Clinical efficacy of high-flow nasal oxygen in patients undergoing ERCP under sedation
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Abstract 
Background and Aims: Hypoxemia can occur during endoscopic retrograde cholangiography (ERCP) and is probably induced by analgesia and sedation. Moreover, it is difficult to achieve adequate ventilation with a patient in the prone position. To overcome the procedure related hypoxemia, high-flow nasal oxygen (HFNO) has been recommended to be more effectively help ventilation than conventional low flow oxygen. The aim of this retrospective study was to evaluate the effect of HFNO on desaturation events during ERCP sedation and to identify predictors of desaturation during ERCP.
Methods: A total of 262 patients received high-flow nasal oxygen during ERCP under sedation. The variables investigated were as follows: age, gender, American Society of Anesthesiologists (ASA) classes, duration of exam, and sedative used for midazolam or/and propofol. The differences between categorical and continuous variables were analyzed using the Student’s t test, the chi-square test, or Fisher’s exact test.
Results: Desaturation (SpO2≤90%) occurred in 9 (3.4%) patients among 262 patients who underwent sedated ERCP and desaturation was detected by pulse oximetry. During the  desaturation event, patients were administered sedative antagonists with increasing fractions of inspired oxygen (FIO2) and oxygen flow rate until saturation reached > 95%. The variables found to predict desaturation were older age (p=0.002), a higher sedation dose for midazolam or propofol (p=0.000), and the use of midazolam (p=0.000). However, ASA class and procedure time were not significantly correlated with desaturation.   
Conclusions: This study showed much lower desaturation rate during sedated ERCP with HFNO than in a preliminary study, in which 27.4% desaturation events occurred during sedated ERCP with conventional low flow nasal oxygen. Variables such as older age, higher sedation dose, and the use of midazolam were seemed to be related with desaturation in patients that undergo ERCP under sedation. Such patients require close monitoring for desaturation and hypoventilation by nursing staff. The study shows the use of high-flow nasal oxygen reduces the incidence of desaturation during ERCP.  
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[bookmark: _GoBack]Table 1. Basic characteristics of the patients that underwent ERCP under sedation   
	Variables (n=262)
	

	Age (year)
	68.1 ± 16.0

	Gender, n (%)
	

	 Male 
	135 (51.5)

	 Female
	127 (48.5)

	BMI (kg/m2)
	23.9 ± 4.4

	Comorbidity 
	

	 HTN, n (%)
	96 (36.6)

	 DM, n (%)
	78 (29.7)

	 CAOD, MI, n (%)
	16 (6.1)

	 CHF, n (%)
	2 (0.8)

	 Cerebral infarction, n (%)
	15 (5.7)

	Antiplatelet, antithrombotic medication use (yes), n (%)
	40 (15.3)

	ASA status, n (%)
	

	 I
	108 (41.2)

	 II
	56 (21.4)

	 III
	98 (37.4)


Abbreviations: BMI; body mass index, HTN; hypertension, DM; diabetes mellitus, CAOD; coronary artery obstructive disease, MI; myocardial infarction, CHF; congestive heart failure, ASA; the American Society of Anesthesiologists

















Table 2. Indication for ERCP 
	CBD stone
	159 (60.7)

	Malignancies
 cholangiocarcinoma 
 gall bladder cancer 
 pancreatic cancer 
 AoV cancer 
 HCC 
	61 (23.3)
27 (44.3)
14 (23.0)
11 (18.0)
5 (8.2)
4 (6.6)

	Benign stricture 
	23 (8.8)

	Others 
 SOD 
 pancreatic pseudocyst 
 IPMN
post cholecystectomy biliary leakage     
 choledochal cyst 
 PSC 
 Pancreatic NET 
 AoV adenoma 
	19 (7.3)
5 (26.3)
4 (21.1)
3 (15.8)
3 (15.8)
1 (5.3)
1 (5.3)
1 (5.3)
1 (5.3)


Abbreviations: CBD; common bile duct, AoV; ampulla of Vater, SOD; sphincter of Oddi dysfunction, IPMN; intrapapillary mucinous neoplasm, PSC; primary sclerosing cholangitis, NET; neuroendocrine tumor 















Table 3. Sedation protocol 
	Sedation type 
	

	 Midazolam, n (%)
	41 (15.6)

