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Abstract
Objectives. The objective of this study was to compare the attitudes and beliefs of PCU physi-
cians leaders in the United States versus Canada regarding the subcutaneous method in the
administration of medications and hydration in order to gain a better understanding as to why
variations in practice exist.
Methods. This survey trial took place from November 2022 to May 2023. The MD Anderson
Cancer Center institutional review board in Houston, Texas, approved this study. The partici-
pants were the physician leaders of the acute palliative care units (PCUs) in the United States
and Canada. The survey comprised questions formulated by the study investigators regard-
ing the perceived comfort, efficiency, and preference of using the subcutaneous versus the
intravenous method. The consent form and survey links were emailed to the participants.
Results. Sixteen PCUs were identified in the United States and 15 PCUs in Canada. Nine US
and 8 Canadian physicians completed the survey. Physicians in Canada were more likely to use
the subcutaneous route for administering opioids, antiemetics, neuroleptics, and hydration.
They preferred subcutaneous over intravenous or intramuscular routes (p = 0.017). Canadian
physicians felt their nursing staff was more comfortable with subcutaneous administration
(p = 0.022) and that it was easier to administer (p = 0.02). US physicians felt the intravenous
route was more efficient (p = 0.013).
Significance of results. The study results suggest that exposure to the subcutaneous route
influences a physician’s perception. Further research is needed to explore ways to incorporate
its use to a greater degree in the US healthcare system.

Introduction

The subcutaneous administration of medications and fluids is a viable parenteral route for insti-
tutions worldwide (Anderson and Kralik 2008; Herndon and Fike 2001; Slesak et al. 2003).This
route is safe and effective when compared to intravenous delivery of medications and fluids and
has several reported benefits in patients with advanced cancer (Challiner et al. 1994; Nelson
et al. 1997; Vidal et al. 2016). Advanced cancer may cause symptoms such as dysphagia, nau-
sea, vomiting, and decreased oral intake due to delirium (Hui et al. 2015; Vidal et al. 2016).
Intravenous access may be difficult to achieve due to dehydration that may develop (Bartz et al.
2014; Caccialanza et al. 2018;Vidal et al. 2016).The same subcutaneous injection site can be used
for 7 days or more so patients do not have to undergo the discomfort of frequent site changes
that occur with intravenous access (Fainsinger et al. 1994; Vidal et al. 2016).

This subcutaneous route allows for a seamless transition from inpatient settings to chronic
care facilities or home. A significant advantage of this route is that it frees the patient from
having to carry poles with infusion pumps in the hospital, since excellent symptom control can
be achieved with intermittent injections of opioids or hydration as 1-h subcutaneous boluses
(Parsons et al. 2008). Several other drugs, including antibiotics, can also be administered
into a subcutaneous indwelling catheter (Walker et al. 2005). Despite all of these benefits, the
subcutaneous route as a method to deliver medications and fluids remains underutilized in the
United States (Slesak et al. 2003; Tang et al. 2023).
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Acute palliative care units (PCUs), which are specialized inpa-
tient units where palliative care medicine specialists along with
interdisciplinary teams provide highly intensive symptommanage-
ment, are an ideal environment to utilize the subcutaneous route
(Eti et al. 2014).These units not only help with providing high-level
care at the end of life but can also help facilitate discharge to home
or a facility with hospice care (Elsayem et al. 2011). PCUs also
provide education for future specialists and contribute to research.
However, there is very limited number of PCUs in both the United
States and Canada (Hui et al. 2020).

We have previously published a study demonstrating differ-
ences in the use of subcutaneous administration of medications
and fluids between US and Canadian PCUs (Tang et al. 2023).
This was the first study published directly quantifying differences
in practices in subcutaneous use between the United States and
another country (Tang et al. 2023). The objective of this study
was to compare the attitudes and beliefs of PCU physicians lead-
ers in the United States versus Canada regarding the subcutaneous
method in the administration of medications and hydration in
order to gain a better understanding as towhy variations in practice
exist.

