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These Tables list key protein targets and ligands in this article that are hyperlinked to corresponding entries in http://www.guidetopharmacology.org, the
common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [1], and are permanently archived in the Concise Guide to PHARMACOLOGY
2015/16 [2].

Acid-sensing ion channels (ASICs) are voltage-insensitive
cation channels primarily activated by acidosis, with various
pharmacological effects [3]. More specifically, ASIC3 has been
shown to be a neuronal sensor for appropriate adjustment to
pressure in the cutaneous microcirculation, protecting
healthy skin against pressure ulcers (PUs) in animalmodel [4].

Besides its diuretic properties, the potassium-sparing
diuretic amiloride was the first described inhibitor of ASICs.
In both rodents and humans, the blockade of ASIC with
amiloride blunted pressure-induced vasodilation (PIV) [4],
an early microvascular response to low pressure that reflects
cutaneous vascular fragility when altered [5, 6].

In patients treated with amiloride, the physiological
protection of the skin against pressure might therefore be im-
paired though ASIC blockade. However, whether treatment
with amiloride is associated with an increased risk of PUs is
unknown. We tested this hypothesis in a large database of
hospitalized patients.

The Premier Perspective™ database is a clinical and
financial information system from about 600 hospitals in
the United States. It meets the HIPAA requirements of de-
identification. Institutional Review Board approval was ob-
tained on 29 January 2016 (CECIC-Rhone-Alpes-Auvergne,
IRB5891). We limited our search to the calendar year 2006,
producing a population of approximately 33 million pa-
tients. Drug and target nomenclature conforms to the
Concise Guide to Pharmacology 2015/16 [1].

Inclusion criteria were patients ≥15 years old who
underwent prolonged hospitalization (≥10 days) and exposed
to one or more of the following diuretics for ≥5 days:
amiloride, triamterene, hyrdrochlorothiazide (HCTZ),
spironolactone + HCTZ. Patients with loop diuretics or
spironolactone alone were excluded due to different indica-
tions (e.g. acute heart failure or primary hyperaldosteronism,
respectively) that may increase heterogeneity in the popula-
tion. Patients who received amiloride alone or combined to
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another diuretic were in the amiloride group, whereas pa-
tients treated with the other diuretics were in the control
group. Population characteristics (age, gender), clinical data
according to the International Classification of Diseases 9th
edition, Clinical Modification (ICD9), and length of stay were
collected. The outcome was non-admitting PUs (code 707.0).

Continuous data were expressed as mean ± standard
deviation or as the median (first–third quartiles) when the
distribution was not normal. Comparisons were analysed
with the t-test or the Mann–Whitney test, as appropriate.
Univariate and adjusted odds ratio (OR) for the risk of PU
between groups were calculated using logistic regression.
We considered P-values < 0.05 as significant. Statistical anal-
ysis was performed using STATA software (version 13.0
StatCorp College Station, TX, USA).

We identified 424597 patients undergoing prolonged hos-
pitalization without admitting PUs. Among them, 340 (0.08%)
received amiloride and 20653 (4.86%) had another diuretic for
≥5 days, mostly HCTZ (17250, 4.06%) or a combination of
HCTZ + triamterene (3216, 0.76%). In the whole population,
27295 patients (6.43%) developed a PU during hospital stay.

The prevalence of PUs was 7.06% and 3.89% in the
amiloride and the control groups, respectively (P = 0.003).
Patients in the amiloride group were younger (63.1 ± 15.6
vs. 67.6 ± 14.1; P < 0.001) and 52.3% were females (vs.
59.7% for controls; P = 0.006). Median length of stay was
16 (12–25.5) days in the amiloride vs. 14 (11–19) days in the
control groups (P < 0.001). Malnutrition, acute renal failure
and heart failure were all significantly more frequent in the
amiloride group, whereas diabetes and the use of nonsteroidal
anti-inflammatory drugs (NSAIDs), which are known to
inhibit ASICs [7], were more frequent in the control group.
When adjusting for confounders, amiloride remains signifi-
cantly associated with an increased risk of PU, with an
adjusted OR = 1.57 [1.02; 2.44] (P = 0.042) (Table 1).

Interestingly, there is a significant interaction with the factor
heart failure, amiloride being a significant risk factor only in
patients with heart failure (Table 1).

These results suggest that amiloride increases the risk of in-
cident PU in hospitalized patients. This hypothesis relies on a
strong theoretical background: PIV, which delays the decrease
in cutaneous blood flow produced by local low pressure, is de-
creased by amiloride through ASIC blockade. Deprived of this
physiological protection, diabetic and aged patients show an
early decrease in cutaneous bloodflow in response to pressure,
that reflects microvascular fragility [5, 6]. Such an inability of
the skin to resist pressure could explain the higher risk of de-
veloping PUs in these patients. This study further strengthens
that ASIC blockade contributes to the development of PUs,
likely via inability of the cutaneous microcirculation to adapt
to local pressure, as previously shown in mice [4].

However, our results need to be interpreted with caution
due to limitations. First, despite the use of a large database,
our inclusion criteria restricted the number of cases to 827.
For this reason, a limited number of potential confounders
to adjust for were considered, and we focused on those that
we considered to be the most relevant to our population
[8, 9]. Another limitation of this study is that the chronology
of events (i.e. onset of PU regarding drug intake) is not known
precisely. Indeed, we could not identify patients receiving
amiloride as a chronic treatment before hospitalization. In or-
der to limit this bias, we considered only non-admitting PUs
in patients treated for ≥5 days. However, the duration of treat-
ment that increases the risk of ulcer is unknown. Finally, we
did not have reliable data regarding tobacco use, and therefore
were not able to take into account this possible confounder.

In conclusion, our study suggests that treatment with
amiloride is an independent risk factor for PU in hospitalized
patients with heart failure. Other diuretics may therefore be
preferred in patients at risk.

Table 1
Risk factors for pressure ulcers in hospitalized patients

OR [95% CI] P-value aOR [95% CI] P-value

Amiloride 1.88 [1.23–2.86] 0.003 1.57 [1.02–2.44] 0.042

Age 1.018 [1.013–1.024] <0.001 1.023 [1.017–1.029] <0.001

Length of stay 1.024 [1.022–1.028] <0.001 1.025 [1.022–1.028] <0.001

Malnutrition 2.28 [1.57–3.31] <0.001 1.76 [1.17–2.65] 0.006

Acute renal failure 2.04 [1.72–2.41] <0.001 1.42 [1.19–1.71] <0.001

Heart failurea 1.91 [1.63–2.23] <0.001 1.44 [1.22–1.70] <0.001

Diabetes 1.45 [1.26–1.67] <0.001 1.44 [1.25–1.67] <0.001

NSAIDs 0.94 [0.82–1.08] 0.41

Gender (male) 0.97 [0.84–1.12] 0.71

Surgery unit 1.05 [0.91–1.22] 0.47

aOR: odds ratio for the risk of PU between groups adjusted for age, length of stay, diabetes, congestive heart failure, malnutrition and acute renal
failure
aIn this model there is a significant interaction between the group and the factor Heart failure (P = 0.028): among patients without heart failure,
amiloride did not increase the risk of pressure ulcers (OR = 0.88 [0.43–1.83], P = 0.737), while it has a significant effect in patients with heart failure
(OR = 2.59 [1.44–4.65], P = 0.001). NSAIDs: nonsteroidal anti-inflammatory drugs
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