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ERCP	� Endoscopic retrograde cholangiopancreatography
HFNC	� High-flow nasal cannula
CPAP	� Continuous positive airway pressure
CO2	� Carbon-di-oxide

To the Editor:

Lee and colleague’s study is intriguing to analyze the ben-
efits of high flow nasal cannula (HFNC) oxygenation in the 
endoscopic retrograde cholangiopancreatography (ERCP) 
procedure in elderly patients [1]. We applaud the work as 
the study contributes towards a significant advancement in 
the control of oxygenation during ERCP and opens new pos-
sibilities. However, we believe some physiological, phar-
macological, and methodological aspects pertinent to the 
procedure employed are worth discussion for conscious 
acceptance of the method in clinical practice.

Continuous positive airway pressure (CPAP) like effects 
of HFNC is vital to have the maximal benefit of it [2, 3]. 

the authors accept that using HFNC with an open mouth 
can limit some of the beneficial effects of CPAP or positive 
end-expiratory pressure, which helps prevent a decrease in 
lung capacity. Furthermore, the efficacy of HFNC oxygena-
tion with postural changes like left-lateral or prone posi-
tion, especially with the decreased diaphragm function, for 
example, in elderly under sedation, is not well known. The 
contentious ventilatory effect of HFNC further complicates 
the scenario. As the procedure time extends, the patient usu-
ally retains carbon-di-oxide (CO2), which might significantly 
impact the oxygenation benefit, ultimately leading to dilu-
tional hypoxia. The authors have noticed a few hypoxias 
even in the HFNC group. It would be prudent to know the 
characteristic of those patients, especially whether they were 
oxygen-dependent in the preoperative period; what was the 
duration of the ERCP procedure?

The effect of sedation using Propofol or Midazolam on 
upper airway muscle tone is a critical factor to be consid-
ered both from airway protection and the possible impact of 
resistance to the flows through the nasopharyngeal route, 
thereby on ventilation and work of breathing. Further, the 
airway protection ability decreases with advancing age [4]. 
Nevertheless, normal oxygenation does not exclude the 
possibility of micro- aspiration. The sedation level main-
tained in the authors’ study was 'deep sedation' as per the 
American Society of Anesthesiologists' practice advisory. 
Further, Midazolam was added to Propofol to achieve the 
target conscious level. While deep sedation does not mean 
an unconscious patient, the conscious level is unpredictable 
and exaggerated, especially with the combination [5].

Furthermore, deep sedation, endoscopy, and air insuffla-
tion for ERCP might jeopardize the patients’ airway-related 
safety. Therefore, targeted sedation management using elec-
tro-encephalography-based indices or sedative agents has a 
low or negligible effect on respiratory depression and air-
way reflexes like Dexmedetomidine, which is well-known to 
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provide awake sedation, even in combination with Propofol, 
might be a better alternative [6]. Again, it is vital to know the 
sedation level in those hypoxic patients at that time-point.

We again thank the authors for bringing out this new 
horizon to HFNC. The authors rightly point out the limita-
tions, especially not having the arterial gas analysis. We also 
consider that future more extensive studies using objective 
assessment of sedation, analysis of the acid–base status, 
postoperative follow-up for aspiration-related complications, 
along with the respiratory gases, will establish a definitive 
use of HFNC in this procedure.

Reply

We thank Dr. Habib Md Reazaul Karim for giving the con-
sideration and opportunity to discuss to our study [1]. Our 
randomized trial suggested that high flow nasal cannula 
(HFNC) oxygenation in the endoscopic retrograde cholan-
giopancreatography (ERCP) under sedation can maintain 
oxygen saturation and prevent unexpected hypoxia events 
[1]. The protective effect of HFNC originated mainly from 
several physiologic factors, including continuous positive 
airway pressure and warm humidification. However, we need 
to consider carefully several circumferential and situational 
aspects in patients who underwent ERCP under sedation.

First, we need to discuss the effect of HFNC according to 
changes in posture during ERCP procedure, such as lateral 
or prone positioning. Awake prone positioning in patients 
with acute hypoxemic respiratory failure due to COVID-19 
treated with HFNC improved oxygen profiles and had pre-
ventable effect on the tracheal intubation or treatment failure 
[7, 8]. Prone position may reduce ventilation to perfusion 

mismatch and intrapulmonary shunt and decrease respiratory 
rate. Thus, respiratory drive and transpulmonary pressure 
gradient may be reduced in prone position, which probably 
improves oxygenation. In addition, prone position with deep 
sedation during endoscopic procedure did not affect main-
tenance of oxygen saturation and end tidal carbon dioxide 
level [1, 9]. Therefore, prone and lateral position during 
ERCP can be feasible to prevent desaturation.

