as plasma dilution. 
Substituting Equation (10) into Equation 11 yields  

The longer the administration of the fluid, the greater are Vp(t) 
and Dp(t), and this is equivalent to an increase in plasma volume 
due to the fluid administered. Substituting Equation (6) into 
Equation 12 yields  

Substituting Equation 9 into Equation 13 yields  

Combining Equations 7 and 8 yield the following:  

Substituting Equation 15 into Equation 14 yields  

If the hemoglobin concentration is repeatedly measured while 
administering the fluids, the degree of plasma volume dilution for 
each corresponding hemoglobin concentration can be obtained 
(Fig. 4). The degree of plasma volume dilution is the same as that 
of plasma volume expansion.  

Structure model for volume kinetics  

In volume kinetics, a mammillary compartment model is used 
to quantify fluid disposition. Table 1 shows a comparison of the 
similarities and differences between traditional pharmacokinetic 
and volume kinetic expressions.  

One-volume model 

The one-compartment model is suitable for quantifying the 
disposition of fluids that are predominantly distributed in blood 
vessels, such as colloids [12,13]. When the last hemoglobin mea-
surement time is insufficient to capture the elimination phase, 
then crystalloids can be explained using the one-volume model. A 
schematic diagram of the one-volume model is shown in Fig. 5. 
Based on this figure, the differential equation in the one-volume 
model can be described as follows:  

In this study, basal elimination (kb) was not estimated and was 
set as a fixed value. In general, kb is 0.5–1.5 ml/min in adults [14]. 
Robert G. Hahn often set it to 0.8 or 1.0 ml/min for modeling 
[10,11]. If the data are fitted to the model, then the estimated val-
ue of renal clearance (kr) will exceed 100 ml/min; therefore, even 
if kb is fixed to a specific value in the range of 0.5–1.5 ml/min, the 
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Fig. 4. Changes in hemoglobin (A) and plasma dilution (B) caused by fluid administration. Male volunteer received 40 ml/kg Ringer’s lactate 
solution over 1 h. Dilution was calculated as follows:

where CHb(0) and Hct(0) are the hemoglobin concentration and hematocrit measured prior to the administration of Ringer’s lactate solution, 
respectively; CHb(t) is the hemoglobin concentration measured at any time t.

BA

Table 1. Basic Similarities and Differences between Traditional Pharmacokinetic and Volume Kinetic Expressions

Pharmacokinetics Volume kinetics
Administration substance Drug, mg Fluid, ml
Observation Concentration (mg/ml) Dilution (no unit)

Change in amount

Parameters
 One-compartment V1, Cl V1, kr

 Two-compartment V1, V2, Cl, Q V1, V2, kr, kt

Clearance Cl kr + kb

Dp(t): plasma dilution at any time t during intravenous infusion, CHb(0): hemoglobin concentration at t = 0 before intravenous infusion (g/dl), 
CHb(t): hemoglobin concentration at any time t after intravenous infusion (g/dl), Hct(0): hematocrit at t = 0 before intravenous infusion, Vp(0): 
plasma volume at t = 0 before intravenous infusion (ml), Vp(t): plasma volume at any time t after intravenous infusion (ml), Rate: infusion rate 
of the drug (mg/min), k10: elimination rate constant (1/min), A(t): drug amount at any time t (mg), V1: volume of distribution in the central 
compartment (ml), Cl: clearance (ml/min), V2: volume of distribution in the peripheral compartment (ml), Q: inter-compartmental clearance 
(ml/min), ki: infusion rate of fluid (ml/min), kb: basal elimination reflecting ongoing losses of water due to respiration, sweating, and basal renal 
filtration (ml/min), kr: renal clearance (ml/min), kt: distributional clearance (ml/min).

ki V1 (t)

kb kr × 

V1 (0)

Fig. 5. One-volume model. ki: infusion rate of the fluid (ml/min), kb: 
basal elimination reflecting ongoing losses of water due to respiration, 
sweating, and basal renal filtration (ml/min), kr: renal clearance (ml/
min), V1(0): plasma volume at t = 0 before intravenous infusion (ml), 
V1(t): plasma volume at any time t after intravenous infusion (ml).

actual estimated value will not be affected significantly. 

Two-volume model 

The two-volume model is widely used in volume kinetics, and 
it can be used to effectively explain the plasma dilution-time data 
observed when crystalloids are administered [6,15]. A schematic 
diagram of the structural two-volume model is shown in Fig. 6. 
Based on this figure, the differential equation for the two-volume 
model can be written as follows:  
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In pharmacokinetics, the transfer of drugs between the central 
and peripheral compartments is classified into k12 and k21; howev-
er, in volume kinetics, it is estimated as kt. This can be understood 
by recalling that the observed value in volume kinetics is the plas-
ma dilution measured based on the hemoglobin concentration. 
Because hemoglobin exists only in blood vessels, it cannot move 
to the peripheral compartment, and it may be impossible to esti-
mate the rate at which fluid propagates from the peripheral com-
partment to the central compartment or is cleared through the 
lymphatic system. In addition, owing to the nature of crystalloids, 
the rate of transfer between the central and peripheral compart-
ments will not differ significantly. Moreover, it is beneficial to re-
duce the number of parameters to be estimated to ensure model 
stability (parsimonism). In some studies, k12 and k21 were estimat-
ed separately using the two-volume model [6–9]. The objective 
function value of a model can be reduced significantly by distin-
guishing the two parameters; however, this often causes model insta-
bility. Considering these characteristics of volume kinetics, it is al-
most impossible to explain the plasma dilution-time data of crystal-
loids using a three-volume model. The NONMEM control streams 
for one- and two-volume models are presented in the Appendix 1. 

Calculation of renal clearance using urine volume 

The fluid administered was primarily removed by renal clear-

As previously mentioned, kb is typically 0.5–1.5 ml/min in 
adults [14]. Herein, kr∙AUC(Dp) refers to the urine volume pro-
duced by intravenous infusion, and kb∙T the urine volume induced 
by basal elimination. However, in reality, renal clearance is con-
trolled by a complex mechanism that involves various hormones 
such as antidiuretic hormone, renin-angiotensin, atriopeptin, al-
dosterone, and angiotensin II [14]. Moreover, specific cell recep-
tors are involved, including baroreceptors and osmoreceptors that 
regulate salt and water homeostasis [14]. Renal clearance can be 
obtained via two methods. The first is an estimation method from 
the structural model of volume kinetics, and the second is a calcu-
lation method based on the area under the time–dilution curve 
for the central compartment divided by the observed total urinary 
output [15]. The more accurate method is yet to be determined. 
However, it is reasonable to estimate kr from the same dataset with 
other volume kinetic parameters. 

Covariates describing inter-individual variabilities 
of volume kinetic parameters 

In pharmacokinetics, the inter-individual variability in the dis-
tribution volume is well explained by body weight, and the clear-
ance is primarily explained by body weight or age [5,16,17]. Simi-
lar results have been reported in previous studies pertaining to the 
volume kinetics (Table 2). Body weight is a significant covariate 
for the distribution volume in the central compartment [7,15]; 
furthermore, it is physiologically reasonable that the greater the 
weight, the larger is the plasma volume. Renal clearance deterio-
rates with age [7], i.e., a natural aging process. An interesting fact 
is that the mean blood pressure is a significant covariate in renal 
clearance [7,15]. A positive correlation exists between mean blood 
pressure and renal clearance; this implies that the lower the mean 
blood pressure is clinically, the more severe is fluid retention in 

ki

Kt

kb kr × 

V1 (t) V2 (t)
V1 (0)

V2 (0)

Fig. 6. Two-volume model. ki: infusion rate of the fluid (ml/min), kb: 
basal elimination reflecting ongoing losses of water due to respiration, 
sweating, and basal renal filtration (ml/min), kr: renal clearance (ml/
min), V1(0): plasma volume at t = 0 before intravenous infusion (ml), 
V1(t): plasma volume at any time t after intravenous infusion (ml), 
V2(0): peripheral volume at t = 0 before intravenous infusion (ml), 
V2(t): peripheral volume at any time t after intravenous infusion (ml), 
kt: distributional clearance (ml/min).

ance (kr). Because renal clearance is proportional to the plasma 
volume expansion, the following differential equation can be es-
tablished: 

where U(t) is the urine volume at time t. If the total urine vol-
ume (UTOT) is known during the entire observation time T, then kr 
and kb can be calculated as follows:  
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the body. This can be observed more clearly when simulated us-
ing a volume kinetics model [15]. The simulated volume expan-
sion of the central and peripheral compartments in a hypothetical 
patient who was administered 10 ml/kg of Ringer’s lactate solu-
tion over 15 min followed by a rate of 8 ml/kg/h for 165 min is 
presented in Fig. 7. In patients of the same weight, it was observed 
that the lower the average blood pressure, the greater was the fluid 
retention in the interstitium. In clinical practice, fluid is generally 
administered in consideration of body weight, but relatively rarely 
in consideration of mean blood pressure. When blood pressure 
decreases, more fluids are typically administered. In this case, if 
the blood pressure does not recover as expected, the fluids admin-
istered will continue to accumulate in the interstitium.  

Clinical application of volume kinetics 

Understanding volume kinetics enables the distribution of flu-
ids administered to the body to be described quantitatively. In a 
recent study, 12 male volunteers were randomly assigned to four 
groups, and each group received four fluid solutions in specified 
sequences, separated by 1-week intervals to avoid any carryover 
effects [13]. The volunteers received 1,000 ml of 6% tetrastarch 
(hydroxyethyl starch, HES 130/0.4; VOLULYTE, Fresenius Kabi 
AG, Germany), 1,000 ml of 10% pentastarch (HES 250/0.45; PEN-
TASPAN, Jeil Pharmaceutical CO., Ltd., Korea), 40 ml/kg of Ring-
er’s lactate solution (JW Pharmaceutical Co., Ltd., Korea), and 20 
ml/kg of 5% dextrose water (JW Pharmaceutical Co., Ltd., Korea) 
for 60 min. Changes in plasma dilution induced by the adminis-
tration of crystalloids and colloids were described effectively using 
two- and one-volume models, respectively [13]. Volume expan-
sion effects can be easily understood by performing simulations 
based on the fluid dynamics parameters of these crystalloids and 
colloids (Fig. 8) [13]. When the same volume was administered, 
the volume expansion effects of colloids were approximately four 
times higher than those of crystalloids by the time when the infu-
sion was terminated. This can be interpreted as a validation of 
volume kinetics, in that a suggested theory (a crystalloid solution 
should have 1/4th the volume-expanding capacity of the colloid 
solution [18]) was proven through a scientific method. In addi-
tion, in the case of Ringer’s lactate solution, the simulation results 

Table 2. Representative Covariates Reflecting Inter-individual Variabilities of Volume Kinetic Parameters

Parameter Covariate Correlation between parameter and covariate References
V1 Body weight Positive [7,15]
kr MAP Positive [7,15]

Age Negative [7]
V1: volume of distribution in central compartment (ml), kr: renal clearance (ml/min), MAP: mean arterial pressure.

show that only approximately 20% of the administered volume 
was present in the blood vessel at the end of the fluid administra-
tion, whereas approximately 70% propagated to the interstitium. 
Some studies indicated results that differed slightly from the sim-
ulation results [9,19,20]. However, the abovementioned approach 
may be beneficial in maintaining euvolemia to maintain stable 
hemodynamics during general anesthesia. The concentration and 
molecular weight of HES affect the volume expansion effect [21]. 
In the simulation study, 10% pentastarch demonstrated a 
long-lasting volume expansion compared with 6% tetrastarch 
[13]. This is because the renal clearance of 6% tetrastarch was 
greater than that of 10% pentastarch. Similarly, a previous study 
showed that 6% HES indicated a greater renal clearance than 10% 
HES solution [22]. As such, using volume kinetics enables the ef-
fect of volume expansion between HESs to be compared indirect-
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Fig. 7. Simulated volume expansions of central (A) and peripheral (B) 
compartments in hypothetical patient receiving 10 ml/kg of Ringer’s 
lactate solution over 15 min followed by a rate of 8 ml/kg/h for 165 
min. Four different cases were simulated based on weight (40 vs. 80 
kg) and mean arterial pressure (50 vs. 100 mmHg). WT: weight, MAP: 
mean arterial pressure.
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ly without directly measuring the plasma volume. 

Limitations of fluid kinetics 

Although fluid kinetics is a favorable methodology for quanti-
fying the disposition of fluids, it has some limitations. First, it 
cannot explain the hemoconcentration observed in clinical prac-
tice. Hemoconcentration can be observed in patients undergoing 
restrictive fluid management [15]. This is because fluid is admin-
istered at the minimum amount required, and the urine output is 
relatively high. When hemoconcentration occurs, the value of 
plasma dilution is negative (Fig. 9A) [15]. The structural model of 
volume kinetics evaluates the volume expansion induced by fluid 
administration compared with the baseline, and the reduction 
from the initial volume is structurally unpredictable [15]. There-
fore, even for the observed value with a negative dilution, the 
model will predict a positive value (Fig. 9B) [15]. Second, it fails 
to account for the transfer of fluids through the lymphatic system 
in the interstitium. As mentioned earlier, because the increase in 
plasma volume due to the administration of fluids is indirectly 
quantified by measuring the hemoglobin concentration, the trans-
fer of fluids in the interstitium without hemoglobin cannot be 
structurally explained. Hence, it is difficult to estimate the elimina-
tion clearance (k20) removed from the peripheral compartment 
without passing through the central compartment. In this regard, a 
previous study that explained the disposition of Ringer’s lactate solu-
tion based on a three-volume model is difficult to understand [23]. 

Conclusion 

Volume kinetics is an effective method for quantitatively ex-
plaining the distribution and elimination of fluids administered to 
the body. The quantification of the disposition of drugs via com-
partmental analysis was applied to volume kinetics. The transfer 

of fluids between compartments was explained via first-order ki-
netics, and it was assumed that fluid was removed only in the cen-
tral compartment. Volume expansion induced by the administra-
tion of fluids was indirectly evaluated by measuring the decrease 
in hemoglobin concentration. Using the volume kinetic parame-
ters, the volume expansion effects of crystalloid and colloid solu-
tions can be understood more effectively, thereby facilitating fluid 
therapy. Dr. Hahn’s research team has been conducting extensive 
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Fig. 9. Plasma dilution (A) in 27 patients undergoing open gastrectomy. 
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dilutions) and population predicted values by volume kinetic model (B). 
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research pertaining to volume kinetics. Nonetheless, further re-
search can be pursued. Owing to the limitations of the structural 
model of fluid kinetics, it cannot reflect the clinical situation of all 
patients. However, even if the current method is used, it can pro-
vide reasonably meaningful implications to clinicians when ad-
ministering fluids. Researchers should consider the patient group, 
type of infusion solution to be selected, and type of covariate to be 
added to achieve clinical significance. It is hoped that this review 
will facilitate research pertaining to volume kinetics. 
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Appendix 1. NONMEM control streams of one- and two-volume kinetic models.  

< One-volume model>

$PROB RUN# 100 (One-volume kinetic model)
$INPUT ID OID TIME DUR RATE AMT DV MDV EVENT HB HCT SEX AGE WT HT BSA LBM IBW BMI CO CI SVV SV SVI HR 
SBP DBP MBP
; DV (dilution, unitless) =  (BHB/HB-1)/(1-BHCT) =  (expandable plasma volume - baseline plasma volume)/(baseline plasma volume) 
=  (V(t) - BV)/BV
$DATA 05_06_NONMEM_data_OID_ID25.csv IGNORE= #
$SUBROUTINE  ADVAN13  TRANS= 1 TOL= 6
$MODEL COMP (VOLUME) 
$PK

TH1 =  THETA(1)
TH2 =  THETA(2)
TH3 =  THETA(3)

 
KB =  TH1 ; basal elimination rate (ml/min, 0.8 at Anesthesiology 1997; 87: 204-12)
KR =  TH2 ; renal clearance  (ml/min)
V0 =  TH3 ; baseline plasma volume (ml)
   
KB =  TH1*EXP(ETA(1))
KR =  TH2*EXP(ETA(2))
V0 =  TH3*EXP(ETA(3))

 $DES
   DADT(1) =  RATE - KB - KR*(A(1)/V0)
    ; A: volume expansion (V(t) - V0); V(t) and V0 mean plasma volume at any time and at baseline, respectively.
 
 $ERROR    
   A1=  A(1)
   TA =  A1/V0 
   
   IPRED= TA
   W =  1
   IRES =  DV - IPRED
   IWRES =  IRES / W
   Y =  IPRED + W * EPS(1)
   
  $THETA ; #2
   0.8 FIX ; KB
   (0 200) ; KR
   (0, 3000) ; V0
   
  $OMEGA ; #2
   0 FIX ; IIV_KB
   0.3 ; IIV_KR
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   0.3 ; IIV_V0

  $SIGMA ; #1
    0.01

$ESTIMATION MAXEVAL= 9999 SIGL= 6 NSIG= 2 PRINT= 5 METHOD= 1 INTER NOABORT MSFO= 100.MSF
$COVARIANCE PRINT= E

< Two-volume model>
$PROB RUN# 200 (Two-volume kinetic model)
$INPUT ID OID TIME DUR RATE AMT DV MDV EVENT HB HCT SEX AGE WT HT BSA LBM IBW BMI CO CI SVV SV SVI HR 
SBP DBP MBP
; DV (dilution, unitless) =  (BHB/HB-1)/(1-BHCT) =  (expandable plasma volume - baseline plasma volume)/(baseline plasma volume) 
=  (V(t) - BV)/BV
$DATA 05_06_NONMEM_data_OID_ID25.csv IGNORE= #
$SUBROUTINE  ADVAN13  TRANS= 1 TOL= 6
$MODEL COMP (VOLUME1) COMP (VOLUME2)
$PK
   TH1 =  THETA(1)
   TH2 =  THETA(2)
   TH3 =  THETA(3)
   TH4 =  THETA(4)
   TH5 =  THETA(5)
 
   KB =  TH1 ; basal elimination rate (ml/min, 0.8 at Anesthesiology 1997; 87: 204-12)
   KR =  TH2 ; renal clearance (ml/min)
   VC0 =  TH3 ; baseline plasma volume (ml)
   VT0 =  TH4 ; baseline interstitial volume (ml)
   KT =  TH5 ; distributional clearance (ml/min)
   
   KB =  TH1*EXP(ETA(1))
   KR =  TH2*EXP(ETA(2))
   VC0 =  TH3*EXP(ETA(3))
   VT0 =  TH4*EXP(ETA(4))
   KT =  TH5*EXP(ETA(5))
 
 $DES
   DADT(1) =  RATE - KB - KR*(A(1)/VC0) - KT*(A(1)/VC0) + KT*(A(2)/VT0)
   DADT(2) =  KT*(A(1)/VC0) - KT*(A(2)/VT0) 
 
  ; A1: plsam volume expansion at central compartment (VC(t) - VC0); VC(t) and VC0 mean plasma volume at any time and at baseline, 
respectively.
  ; A2: interstitial volume expansion at tissue compartment (VT(t) - VT0); VT(t) and VT0 mean interstitial volume at any time and at 
baseline tissue compartment, respectively.
 
 $ERROR    
   A1 =  A(1)
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   A2 =  A(2)
   TA =  A1/VC0
   TB =  A2/VT0
   
   IPRED =  TA  
   W =  1
   IRES =  DV - IPRED
   IWRES =  IRES / W
   Y =  IPRED + W * EPS(1)
   
   $THETA ; #4
   0.8 FIX ; KB
   (0, 100) ; KR
   (0, 2000) ; VC0
   (0, 3000) ; VT0
   (0, 100) ; KT
   
  $OMEGA ; #4
   0 FIX ; IIV_KB
   0.2 ; IIV_KR
   0.2 ; IIV_VC0
   0.2 ; IIV_VT0
   0.2 ; IIV_KT

  $SIGMA ; #1
    0.01 

$ESTIMATION NOTBT NOOBT NOSBT MAXEVAL = 9999 SIGL = 6 NSIG = 2 PRINT = 5 METHOD = 1 INTER NOABORT 
MSFO= 200.MSF
$COVARIANCE PRINT= E
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Background: Supraglottic airway (SGA) devices including the air-Q® are being used with 
increasing frequency for anesthesia in infants and younger pediatric patients. To date, 
there is minimal research documenting the potentially significant airway deadspace these 
devices may contribute to the ventilation circuit when compared to an endotracheal tube 
(ETT). The aim of this study was to evaluate the airway apparatus deadspace associated 
with an air-Q® versus an ETT in young children. 
Methods: In a prospective cohort study, 59 patients between 3 months and 6 years of age, 
weighing between 5 and 20 kg, scheduled for outpatient urologic or general surgery proce-
dures were recruited. An air-Q® or ETT was inserted at the discretion of the attending an-
esthesiologist, and tidal volume, positive end expiratory pressure, respiratory rate, and 
end-tidal CO2 were controlled according to protocol. Airway deadspace was recorded us-
ing volumetric capnography every 2 min for 10 min. 
Results: Groups were similar in demographics. There was a significant difference in 
weight-adjusted deadspace volume between the air-Q® and ETT groups, 4.1 ± 0.8 ml/kg 
versus 3.0 ± 0.7 ml/kg, respectively (P < 0.001). Weight-adjusted deadspace volume (ml/
kg) increased significantly with decreasing weight for both the air-Q® and ETT groups. 
Conclusions: In healthy children undergoing positive pressure ventilation for elective sur-
gery, the air-Q® SGA introduces significantly greater airway deadspace than an ETT. Ad-
ditionally, airway deadspace, and minute ventilation required to maintain normocarbia, 
appear to increase with decreasing patient weight irrespective of whether a SGA or ETT is 
used.  

Keywords: Airway management; Capnography; Child; General anesthesia; Laryngeal 
mask airway; Positive pressure respiration; Ventilation.

Introduction 

Supraglottic airway (SGA) devices including the air-Q® (Cookgas, USA) are being 
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used with increasing frequency for elective anesthesia in infants 
and younger pediatric patients [1,2]. Although SGAs are pre-
sumed to contribute greater deadspace volume to the ventilation 
circuit when compared to endotracheal tubes (ETT), there has 
been minimal research that quantifies that difference. This infor-
mation is relevant in very young patients breathing spontaneously 
through these devices, who may be unable to generate sufficient 
tidal volumes to compensate for this added deadspace over time, 
and in those undergoing positive pressure ventilation who may 
require increasing levels of support to maintain adequate levels of 
ventilation [3,4]. 

Volumetric capnography is a technique that can be used to ac-
curately evaluate airway deadspace by monitoring the concentra-
tion of exhaled carbon dioxide (CO2) over the course of a respira-
tory cycle [5]. Exhaled CO2 is plotted against exhaled volume, and 
from the resulting waveforms, alveolar partial pressure of carbon 
dioxide (PaCO2) and mean exhaled partial pressure of carbon di-
oxide can be calculated and used to determine airway deadspace 
[6]. Compared to prior methods that require use of a Douglas bag 
or calorimetry, volumetric capnography is faster, less cumber-
some, and more easily applied clinically [7]. With this technology, 
it is thus possible to measure the apparatus and airway deadspace 
noninvasively and in real time. 

