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Abstract
Context. The subcutaneous route is a useful alternative for drug administration in palliative care. Although there is scientific

evidence on its use in adult patients, the literature in pediatric palliative care is almost nonexistent.
Objectives. To describe the experience of a pediatric palliative care unit (PPCU) with in-home subcutaneous drug adminis-

tration symptom control.
Methods. Prospective observational study of patients receiving home-based subcutaneous treatment administered as part of a

PPCU treatment regimen over 16 months. Analysis includes demographic and clinical variables and treatment received.
Results. Fifty-four different subcutaneous lines were inserted in the 15 patients included, mainly in the thigh (85.2%). The

median time of needle in situ was 5.5 days (range: 1−36 days). A single drug was administered in 55.7% of treatments. The most
frequently used drugs were morphine chloride (82%) and midazolam (55.7%). Continuous subcutaneous infusion was the pre-
dominant administration route (96.7%), with infusion rates oscillating between 0.1 mL/h and 1.5 mL/h. A statistically signifi-
cant relationship was found between the maximum infusion rate and induration onset. Of the 54 lines placed, 29 (53.7%) had
an associated complication requiring line removal. The primary cause for removal was insertion-site induration (46.3%). Subcu-
taneous lines were mainly used to manage pain, dyspnea, and epileptic seizures.

Conclusion. In the pediatric palliative care patients studied, the subcutaneous route is most frequently used for administer-
ing morphine and midazolam in continuous infusion. The main complication was induration, especially with longer dwell times
or higher infusion rates. However, further studies are required to optimize management and prevent complications. J Pain
SymptomManage 2023;66:e319−e326. © 2023 The Authors. Published by Elsevier Inc. on behalf of American Academy of Hospice and Pal-
liative Medicine. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Key Message
This prospective observational study describes the

experience of a pediatric palliative care unit in using
subcutaneous drug administration for symptom control
in home care. The results indicate that the subcutane-
ous route is a safe option in home settings. The primary
cause for device removal is induration of the insertion
area.
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Introduction
Children with life-limiting diseases require palliative

care from a multidisciplinary approach.1−3 Whenever
possible, measures should be taken to provide care in
the home, as stated in pediatric palliative care quality
standards.3 Symptom management is particularly
important in these patients due to the complex nature
of the diseases affecting them.3−4
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Enteral drug administration is the route of choice in
palliative care. However, when this means of delivery is
limited by the presence of vomiting, nausea, dyspnea,
neurological conditions, impaired consciousness, intes-
tinal obstruction, or other circumstances, alternative
routes such as intravenous, rectal, intramuscular, sub-
lingual, or transdermal administration should be con-
sidered. However, these are not entirely free of
drawbacks.5−7 When patients receive care in the home
setting, the administration route should be selected rig-
orously. Intravenous drug delivery is not a viable option
in the home setting, since managing intravenous devi-
ces requires trained personnel as complications occur
frequently, and patients receiving therapy through this
route have more limited autonomy.6 Therefore, the
subcutaneous (SC) route is a good alternative, as it is
equally effective as intravenous delivery and is also less
invasive.5−6

There is scientific evidence on the indications,
advantages, disadvantages, and contraindications of
subcutaneous drug delivery in adult palliative care,6−8

although the literature concerning pediatric palliative
care (PPC) is virtually nonexistent.

Multiple symptoms presented by adult patients can
be managed with subcutaneous drug administration,
such as pain, agitation, nausea/vomiting, epileptic seiz-
ures, dyspnea, dehydration, etc.6,9 However, the drugs
used in palliative medicine are often not approved for
subcutaneous delivery, thus requiring for them to be
used under off-label conditions.10−13 To compensate
for this, published tables provide recommendations on
various drugs delivered using the subcutaneous
route,14−17 and some authors have performed studies
that specifically assess the tolerability, efficacy, and
safety of certain drugs when delivered
subcutaneously.18,19 In addition, mild or moderate
dehydration in adult patients can be successfully man-
aged with subcutaneous delivery.20−24 However, this
topic remains controversial, and candidates for subcu-
taneous treatment must be assessed on a case-by-case
basis.24−27

