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Abstract

Background Opioids have been reported to be effective for refractory dyspnea in patients with advanced heart failure (HF)
in the palliative care setting.

Objective The aim of this study was to evaluate the incidence of adverse drug reactions (ADRs) and their relationship with
morphine dose/duration or renal insufficiency in patients with end-stage HF receiving continuous morphine infusion.
Methods We retrospectively studied 38 patients with end-stage HF receiving continuous intravenous or subcutaneous mor-
phine infusion for the relief of breathlessness between 2014 and 2019 (mean age 78 years). The endpoints were nausea/
vomiting, respiratory depression, and drowsiness, which are common morphine-related ADRs.

Results Of 38 patients with end-stage HF receiving continuous intravenous/subcutaneous morphine infusion, 14 (37%)
experienced ADRs. The median estimated glomerular filtration rate (¢GFR) was lower in patients with than in those without
ADRs (16 [range 9—48] vs. 41 [range 8—133], respectively; p = 0.011). The ADRs with the highest incidence were drowsi-
ness (n = 13), nausea/vomiting (n =5), and respiratory depression (n =3). There were no differences in the maintenance dose
or duration of morphine administration between patients with and without ADRs. A baseline eGFR of 32 mL/min/1.73 m?
was a good cutoff value for ADR prediction (sensitivity 86%, specificity 96%). A baseline eGFR < 32 mL/min/1.73 m* was
significantly associated with the occurrence of morphine-related ADRs (odds ratio 6.63, 95% confidence interval 1.19-37.01).
Conclusions Our results showed that 37% of patients with end-stage HF receiving continuous intravenous/subcutaneous
morphine infusion experienced ADRs, especially drowsiness. Patients with eGFR < 32 mL/min/1.73 m? were likely to
experience morphine-related ADRs.
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Key Points

Opioids improve abnormal ventilation patterns in
patients with heart failure (HF), resulting in the relief of
dyspnea and pain.

Continuous intravenous/subcutaneous morphine infusion
is used in the palliative care setting for patients with end-
stage HF when the oral route has been unreliable. The
maintenance dose (median 0.4 mg/h) is lower than that
in patients with cancer-related pain.

More than 30% of patients with end-stage HF receiving
continuous intravenous/subcutaneous morphine infusion
experience adverse drug reactions (ADRSs), especially
drowsiness.

A baseline estimated glomerular filtration rate < 32 mL/
min/1.73 m? was significantly associated with the occur-
rence of morphine-related ADRs.

1 Introduction

End-stage heart failure (HF) is defined as the presence of
progressive or persistent severe signs and symptoms of HF
despite optimal medical or nonpharmacologic treatments [1,
2]. Dyspnea, angina, and malaise are frequently observed in
patients with end-stage HF [3]. Hospice care, including the
administration of opioids, is recommended as an appropriate
means of relieving symptoms [4]. Opioids have the effect of
improving abnormal ventilation patterns in patients with HF,
resulting in the relief of dyspnea and pain. Oral opioids have
been reported to be effective in both the long term and the
short term for refractory dyspnea in patients with chronic HF
[5]. Continuous intravenous/subcutaneous morphine infu-
sion is also used in the palliative care setting for patients
with end-stage HF [6]. However, the dose and duration of
continuous morphine infusion have not been established for
refractory dyspnea and pain relief in patients with end-stage
HF.

The major adverse drug reactions (ADRs) associated
with morphine, such as nausea/vomiting, constipation,
respiratory depression, and drowsiness occur regardless
of the dose [6, 7]. Morphine is metabolized in the liver
to morphine-3-glucuronide and morphine-6-glucuronide
(M6G), which is excreted by the kidneys. M6G is an active
metabolite, and renal dysfunction increases its blood levels
and promotes the occurrence of morphine-related ADRs
[8]. Renal dysfunction is observed in approximately half of
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patients with HF [9], indicating possible drug elimination
impairment. However, there have been few reports about
the ADRs associated with continuous morphine infusion
in Japanese patients with end-stage HF. We aimed to ret-
rospectively evaluate the incidence of morphine-related
ADRs and their relationship with morphine dose/dura-
tion and renal insufficiency in patients with end-stage HF
receiving continuous morphine infusions.