The primary aim of this study was to compare the magnitude of 
the airway and apparatus deadspace associated with the use of an 
ETT or air-Q® SGA using volumetric capnography in young chil-
dren undergoing general anesthesia and surgery. Additionally, our 
primary hypothesis was that airway and apparatus deadspace, 
normalized by weight, is significantly higher in young infants and 
children when using an air-Q® SGA when compared to the air-
way and apparatus deadspace associated with an ETT. Our null 
hypothesis was that there is no difference in deadspace volume 
between devices. 

Materials and Methods 

Patient selection 

This study was approved by the Institutional Review Board at 
the Wake Forest University Health Sciences (IRB00055260) and 
was registered on ClinicalTrials.gov prior to beginning recruit-
ment (NCT03785977; 12/24/2018; PI-Templeton TW). Written 
informed consent from a parent/legal guardian was obtained for 
participation in this study. This manuscript adheres to the appli-
cable Transparent Reporting of Evaluations with Nonrandomized 
Designs (TREND) guidelines. Further, this clinical study was per-
formed in accordance with Ethical Principles for Medical Re-

search involving Human Subjects, outlined in the Helsinki Decla-
ration of 1975 (revised 2013). 

Pediatric patients between the ages of 3 months and 6 years, 
weighing between 5 and 20 kg, and scheduled for outpatient uro-
logic or general surgery procedures, were identified for participa-
tion in the preoperative holding area. All procedures were per-
formed in the pediatric operating room at Brenner Children’s 
Hospital, Wake Forest Baptist Medical Center from March 2019 
to August 2019. Exclusion criteria included: patients with a histo-
ry of difficult airway/intubation (defined as greater than two at-
tempts at intubation or having required any unanticipated or sec-
ondary intubating technique other than direct or elective video 
laryngoscopy in the past) or those suspected to have a difficult 
airway; morbid obesity (body mass index >  39 kg/m2); history of 
prematurity; asthma or second-hand smoke exposure; patients 
with upper respiratory infection symptoms such as nasal drain-
age, cough, or fever within 7 days of the date of surgery; American 
Society of Anesthesiologists physical status ≥  3; and emergency 
case status. The attending anesthesiologist responsible for the care 
of the patient was consulted to ensure the patient met none of the 
aforementioned exclusion criteria, and that the chosen airway 
management strategy was consistent with deficits in the respective 
size groups to avoid over-recruiting for a given group. Neither the 
patient care team nor the research team was blinded to the study 
group. 

Intraoperative management 

Patients were taken to the operating room, where standard 
monitors were applied, including pulse oximetry, electrocardio-
gram, blood pressure, temperature, capnography, and end-tidal 
gas analysis. Induction of anesthesia was carried out with sevoflu-
rane in oxygen or oxygen/nitrous oxide. Intravenous access was 
obtained. Each patient was administered a standardized relaxant 
dose of 0.7 mg/kg rocuronium. Airway management and selec-
tion of airway device were at the discretion of the patient’s clinical 
care team and had been determined prior to consent for partici-
pation. 

In the case of patients who received an ETT, the airway was se-
cured and the patient was subsequently placed on the anesthesia 
ventilator (Avance CS2®, GE Healthcare, USA) using pressure 
control ventilation to deliver a tidal volume of 10 ml/kg at a rate 
of 20 breaths/min. Positive end-expiratory pressure (PEEP) was 
set to 5 cmH2O. The ventilator rate was adjusted as necessary to 
maintain end-tidal carbon dioxide (ETCO2) in the range of 38 to 
45 mmHg, and the inspiratory pressure was adjusted to maintain 
tidal volume of 10 ml/kg. Cuffed ETT size was determined using 
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the Duracher formula (ETT internal diameter =  Age in years / 4 
+ 3.5) [8]. Absence of leak around the ETT was confirmed with 
auscultation. ETT cuff pressure was not measured. 

For the SGA device arm of the study, an air-Q® Masked Laryn-
geal Airway device was used, and a similar procedure was fol-
lowed. Initial device size was determined according to the manu-
facturer’s recommendations based on weight. Following place-
ment of the air-Q® the presence of an adequate airway seal, de-
fined as a sealing pressure >  16 cmH2O, was checked by manually 
increasing the airway pressure and noting the pressure at which a 
leak was audible. The patient was then placed on the anesthesia 
ventilator in pressure control mode with initial settings of inspira-
tory pressure of 17 cmH2O with PEEP of 5 cmH2O and a rate of 
20 breaths/min. As in the ETT group, the inspiratory pressure was 
then adjusted to maintain a tidal volume of 10 ml/kg, and the re-
spiratory rate (RR) was adjusted to maintain ETCO2 in the range 
of 38 to 45 mmHg. Additionally, the leak fraction (defined as the 
ratio of exhaled tidal volume [Vte] to inspired tidal volume) was 
observed. A ratio of <  0.9 was considered to be excessive and the 
patient was either excluded or had the air-Q® exchanged for the 
next size up and these parameters were reassessed. The rate was 
then adjusted as necessary to maintain ETCO2 in a similar range 
to the ETT group. 

Following ETT or air-Q® placement a disposable optical detec-
tor attached to the Respironics NM3® monitor (Philips North 
America, USA) was then inserted into the anesthesia circuit for all 
patients, in between the airway device and the circuit Y-piece. The 
time at which the detector was inserted was considered time zero. 
After 2 min, the Vte, inspiratory pressure, PEEP, RR, and oxygen 
saturation were recorded from the standard anesthesia monitor, 
and the airway deadspace (VDaw, the sum of anatomic and device 
deadspace), ETCO2, volume of carbon dioxide (VCO2), airway re-
sistance (Raw), and dynamic compliance (Cdyn) were recorded 
from the NM3 monitor. This was repeated at 2 min intervals for 
10 min. All measurements were recorded at each time point. 

Following the fifth measurement in each patient, the disposable 
optical detector was removed from the anesthesia circuit and care 
was deferred to the clinical team caring for the patient. At this 
time the patient’s participation in the study was considered to be 
complete. Any adverse events associated with ongoing manage-
ment of the case as well as any events at the time of emergence 
were recorded.  

Statistical analysis  

Initial pilot data in 10 patients (five ETT and five air-Q®) re-
vealed that the airway and apparatus deadspace associated with 

an ETT was 3.2 ml/kg compared to a volume of 5.1 ml/kg associ-
ated with the air-Q® with a standard deviation of 1.9 ml. Using 
this information, sample size calculations were created; this re-
vealed that with a power of 90% and an alpha of 0.05, a minimal 
sample size of 20 patients per group would provide the ability to 
detect at least a difference of 2 ml/kg in the primary outcome of 
airway deadspace between groups. Further, a priori, we decided to 
recruit 10 patients for each of the three weight ranges (5.0–9.9 kg, 
10.0–14.9 kg, and 15.0–20.0 kg) to obtain a more evenly distribut-
ed sample across a range of weights for both the ETT tube and the 
air-Q® group. Thus, the study aimed for 60 total subjects (30 ETT 
and 30 air-Q®). This would also allow for a possible attrition and 
still maintain an adequate sample size. 

Outcome measurements were recorded every 2 min for 10 min 
total, and the five data points were averaged for analysis. Descrip-
tive statistics, including medians and interquartile ranges for de-
mographic data not normally distributed and means and standard 
deviation for continuous measures and frequencies and propor-
tions for categorical data, were calculated. Mann-Whitney test for 
non-parametric data, independent t-tests for normally-distributed 
continuous measures, and Fisher’s Exact Tests for categorical vari-
ables were used to test for differences between the two device 
groups. Spearman correlation coefficients were used to assess the 
strength of association between continuous variables. Analysis of 
variance (ANOVA) regression models were created to analyze the 
relationship between outcome measures and independent predic-
tors which included weight, device, and device size. P values <  
0.05 were assumed to be significant. SAS (version 9.4, USA) was 
used for all analyses. 

Results 

A total of 70 patients were approached for the study (Fig. 1). 
Sixty-two patients were consented for participation. Two patients 
were excluded after consent and did not participate in the study: 
one patient’s weight range had already been filled, and another 
patient was excluded because the surgeon requested the team car-
ing for the patient not to use muscle relaxant for the case. A total 
of 60 patients were enrolled, 30 in each group. One patient from 
the air-Q® group was excluded from analysis due to incomplete 
data as a result of monitor malfunction. All patients had leak frac-
tions greater than 0.9 except one who had a SGA initially; the de-
vice was exchanged for an ETT and this patient was secondarily 
assigned to the ETT group. Demographics for both device groups 
are summarized in Table 1. There were no significant differences 
between groups. No significantly morbid events were noted in any 
patient during the entire surgical or anesthetic epoch up to and 
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including discharge from the post anesthesia care unit. 
There was no statistically significant difference between the 

air-Q® and ETT groups in Vte, ETCO2, or total minute ventilation 
although minute ventilation in the air-Q® group did trend higher. 
These results are summarized in Table 2. There was a significant 
difference in weight-adjusted deadspace volume (the sum of air-
way deadspace and device deadspace) between the air-Q® and 
ETT 4.1 ±  0.8 ml/kg versus 3.0 ±  0.7 ml/kg, respectively (P <  
0.001). Weight-adjusted deadspace volume (ml/kg) increased sig-
nificantly with decreasing weight for both the air-Q® and ETT 
groups (Fig. 2). 

Weight-adjusted deadspace volume varied more significantly 
from one size of ETT to another (P <  0.001) but did not vary with 
weight for each specific size. Conversely, for the air-Q® group, 
weight-adjusted deadspace volume did not vary significantly be-
tween sizes (P =  0.07), but retained an inverse relationship with 
weight for each specific size. This is summarized in Fig. 3. 

Discussion 

The primary finding of this study is that use of an air-Q® SGA 
is associated with significantly more apparatus and anatomic 
deadspace when compared to an ETT. Further, while this differ-
ence is intuitive, the actual magnitude of weight-adjusted dead-
space, especially in very young children, exceeds reasonable ex-
pectations of tidal volume during spontaneous ventilation in 
young children undergoing anesthesia [3]. Additionally, this 
deadspace will have to be compensated for when selecting me-
chanical ventilator settings to maintain CO2 homeostasis calling 
into question the wisdom of smaller tidal volume, lung protective 
ventilation strategies in very young children even in some cases 
when an ETT is present. While some might argue that although 
the result is statistically significant, the overall difference in dead-
space/kg between the devices is less clinically significant. In as-
sessing this though it is important to note that the difference en-
closed by the 95% CI may actually be significantly higher, espe-

Assessed for eligibility (n = 70)Enrollment

air-Q® group (n = 30)

Analyzed (n = 29)
• Excluded from analysis (monitor 

malfunction/incomplete data) (n = 1)

Excluded (n = 10)
• Not meeting inclusion criteria (surgeon requesting no 

muscle relaxant) (n = 1)
• Declined to participate (n = 8)
• Other reasons (weight class filled) (n = 1)

ETT group (n = 30)

Analyzed (n = 30)

Allocation

Analysis

Fig. 1. CONSORT flow diagram. ETT: endotracheal tube.

Table 1. Patient Demographics

air-Q® (n =  29) ETT (n =  30) P value
Age (yr) 2.6 (1.0, 4.2) 1.5 (0.7, 3.6) 0.23
Weight class (kg) 12.7 (9.3, 16.4) 11.4 (8.9, 16.6) 0.79
 5.0–9.9 9 (31.0) 10 (34.5)
 10.0–14.9 10 (34.5) 10 (34.5)
 15.0–20.0 10 (34.5) 10 (34.5)
Sex (M/F) 28/1 29/1 0.99
ASA Status I/II 25/4 21/9 0.21
Values are presented as median (Q1, Q3) or frequency (%) or number of patients. ASA: American Society of Anesthesiologists, ETT: endotracheal 
tube.
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cially in very young children. These findings are clinically import-
ant because they may inform airway device selection for a given 
patient, as well as guide the clinician’s approach to determining 
the length of time they allow a patient to breathe spontaneously 
through a SGA. 

Overall, there were no adverse events in our study group, and 
mild hypercarbia is generally well tolerated in healthy children, 
but for select patients increased airway deadspace may be clinical-
ly relevant. For example, children with pulmonary hypertension 
or certain types of congenital heart disease may deteriorate with 
hypercapnia and respiratory acidosis [9]. In these more fragile 
populations, the clinician may want to use an ETT instead of a 
SGA and/or the clinician may simply need to compensate with 

more aggressive mechanical ventilation or reduce periods of 
spontaneous ventilation [3]. 

Another interesting finding was that the weight-adjusted dead-
space increases with decreasing patient size for both devices —not 
just the air-Q®. The inverse variation of weight-adjusted dead-
space with both devices highlights the fact that, just because 
smaller devices are available for pediatric patients, non-linear 
scaling in physiologic processes and anatomy in smaller patients 
may require additional compensation strategies that may not at 
first glance be apparent. This is consistent with prior work in 
which the in vitro device volumes of several SGA devices were 
measured, including those for the air-Q® [10]. When the air-Q® 
device volume is normalized to the manufacturer’s recommended 

Table 2. Main Outcome Results Using Volumetric Capnography for Patients with an air-Q® SGA Versus an Endotracheal Tube Following Induction 
of General Anesthesia and a Standardized Ventilation Protocol

air-Q® (n =  29) ETT (n =  30) P value
ETCO2 (mmHg) 41.6 ±  5.0 41.2 ±  4.6 0.75
VCO2 (ml/min) 64.6 ±  18.1 63.4 ±  22.9 0.82
Vte (ml) 116.8 ±  35.4 117.5 ±  40.6 0.95
Vte by weight (ml/kg) 9.3 ±  1.0 9.5 ±  1.7 0.61
Mean deadspace difference (ml) 15.0 (11.5, 18.5) <  0.001
Mean deadspace by weight difference (ml/kg) 1.1 (0.7, 1.5) <  0.001
Minute ventilation by weight difference (ml/kg/min) 8.5 (–11.6, 28.4) 0.40
Values are presented as mean ± SD or mean difference (95% CI). ETT: endotracheal tube, ETCO2: end-tidal CO2, VCO2: volume of carbon 
dioxide, Vte: exhaled tidal volume.
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Fig. 2. Weight-adjusted deadspace volume (WADSV) for each device versus patient weight. Best-fit model (R2 = 0.930) is WADSV = 0.0164 w2 – 
0.597 w + 1.172 d + 7.604 where: w is the child’s weight; d is the airway device: equals 0 for endotracheal tube (ETT), 1 for air-Q®.
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weight ranges, per kilogram device volume increases with de-
creasing device size: 0.66–1.17 ml/kg for air-Q® 2.0, 0.84–2.0 ml/
kg for air-Q® 1.5, 1.4–2.5 ml/kg for air-Q® 1.0, and up to 3.3 ml/
kg for air-Q® 0.5. 

Another interesting finding of our study is that there appears to 
be a significant difference in the in vivo weight-adjusted dead-
space from one size ETT to another, but not from one size air-Q® 
to another. This is likely related to a combination of two factors. 
First, there is a greater increase in apparatus volume as air-Q® size 
increases (up to 51%) as compared to ETTs (up to 25%) for the 
sizes used in the study. Second, a greater fraction of anatomic 
deadspace is inherent when using a SGA as compared to an ETT 
that excludes anatomic deadspace above the cuff. Practically 
speaking then, up- or down-sizing an ETT may make a significant 
difference in deadspace for a specific patient, but less so for a SGA 
that sometimes are upsized because of an inadequate sealing pres-
sure. 

Finally, it is important to note that despite significantly larger 
total deadspace in the air-Q® group, there was no statistically sig-
nificant difference in ETCO2, Vte, and minute ventilation between 
groups as one would expect. While the study was not necessarily 
powered to detect a difference in these parameters, one would ex-
pect to see a difference in ETCO2 if the minute ventilation is the 
same with a larger proportion of the minute ventilation being 
from deadspace ventilation. As additional apparatus deadspace is 
introduced into the circuit, a smaller percentage of the delivered 
tidal volume ventilates the alveoli, and exhaled CO2-saturated gas 
is diluted by inhaled volume that did not exchange gas. In these 

cases, an increase in deadspace may actually lead to an increase in 
the A-a gradient. Over time, increasing PaCO2 will lead to an in-
crease in ETCO2 despite the increased deadspace. However, 
ETCO2, due to the increased A-a gradient, may remain an under-
estimate of PaCO2, in proportion to the deadspace. It is likely that 
in our study, a measurement of PaCO2 in all children would have 
shown that the higher deadspace air-Q® group had higher PaCO2 
values, and thus they were relatively hypoventilated, compared to 
the ETT group, despite similar ETCO2 between the groups. This 
also raises the possibility that during patient care a similar situa-
tion arises, whereby the clinician using a large deadspace airway 
device derives a false sense of security from a ‘normal’ ETCO2, 
when the patient is actually hypoventilated and hypercarbic. This 
may be of particular importance in smaller children in which the 
ratio of deadspace to tidal volumes is larger and therefore the gra-
dient may be larger leading to a greater relative underestimate of 
ventilation adequacy using minute ventilation and ETCO2. 

The results of this study are consistent with the work of Chhib-
ber et al. [11,12] who compared the ETCO2 and arteriolar carbon 
dioxide (PaCO2) levels in infants and children undergoing venti-
lation with an LMA Classic® or ETT using a crossover design. In 
both studies, the authors found that patients had higher ETCO2 
and PaCO2 values, as well as an increased ETCO2-PaCO2 differ-
ence with the LMA versus an ETT using similar ventilator set-
tings. The disproportionate effects of apparatus deadspace on 
smaller children have also been alluded to in prior studies by 
Kwon [13] and Chau et al. [14] who measured increased levels of 
ETCO2 when adding heat and moisture exchanger to the ventila-

Fig. 3. Boxplot of weight-adjusted deadspace volume (WADSV) for endotracheal tube (ETT) and air-Q® as a function of device size. Box upper 
and lower borders denote 75th and 25th percentile values, respectively, and enclosed line denotes median value. Whiskers denote range. Note 
significant difference in WADSV when comparing sizes for ETT. WADSV for air-Q® follows a similar trend but is not statistically significant.
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tion circuit under similar ventilator settings. Finally, in a mathe-
matical modeling study, Pearsall and Feldman [15] derived equa-
tions to evaluate PaCO2 and RR as a function of weight and dead-
space. They found that the relationship between both PaCO2 as 
well as minute ventilation as a function of apparatus deadspace is 
exponential, and stressed the importance of patient weight since 
the ratio of deadspace volume to tidal volume (Vd/Vt)increases 
more rapidly for smaller patients as deadspace increases. 

This study has several limitations. First, the sample size is small 
and the study was not powered to evaluate differences in second-
ary outcomes including minute ventilation, so while there was a 
trend toward increased minute ventilation to maintain similar 
ETCO2 in the air-Q® group, it was not found to be statistically sig-
nificant. Second, these results apply strictly to the air-Q® SGA, 
and while we suspect other SGAs will add varying amounts of 
deadspace based on their different designs, we did not specifically 
evaluate other devices and further study is warranted in that re-
gard [10]. Additionally, group selection was determined prior to 
enrollment in the study according to the preference of the attend-
ing anesthesiologist assigned to a given case, not randomized. 
This may be a source of selection bias, although both groups had 
similar baseline demographics with similar underlying patient 
characteristics. 

In healthy children undergoing positive pressure ventilation for 
elective surgery, the air-Q® SGA introduces significantly greater 
airway deadspace than an ETT. Additionally, airway deadspace, 
and minute ventilation required to maintain normocarbia, appear 
to increase with decreasing patient weight irrespective of whether 
a SGA or ETT is used. More study is necessary to evaluate the 
ventilation consequences of these differences in even younger pa-
tients and whether these differences will persist with other SGA 
devices. 
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Clinical Research Article

Background: Only a few studies have evaluated the differences between varying concen-
trations of a fixed dose of local anesthetics. This study was conducted to compare the ef-
fects of two different concentrations of a fixed dose of ropivacaine used in ultra-
sound-guided interscalene brachial plexus block. 
Methods: This prospective, randomized, double-blind study included 62 patients who un-
derwent arthroscopic surgery under general anesthesia. The patients were randomly as-
signed to receive ultrasound-guided interscalene block with 75 mg of ropivacaine at one of 
two concentrations: 0.75% (10 ml; Group C) or 0.375% (20 ml; Group V). Time to onset of 
sensory blockade, degree of blockade, pulmonary function changes, analgesic duration of 
the interscalene block, postoperative opioid requirement within 24 h, postoperative pain 
scores, satisfaction, and incidence of complications were recorded. 
Results: Although the time to onset of sensory blockade was shorter for Group C (P = 
0.015), successful blockade was achieved at 30 min after the interscalene block in both 
groups. The analgesic duration of the interscalene block was not significantly different be-
tween the groups. The amount of opioid used within 24 h after surgery was significantly 
reduced for Group V compared with Group C (P = 0.016). The rest of the parameters did 
not show any significant differences between the two groups. 
Conclusions: Compared with 10 ml of 0.75% ropivacaine, interscalene block with 20 ml 
of 0.375% ropivacaine could be effective for the reduction of postoperative opioid require-
ment within 24 h after surgery despite it might not prolong the analgesic duration. 

Keywords: Brachial plexus; Pain management; Patient-controlled analgesia; Postoperative 
pain; Shoulder pain; Ultrasonography.  

Introduction 

Shoulder arthroscopy is a common orthopedic procedure that presents substantial 
postoperative pain control challenges to the surgeon and the anesthesiologist [1]. Inter-
scalene brachial plexus block (ISB) has been shown effective and is accepted because of 
its postoperative analgesic and opioid-sparing effects. ISB is therefore central to multi-
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modal postoperative analgesic strategies for these patients [2,3]. 
Continuous ISB with a catheter insertion may extend the bene-

fits described above. However, routine use of catheters for less in-
vasive shoulder surgeries is impractical and unrealistic and may 
not be possible in all cases because of the lack of expertise and lo-
gistics. In addition, there are risks of catheter dislodgement and 
infection [3–5]. When single-shot ISB is used, the block duration 
can be an important indicator of clinical efficacy. The duration of 
ultrasound (US)-guided ISB is reported to be related to the vol-
ume and concentration of the local anesthetic (LA) [6]. However, 
only a few studies have evaluated the differences between varying 
concentrations of a fixed dose of LA [7,8]. 

Accordingly, this study was conducted to compare two different 
concentrations of a fixed dose of ropivacaine when US-guided ISB 
was performed for pain control after arthroscopic shoulder sur-
gery. This study compared 20 ml of 0.375% ropivacaine, recom-
mended by Fredrickson et al. [9], with 10 ml of 0.75% ropivacaine. 
It was hypothesized that 75 mg of ropivacaine provided in two 
different concentration-volume ratios for US-guided ISB would 
produce different effects for the analgesic duration of ISB. 

