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Abstract

Introduction Opioids are potent painkillers but can have severe adverse effects in the intensive care unit (ICU). The aim of
this study was to compare the outcomes of fentanyl and morphine use among patients at risk for and with acute respiratory
distress syndrome (ARDS).

Methods We developed a dataset of real-world data to enable the comparison of the effectiveness and safety of opioids and
the associated outcomes from the Multiparameter Intelligent Monitoring in Intensive Care (MIMIC)-III database and the
elCU Collaborative Research Database. Patients who were admitted to the ICU with a diagnosis of or at risk for ARDS and
received mechanical ventilation for at least 12 h were included. Patients were enrolled sequentially into one of six groups in
three cohorts: treated with fentanyl or not; treated with morphine or not; and treated with fentanyl or morphine. Propensity
score matching and multivariable analyses were performed.

Results Fentanyl was associated with higher in-hospital mortality in the propensity score-matched model but not in the linear
regression model. The use of morphine was associated with a higher in-hospital mortality in both models. Both fentanyl
and morphine were associated with longer duration of mechanical ventilation, ICU stay, and hospitalization and a decreased
likelihood of being discharged home in both models. Notably, compared with morphine, fentanyl was associated with a lower
mortality and an increased likelihood of being discharged home.

Conclusions Both fentanyl and morphine were independent risk factors for worse outcomes in patients with or at risk for
ARDS. Compared with morphine, fentanyl may be preferred in these patients.

1 Introduction Acute respiratory distress syndrome (ARDS) is the cause
of respiratory failure in 10.4% of critically ill patients and

Pain is common among patients admitted to intensive care ~ Nas a mortality rate of approximately 40% [9-11]. Clinical
units (ICUs), with a prevalence of 40-77% [1]. Severe pain guidelines suggest that intravenous opioids be considered as
negatively affects the status of critically ill adults, resulting  the first-line drug to manage pain in critically ill patients [12,
in prolonged mechanical ventilation, respiratory injury, and 13]. It is unclear whether patients treated with fentanyl and
immunosuppression [2, 3]. In addition, the use of opioids morphine have similar outcomes. To address this gap, we

is associated with a significant risk of mortality in a dose- systematically examined the association between outcomes
dependent manner [4-8]. and the use of opioids (fentanyl and morphine) in patients

with or at risk for ARDS. Our study provided a comprehen-
sive analysis across populations, hospital characteristics, and
outcomes.
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Both fentanyl and morphine were independently risk fac-
tors in patients with or at risk for ARDS.

Opioids were increased in the duration of mechanical
ventilation, ICU stay and hospital stay.

Fentanyl was associated with lower mortality rate and
higher rate of discharge home than morphine.

Fentanyl may be superior to morphine for a sedative in
patients with or at risk for ARDS.

2 Methods
2.1 Data Source

The Multiparameter Intelligent Monitoring in Intensive Care
(MIMIC) HI (version 1.4) database and eICU Collaborative
Research Database are maintained by the Laboratory for
Computational Physiology at the Massachusetts Institute of
Technology in the US [14, 15]. The database is accessible to
researchers who have passed a training course on protecting
human subjects. The data were extracted by AMH (certifica-
tion number: 26450451).

2.2 Study Population and Stratification

Mechanically ventilated ICU patients with a diagnosis of
ARDS or known ARDS risk factors were included. ARDS
risk factors included acute hypoxemic respiratory failure,
pneumonia, sepsis, trauma, burns, and other diagnoses or
treatments (i.e., multiple transfusions) [9, 10, 16, 17]. Patient
diagnoses were determined on the basis of the International
Classification of Disease Codes, Ninth Revision, Clinical
Modification (ICD-9-CM) (supplement file 1, see electronic
supplementary material [ESM]) [18]. Comorbidities were
extracted according to the Elixhauser Comorbidity Index
based on the diagnoses recorded during hospitalization [19].

The inclusion criteria in this study were as follows: (1) for
patients with multiple ICU stays, only the first ICU stay was
eligible; (2) adults (> 18 years of age) on ICU admission;
(3) ICU stay > 24 h; and (4) the use of invasive mechanical
ventilation for at least 12 h.