The subcutaneous route is a safe alternative for the
delivery of fluids and medication,6,8−9,27,28 though it is
not entirely free of complications.6−8,29−30 Complica-
tions which are more commonly addressed in research
on adult patients, mostly consist of redness, pain, indu-
ration, or hematoma.8 These adverse effects tend to be
managed by changing the insertion site, massaging the
area, or reducing the rate of infusion, among other
measures.6 Differences in complications have been
reported based on needle type, dwell time, and the
drug combination administered.30

Despite the potential for these local complications,
subcutaneous drug delivery is not only safe, but is also
less burdensome for patients; this route of therapy
requires no highly specific care and can be provided in
the home under the supervision of properly trained
informal caregivers.23,31 Subcutaneous administration
enables symptom management and patient hydration
in the home setting, which reduces the number of hos-
pital admissions and may increase the quality of life of
patients. However, scant evidence from the pediatric
population has been published to date, which may lead
to underuse of subcutaneous delivery in children
despite the benefits offered.

Reports of subcutaneous drug delivery in child
patients include the review by Pouvreau et al.32 in neo-
natal palliative care, which includes a number of proto-
cols for symptom management (i.e., analgesia,
anxiolysis, sedation) through subcutaneous access. The
study highlights the need for research aimed at defin-
ing the pharmacogenetics, pharmacodynamics, and
treatment modalities of subcutaneous administration
in this population of patients. For their part, Harris et
al.33 describe subcutaneous administration of midazo-
lam to manage epileptic seizures in child palliative-care
patients. Smith et al.34 present a case of subcutaneous
hydration in PPC, concluding that subcutaneous fluid
management is a valid option in these patients; these
authors review the indications, contraindications, com-
plications, and other important issues to consider in
subcutaneous hydration. Other research has reported
successful subcutaneous hydration in children,
although outside the palliative care setting.35,36

Owing to the absence of data on this issue, analyses
of the use of subcutaneous drug therapy in pediatrics
are of particular interest. This study describes the expe-
rience of a pediatric palliative care unit (PPCU) in
using subcutaneous drug delivery for the management
of symptoms in pediatric patients in the home.
Methods

Study Setting and Criteria
A prospective observational study was performed

over 16 months (January 2020−April 2021) in the
PPCU of a university children’s hospital in Madrid,
Spain, known as the Madrid Pediatric Palliative Care
Unit (MPPCU). The MPPCU is an interdisciplinary
clinical unit made up of a team of pediatricians, nurses,
social workers, psychologists, and a provider of spiritual
support. A pharmacist belonging to the unit provides
support to ensure rational, safe, and effective use of
drugs through daily approval of prescribed treatments.
The MPPCU treats patients with palliative needs across
different care levels and in a way that adapts to the
stage of the disease in each individual, including outpa-
tients, inpatients, and in the home. In home settings,
the clinical team offers care 24 hours a day, seven days
a week (telephone and face-to-face depending on
patient needs), in addition to scheduled home visits,
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which can be daily or weekly depending on the needs
of the children.

The study included those patients treated as part of
a home-care program. All were undergoing subcutane-
ous symptom management, and parents or legal guard-
ians gave previous informed consent to participate.
Those patients in whom the SC infusion device had
been inserted by a health professional not belonging to
the MPPCU were excluded.

