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Hydromorphone While on Extracorporeal Membrane Oxygenation

Background:
● The extracorporeal membrane oxygenation (ECMO) circuit 

can cause alterations in the pharmacokinetics of several 
medications including analgesics and sedatives 1,2

● Two common opioids used in ECMO include fentanyl, which 
is both highly lipophilic and protein bound, and 
hydromorphone, which is less lipophilic with mild protein 
binding 1,3

● At our institution there has been an increase in the use of 
hydromorphone due to the more favorable pharmacokinetic 
profile but the clinical impact is unknown

● The purpose of this study was to determine if there is a 
difference in opioid and sedative requirements in patients 
cannulated for ECMO receiving fentanyl versus 
hydromorphone

Methods:
● IRB-approved, single-center, retrospective chart review of 

adult patients admitted to ASTHW who were cannulated for 
ECMO 

● Patients were included if they were on a continuous infusion 
of hydromorphone or fentanyl between November 1, 2019 
and October 31, 2021

● Exclusion Criteria: ECMO duration less than 48 hours, 
continuous infusion neuromuscular blockade, switched 
between opioids (hydromorphone and fentanyl) after 36 
hours of ECMO cannulation, pregnancy, or incarceration

● The primary objective was to determine if there was a 
difference in fentanyl equivalents in patients cannulated for 
ECMO that received fentanyl versus hydromorphone over the 
first 7 days

● The secondary objectives of this study were to determine if 
there was a difference in fentanyl equivalents over 14 days, 
incidence of delirium and coma in patients over the first 7 
days, and sedative requirements over 7 and 14 days in 
patients cannulated for ECMO that received fentanyl versus 
hydromorphone

Discussion:
● The patients in the fentanyl group trended 

towards lower fentanyl requirements and 

less sedation compared to the 

hydromorphone group

● 85% of the patients in the fentanyl group 

were on VA ECMO

● VV ECMO patients may require up to 75% 

higher sedative requirements when 

compared to patients on VA ECMO 2

● COVID-19 patients with ARDS may have 

higher sedation requirements when 

compared to non-COVID-19 patients with 

ARDS 4

● 63% of patients had documented coma 

during the first 7 days 

Conclusion:
● We failed to detect a statistical difference 

in opioid requirements between the 
fentanyl and hydromorphone groups

● Future studies with a larger sample size 
and well balanced baseline 
characteristics are needed to determine 
the clinical impact of the favorable 
pharmacokinetics of hydromorphone in 
patients cannulated for ECMO
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Results:

Baseline 
Characteristics

Fentanyl
(n=26)

Hydromorphone
(n=28)

p-value

Age (yr) 59 (44-65) 47 (37-54) 0.004

Female, n (%) 6 (23) 4 (14) 0.495

Weight (kg) 101 (90-113) 105 (100-117) 0.243

Chronic Opioids, n (%) 2 (8) 1 (4) 0.604

Anxiety, n (%) 2 (8) 2 (7) 1.00

CRRT, n (%) 14 (54) 10 (36)     0.273

COVID-19, n (%) 2 (8) 24 (86) <0.001

ECMO Indication:
         ARDS
        Cardiogenic Shock

3 (12)
23 (89)

25 (89)
3 (11)

<0.001
<0.001

VV ECMO, n (%) 4 (15) 27 (96) < 0.001

ECMO duration (days) 9 (6-14) 12 (8-18) 0.074

Open Chest, n (%) 8 (31) 1 (3) 0.010

Circuit/Oxygenator 
Change, n (%)

3 (12) 3 (11) 1.00

CRRT = continuous renal replacement therapy; COVID-19= Coronavirus Disease 2019; VV ECMO = 
venovenous extracorporeal membrane oxygenation; ARDS = acute respiratory distress syndrome
All data presented as median [25-75% IQR] unless specified otherwise

Outcomes
Fentanyl 
(n=26)

Hydromorphone 
(n=28)

p-value

Midazolam (mg) Daily 
Equivalents 
                                Day 7
                                Day 14

1 (0.6-12), n=12
0.5 (0.2-0.6), n=4 

0.9 (0.5-2), n=18
0.6 (0.3-2), n=12

0.777
0.419

Propofol (mg) Daily 
Requirements 
                                Day 7
                                Day 14

2225 (1136-3886), n=18
2037 (618-2251), n=8

3047 (933-4609), n=20
2199 (641-4136), n=13

0.562
0.573

Dexmedetomidine (mcg) Daily 
Requirements 
                                Day 7
                                Day 14

584 (54-1027), n=7
158 (130-751), n=2

1767 (666-2036), n=19
1543 (806-2313), n=13

0.036
0.109

RASS Score between -4 and -5 
Day 7, n (%)

19 (73) 15 (54) 0.167

Positive CAM-ICU Score Day 7, 
n (%)

5 (19) 14 (50) 0.024

Mortality, n (%) 19 (73) 18 (64) 0.565

RASS-Richmond Agitation-Sedation Scale; CAM-ICU- Confusion Assessment Method for use in ICU patients
All data presented as median [25-75% IQR] unless specified otherwise. 
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