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Rosacea is a common, chronic inflammatory skin disease that primarily 
affects the face. There is a wide range of clinical features in rosacea including 
persistent erythema, facial flushing, telangiectasia, inflammatory papules 
and phymas. The National Rosacea Society Expert Committee has identified 
four major subtypes of rosacea based on groups of these symptoms: 
erythematotelangiectatic rosacea, papulopustular rosacea, phymatous 
rosacea and ocular rosacea. The pathophysiology of rosacea has not been 
completely elucidated; however, recent research into this disorder has 
identified several potential etiologic agents and processes that contribute to 
the disease. The synthesis of this research allows us to begin to understand 
how our current therapies work and provides us potential targets for future 
therapies. This article will review our current theories of rosacea pathogenesis, 
outline treatment options and discuss avenues for future research.
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Rosacea is a common and chronic inflammatory disease of the skin that predominantly 
affects the face. It is a disease of widely varying clinical features that range from facial 
erythema, flushing, papules and pustules to the disfiguring tissue hypertrophy of 
phymas. The National Rosacea Society (NRS) estimates that greater than 16 million 
Americans have this disease [201]. In Germany the prevalence has been estimated at 
approximately 2% [1]. In Sweden it has been estimated at 10% [2], 14.4% in Ireland [201] 
and 22% in Estonia [3]. This varying prevalence may be due to differences in clas
sification criteria, sampling and possibly genetic background. It has been reported 
that light skin appears more susceptible; however, rosacea certainly occurs in darker 
skin types [4]. A study from Tunisia, where the population has primarily darker skin 
phototypes, found a rosacea prevalence of 0.2% in a cohort of dermatology oupa
tients [5]. Both men and women are affected by rosacea [6]. Rosacea generally affects 
adults much more than children, but there are pediatric forms. Children with rosacea 
often have similar features as seen in adults, such as flushing, telangiectasia, papules, 
 pustules and eye involvement. Phymatous changes, however, have not been reported [7].

Rosacea is a disease with significant morbidity. Patients describe physical discomfort 
such as stinging, flushing, cosmetic intolerance and ocular irritation. Many also suf
fer from the emotional consequences of the disease. The patient may feel disfigured 
because of phymas or even from the persistent redness and acneiform lesions. It can be 
socially stigmatizing because of the common misperception that only heavy drinkers 
get rosacea. There is a measurable effect on decreased self esteem and mood as reported 
by an NRS survey [202]. An association with depression has also been reported [8]. 
In a recent study of 308 subjects with mild to moderate rosacea, it was noted that 
rosacea had a moderate negative effect on quality of life. In this study, women were 
more affected than men [9]. Kini et al. found that rosacea’s effect on quality of life was 
similar to that of leg ulcers, vitiligo and occupational contact dermatitis [10].
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Rosacea subtypes
Our understanding of the etiology of this disease 
remains elusive – possibly due to varying clinical find
ings. In an attempt to better classify phenotypes in 
rosacea, the NRS expert committee has defined four 
basic rosacea subtypes: erythematotelangiectatic, 
papulo pustular, ocular, phymatous; and one variant, 
 granulomatous rosacea [11]. 

Erythematotelangiectatic rosacea (ETR) is defined by 
the presence of one or more of the following: persistent 
central facial erythema, flushing (transient erythema), 
telangiectasia, dryness, topical sensitivity or facial 
edema (Figure 1) [11]. Based on these criteria, patients 
with solely telangiectasia may be given the diagnosis of 
ETR. As such, some argue that the ETR criteria is not 
stringent enough and may inadvertantly include erythe
matotelangiectatic photoaging, which also presents with 
facial telangiectasia [12]. The presence of symptomatic 
flushing and/or topical sensitivity can help discrimi
nate ETR from photoaging, as photoaging is generally 
asymptomatic [13]. The typical flush of rosacea gen
erally involves the central face and lasts longer than 
10 min [14]. Flushing may be triggered by a variety of 
emotional stimuli such as anxiety and stress, as well 
as external stimuli such as heat, wind, spicy foods and 
alcohol. It is important to distinguish rosacea flush
ing from other more serious causes of flushing, such 
as carcinoid syndrome and pheochromocytoma. These 
entities are generally associated with other features such 
as gastrointestinal symptoms in carcinoid syndrome and 
hypertension in pheochromocytoma [15].