2.3 Outcomes

The following outcome measures were assessed: hos-
pital mortality, ventilation duration, ICU length of stay,
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hospitalization duration, and discharge destination (home
versus elsewhere).

2.4 Data Analysis

The considered factors were age; sex; ethnicity; weight;
height; acute physiology and chronic health evaluation
(APACHE)-III score; oxygenation index; alveolar-arterial
oxygen difference (AaDo2); diagnoses at discharge; hos-
pital characteristics; the use of sedatives and opioids. The
APACHE-III scoring system is designed to prospectively
predict mortality in individual ICU patients. Each patient
had a diagnosis of ARDS or a known ARDS risk factor at
the time of admission [20]. Patient diagnoses at discharge
included the following: ARDS, pneumonia, sepsis, aspira-
tion, heart failure, chronic obstructive pulmonary disease
(COPD), disseminated intravascular coagulation (DIC), liver
disease, renal failure, hypertension, and diabetes mellitus.
Hospital characteristics were defined in the database, includ-
ing ICU type, number of ICU beds, teaching status, and pro-
vider region. Sedatives and opioids included the following:
midazolam, propofol, dexmedetomidine, and fentanyl.

Patients were enrolled sequentially into three cohorts: did
or did not use morphine; did or did not use fentanyl; and
used morphine or fentanyl. Descriptive data are presented as
the median (25th to 75th percentile) for continuous variables
and frequency (%) for categorical variables. Categorical var-
iables were compared between groups using the chi-square
test. An unpaired ¢ test or Kruskal-Wallis test was used for
continuous variables.

Propensity score generation, stratification by deciles, and
1:1 matching between groups were performed using the R
package Matchlt [21]. A non-parsimonious regression model
was used to produce propensity scores for the group with
fewer patients using the patient characteristics described
above. For the propensity score-matched analysis (primary
analysis), each patient in the group with fewer patients was
matched to the third decimal point using the nearest neigh-
bor algorithm. A caliper setting of 0.05 was utilized. Stand-
ardized differences (SDs) were used to confirm a balanced
matching result. The matching result was considered bal-
anced when the SD was < 0.1. The final models included
each hospital as a random effect and all patient character-
istics used to calculate the propensity score. Additionally,
multivariable regression, including all the patient charac-
teristics used to calculate the propensity score, was used to
confirm the findings (secondary analysis).

The following pre-specified subgroups and interactions
were assessed: age (within 18—65 years, and 65 years or
older), duration of mechanical ventilation (12-24 h, 24-48 h,
and 48 h or longer), and using first-line sedation (dexme-
detomidine, midazolam, propofol).
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Missing data were imputed with the multivariate imputa-
tion by chained equations (MICE) method [22]. The amount
of missing data was low, and the missing data were detailed
in supplemental file 2 (see ESM). Supplemental file 3
showed the frequency of missing data elements and the dis-
tribution of each parameter before and after imputation (see
ESM). All analyses were performed using R version 3.62.

3 Results

This study was conducted and reported in accordance with
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines (supplemental file 4,
see ESM) [23]. In total, 46,428 ICU patients and 61,051
ICU admissions were available in the MIMIC III database
v1.4, and 177,863 ICU patients and 626,858 ICU admissions
were available in the eICU Collaborative Research Data-
base. Sequentially, we excluded 8433 patients whose age
at admission was younger than 18 years, 116,599 patients
who stayed in the ICU for < 24 h, and 81,849 patients who
received mechanical ventilation for < 12 h, as shown in sup-
plemental file 5 (see ESM). The included 17,410 patients
had at least one ARDS risk factor: 12,567 patients were
diagnosed with acute hypoxemic respiratory failure, 4517
patients were diagnosed with pneumonia, 4757 patients were
diagnosed with sepsis, and 1603 patients were diagnosed
with aspiration.