Methods

The MD Anderson Cancer Center institutional review board
approved this survey study. The study took place from November
2022 to May 2023. The participants for this survey were physician
leaders of PCUs in the United States and Canada. These partici-
pants were identified by contacting known PCUs through email
or telephone (Hui et al. 2020). We included physicians in Canada
who were leaders in “acute palliative care units” or “tertiary pal-
liative care units,” defined as interdisciplinary PCUs located in
acute care hospitals. We excluded physicians who practiced only in

inpatient hospice units. The participants were emailed the survey
instructions, consent form, and links.

The survey consisted of a questionnaire with 33 questions. The
first section included physician demographics and the character-
istics of their PCUs, and the second section assessed physician
perceptions. The study investigators formulated the questionnaire.
In order to determine the likelihood of using an administration
route, the participants were asked to respond to, “Out of 100
patients in your palliative care unit, how many would receive (opi-
oids/ antibiotics/neuroleptics/ antiemetics/ hydration) via (subcu-
taneous/ intravenous/ intramuscular/ rectal).”

Continuous variables were summarized using mean, median,
standard deviation, quartiles, minimum, andmaximum, while dis-
crete variables were likewise summarized using frequency with
percentage; Likert-scale variables were summarized as both con-
tinuous and discrete. As appropriate, differences between countries
were assessed using two-sample t-tests andMann–Whitney tests or
by Chi-square tests.

Logistic regression models were used to model the propor-
tions (out of 100) reported for each drug category administration
route with relation to country. Differences between countries
were reported as odds ratios with 95% confidence intervals.
Model-adjusted proportions for each countrywere reported as per-
centages with ±standard error intervals. Statistical analyses were
performed using R statistical software version 4.2.2. A two-sided
alpha of 0.05 was utilized in all statistical tests. Catseye plots were
produced using the “catseyes” package (Andersen 2020; Cumming
2014).

Results

Nine physician leaders of 16 PCUs identified in the United States
and 8 physician leaders of 15 PCUs identified in Canada completed
the survey, for an overall response rate of 55%. There were no

Figure 1. Likelihood of subcutaneous use versus intravenous use for medications and hydration in the United States and Canada.
Model-adjusted probability by country. Catseye plots illustrate the normal distributions of the model-adjusted means, with shaded ±standard error intervals, transformed
from the log-odds to the probability scale.
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statistically significant differenceswhen comparing the age, gender,
location of practice (urban, suburban, or rural), and number of
years practiced. Respondents in Canada had spent more years
practicing palliative medicine (median value of 16 vs 11 years,
p = 0.044). All 8 physicians in Canada estimated that, on aver-
age, greater than 40% of the patients in their PCUs have cancer,
compared to only 3 US physicians (p = 0.033). PCUs in the United
States more often required a Do Not Resuscitate or Allow Natural
Death order for admission, 6 versus 1 (p = 0.0498).

Figure 1 shows the logistic regression-based model-adjusted
probability of using subcutaneous versus intravenous administra-
tion of medications and fluids based on location. Physicians in
Canada weremore likely to use the subcutaneous route for opioids,
antiemetics, neuroleptics, and hydration (p< 0.0001 in each case),
while those in the United States were more likely to use the intra-
venous route in these conditions (p < 0.0001 in each case). There
was no significant difference between countries in subcutaneous or
intravenous use of antibiotics (p = 0.10 and 0.69, respectively).

Table 1 shows the survey responses. Physicians from Canada
agreed to the statement, “I prefer using subcutaneous route over
other parenteral routes”more often thanUS physicians (p= 0.017).
US physicians agreed to the statement, “I prefer using intravenous
route over other parenteral routes” more often than Canadian
physicians (p = 0.002). Canadian physicians felt that their nurs-
ing staff was more comfortable with subcutaneous administration
(p = 0.022), while physicians in the United States felt that intra-
venous was a more efficient route (p = 0.013).