Data Collection
We collected the following variables for each

patient:
�
 Clinical and demographic variables: sex, age, baseline
diagnosis according to the 10th version of Interna-
tional Classification of Diseases (ICD-10) and the
ACT (Association for children with life-threaten-
ing conditions and their families) grouping, which
classifies child candidates for palliative care into
four categories based on the type of disease and
the speed with which the disease worsens.37
�
 Variables related to the SC infusion device: date of
insertion, dwell time, type of needle, reason for
device removal, and device-related complications.
�
 Variables related to the drug treatment: treatment indi-
cation; drugs administered, drug volume, and type
of diluent (if any); route of administration (bolus,
continuous/intermittent infusion); infusion rate
(if applicable); and infusion device.
Data were gathered for all devices carried by a given
patient; some patients were outfitted with more than
one, and in some cases different drugs or drug combi-
nations were administered by each device. A drug com-
bination was considered any mixture of drugs within
the same infusion bag or syringe and infused simulta-
neously. Mixtures of the same components (same drug
combination) but in different concentrations were con-
sidered different items for the purpose of analysis.

Data were collected by MPPCU staff belonging to
the research team to limit variability. Data on clinical
and demographic variables were obtained from elec-
tronic medical records. Unit nurses administered care
for study patients in the home in accordance with the
usual practice of the MPPCU and carried out compre-
hensive follow-up of all aspects related to drug adminis-
tration. According to routine unit practices, nurses in
the MPPCU are responsible for inserting the device,
preparing the medication, programming the infusion
pump, detecting possible complications, and training
caregivers to administer boluses through the pump.
The unit physician is charged with prescribing drug
treatment to manage symptoms, and the pharmacist
approves these prescriptions and issues reports on the
stability and compatibility of drugs administered subcu-
taneously. The frequency of home visits by the care
team to monitor patients varied according to the needs
of each child; these ranged from daily visits to visits two
to three times weekly.

Data on medication-related variables were collected
jointly by the unit’s pharmacist and nurse.
Statistical Analysis
Statistical analysis was performed with IBM SPSS�

Statistics V26 software. Quantitative variables were
described as median and interquartile range (IQR)
owing to their asymmetrical distribution; categorical
variables were described using frequency distribution.
Relationships between variables were analyzed via
Fisher exact test as well as non-parametric tests such as
the Mann-Whitney U test, Kruskal−Wallis test, or
Spearman correlation coefficient, as applicable. Statisti-
cal significance was set at P ≤ 0.05.
Ethics Approval
This study was approved by the local ethics commit-

tee (Hospital Universitario Infantil Ni~no Jes�us). The
study was conducted in accordance with the guidelines
of the Declaration of Helsinki and complies with cur-
rent legislation on data protection and patient auton-
omy. Informed consent was obtained from the parents
or caregivers of patients. Patient files were processed
anonymously.
Results

Characteristics of the Study Population
During the study period, 16 patients undergoing

home care required insertion of an SC device. In one
patient, the line was inserted and follow-up was per-
formed in another center; as a result, the patient was
excluded. Thus, a total of 15 patients were included.
Their characteristics are described in Table 1.
SC Treatment Administered
During the study period, a total of 54 different SC

lines were inserted. The median number of devices
inserted per patient was one (IQR: 1−3) and the maxi-
mum number placed was 17 (n = 1).

The SC injection site in most patients was the thigh
(85.2%) (Table 2). The median dwell time was 5.5 days
(IQR: 2−14), with a minimum dwell time of one day
and a maximum of 36 days. The causes for device
removal were mainly induration at the insertion site
(46.3%), death (16.7%), and change to an intravenous
route (13.0%) (Table 2). In 38 cases (70.4%), SC line-
removal required insertion of a new route of parenteral
administration: in 31 cases (81.6%) a new SC device
was placed, and in seven (18.4%) the SC line was
switched to intravenous administration.