Materials and Methods 

After Institutional Review Board approval (IRB No. DAUHIRB 
-19-012, Approved 2019-01-23), this prospective, randomized, dou-
ble-blind study was registered in cris.nih.go.kr (KCT0003785) on 
April 15, 2019, prior to patient recruitment. This clinical research 
was done following the ethical principles for medical research in-
volving human subjects in accordance with the Helsinki Declara-
tion 2013. All patients signed a written consent form before their 
participation in the study that was conducted from April 18, 2019, 
to April 23, 2020. Patients aged 18–70 years (American Society of 
Anesthesiologists physical status of I, II, or III) who were sched-
uled to undergo arthroscopic shoulder surgery under general an-
esthesia and had agreed to receive an ISB were enrolled. The ex-
clusion criteria were infection at the ISB site, chronic opioid de-
pendence, morbid obesity (body mass index >  35 kg/m2), pre-ex-
isting neurological deficit, chronic obstructive pulmonary disease, 
coagulopathy, allergy to ropivacaine, uncontrolled diabetes melli-
tus and/or psychosis, pregnancy or lactation, and refusal to partic-
ipate. A computer-generated sequence of random numbers and a 
sealed envelope technique were used to randomize the patients to 
receive ISB with a fixed dose but different concentrations of ropi-
vacaine as follows: 10 ml of 0.75% ropivacaine (Group C) or 20 ml 
of 0.375% ropivacaine (Group V). 

Intravenous routes were secured for the patients in each ward. 
Routine monitors (electrocardiogram, non-invasive blood pres-

sure measurement, and pulse oximetry) were attached on arrival 
of the patient in the operating room. A bedside baseline spirome-
try was performed for all patients. For bedside spirometry, the pa-
tient was placed upright at an angle of 45° on a hospital stretcher, 
and a Micro handheld spirometer with a disposable mouthpiece 
(CareFusion, USA) was used. The patient was informed about the 
procedure, and the forced expiratory volume in one second 
(FEV1) and forced vital capacity (FVC) were measured three 
times; the highest measurement was recorded. All measurements 
were reassessed 30 min after the ISB to record any changes. 

Subsequently, the patient was placed in the lateral decubitus 
position with the operative shoulder nondependent and the neck 
extended to facilitate probe positioning. The skin was prepped in 
a typical sterile fashion, and US-guided ISB was performed using 
the CX50 device (Philips Ultrasound; USA) with a 12–13 MHz, 
38-mm linear array transducer (L12-3; Philips). Transverse scan-
ning was performed at the level of the interscalene groove, with 
the long axis of the probe parallel to the clavicle. The transducer 
was then moved slightly caudally until the brachial plexus roots 
were identified. Following confirmation of the transducer’s posi-
tion, 2% lidocaine was injected into the skin to achieve a wheal. 
Then, a 25-gauge (G), 1.5-inch beveled needle was inserted into 
the lateral side of the transducer and entered using a later-
al-to-medial, in-plane technique. The target position of the needle 
was the posterior space between the C5 and C6 roots. The posi-
tion of the needle was confirmed, and 10 ml of 0.75% ropivacaine 
or 20 ml of 0.375% ropivacaine was slowly injected with intermit-
tent aspiration. When intraneural injection was suspected because 
of strong resistance during injection or a complaint of paresthesia 
or pain by the patient, the injection was stopped and the needle 
was withdrawn and redirected. All ISBs were performed under 
US guidance alone by a single expert anesthesiologist with experi-
ence in the performance of ≥  200 blocks. 

Block assessment 

Neural blockade was evaluated by a clinician who was blinded 
to the volume and concentration of the injected ropivacaine. Sen-
sory blockade and motor blockade were checked every 3 min for 
up to 30 min after ISB. Sensory blockade was tested via pinpricks 
on the C4 (top of the shoulder), C5 (deltoid area), C6 (first finger-
tip), C7 (middle fingertip), and C8 (little fingertip) dermatomes. 
The sensory blockade was evaluated using a 3-point verbal rating 
scale, in which 2, 1, and 0 indicated normal sensation, dull sensa-
tion, and absence of sensation, respectively. Motor blockade was 
evaluated by shoulder abduction (deltoid sign) and forearm flex-
ion, using the modified Bromage scale as follows; 4: full power, 3: 
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reduced power but able to lift the arm against resistance, 2: able to 
move the muscle group against gravity but unable to lift the arm 
against resistance, 1: perceptible muscle contraction, but unable to 
move on purpose, and 0: unable to move the relevant muscle group. 

The onset time for a sensory block was defined as the time that 
elapsed between the end of the ISB procedure and the moment 
when the pinprick test of the deltoid area yielded a score of 0. Suc-
cessful blockade was defined as an adequate motor blockade with 
a score of ≤  2 for shoulder abduction and the absence of sensa-
tion with pinpricks of the deltoid area. Block failure was consid-
ered if shoulder abduction was possible after 30 min or if the pin-
pricks were felt in the deltoid area; these patients were excluded 
from the study. 

Perioperative period 

General anesthesia was induced according to the standardized 
protocol that included intravenous administration of propofol 
2–2.5 mg/kg and fentanyl 1 μg/kg with rocuronium 0.6 mg/kg. 
Anesthesia was maintained with sevoflurane, and the bispectral 
index was monitored and maintained between 40 and 60. The pa-
tient was maintained in a sitting position during surgery. For a 
hypotensive bradycardic event, defined as intraoperative brady-
cardia (sitting heart rate [HR] decrease within 5 min by >  30 
beats/min compared to the baseline HR, or a decrease to <  50 
beats/min at any time) and/or hypotension (sitting systolic blood 
pressure decrease within 5 min by ≥  30 mmHg compared to the 
baseline pressure, or a decrease to <  90 mmHg at any time), 
phenylephrine or ephedrine was used by the anesthesiologist, who 
was blinded to which solution had been injected for ISB. At the 
end of surgery, remnant neuromuscular blockade was reversed 
with sugammadex 1–4 mg/kg following confirmation of the pa-
tient’s train-of-four. 

Upon extubation, the patient was transferred to the post-anes-
thesia care unit (PACU). Once the patient was stable and oriented 
after emergence in the PACU, and a modified Aldrete scale score 
of >  9 was confirmed, a blinded observer confirmed the pain in-
tensity, measured using the numeric rating scale (NRS; 0 =  no 
pain, 10 =  worst possible pain), and the occurrence of Horner 
syndrome, hoarseness, respiratory distress, postoperative nausea 
and vomiting (PONV), pneumothorax, dizziness, or paresthesia. 
After the patient left the PACU, the pain score (at 1, 2, 3, 6, 12, 
and 24 h) and satisfaction score associated with pain control (at 
24 h; 0–100) were recorded via a predefined questionnaire. Any 
complications that occurred within 24 h were also recorded.  

After surgery, all patients received ibuprofen (400 mg every 8 h) 
and acetaminophen (1,000 mg every 8 h) intravenously. Intrave-

nous patient-controlled analgesia (IVPCA) was prepared at a total 
volume of 100 ml by adding fentanyl 20 μg/kg and ramosetron 0.6 
mg to normal saline. The baseline infusion rate, bolus demand 
dose, and lock-out time were 1 ml/h, 1 ml, and 10 min, respec-
tively. The IVPCA was initially clamped and first used when the 
patient complained of pain with an NRS score of ≥  4; the time of 
IVPCA initiation was recorded. The analgesic duration of the ISB 
was defined as the time between the end of LA injection for the 
ISB and the postoperative initiation of IVPCA. At 24 h after sur-
gery, the remaining IVPCA volume was assessed, and the fentanyl 
dosage used until that time was calculated; this marked the end of 
the study. 

Sample size estimation 

The primary outcome was the ISB analgesic duration. A pilot 
study (n =  10) revealed that the analgesic duration after US-guid-
ed ISB with 10 ml of 0.75% ropivacaine in patients who under-
went arthroscopic shoulder surgery had a mean ±  SD of 10 ±  3.8 
h. It was hypothesized that a higher volume would result in pro-
longed analgesic duration of the ISB, and a 20% of time difference 
was considered clinically important. Considering a type 1 error of 
0.05 and a type 2 error of 0.2, 28 patients were considered neces-
sary for each group. Estimating a 10% dropout rate, 31 patients 
were recruited for each group. 

Statistical analysis 

Data were presented as mean ±  SD, median (Q1, Q3), or num-
bers of patients (%). Quantitative variables were analyzed using 
the Student’s t test or Mann–Whitney U test, and qualitative vari-
ables with the chi-square test or Fisher’s exact test. The time to the 
first infusion of IVPCA was analyzed by Kaplan–Meier survival 
analysis with a comparison between groups using the log-rank 
test. Survival time was defined as the time from the end of the ISB 
to the first infusion of IVPCA. All data were analyzed using SPSS® 
software, version 26.0 (SPSS, Inc., USA). Survival curves were 
plotted using Prism 7.0 for Windows (GraphPad Software, Inc., 
USA). P <  0.05 was considered statistically significant.  

Results 

Out of 72 patients assessed for eligibility, seven patients did not 
meet the inclusion criteria and three patients declined to participate. 
Sixty-two patients participated in the study; the CONSORT flow-
chart is shown in Fig. 1. There were no significant between-group 
differences in the demographic and operative data (Table 1). 
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The onset of sensory blockade was faster in Group C (8.0 ±  2.9 
min) compared with Group V (10.0 ±  3.1 min) (P =  0.015). Suc-
cessful blockade was achieved at 30 min after ISB in all patients. 
There were no differences between the groups in sensory block-
ade or motor blockade 30 min after ISB (Table 2). Pulmonary 
function change assessed by FEV1 and FVC did not differ between 
the groups (Table 3). 

There was no significant difference between the groups for the 
number of patients who did not require IVPCA analgesia within 
24 h after surgery (Fig. 2). The ISB analgesic duration was not sig-

nificantly different between the groups (Group C: 12.1 ±  5.4 h vs. 
Group V: 13.7 ±  4.7 h; P =  0.214). The total amount of fentanyl 
used within 24 h after surgery was significantly reduced for Group 
V (248.3 ±  112.2 μg) compared with Group C (331.3 ±  149.9 μg) 
(P =  0.016). Group V exhibited a reduction in the cumulative 
dose of the baseline infusion and the bolus demand for fentanyl 
within 24 h (Table 3). 

The postoperative pain scores at each time point did not differ 
between the groups (Table 4). There were no differences between 
the groups for the incidence of complications or the satisfaction 
score associated with pain control for 24 h (Table 3).  

Discussion 

To our knowledge, this is the first study to compare the use of 
two different concentrations of a fixed dose of ropivacaine (75 
mg) for US-guided ISB. The results showed no difference in pul-
monary function change between the two groups, while the onset 
of sensory blockade was faster in Group C. There was no differ-
ence in analgesic duration of the ISB between the two groups. 
However, postoperative opioid requirement within 24 h was re-
duced in Group V. 

A previous study comparing 1.0 ml/kg of 0.225% and 1.5 ml/kg 
of 0.15% ropivacaine for caudal analgesia for pediatric orchiopexy 
reported that the latter formulation produced a higher level of 
block and provided better quality and longer duration of analgesia 
[10]. However, 20 ml of 0.375% ropivacaine did not result in lon-
ger analgesic duration compared with 10 ml of 0.75% ropivacaine 
in our study. The most important possible factor for this differ-

Assessed for eligibility (n = 72)

Randomized (n = 62)

Enrollment

Allocated to ISB with 10 ml of 
0.75% ropivacaine (n = 31)

Follow up (n = 31)
• Excluded (n = 0)

Analyzed (n = 31)

Allocated to ISB with 20 ml of 
0.375% ropivacaine (n = 31)

Excluded (n = 10)
• Not meeting inclusion criteria (n = 7)
• Declined to participate (n = 3)

Follow up (n = 31)
• Excluded (n = 0)

Analyzed (n = 31)

Allocation

Follow up

Analysis

Fig. 1. CONSORT diagram of patient flow through the study. ISB: interscalene brachial plexus block.

Table 1. Patient’s Characteristics and Operative Data

Variable Group C (n =  31) Group V (n =  31)
Age (yr) 52.9 ±  16.8 48.0 ±  15.4
Sex (M/F) 26/5 22/9
Height (cm) 164.8 ±  10.3 165.8 ±  9.9
Weight (kg) 68.5 ±  9.5 66.0 ±  12.0
ASA physical status (I/II/III) 11/17/3 13/16/2
Side of surgery (Right/Left) 17/14 15/16
Type of surgery
 Acromioplasty 1 (3.2) 1 (3.2)
 Rotator cuff repair 22 (71.0) 24 (77.4)
 Bankart repair 4 (12.9) 3 (9.7)
 Labral repair 2 (6.5) 1 (3.2)
 Fixation, greater tuberosity 2 (6.5) 2 (6.5)
Operation time (min) 128.7 ±  42.3 131.0 ±  41.2
Anesthesia time (min) 180.2 ±  42.4 176.9 ±  44.9
Values are presented as mean ± SD or number (%). Group C: 10 ml 
of 0.75% ropivacaine, Group V: 20 ml of 0.375% ropivacaine. ASA: 
American Society of Anesthesiologists. 
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higher nonneural-neural tissue ratio [11]. These characteristics 
may produce a more complicated relationship between the vol-
ume of LA and analgesic duration of the ISB compared with cau-
dal analgesia. Another dose-finding study reported a reduced 
ED(dose)95 when a constant volume was set, and the concentra-
tion was lowered, than when a constant concentration was set and 
the volume was lowered [9]. Just as individual patients may re-
spond differently to the same dose of the same drug delivered in 
exactly the same location in relation to the target nerves, the accu-
racy with which the LA drug can be deposited might differ be-
tween patients. It was expected that volume rather than concen-
tration would have an advantage to prolong the analgesic duration 
that was not found in our study. The concept of the mean effective 
volume (MEV) and minimum effective anesthetic concentration 
(MEAC) may be more important than the ideal combination of 
volume and concentration in terms of analgesic efficacy of pe-
ripheral nerve block. If a well-experienced clinician uses the doses 
of the MEV and MEAC, then the accuracy of the LA deposit in 
relation to volume would no longer be significant. 

Zhai et al. [7] evaluated US-guided ISB performed with differ-
ent volumes of a 50 mg dose of ropivacaine and found that a high-
er concentration of ropivacaine was associated with faster onset of 
sensory blockade, as observed in this study. Although our study 
did not confirm the length of stay in the operating room and 
PACU, the results suggest that the higher concentration may be 
preferable to facilitate the surgery and reduce the overall process-
ing time. However, this trend could not be verified, because our 
study compared only two groups that received one fixed dose. 
Further studies are necessary to verify the maintenance of this 
trend. 

Table 2. Sensory and Motor Block Assessment after 30 min after Interscalene Block

Variable Group C (n =  31) Group V (n =  31) P value
Performance time (min) 9.0 ±  1.8 9.0 ±  1.9 >  0.999
Time to onset of a sensory block (min) 8.0 ±  2.9 10.0 ±  3.1 0.015
Sensory block (0/1/2)*
 C4 12/15/4 11/16/4 >  0.999
 C5 31/0/0 31/0/0 >  0.999
 C6 22/9/0 21/10/0 0.783
 C7 5/21/5 10/16/5 0.310
 C8 0/19/12 0/16/15 0.442
Motor block (0/1/2/3/4)†

 Shoulder abduction 19/12/0/0/0 20/11/0/0/0 0.793
 Forearm flexion 17/14/0/0/0 12/17/2/0/0 0.217
Values are presented as mean ± SD or number. Group C: 10 ml of 0.75% ropivacaine, Group V: 20 ml of 0.375% ropivacaine. *Sensory block: 
2, normal sensation; 1, dull sensation; and 0, absence of sensation. †Motor block: 4, full power; 3, reduced power but able to lift arm against 
resistance; 2, moves muscle group against gravity but unable to lift arm against resistance; 1, perceptible muscle contraction, but unable to move 
purposely; and 0, no movement in relevant muscle group.

ence is the anatomical characteristics surrounding the target 
nerve. Caudal analgesia regresses from the site of lowest anesthet-
ic concentration distal to the injection site and caudally toward 
the highest concentration that can be explained by diffusion and 
uptake into the surrounding vasculature [10]. Compared with this 
model, the anatomical structures that surround the ISB target 
point have several characteristics: more openness, less firmness to 
prevent the spread of LA from the target nerves, more variable 
surrounding vessels that contribute to regression of LA, and a 
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Fig. 2. Proportion of patients not requiring analgesics in relation to 
time after block in the groups receiving 10 ml of 0.75% ropivacaine 
(Group C) and 20 ml of 0.375% ropivacaine (Group V). There was no 
significant difference between the groups (P = 0.307, log-rank test).

https://doi.org/10.4097/kja.20353230

Lee et al. · Multimodal analgesia for shoulder op



Although the difference in analgesic duration of the ISB be-
tween groups was not statistically significant, it could have influ-
enced the postoperative opioid requirement within 24 h, in which 
the pain relief regimen primarily comprised single-shot ISB and 
IVPCA, reflected by the lower baseline-infused fentanyl dose in 
Group V. Bolus demand was greater in Group C compared with 
Group V. Nerve injury or neurotoxicity is one of the possible fac-
tors for rebound pain after peripheral nerve block; therefore, re-
ducing the concentration of LA would be beneficial [12,13]. Re-
ducing the concentration of ropivacaine rather than lowering vol-
ume could be associated with less rebound pain. To summarize, 
our results could be clinically significant for a postoperative pain 
control regimen centered on single-shot ISB and IVPCA within 
24 h, during which the patients experienced the most severe pain. 

ISB is associated with decreased pulmonary function due to ip-
silateral phrenic nerve palsy [14,15]. Compared with previously 

published low-dose studies, our study used a relatively high dose; 
therefore, we expected to find a nearly 100% incidence of de-
creased pulmonary function in our study [14–17]. Only two pa-
tients in Group C and one in Group V showed no reduction in 
FEV1 and FVC. These patients might not have had phrenic nerve 
palsy, although this could not be confirmed, because direct US 
evaluation was not performed. In the pilot study, evaluation of di-
aphragmatic movements was attempted by the use of US. Because 
of the difficulties encountered with the use of the spleen as a win-
dow to identify the left diaphragm, this factor was excluded from 
analysis [18]. Even so, our study showed a similar probability of 
reduced pulmonary function as previous studies.  

A previous study showed that a high volume/low concentration 
combination of LA for ISB could avoid major complications [8]; 
however, the evidence seemed weak because the study used a con-
ventional LA dose and a multi-injection technique with nerve 

Table 3. Secondary Outcomes according to Block during 24 h after Surgery

Variable Group C (n =  31) Group V (n =  31) P value
FEV1 change 30 min after block (%) –27.8 ±  11.4 –28.2 ±  7.9 0.864
FVC change 30 min after block (%) –29.6 ±  12.2 –28.4 ±  7.4 0.647
Fentanyl baseline infusion dose (μg) 205.3 ±  92.4 163.0 ±  70.6 0.047
Fentanyl bolus dose (μg) 126.0 ±  77.8 85.3 ±  51.2 0.018
Fentanyl total dose (μg) 331.3 ±  149.9 248.3 ±  112.2 0.016
Complications
 Horner syndrome 7 (22.6) 3 (9.7) 0.167
 Hoarseness 3 (9.7) 2 (6.5) >  0.999
 Respiratory distress 3 (9.7) 1 (3.2) 0.612
 PONV 3 (9.7) 3 (9.7) >  0.999
 Pneumothorax 0 (0.0) 0 (0.0) >  0.999
 HBE 9 (29.0) 6 (19.4) 0.374
 Dizziness 3 (9.7) 4 (12.9) >  0.999
 Paresthesia 3 (9.7) 1 (3.2) 0.612
Satisfaction score at 24 h (0–100 scale) 60.0 (20.0, 80.0) 70.0 (50.0, 90.0) 0.162
Values are presented as mean ± SD or median (Q1, Q3) or number (%). Group C: 10 ml of 0.75% ropivacaine, Group V: 20 ml of 0.375% 
ropivacaine. FEV1: forced expiratory volume in one second, FVC: forced vital capacity, PONV: postoperative nausea and vomiting, HBE: 
hypotensive bradycardic event.

Table 4. Postoperative Pain Scores by Time Period

Postoperative time period Group C (n =  31) Group V (n =  31) P value
At PACU 0.0 (0.0, 2.0) 0.0 (0.0, 1.0) 0.845
1 h 0.0 (0.0, 2.0) 1.0 (0.0, 2.0) 1.000
2 h 0.0 (0.0, 2.0) 1.0 (0.0, 2.0) 0.672
3 h 2.0 (0.0, 3.0) 1.0 (0.0, 2.0) 0.659
6 h 3.0 (0.0, 7.0) 3.0 (0.0, 4.0) 0.082
12 h 6.0 (4.0, 7.0) 4.0 (3.0, 6.0) 0.121
24 h 4.0 (2.0, 7.0) 4.0 (3.0, 6.0) 0.716
Values are presented as median (Q1, Q3). Group C: 10 ml of 0.75% ropivacaine, Group V: 20 ml of 0.375% ropivacaine, PACU: post anesthesia 
care unit.
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stimulation. Thus, the LA volume variation was not an isolated 
independent factor. There was no significant between-group dif-
ference for the incidence of complications in our study. Previous 
studies showed that doses as low as 5 ml could lead to a reduction 
of ISB-associated complications [16,17]. Because ISB complica-
tions are related to the surrounding anatomy (e.g., Horner’s syn-
drome – stellate ganglion, hemidiaphragmatic paralysis – phrenic 
nerve, hoarseness – recurrent laryngeal nerve), the incidence of 
block-related complications can be expected to decrease only 
when the dose is low enough to prevent hemidiaphragmatic pa-
ralysis. 

This study has several limitations. First, because the anesthesi-
ologist who performed the procedure used a different volume of 
ropivacaine, correction of maldistribution of the injected LA 
might have been more ideal for Group V. However, considering 
that the US-guided ISB was performed by a single expert anesthe-
siologist, the need for repositioning of the needle was reduced. 
Second, sensory and motor blockades after surgery were not as-
sessed that could affect the patient’s satisfaction score. However, 
the surgeon at the hospital wanted the shoulders and arms of the 
patients kept immobile in the early postoperative stage. Conse-
quently, accurate evaluation was almost impossible because of the 
dressing or abduction brace. Third, the incidence of PONV was 
likely to be influenced by both the ISB and IVPCA, and not by 
ISB alone. However, the frequency was the same in both groups; 
therefore, it was unlikely to have a significant influence on the 
overall result. 

