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Abstract

Introduction: Keloids are pathologic conditions characterized by fibroblast hyper-proliferation and excess collagen deposition.
Enalapril, one of the angiotensin-converting enzyme inhibitors, has recently been highlighted as a new therapeutic modality in
treating keloids. This study evaluates the effectiveness of intralesional injection of enalapril versus triamcinolone acetonide (TAA)
in keloids.

Methods: Forty patients with multiple keloids were enrolled in our study. Enalapril and TAA were injected intralesionally in one
session per month for three sessions. The clinical outcomes were assessed via the Vancouver Scar Scale (VSS) and the Patient and
Observer Scar Assessment Scale (POSAS).

Results: In both groups, according to VSS and POSAS, there was a high statistically significant difference (p-value < 0.01) before
treatment, at the end of each session, and 3 months after treatment. There was no significant difference between both groups
regarding degree of improvement. Patients treated with TAA developed more significant complications than those in the enalapril
group (p-value < 0.05).

Conclusions: Both enalapril and TAA had the same clinical effect. Enalapril could be a safe alternative to steroids in the treatment
of keloid and hypertrophic scars. Further studies on enalapril are needed on a large sample of patients with further focus on the

mechanism of this innovative drug.
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Introduction

Keloids are fibroproliferative dermal tumors with excessive extra-
cellular matrix component accumulation, particularly collagen,
caused by excessive expression of growth factors and inflamma-
tory cytokines (1, 2).

The pathogenesis of both keloid and hypertrophic scars in-
volves a hyperproliferative state due to cellular driving pathways
such as transforming growth factor (TGF), vascular endothelial
growth factor, and the inactivation of genes of proapoptosis (3).

The management of keloids and hypertrophic scars is clinically
challenging and includes surgical excision, laser therapy, radio-
therapy intralesional chemotherapeutic injection, cryotherapy,
topical silicone, systemic chemotherapy, and pressure therapy.
Unfortunately, none of these options provide a satisfying thera-
peutic outcome (4).

Steroid injection is the current first-line therapy because it
breaks collagen fiber bonds in addition to having powerful anti-
inflammatory properties, which helps reduce swelling, redness,
tenderness, and itching. Approximately 50% of keloids are ster-
oid-resistant and have side effects such as telangiectasia and
atrophy, and so new emerging therapeutic modalities have been
indicated (5).

Enalapril, an antihypertensive drug that acts as an angioten-
sin-converting enzyme (ACE) inhibitor, prevents angiotensin II
from producing vasoconstriction, thus lowering blood pressure
(6). ACE inhibitors play an important regulatory role in wound
healing and the production of collagen. Enalapril also produces
down-regulatory effects on type III collagen production (7).
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The ACE receptors (angiotensin I and II) are strongly expressed
in both human (8) and animal (9) wounded skin. The highest
expression of these receptors has been detected in scars (10).
The higher angiotensin type II concentration that was detected
in biopsies from keloid tissues acts on angiotensin I receptors,
leading to keratinocyte and fibroblast migration via shedding of
heparin-binding epidermal growth factor-like growth factor, epi-
dermal growth factor receptor transactivation, and an increase in
collagen synthesis. An animal study on rats (11) concluded that
activation of the receptor of angiotensin II type 1 leads to re-ep-
ithelization and recovery of myofibroblasts. However, valsartan
(an angiotensin I antagonist) reduced this effect by decreasing
the gene expression of collagen type 1, contractile activity, TGF-f,
and monocyte chemoattractant protein-1 with a consequent re-
duction in the activity of myofibroblasts and trafficking monocyte
to the scar tissue (12). Both topical and oral enalapril in keloids
and hypertrophic scar treatment showed some efficacy with no
side effects (13).

Methods
Study design

This was a prospective randomized comparative study that en-
rolled 40 patients with multiple keloids from December 2019 to
July 2020.

We studied the effect of intralesional injection of enalapril in
keloids and compared it with the effect of intralesional triamci-
nolone acetonide (TAA). All patients with multiple keloids in the
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selected age group (21-40 years old) were enrolled in the study.
Patients with hypotension, known hypersensitivity to ACE inhibi-
tors, pregnancy, lactation, or renal impairment were excluded.