Table 1
Characteristics of the Population Studied

Variable N (%)

Sex
Male 9 (60%)
Female 6 (40%)
Age (yrs)
Median age (IQR: P25−P75) 7 (1.8−16)
Minimum −maximum 0.5−24
Newborn (0−28 d) 0 (0%)
Infant (1−23 mo) 3 (20%)
Preschool (2−6 yrs) 3 (20%)
Primary school (6−12 yrs) 2 (13.3%)
Adolescent (12−18 yrs) 5 (33.3%)
Adult (≥ 18 yrs) 2 (13.3%)
Baseline diagnosis (ICD-10)
Childhood cerebral palsy (G80.0) 5 (33.3%)
Epilepsy and generalized epilepsy syndromes
(G40.3−G40.4)

4 (26.7%)

Glutaric aciduria type II (E71.3) 1 (6.7%)
Cri-du-chat syndrome (deletion on chromosome 5)
(Q93.4)

1 (6.7%)

Neurofibromatosis (Q85.0) 1 (6.7%)
Acute lymphoblastic leukemia (C91.0) 1 (6.7%)
Burkitt’s lymphoma (C83.7) 1 (6.7%)
Malignant tumor of the brain (C71.9) 1 (6.7%)
ACT group
Group 1 3 (20%)
Group 3 3 (20%)
Group 4 9 (60%)
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Twenty-nine complications were observed in the 54
devices inserted (53.7%). All complications occurred
at the insertion site and caused no clinically significant
repercussions.

The most frequently detected complication was
induration (25/29; 86.2%); others were recorded,
although with a much lower frequency (Table 2).

No statistically significant relationship was found
between the presence of induration and patient age
Table 2
Descriptive Characteristics of the SC Devices Placed and,

Where Applicable, Reasons for Removal
Variable N (%)

SC route location
Thigh (anterolateral side) 46 (85.2%)
Deltoid 4 (7.4%)
Infraclavicular area 3 (5.6%)
Abdomen 1 (1.8%)
Type of needle
SC butterfly 52 (96.3%)
Insuflon 2 (3.7%)
Reasons for removal
Induration a 25 (46.3%)
Death 9 (16.7%)
Change to another route (intravenous) 7 (13.0%)
Effective symptom control 4 (7.4%)
Removed by the patient 4 (7.4%)
Expelled due to hypertonia a 2 (3.7%)
Bendinga 1 (1.8%)
Pain in device insertion area a 1 (1.8%)
Unknown 1 (1.8%)
aReasons for removal that were regarded as complications in this study.
(Mann-Whitney U test; p = 0.71), though a significant
relationship was found between SC device dwell time
and the development of induration (Mann-Whitney U
test; p = 0.034). Thus, the SC devices removed due to
induration were in use the longest.

Description of the Pharmacological Treatments
Administered by SC Infusion

Sixty-one pharmacological treatments were adminis-
tered subcutaneously, delivering the following drugs:
morphine, midazolam, haloperidol, clonidine, and
dextrose 5% in sodium chloride 0.9% (D5NS), either
as monotherapy or in combination (mixtures of two or
three components). Slightly more than half of the
treatments administered subcutaneously (55.7%) con-
sisted of a single drug (Table 3).

The most frequently administered drugs were mida-
zolam (administered to 73.3% of patients (n = 11) and
involved in 82% of total treatments (n = 50)) and mor-
phine (administered to 80% of patients (n = 12) and
involved in 55.7% of total treatments (n = 34)). Other
less frequently administered drugs were haloperidol
(administered to 20% of the patients (n = 3) and
involved in six treatments) and clonidine (adminis-
tered to a single patient).

Treatment delivery, including administration of
drug- and nondrug therapy (hypodermoclysis), was
mainly via continuous infusion (59/61; 96.7%). Of the
treatments administered via this route (n = 58), half
(n = 29) were diluted with normal saline (sodium chlo-
ride 0.9%) prior to administration; the other half
(n = 29) had no prior dilution. The rate of subcutane-
ous drug infusion was between 0.5 mL/h and
1.5 mL/h. Dextrose 5% in sodium chloride 0.9%
(n = 1) was also delivered in continuous infusion at a
Table 3
Pharmacological Treatments Delivered Subcutaneously

Item N (%)

Total number of pharmacological treatments
delivered

61 (100%)

Number of components
1 34 (55.7%)

- Morphine 7 (11.5%)
- Midazolam 24 (39.4%)
- Haloperidol 1 (1.6%)
- Clonidine 1 (1.6%)
- Dextrose 5% in Sodium Chloride 0.9% (D5NS) 1 (1.6%)