2 Methods
2.1 Patients

We conducted a retrospective cohort study involving 38
consecutive patients with end-stage HF who received
continuous intravenous/subcutaneous morphine infusions
at Tokyo Women’s Medical University Hospital between
April 2014 and July 2019. To identify patients who had
received intravenous or subcutaneous morphine, we first
searched the automated inpatient databases. We then
examined patient electronic medical records to confirm
that the identified patients had a diagnosis of end-stage
HF. End-stage HF was defined as the presence of progres-
sive or persistent severe signs and symptoms of HF despite
optimal medical or nonpharmacologic treatments [1, 2].
We excluded patients for whom morphine was adminis-
tered because of indications other than HF symptoms,
patients on hemodialysis, patients with insufficient data,
and patients treated with a morphine bolus (Fig. 1). The
protocol was approved by the Institutional Review Board
of Tokyo Women’s Medical University.

57 consecutive patients with HF who received intravenous/subcutaneous
morphine infusion (April 2014-July 2019)

9 other application
7 hemodialysis

2 insufficient data
1 bolus infusion

38 patients with end-stage HF who continuous intravenous/subcutaneous
morphine infusion

‘ 14 patients with ADRs | | 24 patients without ADRs

5 nausea/vomiting
3 respiratory depression
13 drowsiness

Fig. 1 Flow diagram of the selection of the patients for this study.
ADRs adverse drug reactions, HF heart failure
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2.2 Data Collection

Data on patient age, sex, underlying diseases, and HF
status were obtained from electronic medical records and
laboratory data. The estimated glomerular filtration rate
(eGFR) was calculated using the Japanese version of the
Modification of Diet in Renal Disease formula [10]. Echo-
cardiography was performed during index hospitalization,
and the left ventricular ejection fraction was calculated
using the biplane Simpson method. We also collected the
following patient information regarding morphine usage:
dose and duration, administration route during continuous
infusion, and common adverse events after the initiation of
morphine based on the descriptions in the medical charts.
Activity level was evaluated using the Common Termi-
nology Criteria for Adverse Events (CTCAE) version 5.0
from the Japanese Cooperative Oncology Group (JCOG)
version [11].

2.3 Outcomes

The primary outcomes were common morphine-related
ADRs, which were validated through a review of the medi-
cal records performed by two investigators (MG and AS).
We selected nausea/vomiting, respiratory depression, and
drowsiness as common morphine-related ADRs from among
the ADRs that were reported to be associated with continu-
ous morphine infusion in the cancer pain management set-
ting [12—14], as these were objective symptoms that could
be retrospectively assessed based on medical charts and
nursing records. We considered these symptoms, of grade
3 or higher according to the CTCAE v5.0 JCOG [11], to be
ADRs. Respiratory depression was defined as hypoxemia
(oxygen saturation < 90%) with decreased respiratory rate
(< 8 breaths per minute), and drowsiness was defined as a
state of feeling abnormally sleepy or falling asleep at inap-
propriate times (during the day) without new or worsening
of other symptoms and signs of HF.

2.4 Statistical Analysis

Summary data are presented as numbers of patients or as
medians and ranges. Demographic and clinical data were
compared between groups using Student’s ¢ tests and
Mann—Whitney U tests. Categorical variables were sub-
jected to chi-squared analysis. To assess the predictive value
of the eGFR for ADRs, receiver operating characteristic
(ROC) curve analysis was used. The optimal cutoff value,
sensitivity, and specificity were determined by the Youden
index. To evaluate the relationship between this eGFR cutoff
value and ADRs, logistic regression analysis was used and

adjusted for well-known factors: age, female sex, and body
weight [15, 16].

A p value < 0.05 was considered to indicate a statistically
significant difference. Data analyses were performed using
SPSS (Statistical Package for the Social Sciences) statisti-
cal software (version 11.01, SPSS Inc., Chicago, IL, USA).

3 Results

Of the 38 patients who received continuous intravenous/sub-
cutaneous morphine infusions, 14 (37%) experienced grade
3 or higher morphine-related ADRs. The characteristics of
patients with and without morphine-related ADRs are shown
in Table 1. The eGFR was lower in patients with ADRs than
in patients without ADRs, and patients with ADRs did not
use any angiotensin-converting enzyme (ACE) inhibitors/
angiotensin II receptor blockers (ARBs). There was no sig-
nificant difference in other background clinical characteris-
tics between the two groups.