In conclusion, compared with 10 ml of 0.75% ropivacaine, 20 
ml of 0.375% ropivacaine did not prolong analgesic duration of 
the ISB. Nevertheless, it might be effective to reduce the postoper-
ative opioid requirement within 24 h when combined with IVP-
CA for analgesia after arthroscopic shoulder surgery. 
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Background: Some situations compel anesthetists to execute endotracheal intubation in 
the lateral position. We compared elective endotracheal intubation in the lateral decubitus 
position using the video stylet (VS) device with the fiberoptic (FO) bronchoscope device 
in patients undergoing abdominal surgery. 
Methods: Overall, 50 patients were enrolled in this prospective, randomized study. They 
were randomly classified into the VS intubation or FO intubating bronchoscope group. 
After anesthesia induction, patients were placed in the lateral decubitus position, and a 
single investigator well-versed with the use of the VS and FO bronchoscope performed the 
intubation. The primary outcome was the time taken for intubation. Secondary outcomes 
included the intubation success rate, hemodynamic response at specific time points and 
perioperative complications. 
Results: The average time taken for intubation was significantly lesser in the VS group 
than in the FO group, with values of 39.5 ± 10.0 and 75.6 ± 16.2 s, respectively (P < 0.001). 
Incidences of a successful first attempt of intubation in the VS and FO groups were 88% 
and 100%, respectively, showing no significant difference. There was a negligible difference 
in complications between the groups, except sore throat, which showed a higher incidence 
in the VS group than in the FO group (P = 0.002). 
Conclusions: In laterally positioned patients, elective endotracheal intubation with VS 
provides less intubation time; however, its use is accompanied by a significant increase in 
the hemodynamic response after intubation and an increased incidence of sore throat. 

Keywords: Airway management; Bronchoscope; Intratracheal intubation; Laparotomy; 
Patient positioning; Video stylet.

Introduction 

A difficult task confronting an anesthetist is airway management, which is also a main 
cause of morbidity related to anesthesia [1]. Accordingly, it is crucial for any anesthetist to 
acquire skills to handle challenges encountered in the operating theater [2]. One of them 
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is intubation in uncommon positions, such as the lateral position, 
when it is problematic to put the patient in the supine position, 
such as in cases of accidental loss of the endotracheal tube (ETT) 
in the middle of operation, patients with trauma, inefficient re-
gional anesthesia, and neoplasms of the back, occiput, or sacral 
region [3,4]. Recently, placing the ETT in the lateral position has 
been a huge concern for many anesthetists; moreover, several 
studies have been performed to determine the best method for 
lateral position intubation by using direct laryngoscopy, laryngeal 
mask airway, intubating the laryngeal mask airway with and with-
out the aid of a lightwand, and intubation with the lightwand 
[5,6]. Unfortunately, these techniques have drawbacks of being 
time-consuming and putting the anesthetist in an ergonomically 
challenging position [7]. As a result, it was considered important 
to discover more ways that are both safe and successful. The fiber-
optic (FO) bronchoscope was believed to achieve the sought goals 
[8,9]. However, it is a costly apparatus that requires thorough 
training. Therefore, current studies are investigating the pros of 
using the video rigid intubation stylet. It is a novel device with 
several advantages, including easy mobility with a clear display 
screen for vocal cord visualization, easy to clean, lightweight, 
chargeable, reusable, durable, and less expensive. It has a red-light 
source that is located at the far end of the stylet. Therefore, it is 
considered to be a more affordable choice than the FO broncho-
scope in developing countries [10]. 

The aim of the present study was to compare the video stylet 
(VS) with the FO bronchoscope in laterally positioned patients 
undergoing laparotomy abdominal surgery. 

Materials and Methods 

This study was performed as a prospective randomized study at 
the Theodor Bilharz Research Institute Hospitals and Cairo Uni-
versity Hospital, after receiving approval from the Institutional 
Research Ethics Committee of the Faculty of Medicine, Cairo 
University (MD-53-2019) and Theodor Bilharz Research Institute 
Hospitals (No: 194471), with registration at ClinicalTrials.gov 
(NCT 04183959). The study was conducted in accordance with 
the Declaration of Helskinki and Good Clinical Practice. Written 
consent was obtained from each patient before enrollment in this 
study, which was designed to recruit 50 patients, including both 
men and women, between 18 and 60 years of age with the Ameri-
can Society of Anesthesiologists (ASA) physical status I or II, 
Mallampati class I or II, scheduled endotracheal intubation in the 
lateral decubitus position under general anesthesia for open ab-
dominal surgery. 

Exclusion criteria were pre-existing clinically significant cardio-

vascular or hypertensive disorders, age under 18 or over 60 years, 
ASA physical status class >  II, difficult intubation, Mallampati 
class >  II, limited neck mobility due to cervical spine pathology, 
dental abnormalities, obesity (body mass index [BMI] ≥  40 kg/
m2), and a high risk of pulmonary aspiration. Before the start of 
the study, enrolled patients were randomly allocated into 2 equal 
groups, using a computer-generated table of random numbers 
with an opaque and sealed envelope prepared by a research assis-
tant not otherwise participating in the study, according to the de-
vice used in intubation, into VS intubation and FO bronchoscope 
intubating groups. 

One day before surgery, patients visited the anesthesia outpa-
tient clinic for history-taking and assessment, including electro-
cardiogram, complete blood count, and coagulation profile. The 
study protocol was explained to them, and they were informed 
that they could drop out any time they desired. All patients fasted 
for 6 h before the procedure. After demographic data had been 
recorded, intravenous access was established with a 20 gauge (G) 
intravenous (IV) cannula over the forearm on arrival at the oper-
ating theater. Simultaneously, standard monitoring devices were 
attached, including the electrocardiograph, noninvasive blood 
pressure monitor, and pulse oximeter.  

All patients were premedicated IV with ondansetron 4 mg and 
pantoprazole 40 mg. The anesthetic protocol was standardized in 
all the study groups. After pre-oxygenation for 5 min, anesthesia 
induction was commenced using propofol (1–2 mg/kg) with IV 
fentanyl (1–2 µg/kg) until loss of verbal communication occurred. 
Subsequently, muscle relaxation was maintained by an initial 
loading IV dose of cisatracurium (0.15 mg/kg). After adequate 
oxygenation and muscle relaxation, patients were placed in the 
lateral position and an inflatable beanbag was used to achieve the 
anterior and posterior support needed. The dependent lower limb 
of the patient was flexed, and a pillow was placed between both 
lower limbs to cushion the knees' bony protrusions. Moreover, the 
upper limbs were protected using pillows to support the non-de-
pendent upper limb, while the dependent one was rested on an 
arm board. Furthermore, an axillary roll was used to prevent axil-
lary vessels and brachial plexus injuries by positioning between 
the operating table and the patient's chest wall. The head and neck 
were kept in the neutral position through support using a firm 
6-cm high pillow comprising 2 separate parts: one made of foam 
and another made of a synthetic gel substance in the horseshoe 
shape placed on top to help fixate the head in a proper and correct 
way, with attention paid to the dependent eye and ear to avoid 
pressure and ischemia [5]. Subsequently, patients were randomly 
allocated to the 2 groups, with 25 patients in each. 

VS group: The trachea was intubated using a laryngoscopic-as-
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sisted VS (Red-Light Directive Video Rigid Intubation stylet [BD-
SL-A]; Shenzhen Besdata Technology Co., Ltd., China) by the 
consultant anesthesiologist expert with the use of the VS. Subse-
quently, an ETT was placed over the device and introduced into 
the mouth, and on visualizing the first 1 or 2 tracheal rings, the 
tube was slid into the airway. 

FO group: Intubation was performed using an FO broncho-
scope (RBS, Series Portable Fiber Intubation Scope, Pentax F1-
16BS 5.2 mm, Pentax, USA) by the anesthesiologist expert with 
the use of the FO bronchoscope. For the FO bronchoscope, the 
scope was inserted carrying the ETT until the carina was visual-
ized, and the tracheal tube was slid into the airway. In both 
groups, a trained assistant was present to help perform the ma-
neuvers, such as lingual traction and anterior mandibular ad-
vancement to clear the airway. Each maneuver alone proved ben-
eficial; nevertheless, they were more effective when performed to-
gether. The intubation process was thought to be a failure when 
not completed within either of the 2 trials or the patient's oxygen 
saturation (SpO2) reached <  90%. In cases of intubation failure, 
the patient was turned to the supine position and intubated with 
the conventional technique. After confirmation of successful intu-
bation by capnography and chest auscultation, the patient was 
placed on mechanical ventilation with isoflurane 2% to maintain 
anesthesia. End-tidal CO2 was maintained between 35 and 40 
mmHg. Muscle relaxation was maintained with 0.03 mg/kg IV of 
cisatracurium every 20 min, and surgery was continued in the re-
quired position (supine or lateral). Upon completion of the proce-
dure, the inspired anesthetic was then stopped and neostigmine 
0.05 mg/kg combined with atropine 0.02 mg/kg were used to re-
verse the effect of the muscle relaxant. Subsequently, extubation 
was performed after fulfilling the criteria of extubation. Finally, 
the patient was taken to the post-anesthesia care unit, and dura-
tion of surgery was recorded. 

The primary outcome of the current study was the time re-
quired to intubate (defined as the time from the instrument's in-
troduction into the subject's mouth until its removal following 
confirmation of the ETT correct placement by witnessing the op-
timal waveform on capnography). The secondary outcome was 
the success of intubation. The anesthesiologist who performed the 
intubation was asked to score the ease of use on a 4-point scale (1 
=  difficult; 2 =  moderately difficult; 3 =  fairly easy; and 4 =  very 
easy), vital signs based on systolic arterial blood pressure (SBP), 
mean arterial blood pressure (MBP), diastolic arterial blood pres-
sure (DBP), heart rate (HR), and SpO2. The latter was measured at 
baseline before anesthesia induction (BA), immediately after in-
duction (AA), after induction of anesthesia but before intubation 
(T1), and after successful ETT placement (T2). The occurrence of 

side effects, including mucosal injuries, i.e., blood detected on the 
device, lip or dental trauma, postoperative nausea or vomiting, 
and desaturation (SpO2 <  92%) were recorded.  

Statistical analysis  

Sample size was calculated by comparing the intubation time 
between using the VS and FO maneuver in the lateral position of 
open abdominal surgery cases, as previously reported [10]. The 
mean time of intubation was approximately 19.7 ±  2.8 s in the VS 
group and approximately 38.2 ±  6.9 s in the FO maneuver group 
(Standard deviation was calculated from the given 95% CI). Thus, 
the minimum proper sample size was calculated to be 22 partici-
pants in each group to enable detecting a real difference of 6 s 
(15% of the control group) with 80% power at the α =  0.05 level 
when using Student's t-test for independent samples. Sample-size 
calculation was performed using Stats Direct statistical software 
version 2.7.2 for MS Windows (Stats Direct Ltd., UK). The num-
ber was increased to 50 patients (25 per group) to compensate for 
possible dropouts. Normally distributed continuous data are ex-
pressed as mean ±  standard deviation. Non-normally distributed 
continuous and ordinal data are expressed as median (Q1, Q3). 
Categorical data are expressed as number of patients and inci-
dence. The unpaired t-test was used to compare continuous data 
in the 2 groups. Repeated-measures analyses of variance with 
post-hoc Dunnett’s test was used to compare changes in continu-
ous variables in relation to the baseline preoperative values, e.g., 
HR, SBP, MAP, and DBP within each study group. The chi-square 
or Fisher’s exact test was used to compare categorical data. For all 
statistical comparisons, a P value <  0.05 was considered signifi-
cant. All data analyses and graphical demonstrations were 
dose-dependent and performed with the Statistical Package for 
Social Sciences SPSS ver. 25.0 software for Windows (IBM Corp., 
USA). 

Results 

Fifty-three patients were assessed for eligibility, of whom 3 were 
excluded based on the exclusion criteria. Thus, 50 patients were 
included in the study (Fig. 1). 

There were no statistically significant differences in patient 
characteristics or airway parameters among groups (patient age, 
BMI, or Mallampati score). Intubation was successful at the first 
attempt in 22 (88%) patients of the VS group and in 25 (100%) 
patients of the FO group, showing no significant differences. 
However, the average time required for intubation was remark-
ably lower (P <  0.001) in the VS group than in the FO group at 
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39.5 ±  10.0 and 75.6 ±  16.2 s, respectively. At the end of intuba-
tion, we asked the anesthesiologists about their satisfaction with 
the ease of using this technique of intubation. The result showed 
that anesthesiologists were satisfied when using the VS for intuba-
tion compared to the FO bronchoscope (Table 1). 

Hemodynamically, both groups were comparable regarding 
changes in SBP, MBP, DBP, HR, and SpO2, showing no statistically 
significant differences in BA, AA, or T1. However, immediately 
after successful intubation, T2 showed significant increases in 
SBP, MAP, DBP, and HR in the VS group compared to the FO 
group. Moreover, the mean SpO2 showed significant reduction in 
the FO group compared to the VS group (Figs. 2 and 3). 

Complications detected in the VS group included 11 cases 
(44%) of sore throat, 5 cases (20%) of mucosal trauma, 2 cases 
(8%) of nausea, 1 case (4%) of vomiting, and no case of desatura-
tion and those detected in the FO group included 1 case (4%) of 
sore throat, 1 case (4%) of mucosal trauma, 2 case (8%) of nausea, 
1 case (4%) of desaturation, and no case of vomiting. There was 
insignificant difference between groups in complications, except 
for the incidence of sore throat, which was significantly higher in 
the VS group than in the FO group (P =  0.002; Table 2). 

Discussion 

Intubation is considered a fundamental step in the management 
of airway, particularly when it is done in an unconventional posi-
tion, such as the lateral position, or in patients with a restricted 
mouth opening or a restricted range of neck movement, as any 

deficiency in the airway management in these patients can lead to 
fatal outcomes. Recently, many researchers have developed meth-
ods, including the FO bronchoscope and rigid VS, for airway 
management in unusual positions. The rigid VS had many advan-
tages in these extreme cases of preventing blind traumatic intuba-
tion and providing easy maneuver. Moreover, it is easy to master 
and adaptable to shape for better adjustment in patients with a 
distorted anatomy. Unfortunately, it has limitations of the inability 
to be used for nasal intubation in addition to not having a suction 
channel or oxygen delivery port. Finally, it affords only a limited 

Assessed for eligibility (n = 53)Enrollment

Excluded (n = 3)
• Dental abnormalities (n = 1)
• Difficult intubation (n = 2)

All patients received interventions and were followed up

All patients were included in the analysis

Allocated to Fiberoptic 
bronchoscope Group (n = 25)

Allocated to Video stylet  
intubation Group (n = 25)

Randomized (n = 50)

Allocation

Follow up

Analysis

Fig. 1. CONSORT flow diagram. VS: video stylet intubation group, FO: fiberoptic bronchoscope group.

Table 1. Demographics, Clinical Characteristics, and Intubation Profile

VS group FO group P value
Age (yr) 37.1 ±  10.5 34.6 ±  8.2 0.365
BMI (kg/m2) 25.7 ±  3.9 26.1 ±  4.8 0.773
Sex 0.393
 M 9 (36) 13 (52)
 F 16 (64) 12 (48)
Mallampati grades 0.778
 I 11 (44) 13 (52)
 II 14 (56) 12 (48)
Intubation time (s) 39.5 ±  10.0* 75.6 ±  16.2 <  0.001
Cases of a successful first  

attempt of intubation
22 (88) 25 (100) 0.235

Anesthesiologist satisfaction 4 (3, 4)* 3 (2, 3) 0.040
Values are presented as mean ± SD, number (%) and median (Q1, 
Q3). VS group: video stylet intubation group, FO group: fiberoptic 
bronchoscope group. BMI: body mass index. Anesthesiologist 
satisfaction scale: 1 = difficult, 2 = moderately difficult, 3 = fairly easy, 
and 4 = very easy. *P < 0.05
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of anesthesia, T1: after induction of anesthesia but before tracheal intubation, T2: immediately after successful intubation, SBP: systolic blood 
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group, FO: fiberoptic bronchoscope group, BA: before induction of anesthesia at baseline, AA: immediately after induction of anesthesia, T1: after 
induction of anesthesia but before tracheal intubation, T2: immediately after successful intubation. *P < 0.05.

view, as it can be seen only as far as the proximal trachea [11,12].  
The current study concluded that the outcome of using the VS 

to intubate patients in the lateral position undergoing laparotomy 

abdominal surgery appeared to be faster, showing more than a 36 
s difference between the 2 devices, which can be explained by the 
more time required to slide the ETT along the longer FO bron-
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choscope stylet. Furthermore, the need for advancement of the FO 
bronchoscope up to the carina and that of an assistant to uplift the 
patient's chin when using the FO bronchoscope can be considered 
as reasons for such delay. Using the VS was also shown to yield a 
more favorable intubation condition compared to using the FO la-
ryngoscope. However, despite almost similar success rates, as suc-
cessful intubation at the first attempt using the VS was shown to be 
88% compared to the 100% found in the FO laryngoscope, the VS 
experienced higher failure rates, which could be attributed to sev-
eral factors, including difficulty in shaping its stylet after mouth in-
sertion, poor image quality, and lack of a suctioning port [13,14]. 

Concerning the incidence of complications, despite the higher 
rates of hypoxia shown in the FO bronchoscope group mainly due 
to the longer time needed for intubation, higher increases in he-
modynamic parameters, including BP and HR, were measured in 
the latter group. This could be explained by sympathetic stimula-
tion resulting from jaw thrust performed during intubation using 
the VS; moreover, more manipulations required to centralize the 
vocal cords could lead to a catecholamine surge [15]. However, 
there was an insignificant difference in the occurrence of compli-
cations between the groups, except for sore throat. This appeared 
to be higher when using the VS compared to the FO broncho-
scope, which can be explained by the rigidity of its stylet. 

Lee et al. [11] conducted a study involving 80 patients undergo-
ing nasotracheal intubation to compare the use of the flexible FO 
bronchoscope with the VS with regards to the time required for 
intubation and complication incidence. The study showed a 36.4-
s delay when using FO bronchoscopy compared to the VS. How-
ever, there was a statistically insignificant difference when com-
paring both groups in terms of complications. 

Another study was performed involving 60 patients undergoing 
elective procedures in the supine position with the normal airway 
to compare the time required for intubation between the VS and 
the FO bronchoscope, showing an 18.5 s difference between the 
groups with a greater delay when using the FO bronchoscope. 
Moreover, no statistically significant differences were found in he-

modynamic response or complications [10]. A study conducted 
by Ong et al. [16] was performed to compare the VS and the Mac-
intosh laryngoscope under 4 different conditions, which were 
normal airway, immobilization of the cervical spine, tongue swell-
ing with cervical spine fixation, and tongue edema. It was con-
cluded that the use of the VS device appeared to have superior 
outcomes concerning time of intubation and learning time com-
pared to FO bronchoscopy. Another study was performed com-
paring the intubation time with the incidence of complications 
when using the VS and FO bronchoscopy for patients undergoing 
thoracic surgery using a left-sided double-lumen tube. The result 
was shorter time required for intubation using the VS and lower 
rates of hoarseness and sore throat [17]. A similar study was con-
ducted involving 200 patients using the VS OptiScope™, which 
showed higher rates of success for a single intubation trial and 
fewer postoperative complications [18]. 

In contrast, some authors claimed that intubation time using 
the VS was not short compared to that using the Macintosh man-
ual blade [19]. Others claimed that using the Optiscope™, which 
is a VS device, did not show hemodynamic response modifica-
tions but provided better vocal cord visualization compared to the 
conventional laryngoscope for intubation [20].  

Some limitations were present in our study. First, all partici-
pants had average BMI scores and normal airways; therefore, our 
results may not be generalizable for difficult intubation cases. Sec-
ond, the VS does not have suction or oxygen supplementation 
outlets; these might be considered as drawbacks when secretions 
or blood accumulates in the nasopharynx or oropharynx. Finally, 
in the current study, the instruments were used by an expert anes-
thesiologist, so the outcome of use by inexperienced personnel re-
mains unknown. 

In conclusion, in laterally positioned patients, elective endotra-
cheal intubation with VS provides less intubation time; however, 
its use is accompanied by a significant increase in the hemody-
namic response after intubation and an increased incidence of 
sore throat. Nevertheless, more studies using a larger sample size 
are required to decide its use in patients with a difficult airway 
and the incidence of complications. 
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Clinical Research Article

Background: Given the severe shortage of donor liver grafts, coupled with growing pro-
portion of cardiovascular death after liver transplantation (LT), precise cardiovascular risk 
assessment is pivotal for selecting recipients who gain the greatest survival benefit from LT 
surgery. We aimed to determine the prognostic value of pre-LT combined measurement of 
B-type natriuretic peptide (BNP) and high-sensitivity troponin I (hsTnI) in predicting ear-
ly post-LT mortality. 
Methods: We retrospectively evaluated 2,490 consecutive adult LT patients between 2010 
and 2018. Cut-off values of BNP and hsTnI for predicting post-LT 90-day mortality were 
calculated. According to the derived cut-off values of two cardiac biomarkers, alone and in 
combination, adjusted hazard ratios (aHR) of post-LT 90-day mortality were determined 
using multivariate Cox regression analysis. 
Results: Mortality rate after 90 days was 2.9% (72/2,490). Rounded cut-off values for post-
LT 90-day mortality were 400 pg/ml for BNP (aHR 2.02 [1.15, 3.52], P = 0.014) and 60 ng/
L for hsTnI (aHR 2.65 [1.48, 4.74], P = 0.001), respectively. Among 273 patients with BNP 
≥ 400 pg/ml, 50.9% of patients were further stratified into having hsTnI ≥ 60 ng/L. Com-
bined use of pre-LT cardiac biomarkers predicted post-LT 90-day mortality rate; both 
non-elevated: 1.0% (21/2,084), either one is elevated: 9.0% (24/267), and both elevated: 
19.4% (27/139, log-rank P < 0.001; aHR vs non-elevated 4.23 [1.98, 9.03], P < 0.001).  
Conclusions: Concomitant elevation of both cardiac biomarkers posed significantly high-
er risk of 90-day mortality after LT. Pre-LT assessment cardiac strain and myocardial inju-
ry, represented by BNP and hsTnI values, would contribute to prioritization of LT candi-
dates and help administer target therapies that could modify early mortality. 

Keywords: B-type natriuretic peptide; Liver transplantation; Mortality; Postoperative 
complication; Risk assessment; Troponin-I.

Introduction 

Given the severe shortage of donor liver grafts, the role of precise preoperative risk 
stratification is crucial to select a recipient who gains the greatest survival benefit from 
liver transplantation (LT) surgery. With improved surgical techniques and anesthetic 
management, cardiovascular disease is now the leading cause of early mortality following 
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LT [1]. As a consequence, there is an increasing need for exact 
tools to evaluate cardiovascular risk in LT candidates [2,3]. How-
ever, the current model for end-stage liver disease (MELD) scor-
ing system does not reflect any cardiovascular markers in its cal-
culation. Since the era of MELD scores started in 2002, it allowed 
more objective prediction of 90-day mortality and improved pri-
oritization of LT candidates [4], but it has remained barely un-
changed for the last 20 years despite the ongoing need for revision 
[5]. Moreover, current noninvasive tests, such as dobutamine 
stress echocardiography and myocardial perfusion scan, which 
are mainly for detecting subclinical coronary and myocardial dis-
ease, do not have satisfactory performance in predicting postop-
erative outcomes [6]. 