An Arabic informed consent form was signed by every partici-
pant or a parent in the presence of one of the authors. A code num-
ber was used for every patient for data privacy and confidentiality.
Photos were taken for the affected lesion only and were presented
only for research purposes. Patients were instructed to report any
complications: pain, erythema, ulceration, burning sensation,
secondary infection, post-inflammatory hyperpigmentation, or
any allergic manifestations.

This study was carried out by the Dermatology Department, Fac-
ulty of Medicine, Fayoum University. Written consent was obtained
from all patients before treatment after explaining the nature, risk,
and purpose of the study. All collected data were kept confidential.
The study was conducted after approval from the ethics committee
of the Faculty of Medicine, Fayoum University, IRB 00003613.

Procedure

Forty patients with multiple keloids were selected to participate
in this study. One lesion was treated with enalapril (designated
E) and another lesion on the same patient was treated with TAA
(designated T). The lesion was cleansed with an appropriate
cleanser. Local antiseptic was applied to minimize contamination.
In group one, lesions designated E were treated with an enalapril
intralesional injection at a concentration of 0.125 mg/ml using
30 units of solution during three sessions 1 month apart. The
injection was made in each point of scar area with 1 cm spacing
with a maximum of 2 ml of enalapril at each session using a 1 ml
insulin-grade syringe. In group 2, lesions designated T in the same
patients were treated with a TAA intralesional injection at a 1:1
dilution with mepivacaine during three sessions 1 month apart.
Ten units of solution were injected in each point of the lesion area
with 1 cm spacing with a maximum of 2 ml of TAA using a 1 ml
insulin-grade syringe.

Evaluation and follow-up

The patients were examined by two experienced dermatologists
before and 3 months after the last treatment using the Vancouver
Scar Scale (VSS) (14) and the Patient and Observer Scar
Assessment Scale (POSAS) (15). Both scores were measured at the
baseline, after each session, and 3 months after the last session
(final follow-up). The scores were summed each time for areas
injected with TAA and enalapril.

Results

The age of our patients was between 21 and 40 years old with a mean
age of 30.10 + 9.13. Twenty-eight (70.0%) patients were females and
12 (30.0%) patients were males (Table 1). Most of the lesions were
caused by scald burns (67.5% of the lesions). Other causes included
trauma, inflammation, and spontaneous causes, corresponding to
22.5%, 7.5%, and 2.5% of the lesions, respectively (Fig. 1).
Regarding the site of the lesions, most of the lesions were on the
upper limbs (57.5% of the lesions). Other sites included the chest,
abdomen, head and neck, lower limbs, and back, corresponding
to 17.5%, 12.5%, 12.5%, and 5.0% of the lesions, respectively (Fig.
2). Regarding symptoms (adverse effects), 35% of patients had no
symptoms, 29% of patients complained of pain, 30% complained
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of itching, and 6% complained of tenderness (Fig. 3).

In both groups, according to VSS and POSAS, there was a high
statistically significant difference (p-value < 0.01) before treat-
ment, at the end of each session, and 3 months after treatment
(Tables 2 and 3). Table 4 shows that there was no significant differ-
ence between both groups with regard to the degree of improve-
ment. Patients treated with TAA developed significant complica-
tions more than the enalapril group (p-value < 0.05; Table 5).

Figures 4, 5, and 6 present photos for both groups before, dur-
ing, and immediately after treatment, and 3 months after treat-
ment. Different degrees of improvement were observed.

Table 1 | Demographic data of the patients studied (n = 40).

Variable Value
Age (years)
Mean + SD 31.10+£9.13
Median 35
Sex
Male, n (%) 12 (30.0)
Female, n (%) 28 (70.0)
Male:female ratio 1:2.3

SD = standard deviation.

cause
2.5%

B spontaneous ®Trauma ®Burn
Figure 1 | Causes of keloid lesions in the study population.
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Figure 2 | Sites of keloid lesions in the patients studied.
H&N = head and neck, UL = upper limbs, LL = lower limbs, Chest&Ab = chest
and abdomen.
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Figure 3 | Symptoms of keloid lesions in the study population.
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Table 2 | Comparison over time for lesions treated with enalapril.
Paired differences

