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Martorell hypertensive ulcer (MHU) represents a pain-
ful, difficult-to-handle condition associated with peri-
pheral, subcutaneous arteriolosclerosis caused by ch-
ronic hypertensive disease. Betablockers are effective
for and widely used to treat hypertensive disease but
are reported to exacerbate peripheral vasoconstric-
tion. The effect of betablockers on pre-existing ar-
teriolosclerosis and the course of MHU is, however,
unknown. A retrospective study to assess the effect of
betablockers on the course and response to treatment
of MHU was conducted. Clinical and histopathological
data were collected of patients treated for MHU at the
authors’ institution between 2014 and 2023 and a side-
by-side comparison was performed of patients taking
betablockers or not. Analysis focused on MHU severity
at presentation, analgesic use, response to therapeutic
intervention, and alterations of cutaneous arterioles.
The study reports significantly larger ulcers and more
frequent use of opioids in patients taking betablockers,
while no significant difference was observed in terms
of MHU response to treatment. Significantly increased
luminal obstruction of peripheral cutaneous arterioles
was found in patients taking beta-blockers. Based on
these data, betablockers may have a negative effect on
the course of MHU and should be carefully assessed in
patients with MHU.
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artorell hypertensive ulcers (MHU) are painful,

difficult-to-treat ulcers representing a potentially
serious complication of long-term uncontrolled arterial
hypertension (1-4). They are commonly seen in women
with a reported age range between 50 and 70 years (4,
5). The principal pathophysiological hallmark includes
ischaemic arteriolosclerosis, resulting from narrowing
small skin blood vessels, most commonly arterioles,
that cannot dilate to increase the blood supply (2, 6).
This leads to increased resistance to blood flow, a lack
of blood delivery, skin necrosis, and death (2—4, 7-9),

SIGNIFICANCE

Martorell hypertensive ulcers represent serious, difficult-to-
treat comorbidity associated with long-term uncontrolled
arterial hypertension. Beta-blockers are effective for and
largely used to treat hypertensive disease but have been
reported to induce peripheral vasoconstriction. This study
provides additional information concerning beta-blockers’
effect in the pathogenesis of Martorell hypertensive ulcers.
Our results suggest that beta-blockers maybe non-optimal
treatment choice for patients with already developed Mar-
torell hypertensive ulcers.

triggering extremely painful ulceration typically located
in the distal part of the lower limb (5, 6, 10-12). While
evolution may be favourable upon rapid debridement
and skin grafting, many patients show fast progression,
severe pain, and early relapse (5, 13). The successful
treatment of MHU is thus challenging, requiring adequate
pain management, antihypertensive therapy, topical tre-
atment, and surgery (14, 15).

Beta-blockers are largely used to treat hypertensive
disease (16, 17). However, depending on their intrinsic
pharmacological properties, they may induce peripheral
vasoconstriction (16, 18-20). Although betablockers
should be used with precaution in patients with peripheral
vascular disease and Raynaud’s phenomenon, their ef-
fect on the progression/course of MHU is still unknown.

Here, we present a retrospective study comparing side-
by-side patients with MHU regarding severity, response
to treatment and histological alterations depending on
beta-blocker intake.

MATERIAL AND METHODS

Setting

The procedure followed was in accordance with the Helsinki
Declaration of 1975, as revised in 1983 and approved by the in-
stitutional review board of Lausanne University Hospital CHUV
and the local ethics committee (study 2021-01592). Each patient
provided written informed consent. Patients were identified in the
internal database using the search terms “necrotic angiodermati-
tis”, “necrotizing angiodermatitis”, “Martorell’s ulcer”, “hyper-
tensive ulcer”, and “arteriosclerotic ulcer”. The inclusion criteria
were age > 18 years and confirmed clinical and histopathological
diagnosis of MHU. The exclusion criteria comprised uncertain
diagnosis, incomplete clinical and/or histological documentation,
and age <18 years. Collected clinical data comprised gender, age,
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medication at the time of referral, comorbidities, cardiovascular
risk factors, lower legs venous history, hospitalization need,
painkiller medication use, ulcer features (first episode/relapse,
localization, size at the time of referral, treatment type, and evolu-
tion), and skin arterioles characteristics.