Regarding adverse events, the most frequent event was
drowsiness, followed by nausea/vomiting (Fig. 1). Table 2
compares the maintenance dose and duration of continuous
morphine administration and renal function between patients
who did and did not experience ADRs overall and individu-
ally. There were no differences in the maintenance dose and
duration of morphine administration between patients who
did and did not experience ADRs. However, the eGFR was
lower in patients who experienced morphine-related ADRs,
especially drowsiness, than in patients who did not. Among
three patients who experienced respiratory depression, one
patient reduced the morphine dosage from 0.4 to 0.2 mg/h
and one patient discontinued morphine infusion (0.4 mg/h).

The area under the ROC curve for eGFR was 0.75 (95%
confidence interval [CI] 0.58-0.88), and the optimal cutoff
value calculated from the ROC analysis for the prediction of
morphine-related ADRs was 32 mL/min/1.73 m? (sensitiv-
ity 86%, specificity 96%). A regression model adjusted for
age, sex, and body weight showed that an eGFR < 32 mL/
min/1.73 m? was significantly associated with ADRs (odds
ratio 6.63; 95% CI 1.19-37.01). The incidence of ADRs was
higher in patients with an eGFR < 32 mL/min/1.73 m? than
in patients with an eGFR > 32 mL/min/1.73 m? (11/21 vs.
3/17, respectively; p = 0.03). In patients with an eGFR < 32
mL/min/1.73 m2, ADRSs were observed even at low mainte-
nance doses (Fig. 2).

4 Discussion
Our study in patients with end-stage HF receiving continu-

ous morphine infusions revealed the following findings: (1)
37% of the patients experienced grade 3 or higher ADRs;
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Table 1 Patient characteristics

Characteristics Total (n = 38) With ADRs (n = 14) Without ADRs (n = 24) p value
Age (years) 78 (43-102) 73 (61-91) 79 (43-102) 0.36
Male 23 (60) 10 (71) 13 (54) 0.28
Body weight (kg) 52 (33-77) 55 (33-77) 50 (33-75) 0.19
Cardiovascular disease 0.20

Ischemic heart disease 8(21) 1(7) 7(29)

Nonischemic cardiomyopathy 12 (32) 7 (50) 5(21)

Valvular heart disease 7 (18) 2(14) 5(21)

Others 11 (29) 4(29) 7(29)
NYHA functional class III/IV 33 (87) 12 (86) 21 (88) 0.88
LVEF (%) 36 (13-59) 36 (25-59) 38 (13-58) 0.74
Albumin (g/dL) 3.0 (1.3-4.6) 3.0(2.1-3.7) 2.9 (1.3-4.6) 0.90
Total bilirubin (mg/dL) 1.2 (0.4-5.8) 1.1 (0.4-5.8) 1.2 (0.5-2.9) 0.27
AST (IU/L) 33 (12-2641) 33 (12-368) 37 (15-2641) 0.27
ALT (IU/L) 21 (3-2248) 14 (3-452) 28 (6-2248) 0.38
GGT (IU/L) 76 (21-611) 62 (36-256) 97 (21-611) 0.53
eGFR (mL/min/1.73 m?) 27 (8-133) 16 (9-48) 41 (8-133) 0.01
Plasma BNP (pg/mL) 897 (215-4792) 1065 (253-4792) 820 (215-2746) 0.61
Medications

ACE inhibitors or ARBs 7 (18) 0 7 (29) 0.03

B-blockers 16 (42) 5(36) 11 (46) 0.54

Diuretics 34 (89) 13 (93) 21 (88) 0.60

Oral anticoagulants 13 4 (34) 9 (38) 0.58

Intravenous inotropes 27 (71) 10 (71) 17 (71) 0.97

Intravenous vasodilator 7 (18) 2 (14) 5Q@21) 0.62
Use of NPPV 9(24) 2(14) 7 (29) 0.30
Use of IABP 2(5) 1(7) 14) 0.69
Morphine

Administration route 0.11

Intravenous 34 (89) 14 (100) 20 (83)

Subcutaneous 4(11) 0 4 (17)

Initial dose (mg/h) 0.4 (0.1-0.4) 0.4 (0.1-0.4) 0.4 (0.2-0.4) 0.61

Maintenance dose (mg/h) 0.4 (0.1-1.6) 0.4 (0.2-1.6) 0.4 (0.1-1.3) 0.89

Duration (days) 4 (1-52) 4 (1-22) 5(1-52) 0.62

Data are presented as n (%) or median (range)