Papulopustular rosacea (PPR) is characterized by 
persistent central facial erythema accompanied by ery
thematous inflammatory papules and pustules that may 
mimic the inflammatory acne lesions (Figure 2). The 
lack of comedones in rosacea is a distinguishing feature 
from acne. As in ETR, these patients may have telan
giectasia, edema and may endorse flushing symptoms 
and facial sensitivity [11]. 

Phymatous rosacea is the most disfiguring type 
of rosacea. This type is defined by areas of facial tis
sue hypertrophy with an irregular pitted texture due 
to prominently dilated follicles (Figure 3). The most 
commonly affected area is the nose, known as rhino
phyma; however, other facial structures such as chin, 
ears, forhead, cheeks and eyelids can be affected [11]. 
Histologically, phymas demonstrate connective tissue 
hypertrophy, fibrosis and sebaceous hyperplasia [14,16]. 
Central facial erythema, inflammatory papules and 
telangiectasia may be present; however, these patients 
often do not have prominent flushing and facial sensi
tivity that may be more associated with other subtypes. 
Within the spectrum of phymatous rosacea, ‘glandular 
rosacea’ should be mentioned. Glandular rosacea is 
not a subtype defined by the NRS expert panel, but 
has been discussed as a separate variant by Crawford 
et al. [14]. These patients have greasy sebaceous skin, 
nontransient facial erythema and large inflammatory 
papules and nodulocystic lesions that are more remi
niscent of acne than rosacea. This phenotype is impor
tant to discuss because of its potential to be confused 
with acne [14].

Ocular rosacea is a type of rosacea that can fre
quently be seen in association with other subtypes of 
rosacea; however, it can precede the cutaneous mani
festations making the diagnosis difficult (Figure 2). 
These patients often complain of burning, itching 
stinging and dryness of the eye [11]. These symptoms 
are attributed to tear film abnormalities [17]. They may 
also endorse photophobia. Examination of the eyes 
may reveal blepharitis, conjuctivitis and lid telangiec
tasia. They may also complain of frequent chalazion. 
Uncommonly, ocular rosacea can result in severe ocu
lar complications such as corneal damage, scleritis and 
iritis [7,11]. 

One rosacea variant, granulomatous rosacea, was 
defined by the NRS expert committee. It is defined 
by noninflammatory, firm, uniform yellowbrown or 
red papules that may occur on otherwise normal skin. 
Other features such as flushing, telangiectasia, and 
facial erythema are not needed for diagnosis [11]. Some 
argue that this entity is not within the rosacea spectrum, 
and instead should be classified along with other granu
lomatous facial dermatoses including perioral dermatitis 
and lupus dissminatus facei [14].

Figure 1. Erythematotelangiectatic rosacea: persistent centrofacial 
erythema and telangiectasia. 
Reprinted with permission from © National Rosacea Society.
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Etiology
As we move into an age of targeted therapy, identify
ing factors involved in disease pathogenesis is crucial. 
Recent studies suggest that there are a few common 
features present in most patients with rosacea that have 
been appreciated clinically and histologically. These fea
tures are: angiogenesis, the presence of abundant blood 
vessels; lymphangiogenesis, the presence of increased 
lymphatics, which has been noted in not just phymatous 
rosacea but also in early stages of rosacea; and inflamma
tion – as evidenced clinically by facial papules, pustules 
and erythema [18,19]. How these features arise, unfor
tunately thus far has remained unclear. Studies sug
gest that there may be a genetic predisoposition to the 
development of rosacea; however, specific genetic factors 
have not yet been clearly identified [20,21]. Fortunately, 
there has been resurgence in research on this disease, 
and some potential factors have been identified. Here 
some of the most prominent theories will be discussed.