Second, level of sedation and monitoring are challenging 
issue for patient safety and completion of the procedure. 
Although propofol and dexmedetomidine are widely used 
sedatives, propofol showed better satisfaction especially in 
endoscopy as compared with dexmedetomidine, and there 
were no differences in hypoxia and cardiopulmonary compli-
cations [10]. In our study, ERCP was performed under deep 
sedation as described in the American Society of Anesthe-
siologist, which can be response following repeated or pain-
ful stimulation. However, none of patients who experienced 
hypoxia during procedure received midazolam. [Table 1] 
When hypoxia occurred, the procedure and sedation were 
temporarily interrupted to secure the airway and resumed 
after restoration to complete the procedure. Therefore, 
propofol sedation during ERCP may be tolerated for safety 
and desirable for patient satisfaction.

Our data from subgroups of patients with hypoxia dur-
ing ERCP are presented in Table 1. There were no differ-
ences in peri-procedural and sedation-related parameters 
in patients between HFNC and conventional nasal cannula. 
There was no patient with significant respiratory failure or 
oxygen dependence, because patients who received intuba-
tion or home oxygen were excluded from the study protocol. 
Although our study and recent data have shown feasibil-
ity and usefulness of HFNC in sedation ERCP, large-scale 

Table 1   Comparison patients 
between HFNC and nasal 
cannula

Continuous variables presented as median and Mann–Whitney u test was used for analysis. Categorical 
variables presented as the number of patients and Pearson’s chi-square or Fisher’s exact tests were used for 
analysis.

HFNC oxygenation 
(n = 4)

Nasal cannula oxygena-
tion (n = 12)

p-value

Age, years 75 79 0.379
BMI 24 23.4 0.521
ASA grade ≥ 3 1 2 0.607
Procedure time, minutes 19 17 0.770
Dose of propofol, mg per kg 1.92 0.94 0.316
Use of midazolam 0 0 N/A
SpO2 before procedure 98 98 0.770
Any oxygen supplement before procedure 1 3 0.728
Dose of oxygen before procedure
 Subject 1 5 L 3 L
 Subject 2 N/A 2 L
 Subject 3 N/A 3 L

The lowest SpO2 during the procedure, % 87 84 0.212
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studies are needed to investigate arterial blood gas analysis 
for carbon dioxide concentration, electro-encephalography 
indicators for sedation level, and comparison at the same 
oxygen fraction.

In conclusion, HFNC support during ERCP under propo-
fol-based sedation can provide adequate oxygenation. How-
ever, studies focused on physiology are needed to investigate 
these potential mechanisms.

Physiological aspects of High-Flow Nasal Cannula Oxy-
genation in Patients Who Undergone Endoscopic Retrograde 
Cholangiopancreatography under Propofol Sedation.

Man-Jong Lee1, Boram Cha2, Jin-Seok Park2*, Jung Soo 
Kim1, Sang Yong Cho2, Joung-Ho Han3, Mi Hwa Park1, 
Chunwoo Yang4, Seok Jeong2

1Division of Critical Care Medicine, Department of 
Hospital Medicine, Inha University College of Medicine, 
Incheon, Republic of Korea

2Division of Gastroenterology, Department of Internal 
Medicine, Inha University College of Medicine

3Division of Gastroenterology, Department of Internal 
Medicine, Chungbuk National University College of Medi-
cine, Republic of Korea

4Department of Anesthesiology and Pain Medicine, Inha 
University College of Medicine, Incheon, Republic of Korea

Corresponding author
Jin Seok Park, M.D., PhD.
pjsinha@naver.com

Division of Gastroenterology, Department of Internal Medi-
cine, Inha University College of Medicine, Incheon, Repub-
lic of Korea

27 Inhang-ro, Jung-gu, Incheon, 22332, Republic of 
Korea

Acknowledgments  This work was supported by INHA University Col-
lege Research grant.

Authors contribution  SN: analysis of the article, writing, and editing 
the letter, HMRK: analysis of the article, writing, and editing the letter, 
AME: analysis of the article, writing, and editing the letter.