Study design and statistical analysis

The analysis focused on 29 patients selected for eligibility from
69 patients. Forty patients were excluded due to either lack of
consent/incomplete or clinical-histopathological documentation
(Fig. 1). The age ranged from 49 to 94 years, with a mean of 79.
The male-to-female ratio was 0.61. The cohort was divided into
the beta-blocker group (BB group, n=11; f1-selective, nebivolol
n=2, metoprolol n=06, and atenolol n=2; non-selective, carvedilol
n=1) or non-beta-blocker group (NBB group, n=18) according
to their medication at the time of referral. The main evaluation
criteria were the severity of MHU, assessed by the ulcerated
area, required pain medication, therapeutic intervention type,
clinical evolution, and cutaneous arteriolosclerosis. P-values
were calculated using a z-score for 2 population proportions and
Student’s ¢-test for quantitative variables. The statistical analyses
were performed using GraphPad Prism® version 9.5.1 (https:/
www.graphpad.com).

Histological analysis

Skin biopsies from ulcers were performed for diagnostic purposes,
according to previous recommendations on biopsies in patients

Patients identified in the database using different
search terms (1) and who consulted the dermatology
department at Lausanne University Hospital between

01/01/2014 and 31/10/2023

69 patients with
pathological and
clinical diagnosis of

MHU
I
I I
29 patients included 40 (':] zt':;::eiﬁgjrded
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: research or insufficient
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Fig. 1. Study flowchart. MHU: Martorell hypertensive ulcer; BB:
betablockers. NBB: non-betablockers (1) search terms: “necrotic
angiodermitis”, “necrotizing angiodermitis”, “Martorell’s ulcer”, “hypertensive
ulcer”, and “arteriosclerotic ulcer”.
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with MHU (5). All histological specimens were initially stained
with haematoxylin and eosin (H&E) according to standard pro-
tocols (21). We defined arteriole or precapillary artery as a blood
vessel measuring 25 to 110 pm in diameter with a media of 2-3
muscle cells in thickness (1, 22) (Fig. 2A, B). We then evalua-
ted the arterioles at the dermal-subcutaneous junction based on
previously published MHU vascular histological criteria (9).
Arteriolosclerosis was assessed by measuring the wall-to-lumen
ratio (WLR) according to the previously described methods (1, 9)
(Fig. 2C). A minimum of 3 arterioles at the dermal—subcutaneous
junction were measured for each patient. We used the tunica
media’s outermost cells to define the vessel’s external diameter.

RESULTS

Demographic characteristics of the study population

BB and NBB groups were similar in terms of age
(NBB=78.9+11.1,BB=80+9.5, p-value 0.77) and male/
female sex ratio (NBB=0.63, BB=0.57, p-value=0.99)
(Table I). Cardiovascular risk factors were evenly distri-
buted in NBB and BB groups, with arterial hypertension
stated in all patients (29 patients including both NBB
and BB, 100%), active smoking in 24.1% of patients
(NBB=16.7%, BB=36.4%, p=0.23), dyslipidaemia
reported in 37.9% of patients (NBB=50%, BB=18.2%,
»=0.09) and type 2 diabetes, obesity, and periphe-
ral arterial disease documented in 24.1% of patients
(NBB=27.8%, BB=18.2%, p=0.56) (Table I). Chro-
nic venous insufficiency (NBB=27.8%, BB=45.4%;
»=0.33) and history of deep or superficial thrombosis
(NBB=5.6%, BB=27.3%; p=0.099) were also equally
distributed in both groups (Table I).

Betablockers and severity of MHU

We first assessed the association between beta-blocker
therapy and the severity of MHU by clinical presenta-
tion at the time of referral. Both the BB and NBB groups
presented MHU mostly as a first episode (NBB=83.3%,
BB=281.8%; p=0.92; Table II). Most patients were
eligible for hospitalization rather than ambulatory follow-
up, regardless of beta-blocker treatment (NBB=66.7%,
BB=81.8%, p=0.37; Table II). However, the BB group
displayed significantly larger ulcers compared with the
NBB group (NBB=26.3 cm?+22.7, BB=44.5cm*+31.1,
p=0.043; Table II).