Vascular hyperreactivity & neuropeptides
Many rosacea sufferers, especially those with ETR and 
PPR, have a predisposition to easy flushing caused by a 
variety of stimuli such as spicy foods, red wine, climactic 
extremes and stress. The flush is often associated with 
burning and tingling sensations. Furthermore, these 
frequent episodes of flushing worsen other symptoms, 
such as nontransient erythema and inflammatory pap
ules. This suggests that hyperreactive vasculature and 
vasodilation are important in rosacea pathogenesis. The 
important role of abnormal vasculature is supported 
by studies demonstrating improvement in symptoms 
of rosacearelated flushing and facial sensitivity when 
vessel ablation is achieved by laser treatment [22,23]. It is 
theorized that, over time, repeated episodes of vasodila
tion may lead to loss of vascular tone and permanent 
dilatation of dermal blood vessels and lymphatics. The 
dilated vessels become leaky further allowing for escape 
of inflammatory mediators and fluid resulting in cuta
neous inflammation and telangiectasia (Figure 4) [24,25]. 
The etiology of the abnormal vascular response is 
not understood. 

The production of inflammatory neuropeptides may 
be one mechanism by which inflammation in rosacea is 
generated and maintained. Somatic nerves respond to 
physiological stimuli such as heat, cold and UV light 
by producing neuro peptides [26]. Some neuropeptides 
have been found in higher amounts in rosacea skin 
including substance P and vasoactive intestinal pep
tide [23,27]. Ablation of vessels with pulsed dye laser 
(PDL) resulted in a decrease in substance P immuno
reactive nerve fibers, correlating with an improvement 
in rosacea related signs and symptoms [23]. Interestingly, 
substance P promotes vasodilation, increases vascular 

permeability and promotes recruitment and activation 
of inflammatory cells [28,29]. In vitro and in vivo mouse 
studies also suggest that substance P may promote 
angiogenesis [30]. 

UV light & extracellular matrix damage
One long considered theory is that UV light exposure 
contributes to rosacea. Rosacea occurs on the face, a 
chronically sunexposed location, and studies have 
shown that photosensitive skin type is a risk factor for 
rosacea development [20,31]. Flushing may be provoked 
by acute sun exposure in some rosacea patients [31]. Acute 

Figure 2. Papulopustular rosacea and ocular rosacea: presence of 
centrofacial erythema and inflammatory papules. This patient also has 
evidence of ocular rosacea (blepharitis and conjunctivitis). 
Reprinted with permission from © National Rosacea Society.

Figure 3. Phymatous rosacea. Skin thickening and enlargement of nose. 
Patient also has persistent erythema and telangiectasia.  
Reprinted with permission from © National Rosacea Society.
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UV exposures can produce cutaneous vasodilatation, 
erythema and elaboration of the angiogenic factors, 
VEGF, bFGF and IL8 [32,33]. It has been speculated 
that new vessels that arise as a result are leaky, resulting 
in cutaneous inflammation via escape of inflammatory 
mediators [34]. UV light has been shown to stimulate 
production of substance P and calcitonin generelated 
peptide from cutaneous nerves [35], providing a potential 
mechanism of  producing inflammation.

Biopsies of rosacea affected skin often show evidence 
of solar elastosis, a papillary dermal amorphous mate
rial related to sun damage and a marker for dermal 
extracellular matrix damage [14,19,36]. UV radiation is 
a potent instigator of vascular and dermal matrix dam
age via generation of reactive oxygen species (ROS) and 
upregulation of matrix metalloproteinases (MMPs) [37]. 
In histologic evaluation of rosacea skin biopsies, 
Aroni et al. noted dilation of vessels in areas of solar 
elastosis [19]. This damaged connective tissue may be 
unable to maintain normal vessel structure and func
tion, and thus may permit leakage and accumulation of 
inflammatory mediators and inflammatory cells. This 
may lead to the inflammation seen in the disease [14]. 
Moreover, recent studies by Varani et al. demonstrated 
that damaged collagen can promote angiogenesis [38]. It 
should be noted that factors other than UV light includ
ing inflammationgenerated ROS may be important 
contributors to the extracellular matrix damage seen 
in rosacea. 

Recent epidemiologic studies suggest that sun expo
sure may be more of a factor in the erythematotelan
giectatic subtype rather than papulopustular subtype. 
Powell et al. published a study of Irish patients with PPR. 
No association with extent of sun exposure, nor clinical 
evidence of photodamage was found [39]. Furthermore 
a recent Korean study showed that higher levels of sun 
exposure correlated with the presence and severity of 
erythematotelangictatic rosacea, but not PPR [40]. This 
raises the question of whether or not these two types of 
rosacea are related, or if they are separate entities. Further 
studies are needed to better understand this issue. One 
recent study raised the possibility that UV may be patho
genic in the development of granulo matous rosacea. In 
this small retrospective study, lesions of granulomatous 
rosacea were associated with increased solar elastosis and 
higher levels of MMP9 compared with nongranuloma
tous lesions. MMP9 is induced by ROS and UV light 
to degrade type IV collagen resulting in matrix damage. 
This raises the possibility that UV may be pathogenic in 
the development of  granulomatous rosacea [41].  