Discussion

Our study provides insight as to why variations in practice may
exist. Both US and Canadian physicians reported familiarity and
comfort with the subcutaneous route. Notable differences were that
the US physicians felt that the IV route was most efficient, whereas
Canadian physicians felt that the subcutaneous route was easier
to administer than other routes. US physicians also felt that their
nursing teams were more comfortable administering medications
and hydration intravenously rather than subcutaneously, while the
opposite was true for Canadian physicians.

With regard to efficiency, there are studies that demonstrate
the pharmacokinetic properties are similar whether given intra-
venously or subcutaneously (Lipschitz et al. 1991; Penson et al.
2002). We have demonstrated that caregivers without previous
medical training can learn how to set up and deliver hydration at
home with 60 min of training and reported minimal difficulty in
use (Vidal et al. 2016). Despite this evidence, it appears that US
physicians perceived the intravenous route to be more efficient.

This response may reflect several factors. Due to a lack of famil-
iarity, there are multiple administrative barriers to implementing
the use of subcutaneous lines in the hospital prior to transitions of
care.TheUS reimbursementmodel favors a “buy-and-bill”method
of payment (Epstein 2021). Administration of fluids solely by the
subcutaneous routemay not increase the acuity level of patients for
insurance companies, affecting reimbursement (Remington and
Hultman 2007). Physicians may also be concerned about the com-
fort levels of nursing staff placing and maintaining subcutaneous
lines. Finally, there is a possibility that training programs in the
United States do not accurately portray the ease of setting up and
using a subcutaneous delivery method. Many of these beliefs may
be modified if US physicians had more exposure and used the
subcutaneous method more often.

Table 1. Survey responses

United
States (n, %)

Canada
(n, %) p Value*

Completely agree/ Partially
agree

Prefer to use the subcutaneous
route over other parenteral
routes

1 (11) 7 (88) 0.017

Prefer to use the intravenous
route over other parenteral
routes

8 (89) 1 (13) 0.002

The nursing staff is more com-
fortable with administration
of medications/hydration via a
subcutaneous route

2 (22) 6 (75) 0.022

I am comfortable with using
the subcutaneous route to
administer hydration

8 (89) 6 (75) 0.62

I am comfortable with using
the subcutaneous route to
administer medications

8 (89) 8 (100) 1

I believe the intravenous
route is most efficient route
of administration

8 (89) 1 (13) 0.013

Subcutaneous route is better
tolerated by patients when
compared to other parenteral
routes

2 (22) 6 (75) 0.064

Subcutaneous route is easier
to administer as compared to
other parenteral routes

2 (22) 8 (100) 0.02

Subcutaneous route causes
more discomfort compared to
intravenous route

1 (11) 1 (13) 0.45

Familiarity with subcutaneous
route

Familiar with the subcutaneous
route of administration

0.2

Not familiar 0 (0) 0 (0)

Somewhat familiar 2 (22) 0 (0)

Extremely familiar 6 (88) 8 (100)

Level of education/ training
where first learned about the
subcutaneous route

0.62

Medical school 0 (0) 1 (13)

Residency/Fellowship 5 (56) 5 (63)

Post training work
experience

4 (44) 2 (25)

*Statistical testing was based upon a 5-point Likert scale (completely agree/partially
agree/neither agree nor disagree/partially disagree/completely disagree). This summary col-
lapses categories (completely agree/partially agree) for clarity and ease of presentation.
The bolded values indicate statistical significance of a p value less than 0.05.

There are limitations to this study.Wediscovered that therewere
several eligible PCUs that had closed because of the pandemic and
had not reopened. A larger sample size may have detected more
differences in perceptions. Also, the survey questions provide us
insight into differences in opinions between physicians in the 2
countries but do not establish causality into the underutilization
of subcutaneous administration in the United States.
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Our findings suggest that the differences in perceptions between
the physicians of the 2 countries are due to exposure to using the
route. Further research is needed in this area to explore ways to
incorporate subcutaneous administration of drugs and hydration
into the US healthcare system.
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