Betablockers and pain control

Next, we analysed the association between betablocker
therapy and the intensity of MHU using prescribed pain
medication during follow-up as a surrogate marker. As
expected, most patients received paracetamol in both
groups (NBB=55.6%, BB=54.5%, p=0.96; Table
IT). Metamizole was rarely prescribed (NBB=5.6%,
BB=9.1%; p=0.71; Table II). However, BB and NBB
groups differed significantly regarding opioid prescrip-
tion, with most BB patients requiring opioid-based pain
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Fig. 2. Assessment of arteriolar wall-to-lumen ratio. (A) Graphic representation of relative size and structure of different vessels in the skin. (B)
Schematic presentation of arteriolar anatomy. (C) Quantification of arteriolar wall/lumen ratio (WLR) showing the formula used (bottom). The diameter
of the wall is obtained by dividing the summation of a-b, c-d, e-f, g-h by 4. The diameter of the lumen is obtained by dividing the summation of b-c
and f-g by 2. (D) Examples and WLR in BB and NBB groups. (E) WLR calculated in the study groups (BB group, n=11; NBB group, n=18). All graphs
show the average of 3 independent measurements. Error bars represent standard error of the mean (SEM). ****p <(.0001.

control compared with the NBB group (NBB=5.6%,
BB=63.6%, p=0.0006; Table II).

Betablockers and therapy response

We further assessed the potential association between
betablocker treatment and MHU response to therapy.
Importantly, BB and NBB groups did not differ in terms

Table I. Demographic characteristics of the study population

of therapeutic strategy, with most patients eligible for de-
bridement/necrosectomy and autologous split-thickness
skin graft (NBB=72.2%, BB=72.7%, p=0.98; Table II).
Response to treatment was assessed 6 months after de-
bridement/necrosectomy and autologous split-thickness
skin graft. Overall, incomplete response and relapse
rates did not differ between the 2 groups (NBB=53.8%,
BB=37.5%; p=0.46; Table II).

BB: with betablockers

NBB: w/o betablockers Total population

Patients’ characteristics (n=11) (n=18) (n=29) p-value
Age at diagnosis, years, mean (SD) 80.1 (9.5) 78.9 (11.1) 79.4 (10.5) 0.7788
Male to female ratio (M/F), n (%) 0.57 (36.4/63.64) 0.63 (38.9/61.1) 0.61 (34.5/65.5) >0.9999
Cardiovascular risk factors
Active smoking, n (%) 4 (36.4) 3(16.7) 7 (24.1) 0.23014
Arterial hypertension, n (%) 11 (100) 18 (100) 29 (100) 1
Type II diabetes, n (%) 2 (18.2) 5(27.8) 7 (24.1) 0.5552
Dyslipidaemia, n (%) 2(18.2) 9 (50) 11 (37.9) 0.08726
Obesity, n (%) 2(18.2) 5(27.8) 7 (24.1) 0.5552
Peripheral arterial disease, n (%) 2(18.2) 5 (27.8) 7 (24.1) 0.5552
Venous history
Chronic venous insufficiency, n (%) 5 (45.4) 5(27.8) 10 (34.5) 0.33204
Deep or superficial vein thrombosis, n (%) 3(27.3) 1(5.6) 4 (13.8) 0.09894

SD: standard deviation.
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Table II. Clinical features, pain management, and response to therapy in patients with Martorell hypertensive ulcers

With betablockers

Without betablockers Total

Ulcer characteristics (n=11) population (n=29) p-value
First episode at presentation, n (%) 9 (81.8) 24 (82.8) 0.92034
Relapse at presentation, n (%) 2 (18.2) 5(17.2) 0.92034
Hospitalization, n (%) 9 (81.8) 21 (72.4) 0.37346
Ulcer size (in cm2), mean (SD) 44.5 (31.1) 26.3(22.7) 33.9 (26.8) 0.04306
Paracetamol, n (%) 6 (54.5) 16 (55.2) 0.96012
Metamizole, n (%) 1(9.1) 2(6.9) 0.71884
Opioids, n (%) 7 (63.6) 8 (27.6) 0.00068
Necrosectomy and split-thickness skin graft, n (%) 8(72.7) 21 (72.4) 0.97606
Conservative treatment, n (%) 3(27.3) 8 (27.6) 0.97606
Incomplete response or Relapse 6 months after necrosectomy and 3 (37.5) 10 (47.6) 0.46541

split-thickness skin graft, n (%)

SD: standard deviation.