	 Propofol, n (%)
	172 (65.6)

	 Both 
	98 (37.4)

	Sedation dose
	

	 Midazolam (mg)
	1.7 ± 2.5

	 Propofol (mg)
	105.9 ± 69.5

	Procedure time (min) 
	17.6 ± 10


























Table 4. General characteristics of the desaturated and non-desaturated groups 
	
	Non-desaturated group (n=253)
	Desaturated group (n=9)
	p value

	Age 
	67.6 ± 16
	82.1 ± 9.6
	<0.05

	Gender (male)
	130 (51.4)
	5 (55.6)
	0.81

	Comorbidities 
BMI
	
23.9 ± 0.5
	21.8 ± 4.1
	0.15

	HTN
	91 (36)
	5 (55.6)
	0.23

	DM
	77 (30.4)
	1 (11.1)
	0.21

	CAOD, MI
	16 (63.0)
	0 (0)
	0.44

	CHF
	2 (0.8)
	0 (0)
	0.48

	Cerebral infarction
	14 (5.5)
	1 (11.1)
	0.48

	Antiplatelet or anticoagulant 
	39 (51.4)
	1 (11.1)
	0.72

	ASA class
	
	
	0.22

	 I
	105 (41.5)
	3 (33.3)
	

	 II
	52 (20.6)
	4 (44.4)
	

	 III
	96 (7.5)
	2 (22.2)
	

	Procedure time (min)
	17.7 ± 10
	15.2 ± 10.3
	0.39

	Sedative  
	
	
	<0.05

	 Midazolam
	34 (13.4)
	7 (77.8)
	

	 Propofol 
	171 (67.6)
	1 (11.1)
	

	Both  
	48 (19)
	1 (11.1)
	

	Dose of sedative agent (mg) 
	
	
	

	 Midazolam
	1.53 ± 2.4
	5.6 ± 3.0
	<0.05

	 Propofol 
	108.6 ± 67.8
	30 ± 79.4
	<0.05


Abbreviations: BMI; body mass index, HTN; hypertension, DM; diabetes mellitus, CAOD; coronary artery obstructive disease, MI; myocardial infarction, CHF; congestive heart failure, ASA; the American Society of Anesthesiologists











Table 5. Basic and clinical characteristics of desaturated patients 
	Age
	Gender
	BMI
(kg/m2)
	ASA class
	Indication for ERCP
	Procedure time (min)
	Type and dose of sedative
	Accompanying symptom
	Treatment

	84
	Female
	24.9
	III
	CBD Stone
	6
	Midazolam
(5mg)
	Agitation
	Flumazenil

	84
	Male
	21.1
	I
	CBD Stone
	32
	Midazolam
(10mg)
	Agitation
	Flumazenil

	88
	Female
	22.6
	II
	CBD Stone
	6
	Midazolam
(10mg)
	Bradycardia
	Flumazenil

	92
	Female
	18.2
	I
	CBD Stone
	27
	Midazolam
(5mg)
	Tachycardia
	Flumazenil
HFNO 0.7/50

	89
	Male
	28.4
	II
	CBD Stone
	25
	Midazolam
(5mg)
	Agitation
	Flumazenil
HFNO 0.6/50

	79
	Female
	16.9
	II
	CBD Stone
	12
	Both
(Mida 5mg, 
Propofol 30mg)
	Agitation
	Flumazenil
HFNO 0.7/50

	59
	Male
	26.6
	II
	CBD Stone
	13
	Propofol (240mg)
	Agitation
	HFNO 0.7/50,
Stop ERCP

	82
	Male
	18.7
	I
	CBD Stone
	13
	Midazolam
(5mg)
	Agitation
	Flumazenil
HFNO 0.7/50

	82
	Male
	18.5
	III
	CBD Stone
	3
	Midazolam
(5mg)
	Agitation
	Flumazenil
HFNO 0.7/50


Abbreviations: BMI; body mass index, HTN; hypertension, DM; diabetes mellitus, CAOD; coronary artery obstructive disease, MI; myocardial infarction, CHF; congestive heart failure, ASA; the American Society of Anesthesiologists, CBD; common bile duct, HFNO; high flow nasal oxygen 