Oxidative stress
Reactive oxygen species have been implicated in the 
pathogenesis of rosacea. Bakar et al. found that ROS 
(superoxide, hydroxyl, hydogen peroxide and hypo
chloride) levels in PPR skin was higher than in normal 
controls [42]. In the skin, high levels of ROS can be gen
erated by exposure to UV light and external chemicals. 
They may also be produced by leukocytes participating 
in active cutaneous inflammation [43]. ROS induce signal 
transduction to activate proinflammatory responses, and 
pathways that induce the production of matrix degrad
ing enzymes, MMPs [44,45]. These responses cause extra
cellular matrix damage, as well as potentially  perpetuate 
cutaneous inflammation [43]. 

Humans, like other aerobic organisms, have develop ed 
endogenous antioxidant systems to protect from ROS 
induced damage [43]. Recently, a couple of small stud
ies suggested the possibility that elevated ROS found 
in rosacea are due to an inherent defective anti oxidant 
system in these patients. Oztas showed decreased cuta
neous superoxide dismutase (SOD) activity in more 
severe forms of rosacea. With milder rosacea, SOD was 
increased, whereas it decreased with increased disease 
severity. The authors could not elucidate if the decreased 
SOD is the cause, or the result of rosacea inflamma
tion [46]. Tisma et al. indicated lower levels of serum 
total antioxidative potential in rosacea patients [47]. 
Yacizi et al. investigated the association of rosacea with 
mutations in genes encoding the freeradical quenching 
proteins, glutathioneStransferases. They specifically 
evaluated GSTM1, GSTT1 and GSTP1 genes encoding 
particular GST isoforms. In this study of 45 rosacea 
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Figure 4. Vascular hyperreactivity theory. In this theory, various external 
and internal stimuli induce profound and recurrent flushing in the  
rosacea-affected individual. During the flush, proinflammatory 
neuropeptides and other inflammatory mediators are released. With time, 
repeated flushing produces dilation of blood vessels and lymphatics. These 
factors result in erythema, edema and telangiectasia.
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subjects compared with 100 age, sex and ethnically 
matched normal controls, they found an association 
of null mutations in GSTM1 and GSTT1 with rosa
cea [21]. Larger studies are needed to investigate this 
correlation further. 

Demodex
Demodex is a common commensal organism of human 
skin that is often found in the same skin regions that 
are affected by rosacea (Figure 5) [48]. For many years, 
there has been suspicion that it is a factor in rosacea 
pathogenesis and numerous studies have been under
taken to evaluate Demodex’s role in rosacea. A recent 
retrospective metaana lysis of 48 English and Chinese 
language articles showed a significant association 
between Demodex infestation and the development of 
rosacea [48]. Antimiticidal therapies have been reported 
effective in the treatment of papulopusular rosacea, 
which also links Demodex to the disease pathogene
sis [49,50]. However, the fact that some of our most effec
tive treatments for rosacea are not known to be miti
cidal is a vexing issue in implicating Demodex as the 
sole cause of rosacea [51,52]. This is further complicated 
by the presence of studies demonstrating that clinical 
improvement of rosacea did not always correspond to a 
decrease in Demodex population [53,54]. It is possible that 
rosaceaaffected skin provides a permissive environment 
for Demodex proliferation and that Demodex, in some 
cases, acts as a cofactor to promote further inflamma
tion [55]. As Demodex mites exist in a symbiotic relation
ship with the host human skin, it is difficult to tell if 
our therapies are causing improvement by directly kill
ing the mite or changing the host cutaneous milieu to 
one that is less inhabitable. From the aforementioned 
metaana lysis, it is unclear if Demodex is an etiologic 
factor in all subtypes of rosacea, as the subtypes were 
not separated in this study [48]. Further studies should 
be undertaken to evaluate Demodex prevalence in each 
subtype of rosacea. 