Scale: measures “Mean  SD t p-value Sig.
Vancouver: baseline, 3 months 7.813  2.191 20.167 0.000 HS
Vancouver: baseline, follow-up 7.730 2.156 21.811 0.000 HS
Observer: baseline, 3 months  24.781 5.807 24.139 0.000 HS
Observer: baseline, follow-up  25.838 5.454 28.814 0.000 HS
Patient: baseline, 3 months 25.500 5.657 25.500 0.000 HS
Patient: baseline, follow-up 26.378 5.499 29.177 0.000 HS

Sig. = significance, HS = highly significant, SD = standard deviation.

Table 3 | Comparison over time within lesions treated with triamcinolone ace-
tonide.

Paired differences

Scale: measures “Mean  SD t  p-value Sig.
Vancouver: baseline, 3 months 7.563  2.285 18.721 0.000 HS
Vancouver: baseline, follow-up 7.703  2.080 22.527 0.000 HS
Observer: baseline, 3 months  23.813 5.095 26.436 0.000 HS
Observer: baseline, follow-up  25.162 4.986 30.696 0.000 HS
Patient: baseline, 3 months 24.875 4.950 28.429 0.000 HS
Patient: baseline, follow-up 25.811 4.988 31.476 0.000 HS

Sig. = significance, HS = highly significant, SD = standard deviation.

Table 4 | Comparison between the Vancouver Scar Scale and the Patient and
Observer Scar Assessment Scale scores in both groups.

Paired differences

Scale: measure, Tvs. E “Mean  SD t p-value Sig.
Vancouver: baseline -0.075 0.267 -1.778 0.083 NS
Vancouver: 3 months 0.156 1.609 0.549 0.587 NS
Vancouver: follow-up -0.054 1.779 -0.185 0.854 NS
Observer: baseline -0.050 0.389 -0.813 0.421 NS
Observer: 3 months 0.906 3.586 1.429 0.163 NS
Observer: follow-up 0.622 3.183 1.188 0.240 NS
Patient: baseline 0.125 0.966 0.819 0.418 NS
Patient: 3 months 0.781 2.511 1.760 0.088 NS
Patient: follow-up 0.703 2.259 1.892 0.067 NS

T=triamcinolone acetonide, E = enalapril, Sig. = significance, NS = not signifi-
cant, SD = standard deviation.

Table 5 | Comparison between complications after 3 months in both groups.

Complications, E

None Tingling Scaling  Total

None

n 26 1 0 27

% within complications, T 96.3 3.7 0.0 100.0

% within complications, E 86.7 100.0 0.0 84.4

% of total 81.3 3.1 0.0 84.4
Hypopigmentation

n 4 0 0 4

% within complications, T 100.0 0.0 0.0 100.0

% within complications, E 13.3 0.0 0.0 12.5

% of total 12.5 0.0 0.0 12.5
Scaling

n 0 0 1 1

% within complications, T 0.0 0.0 100.0 100.0

% within complications, E 0.0 0.0 100.0 3.1

% of total 0.0 0.0 3.1 3.1
Total

n 30 1 1 32

% within complications, T 93.8 3.1 3.1 100.0

% within complications, E 100.0 100.0 100.0 100.0

% of total 93.8 3.1 3.1 100.0

E = enalapril, T = triamcinolone acetonide.
Discussion

No single treatment modality proves universally optimal for ad-
dressing all keloid cases. Many therapeutic modalities have been
used to treat keloids and reduce recurrence. Surgical excision and
superficial radiation therapy is the most effective modality (16).
Other modalities include occlusive dressings, compression ther-
apy, cryosurgery, intralesional corticosteroid injections, radiation

therapy, excision, interferon therapy, laser therapy, 5-fluoroura-
cil, bleomycin, doxorubicin, verapamil, imiquimod 5% cream,
retinoic acid, tacrolimus, tamoxifen hydrogel scaffold, botulinum
toxin, and over-the-counter treatments.

Our study evaluated two treatment modalities in treating ke-
loids, seeking promising results with fewer side effects. We stud-
ied the effect of intralesional injection of enalapril in keloids and
compared it with the effect of intralesional TAA to establish its
possible role in treating this common and bothersome condition.