2 23 (37.7%)
- Morphine + midazolam 22 (36.1%)
- Morphine + haloperidol 1 (1.6%)

3 4 (6.6%)
- Morphine + midazolam + haloperidol 4 (6.6%)

Route of administration
Continuous infusion 59 (96.7%)
Bolus 2 (3.3%)
Dosage devices
Patient-controlled analgesia (PCA) 59 (96.7%)
Syringe 2 (3.3%)
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rate of 18 mL/h for hydration of one patient. Only two
patients (3.3%) underwent drug therapy by SC bolus;
in both, midazolam was administered at volumes of
0.4 mL and 1 mL, respectively.

Regarding dosage devices, this study used patient-
controlled analgesia (PCA) to deliver continuous infu-
sions (96.7%), while SC boluses were administered by
syringe (3.3%).

The relationship between the development of indu-
ration and the infusion rate of drugs delivered in con-
tinuous infusion was analyzed by assessing the
maximum infusion rate for each treatment. A statisti-
cally significant relationship was found between the
two variables (p = 0.002), as SC treatments with higher
delivery rates had a higher frequency of induration.
Symptoms Following SC Treatment
In one case (1.6%), the SC route was used to hydrate

the patient (hypodermoclysis), delivering dextrose
5%/9%; in all other cases (98.4%), subcutaneous deliv-
ery was used to manage different symptoms, mostly
pain, dyspnea, and epileptic seizures (Table 4).
Discussion
The subcutaneous route has shown good results for

symptom management,8,9,32 which is a priority in pallia-
tive care. To promote drug absorption, the most widely
recommended areas for device insertion are the
abdominal wall, the scapular area, the chest area, and
the limbs.5−7,38−39 However, the thickness of the subcu-
taneous tissue is also a factor,5 as needles for SC admin-
istration are frequently used in the pediatric
population and require a minimum tissue thickness of
1 cm to 2.5 cm38 depending on the individual treated.39

In accordance with these recommendations and other
published studies in children,32−33 the SC devices used
in this study were mainly placed in the limbs, the ante-
rolateral thigh (85.2%), and the deltoid (7.4%). No
Table
Drugs Used for Symp

Symptom Number of Patients Presenting the
Symptom

Nu
Us

Pain 8 (53.3%) 27
Dyspnea 6 (40%) 12

Epileptic seizures 4 (26.7%) 41
Neurological irritability 2 (13.3%) 5

Nausea / vomiting 2 (13.3%) 4
Dystonia breakdown 1 (6.7%) 1
Sedation 1 (6.7%) 1
Dehydration −Hypodermoclysis 1 (6.7%) 1
aTreatments included (n = 61) consisted of one, two, or three different components
tions for which each drug was used are presented in this column.
significant difference was found between the insertion
site and the onset of complications (p = 0.884). The SC
butterfly was used in 96.3% of the events studied, which
is associated with higher patient comfort and lower risk
of injury, since the needle is removed after the line is
placed.40

At present, certain controversy surrounds the dwell
time of subcutaneous devices. Some authors suggest
rotating the access point at least every two to seven
days.8−9,41−42 Other authors argue that the needle mate-
rials must be taken into account, as those made of Teflon
are more durable.43−44 In this study, the needle dwell
time ranged from 1 to 36 days, with a median of 5.5 days;
furthermore, we found that the longer the dwell time,
the greater the risk of complications, especially indura-
tion (p = 0.034). This relationship is consistent with exist-
ing evidence, where durability limits are established to
prevent the onset of complications.8−9,41−42 However,
this result will likely lead to future pediatric research
aiming to set more concrete safety limits for subcutane-
ous device replacement, potentially modifying the
current recommended period of between two and seven
days.41−42