Assessment of luminal obstruction

Both larger ulcer size and increased prescription of
opioids in the BB group suggested that betablockers
may act on MHU pathogenesis. We thus investigated
histological alterations found in arterioles of BB and
NBB groups. Meticulous analysis confirmed structural
changes associated with MHU in both groups, including
endothelial hyperplasia, proliferation and thickening of
the inner elastic lamina, nuclear hyperplasia of tunica
media, reduction of lumen size, occasional thrombotic
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occlusion, and different degrees of periarteriolar fibrosis.
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To best assess the severity of luminal obstruction, we then
calculated the ratio between the thickness of the arterial
wall and the lumen (wall-to-lumen ratio, WLR), accor-
ding to a previously described protocol (9) (Fig. 2C). Re-
markably, we found significantly increased WLR in the
BB compared with the NBB group (NBB=0.66+0.11;
BB=1.82+0.38; p<0.0001; Fig. 2D—E). Increased WLR
in the BB group reflected both thicker arteriolar walls
and smaller lumens (Fig. 3).

Fig. 3. Assessment of the lumen’s diameters
and a wall thickness in BB and NBB groups.
(A) Schematic representation of wall thickness and
lumens diameter of arteriolesin BB and NBB groups.
(B) Lumen’s diameters and (C) wall thickness
in BB versus NBB group (BB group, n=11; NBB
group, n=18). All graphs show the average of 3
independent measurements. Error bars represent
standard error of the mean (SEM). **p <0.01.
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DISCUSSION

Our study finds a significant association between beta-
blocker treatment and the severity of the MHU course.
We report significantly larger ulcers, increased opioid-
based pain control, and more severe arteriolar luminal
obstruction measured by arterial WLR in patients taking
betablockers.

MHU ulcers result from ischaemic necrosis. Ulcer
size consequently reflects ischaemic damage, while
excruciating pain associated with MHU reflects ischae-
mic pain. The double observation of larger ulcers and
increased opioid take in the BB group strongly suggest
that betablockers may have a critical, negative effect
in the pathogenesis of MHU. Consistently, we found
significantly reduced arteriolar lumens in the periphery
of MHU in the BB group, thus explaining reduced skin
perfusion and increased ischaemic consequences, such
as cellular damage, cell death, and stronger activating
pain signals in the affected area.

The effect of beta-blockers on skin microcirculation
remains controversial. While beta-blockers have long
been known to cause peripheral vasoconstriction (17,
19, 23), recent studies fail to detect significant effect (24,
25). This may be partly due to the fact that beta-blockers
represent a heterogeneous group of antihypertensive
drugs with distinct pharmacological properties, resulting
in varying effects on skin microcirculation. Indeed, a
recent, broad meta-analysis reported differing degrees of
vasoconstrictive effects among individual beta-blockers,
largely influenced by their intrinsic sympathomimetic
activity or vasodilatory properties, rather than B1-
selectivity (19). While this highlights the absence of a
uniform class effect, it suggests that beta-blockers with
intrinsic sympathomimetic activity may be preferable for
patients with peripheral vascular diseases (19). Notably,
our study included 4 beta-blockers lacking intrinsic
sympathomimetic activity, which may account for the
observed effects on MHU disease.

In practice, hypertension and pain management are
the foremost priorities in the treatment of patients with
MHU. Opioid use should be reduced to avoid the risk of
dependence. Our study supports that switching from beta-
blockers to alternative anti-hypertensive therapy e.g.,
calcium channel blockers and angiotensin-converting
enzyme inhibitors) would prevent larger ulceration, re-
duce pain, and diminish opiate consumption in patients
with MHU.

Study limitations

This study has several limitations. One of them is the
retrospective character of the study. The clinical cases
were collected in 1 institution from patients seen in our
department between 2014 and 2023. This long study
period, due to the rather limited incidence of Martorell’s
disease, may have caused the heterogeneity of the study

population, particularly regarding therapeutic measures
and the use of different antihypertensive drugs, which
have changed over the years. Also, several patients had
to be excluded from the study due to the lack of consent
or incomplete clinical-histopathological documentation.
This selection procedure also represents a bias regarding
extrapolation of the results to a non-selective patient
population in daily clinical practice. Finally, although
cardiovascular risk factors and venous history are simi-
larly distributed between BB and NBB patients (see Table
I), we cannot rule out differences in severity, which may
contribute to the observed variations in ulcer size and/or
opioid requirements.

Conclusion

This study provides insights into the relationship bet-
ween betablocker use and the severity of MHU. Based
on our data, betablockers may have a negative effect on
the course of MHU and should be carefully assessed in
patients with MHU. Further studies are needed to assess
the exact mechanism of this phenomenon and the respec-
tive effects related to beta-blockers with distinct phar-
macological properties. Importantly, our results suggest
that, when possible, beta-blockers should be switched
in favour of alternative antihypertensive strategies in
patients suffering from MHU.
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