ACE angiotensin-converting enzyme, ADR adverse drug reaction, ALT alanine transaminase, ARB angiotensin II receptor blocker, AST aspartate
transaminase, BNP B-type natriuretic peptide, eGFR estimated glomerular filtration rate, GGT gamma-glutamyl transpeptidase, JABP intra-aor-
tic balloon pumping, LVEF left ventricular ejection fraction, NPPV noninvasive positive pressure ventilation, NYHA New York Heart Associa-

tion

(2) the eGFR was lower in patients with than without ADRs;
(3) the incidence of drowsiness was the highest among the
ADRs and was related to a low baseline eGFR but not to the
dose or duration of continuous morphine infusion; and (4)
a baseline eGFR < 32 mL/min/1.73 m? was significantly
associated with the occurrence of morphine-related ADRs.

Although a few reports have focused on patients with
cancer-related pain receiving intravenous morphine, the dose
of intravenous morphine has been reported to vary (continu-
ous 0.5-30 mg/h or intermittent 15-180 mg/day) [12—14].
In patients with end-stage HF, a relatively low dose may be
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effective because the purpose of the morphine is to control
dyspnea/breathlessness and noncancer pain/distress [5, 17,
18]. Two previous studies in Japanese patients with end-
stage HF reported doses of continuously infused morphine,
including intravenous and subcutaneous infusions, ranging
from 6 to 12 mg/day (0.25-0.5 mg/h) in one study, with a
median of 7.5 mg/day (0.3 mg/h) in the other study [18, 19].
In our study, the maintenance dose (median 0.4 mg/h [range
0.1-1.6]) was similar to those in previous reports involving
patients with end-stage HF. The incidence of morphine-
related ADRs was also comparable to that in a previous
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Table 2 Comparison of morphine-related adverse reactions

Adverse reaction n Maintenance dose (mg/h) Duration (days) eGFR (ml/min/1.73 m?)
Median Range p value Median Range  p value Median Range  p value

All adverse reactions Yes 14 0.4 0.2-1.6 0.89 4 1-22 0.83 16 9-48 0.012
No 24 04 0.1-1.3 5 1-52 41 8-133

Nausea/vomiting Yes 5 04 02-0.8 0.73 3 2-4 0.085 27 9-48 0.64
No 33 04 0.1-1.6 5 1-52 28 8-133

Respiratory depression Yes 3 0.4 0.1-04  0.89 4 1-6 0.53 17 13-28 0.26
No 35 04 0.1-1.6 4 1-52 32 8-133

Drowsiness Yes 13 0.4 02-1.6  0.68 4 1-52 0.41 16 9-39 0.003
No 25 0.4 0.1-1.3 4 1-21 47 8-133

eGFR estimated glomerular filtration rate

eGFR 232 mL/min/1.73m?2

[ ] ADR—
Bl ok

2
1 0l Won
i 0.2 0.3 3 :

0

10 -

Number of patients

0.8 0.9 1.0 1.1 1.2 13 1.4 1.5 1.6

eGFR <32 mL/min/1.73m?

[] [ B

0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.8 0.9 1.0 1.1 1.2 13 1.4 1.5 1.6

Maintenance dose (mg/hour)

Fig.2 Frequency of patients experiencing morphine-related adverse drug reactions (ADRs) according to the maintenance dose in patients with
estimated glomerular filtration rate (éGFR) of >32 and < 32 mL/min/1.73 m?

report involving patients with end-stage HF receiving oral
or intravenous/subcutaneous morphine (approximately 30%)
[19].

In our study, drowsiness was the most common morphine-
related ADR. In patients with cancer-related pain treated
with morphine, which is generally administered orally, the
incidence of drowsiness ranges from 3 to 88% [20]. Previous
reports in patients with end-stage HF showed that adverse
central nervous system effects such as somnolence and delir-
ium were most common among morphine-related ADRs,

even when a low dose of morphine was administered [18,
19]. These symptoms might be partially due to the presence
of advanced HF-related symptoms, and morphine, even at a
low dose, is likely to induce these symptoms in an end-of-
life HF care setting.