Recently, in the British Journal of Dermatology, Lacey 
and colleagues suggested that Demodex mite itself is 
not the problem, but instead a bacteria harbored within 
the mite [56]. They isolated one such bacterium, Bacillus 
oleronius, from a Demodex mite. A peripheral blood 
mononuclear cell proliferation assay was performed and 
they found that patients with PPR were more immuno
reactive to B. oleronius than those without. This suggests 
that the bacteria, rather than the mite, could be initiating 
an immune response creating the inflammatory papules 
and pustules seen in rosacea. B. oleronius is susceptible 
to tetracycline type antibiotics [56] and this theory could 
explain the effectiveness of tetracyclines in the treatment 
of rosacea. A subsequent study of 59 patients with various 
ocular surface diseases noted a significant association 

between serum immunoreactivity to B. oleronius and 
facial rosacea, inflammation of eyelid margin and ocular 
Demodex infestation [57]. That having been said, not 
all subjects with facial rosacea and lid margin inflam
mation had positive immunoreactivity to B. oleronius. 
At this point, it is probably reasonable to conclude that 
Demodex and B. oleronius act as pathogenic cofactors in 
some cases of rosacea. Arguably the effectiveness of sub
microbial dose doxycycline and other nonantimicrobial 
therapies in rosacea treatment points to rosacea not being 
solely an infectious disease. Further studies are needed. 

Dysregulation of innate immunity
The innate immune system is an antigen independent 
defense system that provides an immediate response to 
pathogens. Multiple external stimuli such as UV light 
and chemical insults can also trigger the innate immune 
system. This occurs via receptors in the pattern recogni
tion system which includes Tolllike receptors (TLRs) 
and nucleosidebinding domain and leucinerich repeat 
containing receptors [58]. When the innate immune sys
tem is triggered there is an increase in inflammatory 
cytokine expression and production of antimicrobial 
peptides. These antimicrobial peptides help kill off 
microbes, and are also proinflammatory themselves. 
External agents thought to be triggers or factors in rosa
cea pathogenesis such as UV light, climactic changes 
and microbes can trigger the innate immune system 
and result in inflammation [59].

Yamasaki et al. demonstrated that dysregulation of 
the innate immune system is likely a central pathogenic 
step in rosacea development (Figure 6) [60]. In this elegant 
study, they found that the proinflammatory and angio
genic form of the antimicrobial peptide cathelicidin, 
LL37, was overexpressed in rosacea skin. When LL37 
is injected into mouse skin, cutaneous inflammation 

Figure 5. Light microscopy of Demodex mites 
obtained from surface skin scraping.
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occurs that is similar to that seen in rosacea. The 
LL37 form of cathelicidin begins as an inactive pro
peptide. When the innate immune system is triggered, 
the propeptide is cleaved by proteases to the active 
LL37. The authors demonstrated an overexpression of 
a serine protease known as stratum corneum tryptic 
enzyme, kallikrein 5 (KLK5). This protease is respon
sible for producing the LL37 form of cathelicidin [60]. 
Yamasaki et al. has more recently found that TLR2 
is more highly expressed in rosacea skin than normal 
controls. Moreover, overexpression of TLR2 resulted in 
an increased expression of KLK5 in normal human epi
dermal keratinocytes in vitro. Thus, it appears that the 
elevated levels of KLK5 in rosacea skin can be attributed 
to increased TLR2. The authors concluded that upregu
lation of TLR2 could explain the increased reactivity of 
rosacea skin to environmental stimuli [59].

Mast cells
Aroni et al. recently observed increased numbers of mast 
cells in biopsies of rosaceaaffected skin. Mast cells are 
known to produce inflammation, angiogenesis, extra
cellular matrix destruction and tissue fibrosis [19,61,62]. 
These are all features that have been described in rosa
cea. In this study, the authors did not find an asso
ciation between mastcell concentration and density of 
blood vessels; however, instead, found an association 
with disease duration. The authors hypothesized that 

mast cells may be responsible for sustaining blood ves
sels in rosacea [19]. Aloi et al. also observed an increased 
number of mast cells in phymatous rosacea [16]. As mast 
cells have been implicated in fibrotic disease, it is pos
sible that the collagen fibrosis demonstrated histologi
cally in  phymatous tissue may be a result of mast cell 
activity [16,61]. 