This study was conducted on 40 patients with multiple keloids.
In the same patient, we used one lesion for enalapril injection and
the other for TAA injection.

The findings indicate that younger patients, owing to their
higher levels of physical activity, are more susceptible to trauma,
rendering them more prone to keloid formation (17). We selected
the patients we studied from a younger age group (between 21 and
40 years old with a mean age of 30.10 + 9.13). Because females
seek medical advice more than males due to cosmetic concerns
(18), most of the patients studied were females 28 (70%).

3 = o =
Figure 4 | A) prior to treatment, B) during treatment, C) immediately following
treatment, D) three months post-treatment (mild improvement).

Most of the lesions in the patients studied were caused by scald
burns (67.5% of the lesions). Other causes of the lesions included
trauma, inflammation, and spontaneous causes, corresponding
to 22.5%, 7.5%, and 2.5% of the lesions, respectively. Burns repre-
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Figure 5 | A) prior to treatment, B) during treatment, C) immediately following
treatment, D) three months post-treatment (moderate improvement).

! /

e
Figure 6 | A) prior to treatment, B) during treatment, C) immediately following
treatment, D) three months post-treatment (marked improvement).

sent the major cause of such scars due to the lack of safety meas-
ures in Egypt.

In this study, most lesions were found on the upper limbs.
This group accounted for 57.5% of the lesions. The upper limbs
are more exposed to various trauma and thus keloid and hyper-
trophic scars.

Among our patients, 35% had no symptoms related to the scar.
However, 29%, 30%, and 6% of our patients complained of pain,
itching, and tenderness, respectively.

In both groups, significant improvements (before and imme-
diately after treatment, and at the final follow-up 3 months after
treatment) were found in the treatment of keloids based on clini-
cal assessment by the VSS and the POSAS, with a p-value < 0.01.
Our study also showed that the greatest improvement was detect-
ed after the first and second sessions, but the third session did not
add much difference. The greatest improvement on the VSS was
seen after the second session. This could be an encouragement to
use only two sessions in future work.

We used intralesional injection of enalapril based on its capa-
bility to decrease collagen deposition, as well as its remodeling
and antifibrotic effects (19).

Alexandrescu et al. (3) published a case report that included
only one patient with multiple keloids treated with various mo-
dalities, including enalapril. The study revealed that intralesional
enalapril led to the resolution of itching and pain.

Moreover, Mohammadi et al. used topical enalapril (20), and
Ogawa et al. (21) used oral captopril; both studies reported signifi-
cant improvement.

Although a significant proportion of the enalapril group devel-
oped complications— tingling in two (5%) patients, local bleeding
in two (5%), and pain in four (10%)—the reported complications
were self-limited and very mild in severity compared to the group
treated with TAA (p-value < 0.01). The TAA-treated group reported
more frequent and severe complications after each session of in-
jection and between baseline and 3 months after the third session
(final follow-up).

This was in line with the findings of Khalid et al. (22) and Hi-
etanen et al. (5), who documented that intralesional TAA injection
lowered the scar elevation index significantly when used with ke-
loids. Similarly, several studies (5, 20, 23—26) found that the most
common adverse side effects of corticosteroid injection were hy-
popigmentation, pain, and atrophy.

In our study, no statistically significant difference was found
with a p-value > 0.05 between the baseline scores of both groups,
results of both group scores after the third session, and the results
of both group scores at the final follow-up session.

Many strengths can be clearly identified in our study: 1) to the
best of our knowledge, it is the first study to evaluate the role of
intralesional enalapril in the treatment of keloids; 2) it studied
an adequate number of patients; 3) it was a prospective and con-
trolled study; and 4) the study population included both sexes.
In addition, two validated clinical assessment scores were used.

Limitations of our study include a lack of pathologic correla-
tion and the fact that other concentrations of enalapril were not
tried. This could be done in further studies.

In conclusion, our study revealed that enalapril has almost the
same clinical effects on keloids as triamcinolone acetonide, but
with significantly fewer complications. Further studies on enal-
april in the treatment of keloid scars are needed on a large sample
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of patients with further focus on its mechanism of action and its
molecular effect by taking biopsies before and after treatment.
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