Funding  No external funding supported the preparation of this 
manuscript.

Declarations 

Conflict of interest  The authors report no conflict of interest.

References

	 1.	 Lee MJ, Cha B, Park JS, Kim JS, Cho SY, Han JH et al. Impact of 
high-flow nasal cannula oxygenation on the prevention of hypoxia 
during endoscopic retrograde cholangiopancreatography in elderly 
patients: a randomized clinical trial. Dig Dis Sci. 2021. https://​doi.​
org/​10.​1007/​s10620-​021-​07272-z.

	 2.	 Hernández G, Roca O, Colinas L. High-flow nasal cannula sup-
port therapy: new insights and improving performance. Crit Care. 
2017;21:62. https://​doi.​org/​10.​1186/​s13054-​017-​1640-2.

	 3.	 Guia M, Alpay N, Gerardo A, Madney Y, Abdelrahim M, Saeed 
S et al. High-flow nasal oxygen therapy in acute hypoxemic res-
piratory failure: concise review on technology and initial method-
ology. Turk Thorac J 2021;22:494–500. https://​doi.​org/​10.​5152/​
TurkT​horacJ.​2021.​20213.

	 4.	 Pontoppidan H, Beecher HK. Progressive loss of protec-
tive reflexes in the airway with the advance of age. JAMA. 
1960;174:2209–2213. https://​doi.​org/​10.​1001/​jama.​1960.​03030​
18002​9007.

	 5.	 Taylor E, Ghouri AF, White PF. Midazolam in combination with 
propofol for sedation during local anesthesia. J Clin Anesth. 
1992;4:213–216. https://​doi.​org/​10.​1016/​0952-​8180(92)​90068-c.

	 6.	 Koruk S, Koruk I, Arslan AM, Bilgi M, Gul R, Bozgeyik S. Dex-
medetomidine or midazolam in combination with Propofol for 
sedation in endoscopic retrograde cholangiopancreatography: a 
randomized double blind prospective study. Wideochir Inne Tech 
Maloinwazyjne. 2020;15:526–532. https://​doi.​org/​10.​5114/​wiitm.​
2020.​95066.

	 7.	 Ehrmann S, Li J, Ibarra-Estrada M, Perez Y, Pavlov I, McNicho-
las B, Roca O, Mirza S, Vines D, Garcia-Salcido R, Aguirre-
Avalos G, Trump MW, Nay MA, Dellamonica J, Nseir S, Mogri 
I, Cosgrave D, Jayaraman D, Masclans JR, Laffey JG, Tavernier 
E. Awake prone positioning meta-trial group. awake prone posi-
tioning for covid-19 acute hypoxaemic respiratory failure: a ran-
domised, controlled, multinational, open-label meta-trial. Lancet 
Respir Med. 2021;9:1387–1395.

	 8.	 Chong Y, Nan C, Mu W, Wang C, Zhao M, Yu K. Effects of 
prone and lateral positioning alternate in high-flow nasal cannula 
patients with severe COVID-19. Crit Care. 2022;26:28.

	 9.	 Kim SH, Bang S, Lee KY, Park SW, Park JY, Lee HS, Oh H, Oh 
YJ. Comparison of high flow nasal oxygen and conventional nasal 
cannula during gastrointestinal endoscopic sedation in the prone 
position: a randomized trial. Can J Anaesth. 2021;68:460–466.

	10.	 Nishizawa T, Suzuki H, Hosoe N, Ogata H, Kanai T, Yahagi 
N. Dexmedetomidine vs propofol for gastrointestinal endos-
copy: a meta-analysis. United European Gastroenterol J. 
2017;5:1037–1045.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s10620-021-07272-z
https://doi.org/10.1007/s10620-021-07272-z
https://doi.org/10.1186/s13054-017-1640-2
https://doi.org/10.5152/TurkThoracJ.2021.20213
https://doi.org/10.5152/TurkThoracJ.2021.20213
https://doi.org/10.1001/jama.1960.03030180029007
https://doi.org/10.1001/jama.1960.03030180029007
https://doi.org/10.1016/0952-8180(92)90068-c
https://doi.org/10.5114/wiitm.2020.95066
https://doi.org/10.5114/wiitm.2020.95066

	Methodological Insight to the High-Flow Nasal Cannula Oxygenation in Elderly Undergoing Endoscopic Retrograde Cholangiopancreatography
	To the Editor:
	Reply
	Acknowledgments 
	References