Cardiac biomarkers, including B-type natriuretic peptide (BNP) 
and cardiac troponins, have been recognized for their powerful 
prognostic ability [7–9]. Guidelines on preoperative cardiovascu-
lar risk assessment recommend measuring BNP and cardiac tro-
ponin in patients scheduled for high-risk non-cardiac surgeries 
[10,11]. Troponin and BNP are reported to be correlated with se-
verity liver disease [12], and a few studies have demonstrated the 
relevance of pre- and intraoperative elevated levels of these bio-
markers in predicting LT outcome. Nevertheless, comprehensive 
combined interpretation of these two biomarkers and optimal 
cut-off values for LT candidates are still not established. For exam-
ple, several studies employ just the 99th percentile upper reference 
limit (URL) of high-sensitivity troponin I (hsTnI), which has been 
used for healthy reference population [13,14], without consider-
ation of particular cardiovascular characteristics such as a hyper-
dynamic circulation and the severity of illness in LT candidates. 

Thus, we conducted this study to investigate whether elevation 
of cardiac strain indicated by a high BNP and accompanying sub-
clinical myocardial injury assessed by hsTnI predict early mortali-
ty after LT. If so, the combined use of two cardiac biomarkers 
would help to improve preoperative risk stratification of LT can-
didates. 

The objectives of the current study are (1) to determine any as-
sociation between preoperative cardiac troponin and BNP in LT 
candidates, and (2) to define preoperative threshold of each bio-
marker that could predict short-term (90-day) mortality to assess 
the prognostic usefulness of these biomarkers, alone and in com-
bination, in LT recipients. 

Materials and Methods 

Study Population 

This retrospective study was approved by the Institutional Re-

view Board of Asan Medical Center (2019-0824). A total of 2,949 
consecutive patients who underwent adult LT from January 2010 
to January 2018 were reviewed. Of these, we excluded patients 
whose preoperative troponin I and BNP were not measured with-
in a week before LT (n =  374) and those who underwent re-trans-
plantation or multi-organ transplantation (n =  85). We included 
patients with a previous history of coronary artery disease (CAD), 
treated with percutaneous coronary intervention or coronary ar-
tery bypass surgery, to determine whether preoperative ischemic 
heart disease is a prerequisite for hsTnI release and portends a 
poorer survival rate during the early post-LT period.  

Measurement of Troponin I and brain natriuretic peptide  

Both cardiac markers, hsTnI and BNP, were routinely measured 
preoperatively as part of the institution’s routine protocol since 
2010. Cardiac hsTnI was measured using ADVIA Centaur® XP 
TnI-Ultra (Siemens Healthcare Diagnostics, USA; the 99th percen-
tile URL = 40 ng/L, lower limit =  6 ng/L). Plasma level of BNP was 
measured using ADVIA Centaur® CP Immunoassay System (Sie-
mens Healthcare Diagnostics, USA). We only approved cardiac 
biomarkers that were measured within a week before LT or just be-
fore induction of anesthesia for LT. If there were multiple measure-
ments of cardiac biomarkers, the latest sample before LT was used 
for analysis. 

Data collection and definition of outcomes 

Data collection was performed using a fully computerized Asan 
Medical Center research information system (ABLE, Asan Bio-
medicaL rEsearch) after approval from the local research ethics 
committee (protocol number 2019-0881), which waived the re-
quirement for written informed consent. This included patient de-
mographics, medical history, MELD score of liver cirrhosis severi-
ty, laboratory variables, comorbidities of liver cirrhosis, and mor-
tality. Patient survival time was defined as the number of days be-
tween the day of surgery starting in January 2010 and ending on 
March 31, 2018 or the date of death (completed). Mortality data 
were obtained from patients’ electronic medical records and the 
Asan LT registry, which is regularly updated by the Asan Organ 
Transplantation Center. The primary end point was the cumulative 
90-day all-cause mortality and secondary outcomes included cu-
mulative overall mortality during the entire follow-up period. 

Statistical analysis 

Variables are expressed as numbers (percentages), mean ±  
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standard deviation, or median (Q1, Q3) as appropriate. Analyses 
between groups were performed using Student’s t-test, Mann–
Whiney U test, analysis of variance, or Kruskal–Wallis test for 
continuous variables and χ2 test or Fisher’s exact test for categori-
cal variables, as appropriate. Distribution of BNP and hsTnI were 
evaluated with a histogram and a density plot according to patient 
survival. To assess the relationship between preoperative hsTnI 
and BNP values, they were log-transformed and depicted on a 
scatter plot and analysis of covariance was performed to evaluate 
the association between the two cardiac biomarkers and patient 
mortality. 

Optimal cut-off points of each cardiac biomarker for 90-day 
mortality and overall mortality were calculated using the ‘maxstat’ 
package of R (version 3.3.1, R foundation for statistical Comput-
ing, Austria). Briefly, using maximally selected rank statistics, the 
prognostic cut-off point was determined by evaluating every pos-
sible cut-off point, classifying all patients into two groups accord-
ing to their level, and selecting the most discriminating threshold 
for death, corresponding to the minimum P value according to 
the log-rank test [15,16]. The main difference of maximally select-
ed rank statistics from classic receiver operating characteristic 
curve analysis is that there is no need to change a time-dependent 
endpoint (survival) into a classification variable [16]. In receiver 
operating curve analysis, investigators have to transform the 
time-dependent end point (survival) into a binary end point that 
is clinically relevant (e.g., survival at certain time point). Using the 
‘maxstat’ package of R, maximally selected rank analysis for find-
ing cut-off values that discriminate survival curves (time-depen-
dent endpoint) can be done easily. Following this analysis, patients 
were dichotomized using these cut-off values and then patients 
were further divided into three groups using a combination of 
both cut-off values: both decreased, either one elevated, and both 
elevated. The three groups were evaluated by Kaplan-Meier analy-
sis with log-rank test (Mantel-Cox), and its independent prognos-
tic role was evaluated with the Cox regression model. The derived 
hazard ratios (HR) were adjusted by established risk factors re-
ported from previous studies. Those factors included age [17], sex 
[18], deceased brain death donor or living donor LT [19,20], he-
patic encephalopathy [21], massive transfusion (intraoperative 
transfusion of packed red blood cells >  10 units) [22], renal re-
placement therapy [23], MELD score, and C-reactive protein [24]. 
Donor age and height, cold/warm ischemic time, and graft-to-re-
cipient body weight ratio were also included as covariates for do-
nor risk factors [17,25–27]. We further performed a subgroup 
analysis by MELD score of 15. Kaplan-Meier curves were further 
stratified using a MELD score of 15 to observe the effect of liver 
disease severity. 

Cubic spline interpolation was performed to represent the con-
tinuous changes in risk of 90-day all-cause death according to 
BNP and hsTnI values; three knots were considered. The BNP for 
which hazard ratio was equal to unity was chosen at the optimal 
cut-off value of BNP. 

P values <  0.05 were considered statistically significant. All sta-
tistical analyses were performed using R software version 3.3.1. 

Results 

Baseline characteristics 

Of the 2,490 included patients of aged 20–78 years, 2,122 
(85.2%) underwent living donor and 368 (14.8%) underwent de-
ceased brain death donor LT (Table 1). The patient population 
consisted of 1,843 (74.0%) men and 647 (26%) women, of median 
age 54 years (48–59) and a median MELD score of 14 (9–24). The 
primary causes of liver disease were hepatitis B or C virus-related 
liver cirrhosis (LC, 62.9%), alcoholic LC (21.8%), and others 
(15.3%). 

During a median follow-up of 2.9 years (1.3, 4.9), 221 (8.9%) 
patients died after LT, including 72 (2.9%) who died during the 
first 90 days. Cardiovascular-related death comprised 24.9% 
(55/221) and 30.6% (22/72) of overall and 90-day mortality caus-
es, respectively. Baseline characteristics of all patients are depicted 
in Table 1. 

Preoperative BNP concentrations 

The BNP histogram of the 2,490 enrolled patients is shown in 
Fig. 1. The median level of preoperative BNP was 80 pg/ml (39–
178) and 1,044 (42%) had BNP >  100 pg/ml [28,29]. Patients who 
died within 90 days had significantly higher BNP values com-
pared with those who survived for at least 90 days (median, 455.5 
vs. 77.0 pg/ml, P <  0.001). With maximally selected rank statistic 
for the prediction of 90-day and overall mortality during the en-
tire follow-up period, best cut-off values of BNP were 325 pg/ml 
and 442 pg/ml, respectively; therefore, we rounded them off to 
400 pg/ml, which is an already well-known cut-off value associat-
ed with mortality risk [30]. When dichotomized with these cut-
off values, patients with BNP ≥  400 pg/ml (n =  273, 11%) had 
higher MELD scores (median, 34 vs. 13, P <  0.001). The 90-day 
mortality rate differed using a cut-off value of BNP of 400 pg/ml 
(1.6% vs. 13.6%, P <  0.001), with corresponding crude HR of 9.14 
(95% CI, 5.75, 14.50, P <  0.001) and adjusted HR of 2.02 (95% CI, 
1.15, 3.52, P =  0.014, Tables 1 and 2). 
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Preoperative hsTnI concentrations 

The frequency histogram of the hsTnI of the 2,490 enrolled pa-
tients is shown in Fig. 1. The median level of preoperative hsTnI 
was 6 ng/L (6, 160). A total of 1,463 (58.8%) patients showed nor-
mal hsTnI concentration of 6 ng/L, which is the lowest detectable 
value in the current study; therefore, 1,027 (41.2%) patients’ hsTnI 
exceeded 6 ng/L. Of 2,490 patients enrolled, 683 patients (27.4%) 
had levels between 7 ng/L and the 99th percentile URL (=  40 ng/
L), 344 patients (13.8%) exceeded the 99th percentile URL (>  40 
ng/L), and 272 (10.9%) had 1.5 times (>  60 ng/L), 133 (5.3%) had 
5 times (>  200 ng/L), 84 (3.4%) had 10 times (>  400 ng/L), and 
28 (1.1%) had 30 times the 99th percentile URL (>  1,200 ng/L), 
respectively.  

Non-survivors within 90 days had significantly higher hsTnI 
values compared with survivors (median, 95 vs. 6 ng/L, P <  
0.001). The best cut-off values of hsTnI for patients who died 
within 90 days and those who died during the entire follow-up 
period were 65 ng/L and 62 ng/L, respectively. Although the pri-
mary end-point of the current study is the 90-day mortality, these 
two cut-off values are very similar; therefore, we rounded them 
off to 60 ng/L, which is 1.5 times 99th percentile URL. When di-
chotomized with these cut-off values, patients with hsTnI ≥  60 
ng/L (n =  272, 10.9%) had higher MELD scores (median, 34 vs. 
13, P <  0.001). The 90-day mortality rates according to a cut-off 
value of hsTnI of 60 ng/L were 1.4% and 15.1% (P < 0.001), with 
corresponding crude and adjusted HRs of 11.65 (7.31, 18.58; P < 
0.001) and 2.65 (1.48, 4.74; P = 0.001), respectively (Tables 1 and 2). 
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Fig. 1. Histogram and accompanying density plot of baseline BNP and hsTnI. Note the difference in distributions of BNP and hsTnI according to 
the survival. BNP: B-type natriuretic peptide, hsTnI: high-sensitivity troponin I, POD: postoperative day.
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Table 2. Hazard Ratio for 90-day Mortality according to the Level of Baseline Cardiac Biomarkers Alone and in Combination

Event (%) Crude HR (95% CI) P value Adjusted HR (95% CI) P value
Baseline BNP
As continuous variable (log-transformed) NA 6.50 (4.55, 9.28) <  0.001 2.10 (1.32, 3.34) 0.002
According to the Threshold Analysis of BNP (pg/ml)
 <  400 35/2217 (1.6) Reference
 ≥  400 37/273 (13.6) 9.14 (5.75, 14.50) <  0.001 2.02 (1.15, 3.52) 0.014
Baseline hsTnI
As continuous variable (log-transformed) NA 3.80 (3.08, 4.69) <  0.001 2.27 (1.64, 3.13) <  0.001
According to the Threshold Analysis of hsTnI (ng/L)
 <  60 31/2218 (1.4) Reference
 ≥  60 41/272 (15.1) 11.65 (7.31, 18.58) <  0.001 2.65 (1.48, 4.74) 0.001
Combination of BNP and hsTnI
According to the Threshold Analysis of BNP (pg/mL) and 

hsTnI (ng/L)
 BNP <  400, hsTnI <  60 21/2084 (1.0) Reference
 BNP ≥  400, hsTnI <  60 10/134 (7.5) 7.69 (3.62, 16.33) <  0.001 2.52 (1.07, 5.89) 0.033
 BNP <  400, hsTnI ≥  60 14/133 (10.5) 11.14 (5.66, 21.90) <  0.001 3.30 (1.49, 7.31) 0.003
 BNP ≥  400, hsTnI ≥  60 27/139 (19.4) 21.19 (11.98, 37.48) <  0.001 4.23 (1.98, 9.03) <  0.001
Values are presented as numbers (%) or hazard ratio (95% CI). The Cox regression models were adjusted using age, sex, deceased donor liver 
transplantation, hepatic encephalopathy, pretransplant vasopressor use, massive transfusion (> 10 units of red blood cell transfusion), renal 
replacement therapy, model for end-stage liver disease score, C-reactive protein, donor age, donor height, total ischemic time, and graft-to-
recipient weight ratio. HR: hazard ratio, BNP: B-type natriuretic peptide, hsTnI: high-sensitivity troponin I.

Relationship between hsTnI and BNP 

There was a significant correlation between BNP and hsTnI (r 
=  0.567, P <  0.001) in all patients, and non-survivors showed 
more correlation between BNP and hsTnI compared with survi-
vors (r =  0.686 vs. 0.472, interaction P <  0.001, Fig. 2). The pro-
portion of patients with hsTnI plasma level ≥  60 ng/L was 50.9% 
in the subset of patients with BNP ≥  400 pg/ml and 6.0% in the 
subset with a BNP <  400 pg/ml (P <  0.001). 

Patients with history of coronary artery disease 

Patients with a previous history of CAD (n =  29, 1.2%) had 
slightly higher baseline hsTnI concentration [15 ng/L (6–47) vs. 6 
ng/L (6–16), P =  0.004], but the proportion of patients with hsT-
nI ≥  40 ng/L (27.6% vs. 13.9%, P =  0.063) was not statistically 
different compared with the patients with no known history of 
CAD. Additionally, baseline BNP concentration in patients with 
CAD was not significantly different compared with those without 
a history of CAD [73 pg/ml (52, 198) vs. 80 pg/ml (39, 178), P =  
0.901]. Furthermore, 90-day mortality (3.5% vs. 2.9%, P =  0.999) 
and overall mortality during the entire follow-up period (8.9% vs. 
6.9%, P =  0.961) were similar. 

Mortality according to the BNP and hsTnI cut-off values 
in combination 

Using a combination of two cut-off values: both decreased, ei-
ther one elevated, or both elevated, three subsets were generated 
and patients’ characteristics in each of them are described in Sup-
plementary Table 1. One hundred and thirty-nine patients (5.6%) 
were in the subset with both elevated, 267 (10.7%) were in the 
subset with either one elevated, and 2,084 (83.7%) were in the 
subset with both decreased. The subset with both elevated (BNP 
≥  400 pg/ml and hsTnI ≥  60 ng/L) showed higher MELD scores 
and suffered more severe hepatic comorbidities compared with 
the subset with both decreased (Supplementary Table 1). They ex-
hibited higher crude and adjusted HRs of 21.19 (11.98, 37.48; P <  
0.001) and 4.23 (1.98, 9.03; P <  0.001), respectively, compared 
with that with both decreased (Table 2). 

Specifically, when patients are dichotomized by liver disease se-
verity using the MELD score, clear separation of Kaplan-Meier 
survival curves for mortality depending on the particular combi-
nation of BNP and hsTnI values was demonstrated. The number 
of deaths that occurred in the subset with MELD scores ≥  15 was 
greater than the number in the subset with MELD scores <  15 
(Fig. 3). Importantly, most of the deaths occurred within 1 year in 
patients with both biomarkers elevated. Among patients with 
MELD score ≥  15, the 90-day mortality rates were 19.9% for pa-
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tients with both cardiac biomarkers elevated and 1.7% for those 
with both cardiac biomarkers decreased. Both cardiac biomarkers 
showed significant correlations with MELD scores, with more 

wide distribution among higher MELD scores (Supplementary 
Fig. 1). For 1,367 patients with low MELD score (<  15), only 0.2% 
of the patients showed both BNP and hsTnI elevated, whereas 
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Fig. 3. Kaplan-Meier survival curves according to the combinations of baseline BNP and hsTnI. The survival curves are plotted separately in 
subgroups of MELD score < 15 and ≥ 15, respectively, which diverge only in subgroup of MELD score ≥ 15. The 90-day mortality rates and overall 
mortality rate in MELD score ≥ 15 were 19.9%/36.8% for patients with both cardiac biomarkers elevated, 10.0%/16.3% for those with either one of 
the cardiac biomarkers elevated, and 1.7%/6.4% for those with both cardiac biomarkers decreased. BNP: B-type natriuretic peptide, hsTnI: high-
sensitivity troponin I, MELD: model for end-stage liver disease.
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98.2% of them had neither elevated BNP nor elevated hsTnI above 
the cut-off values.  

Restricted cubic spline analysis showing the hazard ratio of 90-
day mortality with preoperative BNP on a continuous scale, with 
BNP 400 pg/ml as the reference value, grouped by a cut-off value 
for hsTnI of 60 ng/L is shown in Fig. 4. 

Discussion 

In the present study, we provide evidence supporting the feasi-
bility of risk stratification using both cardiac biomarkers (BNP 
and hsTnI) concomitantly before LT surgery. The early 90-day 
mortality rate is clearly stratified into broad levels according to the 
combinations of preoperative BNP and hsTnI values, particularly 
among those with advanced liver cirrhosis with high MELD 
scores. The main findings of the present study were: (1) There was 
a significant correlation between BNP and hsTnI (r =  0.567, P <  
0.001) in LT candidates; non-survivors, in particular, showed a 
stronger correlation, which implies that more myocardial injury 
might be imposed on elevated cardiac strain when compared with 
survivors (r =  686 vs. 0.472, interaction P <  0.001). (2) The best 

cut-off values of BNP and hsTnI for mortality prediction were 400 
pg/ml and 60 ng/L (i.e., 1.5 times 99th percentile URL), respec-
tively. (3) A half of those who had BNP ≥  400 pg/ml are further 
stratified into having hsTnI ≥  60 ng/L. (4) Using these cut-off val-
ues, patients with elevation of both BNP and hsTnI had a marked-
ly greater risk of early 90-day mortality (19.4%) than those with 
elevation of either (9.0%) or neither (1.0%) of these 2 biomarkers; 
this result was profound in patients with MELD score ≥  15. 

In the present study, there was a significant correlation between 
BNP and hsTnI and this correlation was stronger in non-survi-
vors. Approximately one half of patients (50.9%) with BNP ≥  400 
pg/ml had elevation of hsTnI ≥  60 ng/L; in contrast, only 6% of 
patients with BNP <  400 pg/ml had hsTnI ≥  60 ng/L. These find-
ings suggest that release of hsTnI and BNP might be associated 
with each other and hsTnI release is activated partly by the in-
creased cardiac strain (reflected by the high BNP) in response to 
various pathophysiological changes and/or stimuli of advanced 
liver disease, although the exact mechanism is unclear. It has been 
known that the physiological stimuli for myocardial production 
of BNP are an increase in preload and afterload and possibly myo-
cardial ischemia [31,32]; further study will be needed to clarify 
their role in LT candidates. Indeed, 5.6% patients with both ele-
vated BNP (≥  400 pg/ml) and hsTnI (≥  60 ng/L) showed higher 
MELD scores and suffered more severe comorbidities of advanced 
liver disease, such as renal replacement therapy, hepatic encepha-
lopathy, and spontaneous bacterial peritonitis, compared with 
those with both biomarkers decreased (Supplementary Table 1). 

We found that the effect of elevation of both cardiac biomarkers 
was more pronounced among patients with advanced cirrhosis, 
that is, those with a MELD score ≥  15. Among patients with a 
low MELD score, the proportion of elevation of both BNP and 
hsTnI was small and did not make any difference in mortality 
rate. When coupled with high MELD score ≥  15, the 90-day 
mortality rate of patients with concomitantly elevated cardiac bio-
markers was over 10 times higher than that of patients with nor-
mal cardiac biomarkers (19.9% vs. 1.7%). This implies that the 
risk stratification using the combination of those cardiac bio-
markers is more effective in more advanced end-stage liver dis-
ease patients. It is well known that LT is one of the high-risk 
non-cardiac surgical procedures, involving massive hemorrhage 
and inferior vena cava clamping. In addition, dynamic circulation, 
loss of systemic vascular resistance, need for higher cardiac out-
put, and low hemoglobin, all features of severe end-state liver dis-
ease patients, might cause biomarker elevation. And it is often dif-
ficult to maintain the vital signs stable without maximized volume 
resuscitation, which can result in cardiac strain. All those possible 
causes for pre-LT cardiac biomarker elevation are more pro-
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nounced in severe end-state liver disease state, which is well re-
flected by the higher MELD score. For 1,367 patients with low 
MELD score ( <  15), our data showed that only 0.2% of the pa-
tients had elevated levels of both BNP and hsTnI, whereas 98.2% 
of them had neither elevated BNP nor elevated hsTnI above the 
cut-off values. Therefore, the clinical practice of measuring cardi-
ac biomarkers in those with higher MELD score, which might go 
unnoticed without monitoring, is clearly recommended based on 
the current study results.  

Circulating BNP, which is secreted into the circulation in re-
sponse to increased cardiac wall stress, has been widely used in 
cardiology as a prognostic and diagnostic biomarker. Additional-
ly, multiple studies have demonstrated that elevated preoperative 
BNP concentrations are independent predictors of perioperative 
cardiovascular mortality and morbidity [33,34]. Nevertheless, op-
timal data are still not available for LT surgery and only a few 
studies with small cohorts attempted to specify the cut-off values. 
It has been reported that the cut-off value of pre-LT BNP for pre-
dicting 180-day mortality was 155 pg/ml (n =  207) [35]. Another 
study (n =  104) demonstrated a BNP level of 100 pg/ml as a cut-
off value for predicting early allograft dysfunction [29]. On the 
other hand, in the 30,487 patients’ data from the Vanderbilt Uni-
versity Medical Center electronic health record, the risk of death 
was similar regardless of whether patients had heart failure or not 
when the BNP level was sufficiently high. Namely, a BNP level of 
400 pg/ml was associated with a three-year risk of death of 21% 
(95% CI, 20%, 23%) in patients with heart failure and 19% (95% 
CI, 17%, 20%) in those without [30]. In the present study, with a 
large LT cohort (n =  2,490), the statistically derived optimal cut-
off value for the prediction of mortality was also close to 400 pg/
ml (325 pg/ml for 90-day mortality and 442 pg/ml for overall 
mortality during the follow-up period). 