A total of 5515 patients (31.7%) received fentanyl, and
601 (3.5%) received morphine. Before propensity score
matching, there were statistically significant differences in
admission type in the analysis of patients who did and did
not receive fentanyl, those who did and did not receive mor-
phine, and those who received fentanyl or morphine. Over-
all, patients who received fentanyl or morphine had a lower
oxygenation index, had a higher AaDo2 and were more
likely to be female and to be diagnosed with ARDS, pneu-
monia, sepsis, aspiration, heart failure, hypertension, and
diabetes than their counterparts (supplemental files 6-7, see

ESM). New users of fentanyl had a lower oxygenation index,
higher APACHE III score, and higher AaDo2 and were more
likely to be diagnosed with ARDS, aspiration, and hyperten-
sion than patients who received morphine (supplemental file
8, see ESM). However, propensity score matching yielded
an adequate covariate balance, reducing concerns that the
measured effects were affected by baseline confounders.

3.1 Propensity-Matched Analysis

The fully adjusted, propensity score-matched analysis of the
outcomes was shown in Table 1. Patients who were treated
with fentanyl had a higher mortality rate than patients not
treated with fentanyl (OR 1.30, 95% CI 1.13-1.49; p <
0.001); likewise, patients treated with morphine had a higher
mortality rate than patients not treated with morphine (OR
6.70,95% CI1 4.95-9.13; p < 0.001). Unexpectedly, patients
who were treated with fentanyl had a lower mortality rate
than patients treated with morphine (OR 0.16, 95% CI
0.10-0.25; p < 0.001).

Patients who received fentanyl had a longer ventilation
duration, ICU stay, and hospital stay than those who did
not receive fentanyl (p < 0.001). Similarly, patients who
used morphine had a longer ventilation duration (p < 0.01),
ICU stay (p < 0.001), and hospital stay (p < 0.001) than
those who did not use morphine. The comparison of patients
who used fentanyl and morphine showed that there were
no differences in ventilation duration (p = 0.44), ICU stay
(p = 0.14), or hospital stay (p = 0.03).

Patients treated with fentanyl had a lower rate of dis-
charge home than those who did not receive fentanyl (OR
0.73, 95% CI 0.65-0.82; p < 0.001). The use of morphine
also resulted in a lower rate of discharge home (OR 0.17,
95% CI 0.11-0.25; p < 0.001). Furthermore, patients who
were treated with fentanyl had a higher rate of discharge
home than patients who were treated with morphine.

Table 1 Results of propensity-matched analysis in patients with or at risk for acute respiratory distress syndrome

Comparator ~ Hospital mortality* Ventilator days’

ICU days' Hospital days’ Discharge to home*

Fentanyl  No fentanyl 1.30 (1.13-1.49), <

0.35 (0.22-0.48), <

1.86 (1.50 to 2.24), < 2.21 (1.33-3.09), < 0.73 (0.65-0.82), <

0.001 0.001 0.001 0.001 0.001

Morphine No morphine 6.70 (4.95-9.13), < —0.55(=0.90to 10.85 (8.80 to 12.42), 8.24 (5.85-10.64), < 0.17 (0.11-0.25), <
0.001 —0.20), < 0.01 < 0.001 0.001 0.001

Fentanyl =~ Morphine 0.16 (0.10-0.25), < 0.16 (— 0.25t0 0.57), — 1.21 (— 2.83 to 2.56 (0.20-4.92), 0.03 3.53 (2.09-6.14), <
0.001 0.44 0.40),0.14 0.001

Dex dexmedetomidine

*Data are presented as odds ratio (95% confidence interval), p value

"Data are presented as difference of variable value (95% confidence interval), p value
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Table 2 Results of multivariate analysis in patients with or at risk for acute respiratory distress syndrome

Comparator ~ Hospital mortality* Ventilator days’ ICU days’ Hospital days’ Discharge to home*

Fentanyl ~ No Fentanyl  1.02 (0.94-1.11), 0.60  0.15 (0.06 t0 0.23), < 2.34 (2.05 to 2.64), < 2.34 (1.78-2.90), < 0.81 (0.75-0.87), <
0.001 0.001 0.001 0.001

Morphine No Morphine 5.69 (4.73-6.87), < - 0.58(-0.79to 11.5 (10.7 to 12.2), < 9.15 (7.77-10.5), < 0.19 (0.14-0.26), <
0.001 —-0.37), < 0.001 0.001 0.001 0.001