The dose and treatment duration of morphine did not
affect the occurrence of ADR. Because morphine is used
before death in most patients with end-stage HF, the short-
term use of morphine (median 4 days) might mean that the
cumulative dose of morphine has limited influence on the
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occurrence of ADRs. However, an eGFR < 32 mL/min/1.73
m? was significantly associated with the occurrence of mor-
phine-related ADRs. A recent large cohort study reported
that the incidence of ADRs was approximately twice as
high in patients with eGFR < 30 mL/min/1.73 m? than in
patients with eGFR > 30 mL/min/1.73 m? and that most
ADRs resulted from reduced renal clearance of drugs [21].
Morphine and its active metabolite M6G, which crosses
the blood-brain barrier, are excreted by the kidneys [8].
In patients with advanced HF and renal dysfunction, renal
clearance of both compounds may be reduced, leading
to increased blood drug concentrations and the onset of
ADRs. In our study, there was no difference in the initial
dose of morphine between patients with an eGFR < 32 mL/
min/1.73 m? and those with an eGFR > 32 mL/min/1.73 m?
(median 0.4 mg/h [range 0.1-0.4] vs. 0.4 [range 0.2-0.4],
respectively). A recent case report showed that the mor-
phine-related ADRs drowsiness and respiratory depression
resolved when the dose of intravenous morphine infusion
was reduced from 0.5 to 0.2 mg/h in a Japanese patient with
HF and renal failure receiving hemodialysis [22]. The lack
of dose adjustment in patients with renal dysfunction might
partially contribute to the occurrence of morphine-related
ADRs. Dose adjustment (a decrease in the initial dose by
50%) of the continuous morphine infusion can prevent
ADRs in patients with end-stage HF and an eGFR < 32
mL/min/1.73 m”.

Interestingly, ADR was not observed in seven patients
receiving ACE inhibitors/ARBs in this study. The preven-
tive effect of ACE inhibitors/ARBs on morphine-related
ADRs is unknown. A recent experimental study reported
that captopril enhanced morphine analgesia and prevented
tolerance development in rats [23]; thus, there may be some
interactions between ACE inhibitors/ARBs and morphine.
Further investigation is needed to confirm this issue. Four
patients received concomitant sedative drugs such as dex-
medetomidine and midazolam with morphine. One patient
treated with midazolam experienced respiratory depression
after the start of continuous morphine, but the other three
patients treated with dexmedetomidine did not experience
morphine-related ADRs. Concomitant sedation with ben-
zodiazepines might partially contribute to the development
of morphine-related ADRs. Moreover, advances in pharma-
cogenetics have provided new insights into the morphine
response. Opioid receptor mu 1 (OPRM) has been shown
to alter mu-opioid receptor signaling and the response to
M6G. Patients who are 118 A/A homozygotes (wild type)
are reported to be good responders to morphine, whereas
those who are 118 G/G homozygotes need more morphine
to achieve a good response [24]. Another report showed that
a patient with renal failure with OPRM 118 A/A experienced
pain relief but also drowsiness after the administration of
morphine, whereas another patient with renal failure with
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OPRM 118G/G tolerated morphine well despite a high blood
M6G concentration [25]. Pharmacogenetic differences may
also affect the occurrences of ADRS in patients receiving
morphine.

4.1 Study Limitations

This study has some limitations. First, it was a retrospec-
tive observational study. There was no established treatment
protocol with regard to morphine infusion, and the dose was
determined by physicians. ADRs other than the symptoms
selected for assessment in this study were not fully evalu-
ated. We could not completely differentiate morphine-related
ADRs from HF symptoms because these symptoms overlap
with HF symptoms. This was a single-center cohort study
conducted at a university hospital. Our results are limited in
their generalizability to the management of Japanese patients
with end-stage HF. Second, we did not measure the blood
concentrations of morphine and its active metabolites. The
differences in pharmacokinetic profiles among patients and
the contribution of those profiles to the occurrence of ADRs
remains unknown. Third, we could not quantitatively assess
the efficacy of morphine for the relief of dyspnea based on
the chart review; however, in each case, the goal of elimi-
nating the symptoms and distress in patients was achieved
based on the clinical evaluation performed by physicians.
Fourth, the number of subjects was small. Subgroup analy-
ses could not be performed.

5 Conclusions

Our results indicated that 37% of patients with end-stage
HF receiving continuous intravenous/subcutaneous mor-
phine infusion experienced ADRs, especially drowsiness.
A baseline eGFR < 32 mL/min/1.73 m? was significantly
associated with the occurrence of morphine-related ADRs.
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