Elevated cardiac troponin I levels have been traditionally asso-
ciated with myocyte necrosis and myocardial infarction. With the 
development of high-sensitivity assay, it is now possible to detect 
myocardial injury at an earlier stage. We found that 344 patients 
(13.8%) exceeded the 99th percentile URL. However, the refer-
ence ranges of 99th percentile URL used for diagnosis of myocar-
dial injury in a healthy population may not have equal predictive 
value for overall early mortality in LT surgery patients [36]. Hith-
erto, there are no known reference values for this atypical 
sub-population. In the current study, we provide the best cut-off 
value of 60 ng/L in LT candidates, which is 1.5 times the 99th per-
centile URL, and 10.8% of patients exceeded this cut-off value 
preoperatively. 

With rising prevalence of CAD in LT candidates, patients with 
a previous history of percutaneous coronary intervention or coro-

nary artery bypass surgery are also increasing. In the current 
study, such patients showed slightly higher baseline hsTnI concen-
tration, but the proportion of patients exceeding the 99th percen-
tile URL and 90-day mortality was not statistically different from 
those without a history of treatment of ischemic heart disease. We 
assume that the elevation of cardiac biomarkers, especially tropo-
nin, may be more related to type II myocardial infarction from 
supply/demand mismatch than type I classical myocardial infarc-
tion caused by plaque rupture of coronary arteries. This finding 
suggests that measurement of hsTnI and BNP before LT might be 
more important than the history of CAD itself. 

Our study has several limitations. First, with its retrospective 
design, which may have selection bias, this study included a het-
erogeneous group of patients, which may have affected biomarker 
results and transplant outcomes. However, our current study co-
hort was large and included consecutive patients who had hsTnI 
and BNP measurement during routine preoperative and postop-
erative workups and we provided multivariable adjusted HR. 
Nevertheless, prospective randomized control studies are needed 
to validate our results. Second, we evaluated the cardiac biomark-
ers only within a week before LT. Considering the frequent inci-
dence of hemodynamic instability in LT candidates, a kinetic 
analysis of serial cardiac biomarker levels would be more infor-
mative. Because of the necessity to exercise caution in drawing 
conclusions from a single study, future studies on the serial analy-
sis of perioperative cardiac biomarkers are warranted. Third, our 
data were based on the characteristics of patients from a single, 
large-volume center. Studies including multicenter records that 
include patients of different ethnicities and backgrounds are 
therefore needed. Fourth, we do not include data on frailty. Be-
cause the field of frailty has only recently been highlighted, our 
data, which include almost 10 years of consecutive LT, could not 
cover those functional aspects of LT recipients. However, although 
there is a rapidly growing body of evidence supporting the associ-
ation between frailty and harmful outcome after LT [37,38], the 
consensus on its definition, tools for assessment, and implication 
for transplant seems not to be established yet [39]. Fifth, our study 
evaluated cardiac biomarkers only measured within a week before 
transplant. Most of them are measured just a day before trans-
plant. We used very recent cardiac biomarker values to avoid con-
founding factors between their measurement and surgery as 
much as possible. Thus, it may not be reasonable to apply our data 
result directly into the listing system for cadaveric transplant, 
where the time course takes weeks and months. Although we 
demonstrated a clear relationship between hsTnI elevation within 
a week before transplant and poor outcome, we do not know 
whether the prognosis difference exists between remote and im-
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mediate event(s) of preoperative myocardial injury/strain. As re-
ported in a recent study, there is a possibility that longer duration 
between cardiac biomarker elevation and surgery might reduce 
the risk of adverse events [40]. Further studies with more frequent 
measurement of cardiac biomarkers in liver transplantation recip-
ients should be conducted to discuss whether delaying (or even 
delisting) of those patients is needed. In addition, appropriate 
management strategies should be sought to minimize the postop-
erative risk of adverse outcome. 

In conclusion, patients with myocardial injury (high hsTnI) in 
advanced liver disease with elevated cardiac strain (high BNP) 
had poorer survival after LT. Therefore, the combined use of pre-
operative BNP and hsTnI would help to recognize high-risk pa-
tients for predicting 90-day mortality after LT, especially in those 
with advanced MELD score. We recommend the routine moni-
toring of these two biomarkers in at-risk patients to enhance risk 
stratification of mortality in LT candidates and help administer 
target therapies that could modify early mortality. 
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Introduction 

Protecting healthcare providers (HCP) from infection has been a highly prioritized 
goal during the management of the coronavirus 2019 (COVID-19) pandemic caused by 
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. While respirato-
ry droplets and contact transmission are recognized as the most important routes of 
transmission for SARS-CoV-2, airborne dissemination of the virus may occur in settings 
where aerosol generating procedures (AGPs) are performed [2,3]. It is recommended that 
HCP use airborne, droplet and contact precautions personal protective equipment (PPE) 
during AGPs performed on suspected or confirmed COVID-19 patients [4–6].  
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Background: Protection of healthcare providers (HCP) has been a serious challenge in the 
management of patients during the coronavirus 2019 (COVID-19) pandemic. Additional 
physical barriers have been created to enhance personal protective equipment (PPE). In 
this study, user acceptability of two novel barriers was evaluated and the performance of 
airway management using PPE alone versus PPE plus the additional barrier were com-
pared. 
Methods: An open-label, double-armed simulation pilot study was conducted. Each par-
ticipant performed bag-mask ventilation and endotracheal intubation using a GlideScope 
in two scenarios: 1) PPE donned, followed by 2) PPE donned plus the addition of either 
the isolation chamber (IC) or aerosol box (AB). Endotracheal intubation using videolaryn-
goscopy was timed. Participants completed pre- and post-simulation questionnaires. 
Results: Twenty-nine participants from the Department of Anesthesia were included in 
the study. Pre- and post-simulation questionnaire responses supported the acceptance of 
additional barriers. There was no significant difference in intubating times across all 
groups (PPE vs. IC 95% CI, 26.3, 35.1; PPE vs. AB 95% CI, 25.9, 35.5; IC vs. AB 95% CI, 
23.6, 39.1). Comparison of post-simulation questionnaire responses between IC and AB 
showed no significant difference. Participants did not find the additional barriers negative-
ly affected communication, visualization, or maneuverability. 
Conclusions: Overall, the IC and AB were comparable, and there was no negative impact 
on performance under testing conditions. Our study suggests the positive acceptance of 
additional patient protection barriers by anesthesia providers during airway management. 

Keywords: Aerosols; COVID-19; Healthcare acceptability; Infectious disease transmis-
sion; Intubation; Personal protective equipment; Protective device. 
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Inadequate supply of appropriate PPE has been an ongoing 
worldwide concern, and unacceptably high rates of HCP infection 
and deaths as a consequence of COVID-19 nosocomial spread 
have been partially attributed to the shortage of PPE [7–9]. In ad-
dition, recent simulation studies looking at the protection of HCP 
wearing properly donned PPE found droplet markers on exposed 
neck, ears, hair, and shoes, suggesting that even with available 
standard recommended PPE there is still a potential risk of safety 
breaches and contamination [10,11]. A recent comprehensive Co-
chrane review summarizes the published evidence on PPE pre-
venting infectious disease contamination of HCP, and overall 
found limited certainty in the evidence due to the limited, low 
powered studies [12]. This review stated that covering more ex-
posed body surfaces of HCP can lead to better protection but of-
ten with more difficulty with donning or doffing, and less user 
comfort that can both lead to greater HCP contamination [12]. As 
a response to the inadequate PPE supply and concern for contam-
ination, HCP have considered the use of innovative barrier enclo-
sures during AGPs as supplemental protection against aerosol and 
droplet exposure [13–18]. 

There is wide recognition that acceptability should be examined 
when new interventions in health care are designed and imple-
mented [19]. Both patient and provider acceptance of interven-
tions have been studied, and it has been observed that the degree 
of acceptability can alter the effectiveness and uptake of the inter-
vention [19–22]. During the COVID-19 pandemic, one of the 
first protective barriers proposed was an acrylic aerosol box (AB) 
covering a patient’s head [13]. However, the use of a rigid box has 
been reported to restrict arm movement [14]. Variations on the 
original AB design, and other designs that create isolation cham-
bers (ICs) by utilizing a polyvinyl chloride plastic (PVC) rigid 
frame and a clear plastic bag, have subsequently been described 
[15–17]. However, no studies comparing acceptability of these de-
vices have been reported. 

In this pilot study, we tested two of the novel barrier enclosures, 
the AB and IC, in a simulated environment. The primary objec-
tive was to assess the acceptability of these additional physical 
barriers during a simulated airway management scenario per-
formed by anesthesia providers. Secondary objectives included 
comparing the performance of airway management using PPE 
alone versus PPE plus the additional barrier, comparing the IC to 
the AB and observing potential limitations of the additional barri-
ers. We hypothesize that the addition of a patient barrier will be 
acceptable to anesthesia providers without negatively impacting 
the provider’s ability to perform the simulated airway manage-
ment procedures. 

Materials and Methods 

After Research Ethics Board (REB) approval (Human Research 
Ethics — Western University HSREB 115895, approved May 1, 
2020), an open-label, double-armed pilot study was conducted in 
May 2020 at London Health Sciences Centre (LHSC), a tertiary 
care center in London, Canada. Study participants were voluntari-
ly recruited from the Department of Anesthesia & Perioperative 
Medicine at Western University through a department-wide email 
invitation. Any resident, fellow, or consultant within the Depart-
ment of Anesthesia & Perioperative Medicine at Western Univer-
sity satisfied the inclusion criteria. Since this was a pilot study, a 
sample size of 24 — 12 participants in each group was sought 
[23,24]. The simulation scenario was setup in an operating room 
at LHSC. Participation occurred during regular clinical shifts at 
LHSC so neither additional risk of COVID-19 hospital exposure 
nor any increased use of PPE was incurred by the study. Partici-
pants received a letter of information that was reviewed with a 
study coordinator prior to the simulation, and written informed 
consent was obtained.  

Two physical barriers were assessed — the PVC rigid frame IC 
covered by a clear plastic bag proposed by Cubillos et al. [17], and 
a polycarbonate AB (Supplementary Fig. 1). Participants were di-
vided into two groups by alternating assignment on arrival to the 
simulation. Group 1 was assigned to use the IC and Group 2 was 
assigned to use the AB. Both barriers were pre-constructed and 
ready for use by the participant. One of the study coordinators cut 
vertical armholes in the plastic bag of the IC at approximately 
mid-abdominal level and shoulder-width apart prior to the simu-
lation session.  

A pre-simulation questionnaire was completed by all partici-
pants (Table 1). In an effort to preserve supplies of PPE, partici-
pants were required to wear limited PPE. As a minimum, limited 
PPE required a mask (surgical mask or N95 respirator) and eye-
shield, as these items were anticipated to most interfere with the 
use of additional patient barriers in terms of communication and 
vision, respectively. 

During simulation, all participants, wearing limited PPE first 
performed bag-mask ventilation followed by endotracheal intuba-
tion using a GlideScope (Verathon, USA) with a size 3 blade and a 
7.5 or 8.0 endotracheal tube with a stylet on a mannequin head 
(Airsim Advance X by TruCorp., Ireland). Immediately after, all 
participants wearing the same limited PPE performed the same 
airway management procedures using their assigned additional 
patient barrier. During both scenarios, the participant was al-
lowed to make ergonomic and equipment adjustments according 
to personal preference such as bending of the styleted endotrache-
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al tube, positioning of the equipment, and changes in the height 
of the bed. No verbal cues were given to the participants. 

Time to endotracheal intubation was recorded for all simula-
tions. This was standardized to begin when the participant picked 
up the GlideScope blade and concluded when the endotracheal 
cuff was inflated. All participants received expert assistance for 
airway management — either one of the study coordinators or 
another study participant. Following the simulated activities, the 
participant completed a post-simulation questionnaire (Table 2). 

Both questionnaires consisted of seven five-point Likert-scale 
questions, in addition to one binomial question (question 1) in 
the pre-simulation questionnaire, created for this pilot study to 
address the proposed objectives (Tables 1 and 2) [25]. The prima-
ry outcome of acceptability was assessed by evaluating the five-
point Likert scale median and interquartile range (Q1, Q3) of the 
questions assessing acceptability, where a response of 3.5 or great-
er was considered positive and 2 or less considered negative 
[26,27]. Intubating times for each group were recorded. Partici-
pants identified whether they were assigned to the IC or AB on 
the post-simulation questionnaire to facilitate comparison of the 
IC to the AB. Limitations of the additional barriers were assessed 
through post-simulation questionnaire responses. All question-
naires were completed anonymously. 

Statistical analysis comparing intubating times between PPE 

alone and IC, and PPE alone and AB was completed using a 
paired t-test. Intubating times and post-simulation questionnaire 
results between IC and AB were compared using a non-paired 
t-test. A 95% CI was used, and P value <  0.05 was considered sig-
nificant. 

Results 

A total of 29 participants from the Department of Anesthesia & 
Perioperative Medicine were included in the pilot study (Fig. 1). 
On simulation day 3, the threshold of 24 participants was sur-
passed and the study ended. 

For the questionnaires, responses to the one binomial pre-sim-
ulation question (question 1), and to the seven five-point Likert 
questions in the pre- and post-simulation questionnaire were 
evaluated and the median (Q1, Q3) values were calculated. A 
summary of the pre- and post-simulation questionnaire responses 
can be found in Tables 1 and 2, respectively. Regarding the prima-
ry outcome of acceptability, median (Q1, Q3) values for the pre- 
and post-simulation questions assessing acceptability to anesthe-
sia providers were all positive (>  3.5), indicating acceptability of 
the additional barriers (Figs. 2 and 3, respectively).  

Intubating times were assessed for limited PPE (30.1 ±  11.7 s), 
Group 1 IC (31.4 ±  20.1 s), and Group 2 AB (31.3 ±  23.3 s). Intu-

Table 1. Pre-simulation Questionnaires and Median Responses

Questions and Likert Scale Response Median (Q1, Q3)
1. I have used an aerosol tent as an additional patient barrier during AGP 2 (2, 2)
2. I am familiar with the aerosol tent as a patient barrier 3 (2, 4)
3. During the COVID-19 pandemic, I worry about exposure to aerosolized viral 5 (4, 5)
4. Additional patient barriers are appealing during AGP 4 (4, 5)
5. An aerosol tent will help protect providers during AGP 4 (3, 5)
6. I worry about the impact of an aerosol tent on my performance during AGP 4 (3, 4)
7. Enhanced PPE is sufficient protection during AGP 3 (3, 4)
8. I would like additional patient barrier protection during AGP, in addition to current PPE 3.5 (3, 4)
1 → 5 = Strongly Disagree → Strongly Agree. AGP: aerosol generating procedure, COVID-19: coronavirus 2019, PPE: personal protective 
equipment.

Table 2. Post-simulation Questionnaire and Median Responses

Questions and Likert Scale Response Median (Q1, Q3)
1. The aerosol tent/box allowed me to perform all aspects of patient care required (BMV, intubation, etc.). 5 (5, 5)
2. The aerosol tent/box negatively affected my communication 1 (1, 2)
3. The aerosol tent/box was difficult to look through to see what was required 1.5 (1, 3)
4. The aerosol tent/box impeded my movement 2 (1, 4)
5. The aerosol tent/box worked well overall during AGP 4 (4, 5)
6. The aerosol tent/box was easy to assemble and use 4.5 (4, 5)
7. Use of an aerosol tent/box during AGP in addition to my PPE will be safer 4 (4, 5)
1 → 5 = Strongly Disagree → Strongly Agree. BMV: bag-mask ventilation, AGP: aerosol generating procedure, PPE: personal protective equipment.

https://doi.org/10.4097/kja.20464256

Querney et al. · Patient barrier acceptance: pilot study



bating times for PPE to IC and PPE to AB (95% CI, 26.3, 35.1, P 
=  0.752; 95% CI, 25.9, 35.5, P =  0.824; respectively) and IC to AB 
(95% CI, 23.6, 39.1, P =  0.995) were compared and there was no 
statistically significant difference between any of the groups. 

Post-simulation IC and AB questionnaire responses to assess 
the primary outcome demonstrated no significant difference be-
tween IC and AB for all questionnaire responses (questions 1–7: P 
=  0.580, P =  0.899, P =  0.642, P =  0.944, P =  0.613, P =  0.127, 
P =  0.181, respectively) (Fig. 4). 

Post-simulation responses regarding communication, vision, 
and movement indicated the participants did not find the addi-
tional barriers limiting (median [Q1, Q3] responses 1 [1, 2], 1.5 
[1, 3] and 2 [1, 4], respectively) (Fig. 5). 

Discussion 

As much is still being learned about COVID-19, several key 
points suggest the importance of enhanced barrier protection. Vi-
ral particles have been found on surfaces and in the air up to 4 m 
from patients, and viable on surfaces for up to 72 h and as aerosols 
for at least 3 h [3,28]. Studies investigating respiratory and cough 
particles have shown contamination of HCP wearing standard 
PPE, while an AB or plastic drape reduced macroscopic contami-
nation of the HCP and the environment [11,14,18]. 

Our data suggests additional patient barriers are acceptable to 
anesthesia providers during simulated bag-mask ventilation and 
endotracheal intubation using videolaryngoscopy. The majority of 
participants in this study had not used an additional patient barri-
er prior to the simulation, but stated they worry about aerosolized 

viral particles and found additional patient barriers to be appeal-
ing. While studies have described limited arm movement with the 
AB design [14,15], Cubillos et al. [17] did not report restrictions 
of movement with the IC design. Overall, participant responses 
indicated that the additional barriers were easy to use, allowed for 
all simulated airway management maneuvers to be executed, and 
had the potential to complement the current PPE clinical safety 
measures. 

The results in this study show a high acceptance rate of addi-
tional barriers to protect anesthesia providers and indicate that 
implementation would likely be effective with a high user uptake. 
This data is translatable to other anesthesia providers, although 
situational variations encountered in daily practice can limit wide-
spread applicability in all circumstances. The additional patient 
barriers also have the potential for use in a variety of other clinical 
settings where risky AGPs are performed. The absence of ob-
served limitations to using a barrier in this study may not be ap-
plicable to all other scenarios. 

Limitations of this study include the physical, psychological, 
and semantic realism of the simulation environment that differ 
significantly from the real clinical environment where challenging 
circumstances such as a potentially difficult airway can signifi-
cantly affect airway management outcomes and overall accept-
ability of the barriers [29]. Additionally, the results cannot be ex-
trapolated to conclude that similar results would be obtained 
during airway management using different equipment, such as di-
rect laryngoscopy or a supraglottic device. There was no random-
ization in this study, as participants were alternately allocated 
upon arrival to the simulation, although their arrival was not 

Assessed for eligibility (n = 29)

Analyzed (n = 15)
• Excluded from analysis (n = 0)

Analyzed (n = 14)
• Excluded from analysis (n = 0)

Excluded (n = 0)

Alternate Allocation (n = 29)

Allocated to Group 1 (n = 15)
• Recived allocated intervention (n = 15)

- 10 consultants
- 4 fellows
- 1 resident

Allocated to Group 2 (n = 14)
• Recived allocated intervention (n = 14)

- 8 consultants
- 1 fellows
- 5 resident

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

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

Allocation

Follow-up

Analysis

Fig. 1. CONSORT flowchart of participants enrolled in the pilot study, including allocation, follow-up, and analysis.
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Fig. 2. Pre-simulation questions assessing the acceptability of additional barriers to anesthesia providers. PPE: personal protective equipment, 
HCP: healthcare providers, AGP: aerosol generating procedures.
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52%

35%
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Fig. 3. Post-simulation questions assessing the acceptability of additional barriers to anesthesia providers. BMV: bag-mask ventilation, AGP: 
aerosol generating procedures.
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■ Neutral
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■ Strongly Agree

■ Strongly Disagree
■ Disagree
■ Neutral
■ Agree
■ Strongly Agree

planned or pre-arranged. A selection bias might result from hav-
ing volunteers. Finally, all participants performed the AGPs with 
PPE alone prior to the additional barrier and may have become 
more familiar with the mannequin airway. 

Further research into the additional patient barriers is warrant-
ed before they can be safely recommended for clinical use. Barri-
ers may inadvertently create a false sense of security causing more 
harm than benefit. Additionally, prior to the use of any additional 
patient barrier, HCP should receive proper orientation and simu-
lation-based training in order to optimally benefit from the de-
vice. However, there is no evidence that novel barrier devices are 
associated with less viral transmission. Each barrier, although in-
tuitively appealing, could have unintended consequences such as 
infection transmission caused by PPE breaches or inadequate 
doffing and cleaning between uses. Quantitative studies compar-
ing barriers, and examining their enhanced level of protection are 
pertinent and needed. Moreover, investigating other barrier mod-

ifications, such as the application of continuous suction to create a 
negative pressure environment and flow to further enhance the 
safety of the environment, is essential. In the long-term, it will also 
be crucial to monitor any meaningful and significant difference in 
the rate of nosocomial spread with the addition of patient barri-
ers. 

Overall, with the worldwide crisis generated by this pandemic 
that significantly impacts HCP safety and health care system sta-
bility, we have learned that further study is warranted when new 
tools are introduced as potential devices that might impact critical 
outcomes. This novel study is the first to assess the acceptability of 
additional patient barriers, and to further compare two differently 
designed devices. Our pilot data suggests that anesthesia provid-
ers positively accept the use of additional patient barriers during 
AGP and there would be support to have these barriers as an op-
tion to complement the standard PPE recommendations. 
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Fig. 4. Post-simulation questionnaire average responses for five-point Likert scale questions. Comparison between Group 1 IC and Group 2 AB 
for questions 1–7. IC: isolation chamber, AB: aerosol box.
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Pierre Robin sequence (PRS) is a clinical disease involving the triad of micrognathia, 
glossoptosis, and airway obstruction [1]. Patients with PRS may require general anesthe-
sia for various reasons and the clinical triad of PRS can present the anesthetist with sub-
stantial challenges, including airway obstruction and difficult intubation [1]. The treat-
ment of patients with a history of tracheostomy can be complicated by problems such as 
cicatrization of the airway mucosa and tracheal stenosis [2], and they can require airway 
evaluation via radiological imaging as well as physical examination prior to general anes-
thesia with endotracheal intubation. There has been no report of using three-dimensional 
(3D) airway modeling via 3D computed tomography (CT) in the present PRS patient 
with a history of tracheostomy. We describe the case report of a successful endotracheal 
intubation using video laryngoscopy and 3D printed airway model.  