Fentanyl ~ Morphine 0.11 (0.08-0.15), < 0.39 (0.02 t0 0.76), —0.70 (- 1.79 to 2.72 (0.64-4.80), 0.01 3.43 (2.31-5.27), <
0.001 0.04 0.38), 0.20 0.001

Dex dexmedetomidine

*Data are presented as odds ratio (95% confidence interval), p value

"Data are presented as difference of variable value (95% confidence interval), p value

. Odds Ratio
(O No.of patients, (%) 95%, CI
Overall 5390 (100) 4]
Age, years
18<Age<65 3134 (58.1) e
65<Age 2256 (41.9) 8
Duration of MV, hours
12<MV <24 1072 (19.9) -
24<MV <48 1660 (30.8) HH
48<MV 2658 (49.3) I
Using first-line sedation agents
Midazolam 1925 (35.7) H
Propofol 3481 (64.6) M
Dex 1142 (21.2) H

0.00 0.25 0.50 0.75 1.00
The estimates

Fig. 1 Forest plot evaluating the impact of hospital mortality in fenta-
nyl and morphine (MV mechanical ventilation)

3.2 Multivariable Analysis

This multivariable analysis of the five outcomes in patients
treated with fentanyl and morphine was shown in Table 2.
There was no difference in the mortality rate between
patients who did and did not receive fentanyl (OR 1.02, 95%
CI10.94-1.11; p = 0.60), but patients treated with fentanyl
had a lower mortality than those treated with morphine (OR
0.11, 95% CI 0.08-0.15; p < 0.001). Furthermore, fentanyl
maintained decreased hospital mortality with respect to age,
duration of mechanical ventilation, and sedative agent fac-
tor compared with morphine (Fig. 1). Patients treated with
morphine also had a higher mortality rate than patients who
did not receive morphine (OR 5.69, 95% CI 4.73-6.87; p <
0.001) (Table 2).

When compared with patients who were not treated
with morphine or fentanyl, patients treated with fentanyl
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or morphine had a longer ventilation duration, ICU stay,
and hospitalization duration (p < 0.001). Compared with
morphine, fentanyl treatment was associated with a signifi-
cantly longer ventilation duration (p = 0.04) and hospital
stay (p = 0.01) but not ICU stay (p = 0.20).

Patients treated with fentanyl had a lower likelihood of
being discharged home than patients who were not treated
with fentanyl (OR 0.81, 95% CI 0.75-0.87; p < 0.001) but
a higher rate of discharge home than patients treated with
morphine (OR 3.43, 95% CI 2.31-5.27; p < 0.001).

4 Discussion

We performed a multicenter, observational cohort study to
assess outcomes in patients at risk for or with ARDS who
were treated with fentanyl or morphine. We showed that
patients treated with fentanyl did not have a significantly
elevated mortality rate in the linear regression model but
had a significantly elevated in-hospital mortality rate in
the propensity score-matched model. The use of morphine
was associated with an elevated in-hospital mortality rate.
Interestingly, patients treated with fentanyl had a signifi-
cantly lower mortality rate and were more likely to be
discharged home than patients treated with morphine.
Additionally, when compared with patients who were not
treated with either agent, the use of fentanyl or morphine
was associated with a longer ventilator duration, ICU stay,
and hospital stay and a reduced likelihood of being dis-
charged home.

A prior case-cohort study showed that the risk of drug-
related adverse events among individuals treated for chronic
non-cancer pain with opioids was elevated at opioid dos-
ages equivalent to > 50 mg/day morphine [4, 5]. Similarly,
patients prescribed a long-acting opioid for chronic non-
cancer pain had a risk of all-cause mortality that was 1.64
times greater than that of matched patients treated with an
analgesic anticonvulsant or a low-dose cyclic antidepressant
[6]. Moreover, the administration of morphine early after
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admission was associated with elevated risks of in-hospital
mortality and the need for mechanical ventilation in 13,788
patients with acute heart failure in a separate study [7]. A
recent cohort study showed that chronic opioid use was asso-
ciated with an excess risk of mortality in the 6-18 months
after traumatic injury [8].