Our results reveal that the most frequently used
drugs were midazolam (82% of all treatments) and
morphine (55.7%). Midazolam is the benzodiazepine
of choice in subcutaneous administration owing to its
excellent tolerance and short half-life.39 In pediatric
care, subcutaneous midazolam is of interest for both
the management of epileptic seizures33 and to treat
symptoms in the final stages of life.32,45 Ample evidence
exists on the use and safety of subcutaneous morphine
administration,28 a commonly administered drug in
children.32,45−46

In 96.7% of the cases studied, midazolam and mor-
phine were delivered in continuous infusion by PCA
system at an infusion rate of between 0.1 mL/h and
1.5 mL/h. Though this advanced technological
resource is not available in every clinical context, it is
safe and effective in pediatric palliative home care.47
4
tom Management
mber of Times the Drug was
ed for Each Symptoma

Drug Used in Management (N; %)

(29.3%) Morphine (n = 27; 100%)
(13.0%) Morphine (n = 7; 58.3%)

Midazolam (n = 5; 41.7%)
(44.6%) Midazolam (n = 41; 100%)
(5.4%) Midazolam (n = 3; 60%)

Haloperidol (n = 2; 40%)
(4.3%) Haloperidol (n = 4; 100%)
(1.1%) Clonidine (n = 1; 100%)
(1.1%) Midazolam (n = 1; 100%)
(1.1%) Dextrose (n = 1; 100%)

(drugs), which means that a total 92 drugs were used as indicated. The indica-
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The data reported here suggest that in the field of
PPC, the infusion rate must be considered to prevent
subcutaneous route-associated complications, espe-
cially in the case of induration, where a greater inci-
dence was observed at higher infusion rates. This
relationship was statistically significant (p = 0.002) for
infusion rates of between 0.1 mL/h and 1.5 mL/h; this
may mark a starting point for future pediatric research,
as there are no existing studies on the most appropriate
rate in children.48 The infusion rates found in this
study in children (0.1−1.5 mL/h) differed markedly
from the rates reported for the adult population.6,49−50

Redness, pain, induration, and hematoma are the
most frequent complications reported in the literature,
both in adults6,8 as well as in children.34 Similarly, in
our study induration was the most common complica-
tion, leading to removal of 46.3% of the devices placed.
As Nakayama et al.51 mention, it is important to prevent
and manage this complication, since it could be related
to decreased bioavailability at the insertion point.

In contrast, pain caused only 1.8% of device remov-
als. This may be lower than the true rate, given the
patients’ inability to clearly articulate their experience
of pain. Although specific scales have been designed to
assess pain in patients with cognitive decline and/or
traumatic brain injury,52−54 it must be kept in mind
that in the absence of other symptoms such as redness,
inflammation, or induration, the task of assessing pain
becomes more complex, as care providers must deter-
mine whether the pain is secondary to the SC access
device or has another source. Moreover, assessing pain
through nonverbal signs is difficult in patients nearing
the end of life due to their varying states of conscious-
ness.

Limitations and Strengths of the Study
This study’s main limitation is the small sample size,

which means the results should be interpreted with
caution. Future research could benefit from a multi-
center approach grouping a larger number of individ-
uals.

PPC is a burgeoning discipline despite the relatively
small number of patients. As a result, there is scant
information on this patient population and further
research is required.

As described above, subcutaneous administration
can be safe and useful in pediatric palliative-care
patients. Currently, however, this evidence remains
scarce, possibly leading to underuse.
Conclusions
This study supports the use of the subcutaneous

route as a safe and useful home-care alternative for the
management of child patients with symptoms such as
pain, dyspnea, or epileptic seizures.
Most of the pharmacological treatments adminis-
tered in this study delivered a single drug, the most
common being midazolam and morphine. These treat-
ments were administered by continuous infusion more
frequently than by bolus, and the infusion rates were
much lower than those recommended in the adult pop-
ulation. The main cause for device removal was device-
related complications, all located at the insertion point.
The main complication detected was induration at the
insertion point, associated with longer needle dwell
times and a higher drug infusion rate.
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