Case Report 

Written informed consent was obtained from the parent. The patient was a 6.5-year-
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Case Report

Background: Pierre Robin sequence (PRS) patients have an increased risk of difficult in-
tubation due to anatomical airway abnormalities, and intubation simulation with a 
three-dimensional (3D) printed airway model before anesthesia may facilitate safe airway 
management. 
Case: We describe the case of a 6.5-year-old boy with a history of PRS (a triad of microg-
nathia, glossoptosis, and airway obstruction), tracheostomy, and subglottic fibrosis who 
required general anesthesia. Preparation for this potentially difficult intubation included 
estimation of endotracheal tube size using a 3D printed airway model derived from 3D 
computed tomography of the airway, which enabled successful endotracheal intubation 
via video laryngoscopy. 
Conclusions: If general anesthesia is necessary in patients with dysmorphic features such 
as PRS and there is a history of tracheal pathology, the possibility of difficult intubation 
should always be considered and simulation of endotracheal intubation using a 3D printed 
model of the airway can be helpful clinically in such situations. 

Keywords: Airway management; Computer simulation; Endotracheal intubation; Pierre 
Robin sequence; Pierre-Robin syndrome; 3D printing.
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old boy with PRS (height 110 cm, weight 15.46 kg) who was ad-
mitted due to persistent leakage at the closure site after percutane-
ous endoscopic gastrostomy removal. He had a history of failed 
intubation and emergent tracheostomy at birth due to severe mi-
crognathia and glossoptosis. Granular tissue removal at the tra-
cheostomy site was performed due to subglottic fibrosis four 
months after tracheostomy. Micrognathia and repaired cleft palate 
were identified by physical examination. 

We decided to use 3D printed airway modeling, because there 
was a possibility of difficult intubation and it was difficult to pre-
dict the appropriate endotracheal tube size. The open-source pro-
gram InVersalius (InVersalius 3.0, Renato Archer Information 
Technology Center, Brazil) was used for 3D printed airway mod-
eling and for the generation of .stl files, and the 3D airway model 
was printed using CreatBot (CreatBot F430, Henan Suwei Elec-
tronic Technology Co., Ltd., China). The 3D printed airway mod-
el did not reveal airway narrowing (Fig. 1A), and simulation of 
endotracheal intubation was successful with an internal diameter 
(ID) 5.5 sized cuffed endotracheal tube (Hi-contour oral cuffed 
tracheal tube, Covidien, USA) (Fig. 1B). 

The patient had a small chin and his range of movement from 
ear to orbit was estimated to be over 120 degrees (Fig. 1C). Gener-
al anesthesia induction and intubation were planned with refer-
ence to the difficult airway algorithm described in the 2013 
American Society of Anesthesiologists guidelines [3]. Before the 
induction of anesthesia, ID 4.5, 5.0, 5.5, and 6.0 cuffed and un-
cuffed endotracheal tubes were secured, and pre-emptive prepa-
rations were made for laryngeal mask airway, video laryngoscope 
(KoMAC video laryngoscope, KoMAC Co., Ltd., Korea), stylet, 

nasopharyngeal airway, oropharyngeal airway, and fiberoptic 
bronchoscope. Mask ventilation was possible after the administra-
tion of intravenous thiopental 75 mg, followed by rocuronium 10 
mg. Successful endotracheal intubation was performed via video 
laryngoscopy with a #2 blade, a stylet, and an ID 5.5 cuffed endo-
tracheal tube. Ventilation was performed after confirming the 
suitability of the endotracheal tube using a leakage test. There 
were no subsequent complications, and he was discharged on 
postoperative day 6. 

Discussion 

Two aspects of the current patient’s pre-anesthesia plan were 
focused on: the potential for difficult airway intubation and the 
difficulty of determining the appropriate endotracheal tube size 
due to his history of tracheostomy and subglottic fibrosis. Predic-
tors of difficult intubation in congenital syndromes include the 
presence of dysmorphic features, limited neck, limited mouth 
opening, restricted mobility of temporo-mandibular joints, a large 
tongue, limited submandibular space, and the presence of struc-
tural abnormalities in the laryngo-tracheal passage [4]. All pa-
tients with PRS have airway obstruction, as it is a requirement for 
the clinical diagnosis [1]. Although airway obstruction tends to 
improve with age, the very difficult intubation with direct laryn-
goscopy should be always considered in the pre-anesthesia plan 
[5]. In the patients with PRS, fiberoptic intubation is the gold 
standard, but numerous other approaches have been used suc-
cessfully including direct video laryngoscopy and fiberoptic intu-
bation via laryngeal mask airway [4]. Successful intubation was 

BA C

Fig. 1. Printed three-dimensional (3D) airway model and patient’s dysmorphic face. (A) Printed 3D airway model derived from 3D chest airway 
computed tomography. (B) Simulation of intubation with a 3D printed airway model. Simulated endotracheal intubation was successful with an 
internal diameter 5.5 sized cuffed endotracheal tube. (C) The patient’s dysmorphic facial features. He had a small chin, mild retrognathia, and a 
short thyromental distance.
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performed on the first attempt using video laryngoscopy in the 
present case. 

An important consideration during the pre-anesthesia planning 
in the present case was the undesirability of using the age-depen-
dent formula to determine endotracheal tube size because the pa-
tient had a history of tracheostomy. Many reports have described 
methods for measuring airway size via imaging modalities such as 
X-ray, CT, and ultrasonography, but two-dimensional imaging 
methods have inherent limitations [6–8]. X-ray tends to overesti-
mates of tracheal diameter [9], and high-quality laryngeal images by 
CT are not routinely warranted because images by CT can be affect-
ed by airway size, reconstruction algorithm, composition of the air-
way phantom, and CT scanner types [10]. The quality of ultrasonog-
raphy also depends on the ex¬perience of the operator [11].  

Following advances in medical technology, many studies that 
have successfully implemented two-dimensional radiographic 
images in three dimensions have been reported in the surgical 
field [12,13]. Various attempts to use 3D models have been made 
in the field of anesthesia, but there have been only a few resulting 
reports and the reality is that those attempts were focused on edu-
cation rather than actual clinical application [14]. 

In the current case, a 3D printed airway model was successfully 
used to confirm that there were no anatomical abnormalities of 
the airway. It was also possible to predict the appropriate endotra-
cheal tube size. This indicates that simulation of intubation via 3D 
printed airway modeling before anesthesia can be helpful with re-
gard to safe airway management, and reducing the risks of airway 
irritation, injury, and edema by reducing the number of endotra-
cheal intubation attempts in cases where difficult intubation is ex-
pected due to anatomical abnormalities of the face and airway. 
Accurate airway evaluation using 3D printing may help anesthesi-
ologists to understand the anatomy of the airways and is useful 
for developing a better pre-anesthesia plan via simulation of intu-
bation. 

However, there are several limitations to the approach. Three-di-
mensional implementation of medical imaging data requires 
high-quality imaging, and it is more difficult to apply 3D conver-
sion software programs to airway images than to images of solid 
organs because of the air layer. In addition, 3D printed airway 
models may differ from the actual airway because of flexibility. 

In conclusion, if general anesthesia including endotracheal in-
tubation is necessary in patients with dysmorphic features such as 
PRS and there is a history of tracheal pathology, the possibility of 
difficult intubation should always be considered, and the difficult 
airway algorithm should be followed. Simulation of endotracheal 
intubation using a 3D printed model of the airway can be helpful 
clinically in such situations. 
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Pregnancy-related infection is the third most common cause of maternal death world-
wide [1]. Sepsis represents one of the common causes of pregnancy-related mortality, the 
most frequent being hypertension, abortion, and hemorrhagic complications [2]. The 
most common conditions and procedures leading to severe infection and sepsis in ob-
stetrics include chorioamnionitis, septic thrombophlebitis, septic abortion, postpartum 
endometritis, puerperal sepsis, infection after cesarean section, episiotomy, wound infec-
tion, necrotizing fasciitis, pelvic abscess as well as hospital acquired infections such as 
ventilator-associated pneumonia, urinary tract infection, and central line-associated in-
fection [3]. Refractory septic shock is defined as “the presence of hypotension with 
end-organ failure, requiring high-dose vasopressor support, often greater than 0.5 μg/kg/
min of norepinephrine or equivalent” [4]. Despite recent advances, it is associated with a 
mortality rate of 15–50%; furthermore, if the required dose of norepinephrine exceeds 1.0 
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Case Report

Background: Pregnancy-related infections are the third most common cause of maternal 
death worldwide. The aim of this report is to present a case of pregnancy-related infection, 
which progressed into refractory septic shock accompanied by purpura fulminans and 
multiple organ failure. 
Case: A 23-year-old woman in the postpartum period developed fulminant, refractory 
septic shock complicated by purpura fulminans and multiple organ failure syndrome (acute 
respiratory distress syndrome, acute kidney injury, and encephalopathy). Management in-
cluded antibacterial therapy, fluid and transfusion therapy, nutritional support, protective 
mechanical ventilation, hydrocortisone, a large dose of ascorbic acid, and thiamine. There 
were no neurological consequences and all organ functions returned to normal, although 
the predicted hospital mortality based on the Sequential Organ Failure Assessment (SOFA) 
score was more than 90%. 
Conclusions: Septic shock is a significant, yet not completely understood life-threatening 
condition, which can be associated with purpura fulminans, multiple organ dysfunction, 
disseminated intravascular coagulation, and massive tissue necrosis. 

Keywords: Disseminated intravascular coagulation; Hypercoagulability; Purpura fulmi-
nans; Sepsis; Septic shock; Therapeutic use; Vasoconstrictor agents.  
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μg/kg/min, the mortality can be as high as 80–90% [5]. The key 
component of refractory shock is severe tissue hypoperfusion, 
and critical cellular and metabolic failure. 

Lipopolysaccharide is a component of the outer membrane of 
gram-negative bacteria and is one of the key causative factors of 
septic shock in ICU patients [6]. The intravasation of gram-nega-
tive bacteria can trigger a cascade of systemic inflammatory reac-
tions that frequently result in lethal outcomes [7]. Purpura fulmi-
nans is a serious condition, which usually occurs secondary to 
sepsis; it can be associated with disseminated intravascular coagu-
lation (DIC) and is characterized by dermal vascular thrombosis 
and hemorrhagic infarction of the skin [8]. Sepsis-induced purpu-
ra fulminans involves an imbalance of anticoagulant and procoag-
ulant activities of the endothelial cells [9]. This imbalance is in-
duced by the endotoxins or exotoxins in gram-negative or 
gram-positive sepsis respectively, mediated by cytokines, resulting 
in the consumption of proteins C and S, and antithrombin III [9]. 
There are three main etiological subtypes of purpura fulminans: 

1) idiopathic purpura fulminans–occurs in patients without 
known or acute infections or abnormalities of the protein C path-
way, 2) acute infectious purpura fulminans–occurs mainly in pa-
tients with acute severe gram-negative bacterial infections, 3) oc-
curs in patients with preexistent inherited or acquired abnormali-
ty of protein C or S anticoagulant pathway [9]. In this case report, 
we present a case of pregnancy-related infection, which pro-
gressed into refractory septic shock accompanied by purpura ful-
minans and multiple organ failure. 

Case Report 

A 23-year-old postpartum woman with septic shock was trans-
ferred to the intensive care unit of the University Medical Center, 
from a regional rural hospital. During pregnancy, she was diag-
nosed with severe iron deficiency anemia (hemoglobin concen-
tration 8.6 g/dl), gestational hypertension, meconium-stained 
amniotic fluid, and prolonged rupture of the membranes. There 
was no evidence of infection during the period of pregnancy and 
no Streptococcus spp. was detected in the vaginal smear. The 
course of pregnancy was complicated by chorioamnionitis, and 
urgent cesarean section was performed several days before trans-
fer to our department. There was no evidence of shock/end-organ 
dysfunction during labor. About 24 hours following cesarean sec-
tion, the patient developed clinical manifestations of purulent 
postpartum endometritis with fever of 39°C, chills, purulent uter-
ine discharge, and fundal tenderness. An arterial line was placed 
following the diagnosis of endometritis. The sample for blood 
culture was obtained before initiation of empiric antibacterial 

therapy (vancomycin and gentamicin). Several hours later, she de-
veloped sepsis that abruptly progressed to septic shock (arterial 
pressure decreased to 60/40 mmHg) and organ failure with a se-
quential organ failure assessment (SOFA) score of 16–20 (10–12 
points on the Glasgow Coma Scale, acute respiratory distress syn-
drome [ARDS] with PaO2/FiO2 180 mmHg, norepinephrine >  0.3 
μg/kg/min [weight 60 kg], bilirubin 23 mmol/L, platelets 35 ×  
103/μl, and urine output 300 ml/day). Laboratory tests showed 
multiple abnormalities including hemoglobin concentration of 7.7 
g/dl, white blood cells 25× 109/L, prothrombin time 21 s, fibrino-
gen concentration 89 mg/dl, antithrombin III 53%, D-Dimer 2.4 
µg/ml (normal range <  0.5), C-reactive protein 309.5 mg/L, pro-
calcitonin 45 ng/ml, lactate 7.5 mmol/L, and brain natriuretic 
peptide (BNP) 4,000 ng/ml (Table 1). Protein C and protein S 
tests were not available due to technical limitations. A bolus of 
normal saline (30 ml/kg) was administered and immediate nor-
epinephrine infusion (0.3 μg/kg/min) was initiated. Due to the 
patient’s unstable condition, she was intubated and respiratory 
support in assist-control mode was initiated. Within a short span 
of time, the dose of norepinephrine was increased to 3.0 μg/kg/
min to maintain the mean arterial pressure in the range of 60–65 
mmHg. Two hours after the onset of shock, the color of her fin-
gers and toes as well as abdominal wall appeared mottled. Several 
hours later, the echocardiogram demonstrated left ventricular sys-
tolic dysfunction with an ejection fraction of 32%, and dobuta-
mine infusion (20 μg/kg/min) was initiated to improve cardiac 
contractility. Attempts to reduce the doses of catecholamines were 
unsuccessful due to inadequate hemodynamic response to fluid 
therapy. After initial stabilization of the puerperal condition, hys-
terectomy was performed. Two days later, the patient was trans-
ferred to our hospital by sanitary aviation. 

Physical examination on admission to our department revealed 
massive aseptic necrosis of all fingers (I–V), toes (I–V), metatarsal 
region, and anterior abdominal wall (Figs. 1 and 2). The patient 
also had had sepsis/septic shock-induced multiple system failure 
including ARDS, encephalopathy, systolic heart failure, and acute 
kidney injury. Invasive blood pressure was 100/70 mmHg, heart 
rate was 150/min, arterial oxygen saturation was 85–92%, and 
body temperature was 38.4°C. The patient was sedated with dex-
medetomidine (0.4 μg/kg/h) and mechanically ventilated (assist/
control ventilation with positive end expiratory pressure of 14 
cmH2O and FiO2 0.7). Auscultation revealed crackles over the 
right middle and lower zones of the lungs. Hemodynamic support 
required intravenous norepinephrine 2 μg/kg/min and dobuta-
mine 20 μg/kg/min. 

Investigations revealed the following abnormalities: Hb 9 g/dl, 
WBC 22 ×  109/L, C-reactive protein 200.5 mg/L, lactate 4 mmol/
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bial pathogens were identified in the necrotic tissues. Patient 
management plan included antibacterial therapy, goal-directed 
fluid therapy, nutritional support, protective mechanical ventila-
tion, hydrocortisone, fresh frozen plasma, and high dose of ascor-
bic acid and thiamine. The skin wounds were managed with 
dressing and moist healing products. Three weeks after admission 
to our intensive care unit the patient was weaned off mechanical 
ventilation as well as from vasopressor therapy. There were no 
neurological consequences and all end-organ functions returned 

Table 1. Clinical and Laboratory Characteristics of Multiple Organ Dysfunction in Our Patient

Organ dysfunction Patient’s parameters at the time of onset of septic 
shock Patient’s parameters two days later

Circulatory failure (reduced tissue perfusion); 
disorder of coagulation

Blood pressure 60/40 mmHg, Pulse rate 120 
beats/min, Hyperlactatemia 7.5 mmol/L, De-
creased capillary refill (Ischemia and necrosis of 
fingers, toes, skin of the abdominal wall), D-Di-
mer 2.4 µg/ml

Lactate 4 mmol/L, Creatine kinase-MB 15.1 IU/L, 
BNP 5000 ng/ml, Massive aseptic necrosis of 
the fingers (I–V); toes (I–V), metatarsal region, 
and anterior abdominal wall, D-Dimer 1.5 µg/
ml

Myocardial dysfunction Myocardial hypokinesis of the anterior wall of left 
ventricle, Reduced left ventricular contractility, 
Ejection fraction 32%

Myocardial hypokinesis of the anterior wall of left 
ventricle, Ejection fraction 38%

Acute respiratory distress syndrome PaO2/FiO2 180 mmHg PaO2/FiO2 250 mmHg
Gastrointestinal tract Paralytic ileus Paralytic ileus
Systemic inflammatory response and infec-

tion
Procalcitonin 45 ng/ml, CRP 175.8 mg/L Procalcitonin 32 ng/ml, CRP 200.5 mg/L, Esche-

richia coli, Pseudomonas aeruginosa, and Acine-
tobacter baumannii were positive on blood cul-
ture

Cerebral dysfunction Delirium, 12 points on the Glasgow Coma Scale Delirium, 13 points on the Glasgow Coma Scale
Renal dysfunction Urine output 300 ml/day Urine output 320 ml/day
CRP: C-reactive protein, PaO2: partial pressure of oxygen, FiO2: fraction of inspired oxygen, BNP: brain natriuretic peptide.

Fig. 1. Massive necrosis of the anterior abdominal wall.
Fig. 2. Necrosis of toes of the right foot.

L, procalcitonin 32 ng/ml, сreatine-kinase MB 15.1 IU/L, BNP 
5,000 ng/ml, platelets 90 ×  109/L, fibrinogen 114 mg/dl, activated 
partial thromboplastin time 128 s, –international normalized ra-
tio 1.27, prothrombin time 16.9 s (Table 1). Transthoracic echo-
cardiography demonstrated reduced (but improved compared to 
the previous values) ejection fraction of 38%. Chest radiography 
showed bilateral infiltrations (mild acute respiratory distress syn-
drome with PaO2/FiO2 250 mmHg). Blood culture showed multi-
ple drug-resistant Escherichia coli, Pseudomonas aeruginosa, and 
Acinetobacter baumannii (all sensitive to meropenem). No micro-

https://doi.org/10.4097/kja.20201268

Viderman et al. · Refractory gram-negative septic shock



to normal (although the SOFA score-predicted hospital mortality 
was more than 90%); however, the necrotic area was quite large. 
The duration of vasopressor support totaled 8 days. After stabili-
zation of the general condition, the necrotic masses were debrided 
and autodermoplasty was performed signed informed consent for 
publication was obtained. 

Discussion 

In our patient, refractory septic shock was complicated by pur-
pura fulminans-a relatively infrequent symptom of DIC [10], 
which resulted in progressive tissue necrosis. 

The presentation of such a massive lesion can be explained by 
the critical reduction of tissue perfusion due to purpura fulmi-
nans, probable heterogeneity in the distribution of blood flow, en-
dothelial injury, and impaired oxygen utilization. Success in septic 
shock management depends on early recognition and resuscita-
tion. The outcomes of treatment can be improved and complica-
tions can be minimized by a balanced combination of fluid and 
vasopressor/inotropic therapy; both should be initiated as soon as 
possible to improve microcirculation, blood viscosity, and to nor-
malize coagulation to prevent severe ischemia-hypoxic tissue in-
jury. Vasopressor therapy is one of the key components of septic 
shock management, especially if early fluid therapy cannot 
achieve hemodynamic stabilization. However, high-dose vasocon-
strictor therapy in a hypovolemic patient might result in exacer-
bation of tissue ischemia and development of irreversible ischemic 
injuries such as digital necrosis as well as necrosis of the internal 
organs. Advanced hemodynamic monitoring might be useful for 
the customization of fluid and vasopressor/inotropic therapy. 

This condition was complicated by the failure of cardiovascular, 
pulmonary, cerebral, renal, and intestinal systems, and massive 
necrosis of the skin and subcutaneous tissue. Another interesting 
finding in our patient was that she developed sepsis-induced car-
diac dysfunction several hours after the onset of sepsis. BNP was 
significantly elevated to 5,000 ng/ml and the ejection fraction was 
severely reduced to 32%, although the patient had no history of 
cardiac problems. It has been reported that cardiac dysfunction in 
patients with septic shock was associated with a significant in-
crease in the rate of mortality up to 70–90%, compared to 20% in 
those without cardiac dysfunction [11]. 

The clinical manifestations of sepsis-induced purpura fulmi-
nans commonly include purpuric rash as well as symptoms and 
signs of sepsis, which is usually preceded by fever or chills, sore 
throat, and malaise. It has been reported that purpura fulminans 
was associated in about 67% of patients with septic shock and in 
78% of patients with DIC [12]. The differential diagnoses include 

thrombotic thrombocytopenic purpura, postinfectious thrombo-
cytopenic purpura, and Henoch-Schonlein purpura [12]. Purpura 
fulminans can be associated with a mortality of up to 50%. The 
standard management of purpura fulminans includes aggressive 
fluid resuscitation, inotropic therapy, respiratory support, coagu-
lation control and management (fresh frozen plasma, anticoagu-
lants), treatment of underlying infection, renal replacement thera-
py, and management of complications [13]. In addition, we be-
lieve that our patient might have benefited by early initiation of 
blood purification therapy with cytosorbent or its analogues. 
However, it is uncertain whether this would have prevented the 
development of purpura fulminans and massive necrosis, since the 
onset of septic shock was abrupt and blood purification therapy 
would require time before visible effect. In our opinion, early re-
moval of the endotoxins and inflammatory cytokines could prob-
ably attenuate multiple organ dysfunction and reduce the extent 
of organ failure. 

In conclusion, septic shock is a significant, yet not completely 
understood life-threatening condition, which can be associated 
with purpura fulminans, multiple organ dysfunction, disseminat-
ed intravascular coagulation, and massive tissue necrosis. 
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The erector spinae plane block (ESPB) has been reported to have several complications. 
However, there has been no report of local anesthetic systemic toxicity (LAST). Here, we 
describe a case of LAST in a patient receiving levobupivacaine for ESPB. 

Informed consent for publication was obtained from the patient, and this report was 
approved by Shimane University Hospital Institutional Review Board (approval no. 
4685). We performed ultrasound-guided bilateral ESPB in a 50-year-old male (weight 58 
kg, height 163 cm) who underwent endoscopic laminectomy for lumbar spinal canal ste-
nosis. The patient had no medical history other than lumbar spinal canal stenosis. 