There are also multiple mechanisms by which opioids
could increase the risk of all-cause mortality. Opioids can
depress the respiratory drive and exacerbate sleep-disordered
breathing [24-26]. Additionally, long-term use is also asso-
ciated with increased myocardial infarction and immunosup-
pression [27, 28]. The results of the present study show that
the use of fentanyl or morphine in patients with or at risk for
ARDS has adverse effects on the prognosis of the patients.
In addition, we observed remarkable increases in the dura-
tion of mechanical ventilation, ICU stay and hospital stay
after opioid administration.

The effects of fentanyl and morphine on the incidence of
pain assessment did not differ in patients who were treated
for suspected ischemic chest pain in the pre-hospital setting
[29], or in patients who were undergoing off-pump coronary
artery bypass surgery [30]. However, the administration of
morphine was associated with a significantly reduced release
of inflammatory cytokines, a greater inhibition of adhesion
molecule expression, and a lower incidence of postoperative
hyperthermia compared with the administration of fentanyl
[31]. Furthermore, fentanyl and morphine differ in terms of
the signal transduction mechanism underlying the antinocic-
eptive effects [32, 33] and the induction of immunosuppres-
sion in animal models [34]. Unfortunately, systematic com-
parisons of the efficacy and safety of fentanyl and morphine
are still lacking. Our findings suggest that fentanyl may be
superior to morphine in patients at risk for and with ARDS.

This study took advantage of disparate ICU databases
across a range of hospital and ICU settings. These large-
scale and unfiltered populations represent real-world prac-
tice better than the restricted study populations in prescribed
treatment and follow-up settings in randomized controlled
trials (RCTs). Meanwhile, this study systematically evalu-
ated several key variables in critically ill patients. These
factors have not generally been assessed together in other
opioid studies. Although fentanyl was the drug of choice
for patients with relatively more severe disease (supplement
files 7-8, see ESM), and patients treated with fentanyl had
a lower oxygenation index, higher AaDo2, and higher rate
of ARDS than patients treated with morphine, our study
has observed a lower mortality rate in patients treated with
fentanyl than in those treated with morphine.

However, our study had some limitations. First, we only
evaluated the outcomes in patients treated with fentanyl
and morphine. There were also some missing values for
multiple confounding variables that could not be effec-
tively merged or compared, such as analgesic dosage,

treatment duration, and daily pain assessment data. Bias
may have remained despite the use of propensity score
matching and regression to control for a variety of patient
and hospital confounders. Second, the proportion of
patients treated with morphine was low, and propensity
score matching and linear regression analyses included
only a subset of the patients in the databases from the
United States. Furthermore, we cannot exclude the pos-
sibility of subpopulations not sufficiently captured in our
different cohorts that could have had considerably differ-
ent effectiveness profiles. Thus, our results should be cau-
tiously applied to all patients at risk for or with ARDS.
Third, our findings potentially lead to both a practical and
ethical dilemma. However, patients’ comfort remains an
important treatment goal. It would be reasonable to treat
pain as well as to consider the potential adverse effects of
opioid therapy on ARDS outcomes and overall survival.
A delicate balance needs to be achieved and maintained
between pain treatment and avoiding the negative effects
of opioids on the outcomes of patients with ARDS. The
use of non-opioid analgesics could decrease the amount
of opioids administered and decrease opioid-related side
effects in critically ill adults [12, 13]. Fourth, patients who
were included as eligible participants with > 24 h ICU
stay and who received at least 12 h” mechanical ventilation
were considered a cohort with more severe illness than the
general population. It is possible that part of the reduction
in ICU stay or ventilator time is associated with non-statis-
tically significant differences in mortality between groups
[35-37]. Fifth, propensity matching results in studying
only a subset of the population, which may limit general-
izability. Finally, this is an observational study and thus
causal associations cannot be determined.

5 Conclusion

The use of fentanyl or morphine was independently associ-
ated with negative outcomes in patients at risk for and with
ARDS. Interestingly, the use of fentanyl was associated with
a lower mortality rate and a higher rate of discharge home
than the use of morphine. Therefore, fentanyl may be the
opioid analgesic of choice for these patients. Further trials
are needed to evaluate the mechanism underlying these dif-
ferences and to validate these findings in other cohorts of
patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40268-021-00338-3.
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