Before the block, we administered 1 mg of midazolam intravenously (IV) and 1 μg/kg 
(lean body mass) fentanyl IV. The patient was placed in a prone position. First, we identi-
fied the right L4 transverse process on ultrasound after placing a transducer (15-6 Hz, 
FUJIFILM SonoSite, Japan) in the longitudinal plane. The needle was inserted in-plane, 
and 15 ml of 0.5% levobupivacaine was injected. We observed linear fluid spreading deep 
to the erector spinae muscle between the L1 and sacral levels. Next, we performed left-
side ESPB as well as right-side ESPB and observed linear fluid spreading between the L2 
and sacral levels. Thus, we used a total of 30 ml of 0.5% levobupivacaine. No blood aspi-
ration was observed before or during the local anesthetic infection on either side. Howev-
er, immediately after the block, the patient engaged in verbal communication with the 
medical staff. While turning him to the supine position, he suddenly stopped responding 
to our questions, and when he became supine, he convulsed. At the time of the event, vi-
tal signs were as follows; blood pressure: 119/91 mmHg, Heart rate: 61/min, respiratory 
rate: 12/min; saturation of percutaneous oxygen: 97%. 

We did not find arrhythmia on the electrocardiogram monitor. By that time, 15 min 
had elapsed after the right-side ESPB, and it had been 7 min since the left-side ESPB. We 
administered 5 mg of midazolam IV, and the patient’s convulsions subsided. We addi-
tionally administered a lipid emulsion (20% soybean oil 250 ml). No circulatory symp-
toms, respiratory arrest, or organ damage were detected on blood testing. The patient re-
gained consciousness 30 min after the convulsions. We were unable to check the plasma 
concentration of levobupivacaine in this case, but the patient had no medical history of 
epilepsy, and there was no bleeding observed on computed tomography imaging. The 
operation was performed as planned, and the patient had no sequelae. 

Interfascial plane blocks have recently been developed and have attracted attention in 
large part because they are less technically demanding and safer (i.e., the target is not the 
nerves, which may be damaged, but rather the space between muscle planes). In particu-
lar, ESPB is known to be a simple and safe technique because sonoanatomy is easily 
recognizable, and there are no structures at risk of needle injury in the immediate vicinity 
[1]. However, there is a relatively brief history of ESPB in clinical practice; the technique 

Received: October 12, 2020 
Revised: October 22, 2020 
Accepted: October 22, 2020    

Corresponding author: 
Shunsuke Yawata, M.D. 
Department of Anesthesiology, Shimane 
University Faculty of Medicine, Masui-ka 
89-1 Enya-cho, Izumo-city, Shimane 693-
8501, Japan 
Tel: +81-85-320-2295 
Fax: +81-85-320-2292 
Email: shunsuke.tottorin@gmail.com 
ORCID: https://orcid.org/0000-0001-5429-8365

Local anesthetic systemic toxicity of 
levobupivacaine in erector spinae 
plane block 
Shunsuke Yawata, Noritaka Imamachi, Shinichi Sakura, 
Hanako Yamamoto, Yoji Saito 
Department of Anesthesiology, Shimane University Faculty of Medicine, Izumo, Japan 

Korean J Anesthesiol 2021;74(3):271-272
https://doi.org/10.4097/kja.20560
pISSN 2005–6419 • eISSN 2005–7563

Letter to the Editor

The Korean Society of Anesthesiologists, 2021

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

271Online access in http://ekja.org



was first reported in 2016 by Forero et al. [1]. LAST is a rare event 
and is a potentially fatal complication of local anesthetic use. This 
is the first case report to demonstrate LAST after ultrasound- 
guided bilateral ESPB. 

No information is available on how local anesthetic absorption 
occurs after ESPB. The differences in the time course of plasma 
concentrations are caused by the number of blood vessels around 
the space where the local anesthetic was injected [2]. 

Levobupivacaine is commonly used as the local anesthetic of 
choice in peripheral nerve blocks because its long-acting duration 
is useful for postoperative analgesia. Thus, we used levobupiva-
caine in this case because we expected it to have a longer effect 
than other local anesthetics. 

Some reviews of ESPB have been published in the literature 
[3,4]. These studies reported the use of lidocaine, bupivacaine, 
ropivacaine, and levobupivacaine as local anesthetics in ESPB. 
When ESPB was performed bilaterally, the maximum volume of 
local anesthetics was 60 ml (in one case, 60 ml 0.5% ropivacaine 
=  300 mg ropivacaine was used, and in the other case, 20 ml 0.5% 
bupivacaine + 20 ml 2% lidocaine + 20 ml saline mixture =  100 
mg bupivacaine and 400 mg lidocaine was used). When ESPB was 
performed, the maximum concentration of local anesthetics was 
0.75% (20 ml 0.75% ropivacaine =  150 mg ropivacaine). We used 
30 ml 0.5% levobupivacaine =  150 mg levobupivacaine. This dose 
was not greater than that in previous reports. One study reported 
plasma concentrations of local anesthetics after IV injection in 
rats [5]. The plasma concentrations at the onset of seizure did not 
differ significantly between levobupivacaine and ropivacaine. 
However, the plasma concentration of local anesthetic at the onset 
of dysrhythmia and asystole was higher with the administration 
of ropivacaine than with levobupivacaine. Therefore, it is possible 
that levobupivacaine is associated with a higher risk of LAST than 
ropivacaine. 

This case report underscores the importance of awareness of 
possible LAST after ESPB, even though it is considered a simple 
and safe technique. Care must be taken when performing bilateral 
ESPB because large volumes of local anesthetics are used. Best 
practice might include using ropivacaine rather than levobupiva-
caine and reducing the dose of local anesthetics as much as possi-
ble. Further studies to evaluate the changes in plasma concentra-
tions of local anesthetics after ESPB are needed to increase the 
safety of ESPB. 
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Pediatric difficult airway is defined as a situation wherein the operator (anesthesiologist 
or intensivist) experiences difficulty with mask ventilation, direct or assisted laryngosco-
py, tracheal intubation, supraglottic airway device use, or surgical airway. It is a clinical 
scenario that can quickly escalate into an emergency, and it is a risk factor for morbidity 
and mortality. The incidence of difficult tracheal intubation is up to 3%, and 1 of 5 cases 
are unanticipated (mostly related to unidentified facial dysmorphic features). Complica-
tions occur in ≥  20% of children (mainly hypoxemia), and they are frequently associated 
with repeated attempts at laryngoscopy (≥  3 attempts) and intubation (≥  2 attempts) [1].

Written informed consent for the publication of this article was obtained from the par-
ents of the patients. 

We present the case of 2 toddlers with Pierre Robin sequence and difficult airway, who 
underwent rescue intubation with an i-gel® (Intersurgical Ltd, Wokingham, Berkshire, 
UK) supraglottic airway device during the perioperative care of cleft palate surgery. Both 
were 20-month-old children who were classified as American Society of Anesthesiolo-
gists physical status II and weighed 9–10 kg. Multiple attempts at laryngoscopy (Cor-
mack-Lehane ≥  3b) and videolaryngoscopy were performed by experienced pediatric 
operators, and episodes of desaturation (with abundant secretions and some blood) oc-
curred in both cases [2]. Considering the difficult airway, repeated attempts at laryngos-
copy, and hypoxemia episodes, we decided to perform intubation using a supraglottic 
airway device. We inserted an i-gel® airway device (nº 2) for mechanical ventilation and 
performed a fibroscopy (2.8 mm) through a double-swivel elbow (with seal-opening), 
while visualizing the following structures: epiglottis partially covering the larynx (classifi-
cation of fiber optic vision through supraglottic device grade 3–4), larynx with supraglot-
tic edema and secretions, trachea, and carina [3]. We passed an uncuffed tracheal tube (nº 
4) through the elbow (maintaining mechanical ventilation), removed the supraglottic de-
vice using another tracheal tube as a stabilizer, and connected it again to the ventilator. 
Finally, we checked the waveform capnography and the correct placement of the tube 
proximal to the carina by performing a new fibroscopy again.

Pierre Robin sequence is defined as the presence of micrognathia, glossoptosis, and 
airway obstruction (as well as cleft palate in 50% of patients); it is associated with respira-
tory and feeding difficulties to varying degrees. The incidence varies from 1 : 5,000 to 1 : 
85,000, owing to variable clinical presentations, which may lead to underdiagnosis of pa-
tients with mild symptoms who may present with unanticipated difficult airways [4]. The 
latter occurred in 1 patient who had not been diagnosed with the Pierre Robin sequence 
when scheduled for surgery. The second child had a history of the Pierre Robin sequence. 
However, as his anatomical conditions seemed favorable, the anesthesiologist decided to 
perform a direct laryngoscopy under sedation as a first approach to case management. 
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The management of unanticipated difficult tracheal intubation 
in pediatric patients should be based on early identification and 
the use of evidence-based algorithms. Such algorithms should be 
adapted to the available resources and clinical experience and 
simplified to the minimum necessary information to ensure the 
adherence of professionals and ease of use. Moreover, intubation 
attempts should be limited, techniques and/or operators should 
be changed at every attempt, and intubation assistance devices 
should be used promptly. The damage produced by repeated at-
tempts at intubation (secretions, bleeding, and supraglottic ede-
ma) may compromise ventilation and oxygenation. Supraglottic 
airway devices are the best choice for rescue ventilation, and they 
can be used as conduits for intubation (Video 1). Fibrosco-
py-guided intubation through a supraglottic device is well de-
scribed in the literature, but however, guidelines for the difficult 
airway management indicate to perform this technique in the late 
stages of the process [5]. 

i-gel® supraglottic airway devices have an optimal profile for 
the management of difficult airways in children, given the ease of 
insertion (non-inflatable cuff), high leak pressures (>  25 cmH2O) 
that permits more demanding positive pressure ventilation, a gas-
tric channel for decompression of the stomach, and a wide airway 
diameter that allows the introduction of endotracheal tubes and 
fiberscopes with different diameters [6]. 

Fibroscopy-guided intubation through a supraglottic airway 
device has higher rates of global success, higher rates of first-at-

tempt success in children younger than 1 year, and lower rates of 
hypoxemia than videolaryngoscopy (permits mechanical ventila-
tion during the procedure). Since laryngoscopy and videolaryn-
goscopy are performed in apnea cases, they may be associated 
with hypoxemia, a higher number of intubation attempts (given 
the need to interrupt the technique for patient ventilation), and 
more airway damage. It is also important to check the compatibil-
ity of the diameters of the fiberscope, tracheal tube, and supraglot-
tic airway device and examine the passage of the tracheal tube 
through the elbow with seal-opening to complete the intubation 
procedure without disconnecting from mechanical ventilation 
[6,7]. 

Therefore, based on our experience, we strongly recommend 
the early use of fibroscopy-guided intubation using the i-gel® su-
praglottic device for unanticipated tracheal intubation with a Cor-
mack-Lehane ≥  3 (Fig. 1) or secretions, bleeding, or hypoxemia 
to achieve a high success rate. Although the first-line supraglottic 
devices for this technique are Air-Q® and Aura-i® (having more 
studies published), i-gel® has the following advantages over them: 
(1) provides a wider airway channel that provides better visual 
field and permits the passage of tracheal tubes and fiberscopes 
with larger diameters; (2) obviates the need to disconnect me-
chanical ventilation for the passage of tracheal tubes, unlike with 
the use of Air-Q®.

In conclusion, we consider fibroscopy-guided intubation 
through a supraglottic device as a safe and effective procedure, 

Fig. 1. Algorithm for the management of unanticipated difficult intubation in our pediatric anesthesia program. BURP: backward upward 
rightward pressure.

UNANTICIPATED DIFFICULT INTUBATION

Nasal oxygen 100%

Secretions/blood/edema±Difficult ventilation±Hypoxemia

Attempt 1

Intubating introducer

Videolaryngoscope

Attempt 2

Attempt 3

Cormack-Lehane (C-L)

- BURP maneuver

- Roll under shoulders

- Miller straight blade

Experienced operator

C-L ≤  2A C-L ≥  2B

C-L ≥  3

C-L  2B

1. Direct laryngoscopy
- Maximum of 3 attempts

- Modfy the technique in every attempt

- Last attempt performed by an experienced operator

2. Assisted laryngoscopy
- Maximum of 2 attempts

- Change the device in every attempt

3. Fibroscopy via supraglottic 
device

- Maximum of 2 attempts
-   Check the diameter compatibility between the fiberscope,  

tracheal tube and supraglottic device
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which should be performed promptly as an intubation rescue 
technique in pediatric patients, since it reduces the number of at-
tempts at laryngoscopy and intubation. Moreover, we consider 
i-gel® as an excellent supraglottic device for performing this pro-
cedure, although further studies providing new evidence on its 
application are needed.
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The prone position is among the many positions used during various neurosurgical 
and orthopedic surgeries (posterior fossa tumors and spine). Complications associated 
with prone positioning include stroke, upper airway obstruction, endotracheal tube dis-
lodgement and brachial plexus injury, among others. Arterial cannula displacement 
during positioning or in the middle of an ongoing major surgery is a nightmare to anes-
thesiologists, due to difficulties of accessing commonly used arteries for arterial cannula-
tion. It becomes even more challenging when the extremities are not available for cannu-
lation in patients with polytrauma. The popliteal artery can be a very useful option in this 
situation. Point-of-care ultrasonography (POCUS) has made vascular structures easily 
accessible for diagnostic and therapeutic purposes, which were previously impossible 
with blind techniques [1,2]. POCUS can be an invaluable tool for popliteal artery cannu-
lation due to its deeper location and presence of the popliteal vein above it [3]. 

Written informed consent obtained from the patient. A 60-year-old woman with histo-
ry of fall from a 6-m height was scheduled for pedicle screw fixation of L1 vertebral frac-
ture. She also had bilateral upper limb fractures along with right metatarsal fracture. She 
was known to be diabetic and hypertensive with irregular medications. Due to intraoper-
ative hemodynamic instability and difficulty of measuring noninvasive blood pressure, 
arterial cannulation (over the needle technique) was performed in the left dorsalis pedis 
artery. During the intraoperative period, the arterial cannula was displaced, as indicated 
by damping in the arterial wave tracing. After repeated failed attempts to cannulate the 
left posterior tibial artery, we decided to cannulate the left popliteal artery. The left popli-
teal fossa was cleaned and draped. An ultrasound image of the popliteal artery with the 
vein lying above and the nerve bundle below was obtained (Fig. 1A). Colored Doppler 
was used to improve identification of the artery. The artery was found just below the vein 
from the roof of the popliteal fossa. Hence, it could not be punctured perpendicularly. 
The vein was to be bypassed by puncturing the artery from the medial or lateral side us-
ing the Seldinger technique (Fig. 1B).  

The popliteal artery is accessed in the popliteal fossa, which is bound by the biceps 
femoris, plantaris, and lateral head of the gastrocnemius laterally and by the semitendino-
sus, semimembranosus, and medial head of the gastrocnemius medially. The floor is 
formed by the knee joint, and the roof is formed by the skin, subcutaneous, and fascia 
lata [2]. The popliteal artery has an average diameter of 7.4–9.5 mm [3]. The popliteal ar-
tery and vein are present in the common sheath, and the vein crosses the artery from the 
lateral to medial as we move from above to below. Easy accessibility in the prone position, 
reliable anatomy, and large diameter were advantages of popliteal artery cannulation. 
However, because of its deep location and adjacent placement to the popliteal vein, only 
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ultrasound-guided placement is feasible, and the Seldinger tech-
nique is a better option than the over-the-needle technique. 

A paucity of published literature regarding the popliteal artery 
cannulation has been observed. Villelli et al. [4] reported the pop-
liteal artery cannulation for digital subtraction angiography in the 
prone position in three patients without any complications. Bala 
et al. [5] performed popliteal artery cannulation in a patient with 
severe ARDS in the intensive care unit. Our patient was followed 
up in the postoperative period after the arterial cannula removal 
with ultrasonography for the popliteal artery patency. No throm-
bus or hematoma was detected around the popliteal artery. We 
suggest further studies on cannulation of popliteal artery required 
to establish the safety and feasibility for invasive blood pressure 
monitoring. 
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Fig. 1. (A) Ultrasound image depicting the popliteal artery anatomy 
(colored Doppler) and (B) the popliteal artery cannulation with 
guidewire in situ.
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The case reported by Singh et al. [1] describing a rare case of Wilson’s disease with in-
tracranial hemorrhage (ICH), which concluded that penicillamine administration in this 
particular patient may have caused bone marrow suppression and low platelet count was 
very interesting. Bone marrow suppression and thrombocytopenia are known complica-
tions of penicillamine use reported in up to 10% of cases [2] that can cause bleeding, in-
cluding ICH. However, the level of coagulopathy based on laboratory parameters (platelet 
count: 43 ×  109/L, international normalized ratio [INR]: 1.65) was not severe enough to 
have caused massive bleeding leading to intraventricular extension in a patient with cir-
rhosis [3]. 

The authors have also commented that marijuana users are more likely to have ICH. 
The patient being an alcohol user as well could have had inadvertent head injuries [4]. 
Although not independent predictors of ICH, marijuana and alcohol use are more likely 
to cause ICH. 

Additionally, we would like to point out that in a young patient presenting with ICH, a 
search for an intracranial aneurysm should have been considered and cerebral angiogra-
phy could have been performed. 

It is also our observation that the trigger for transfusion was the absolute levels of plate-
lets and INR in the presence of an intracranial bleed in a patient with cirrhosis. However, 
the current practice is to transfuse products based on viscoelastic hemostatic assays such 
as TEG or ROTEM, as such patients could be in a procoagulant state despite the de-
ranged coagulation parameters [5]. 
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lastography detects possible coagulation disturbance in patients 
with intracerebral hemorrhage with hematoma enlargement. 
Stroke 2014; 45: 683-8. 
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We would like to convey our gratitude to the readers for showing interest in our article 
[1]. In the InCiTe study on intracranial hemorrhage (ICH) in patients with thrombocyto-
penic hematology, a platelet count< 50× 109/L is considered low enough to cause ICH [2]. 
We agree that the functional activity of platelets is a better marker for bleeding risk than 
the platelet count. However, a patient with ICH and confirmed uncal herniation on-
non-contrast computed tomography (NCCT) with pancytopenia, including thrombocy-
topenia, is an ideal candidate for platelet transfusion. The current practice of transfusing 
blood products based on viscoelastic hemostatic assays such as thromboelastography or 
rotational thromboelastometry is predominantly used in non-cardiac surgery with ongo-
ing bleeding, usually intraoperatively, where there is an acute need for multiple blood 
transfusions [3]. 

In the recent literature, few case reports have reported the correlation of active canna-
bis smoking with ischemic and hemorrhagic cerebral stroke. Of the 107 neurovascular 
cases reported on active cannabis smokers, almost 84% were related to ischemic stroke 
[4]. Our patient was a reformed, not an active, cannabis smoker. Furthermore, hemor-
rhagic stroke in our patient, in contrast to ischemic stroke caused by cannabis, makes 
cannabis use a less likely cause of ICH in this case. 

The most common location of aneurysm rupture is the anterior communicating artery, 
and 90% of all ruptures present with subarachnoid hemorrhage. Basal ganglia hemato-
mas resulting from the rupture of aneurysms of the distal middle cerebral artery are ex-
tremely rare [5]. Most aneurysms develop after the age of 40 years, and the occurrence of 
basal ganglia bleeding caused by an aneurysmal rupture in a 35-year-old man is highly 
unlikely. As our patient was diagnosed with uncal herniation in an urgent NCCT of the 
head, we immediately intubated him and transferred him to the operating theater rather 
than performing a cerebral angiography to rule out an aneurysm, which was a very un-
likely possibility.  
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Notice

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-
provement. You may also direct them to the attention of the 
electronic manuscripts processing manager (editorial manager) 
(M2PI, +82-2-6966-4930).

2) Processing publication-related inquiries for newly submitted 
manuscripts through the main number of the KJA would cause 
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.

2. Information and regulation for submitting 
manuscripts

1) The corresponding author will be notified by e-mail whenever
there is any change in the status of a submitted manuscript.
Authors could also obtain this information directly through the 
website. The KJA will respond to all review inquiries.
However, the expected Volume and Number cannot be provid-
ed, if it has not yet been confirmed; as such, we would not be 
able to entertain inquiries on this matter.

2) Doctoral and Master’s dissertations should abide by the manu-
script submission guidelines of the KJA and should accompany 
a scanned file of the thesis title and the signature(s) of the ex-
aminer(s). This information should be entered in the “Paper 
Information” section during the online submission process.

3) The corresponding author should be a faculty. The correspond-
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 
should be taken when registering authors.

5) Manuscript review is terminated after two reviews, but a mem-
ber of the review committee may request for a 3rd review.
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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.

6. Authorship
Authorship credit should be based on: 1) substantial contribu-
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 containing all materials in a 
file including figures and figure legends. In that case, authors 
should add line numbers throughout the document. Manuscript 
containing anything in headers and footers, except of page num-
bers, will be returned to authors. If your PDF submission is ac-
cepted, you will be asked to upload your final document file in 
DOCX or DOC format as well. Make sure to update your PDF 
file with the most recent version of your manuscript.

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

3. Word-spacing
1) Leave 1 space for each side, using arithmetic marks as +, −, 

× , etc.
Leave no space for hyphen between words.
2) Leave 1 space after “ , ” and “ ; ”. Leave 2 spaces after “ . ” and 

“ : ”.
3) Using parentheses, leave 1 space each side.
4) Brackets in parentheses, apply square brackets.

4. Citations
1) If a citation has 2 authors, write as “Hirota and Lambert.” If 

there are more than 3 authors, apply ‘et al.’ at the end of the 
first author’s surname. Ex) Kim et al. [1].

2) Citation should be applied after the last word or author’s sur-
name.

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

closed in square brackets on the line as [1,3,5].

5. Arrangement of manuscript
ALL articles should be arranged in the following order.
Cover letter (optional)
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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-
tail5. Sample size calculation must aim at preventing false 
negative results pertaining to the primary, instead of second-
ary, endpoint. Usually, the mean difference and standard de-
viation (SD) are typical parameters in estimating the effect 
size. The power must be equal to or greater than 80 percent. 
In the case of multiple comparisons, an adjusted level of sig-
nificance is acceptable.6

9) 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 
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year; volume: start page-final page.
Ex) Rosenfeld BA, Faraday N, Campbell D, Dorman T, 
Clarkson K, Siedler A, et al. Perioperative platelet activity 
of the effects of clonidine. Anesthesiology 1992; 79: 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., Vid-
eo 1***, Video 2***) and include the appropriate extension 
(e.g., .mov, .mpg).
② The maximum number of video clips is 20.
③ The video clip(s) should be playable on both Windows and 
MAC computers. The video clip(s) should be tested for play-

back before submission, preferably on computers not used for 
their creation, to check for any compatibility issues.
④ Individual video files should be a minimum of 480 x 320 
pixels (smaller clips will not be accepted) and a maximum of 
2 GB. Files of <  15 MB will be rejected outright unless special 
arrangements have been made with the editorial board prior 
to submission. Approval of files of >  2 GB will be made at the 
end of the review process.
⑤ Supplemental still images that correspond to the respective 
video clip(s) should be, but are not always required to be, ac-
companied by legends. The video clip file name(s) should re-
fer to the corresponding figure number(s).

2) 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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