Treatment
Although the pathogenic steps resulting in rosacea clini
cal features are not all known, our evolving understand
ing of the disease process has allowed us to consider new 
methods for treatment, and has helped us understand the 
potential mechanisms of our current therapies. Current 
principles in rosacea treatment include minimizing trig
gers of cutaneous irritation and flushing and therapies 
to decrease angiogenesis and inflammation. Treatment 
options and strategies will be reviewed; however, it must 
be noted that many of the studies evaluating rosacea 
treatment are small and of poorer quality [63].

Standard & first line therapies
 ■ Prevention

For all types of rosacea, flushing trigger avoidance and 
maintenance of skin barrier is important. Common 
triggers include sunlight, heat, wind, stress, spicy foods, 
alcohol and exercise [9,14]. As mentioned before, flushing 
may provoke rosacea by the release of proinflammatory 
neuropeptides and cytokines. Also, one could speculate 
that the flushing response may change the cutaneous 
environment, that is, temperature or pH. This change 
in the environment may increase activity of proteases 
that are involved in cleaving procathelicidin into the 
proinflammatory LL37 [60]. Many physicians routinely 
recommend sunscreens, as UV light has been shown 
in some cases to be a flushing trigger. Furthermore, as 
mentioned previously, chronic UV exposure may be 
pathogenic – particularly in ETR patients, by inducing 
inflammation and damaging the extracellular matrix.

Emollients are often helpful adjuncts in the treat
ment of rosacea, as they can minimize symptoms of 
burning, stinging, itching, topical sensitivity and dry
ness [64,65]. This may result from the repair of disrupted 
stratum corneum and barrier function that has been 
reported in rosacea patients [66]. The etiology of the 
barrier dysfunction is not known; however, it may be a 
product of inflammation [66]. Proinflammatory catheli
cidin and other antimicrobial peptides are upregulated 
in skin injury [67] and one can speculate that improving 
barrier function in rosacea may decrease their expres
sion. Other measures to protect the skin barrier include 
avoidance of excessively alkaline and abrasive cleans
ers, alcoholbased topical agents, fragrances and other 
known irritants [68]. 

Microbes
Cutaneous barrier dysfunction
Ultraviolet light
Climactic exposures

Pattern recognition system

Increase in stratum corneum tryptic enzyme (kallikrein 5)
Increase in proinflammatory cathelicidin LL-37

Inflammation
Angiogenesis

Figure 6. Various external stimuli trigger the innate 
immune system via the pattern-recognition system, 
which includes Toll-like receptors. Toll-like receptor 2 
appears responsible for an elevation in stratum 
corneum tryptic enzyme (kallikrein 5) which produces 
an increase in the proinflammatory form of the 
antimicrobial peptide cathelicidin [59,60].
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 ■ Topical antimicrobials
Some of the most commonly prescribed medications 
for rosacea include topical antimicrobial agents. As 
discussed earlier, B. oleronius may play a role in rosa
cea pathogenesis; however, a definitive bacterial agent 
has not been identified as the primary etiologic agent. 
Despite this, antimicrobials have excellent efficacy pos
sibly due to their antiinflammatory properties. Topical 
metronidazole is efficacious against the inflammatory 
papules and pustules of rosacea, and has moderate 
effects on erythema [69,70]. Its mechanism of action has 
been attributed to activity against ROS [71,72]. Topical 
metronidazole is produced commercially in different 
concentrations (0.75 and 1%) and in different vehicles 
(e.g., gel, cream and lotion). A metaana lysis by Yoo 
et al. suggested that different concentrations, differ
ent vehicle and dosing (once versus twice daily) all had 
equivalent efficacy [73]. 

Sodium sulfacetamidesulfur also decreases papules 
and pustules with moderate effect on erythema. The 
mechanism of action of sodium sulfacetamidesulfur in 
rosacea is unknown, but one activity may be an anti
Demodex effect [74]. There are multiple preparations 
available including cleansers, creams, foams and prepa
rations with added sunscreens [75]. Several studies suggest 
that sodium sulfacetamide 10% and sulfur 5% lotion 
produce improvement in inflammatory lesions [76,77]. 
Small comparative studies suggest that it is noninferior 
to metronidazole in treating papules and pustules, and 
may be more effective in treating the erythema [78,79]. 
That said, larger studies are needed to identify true com
parative efficacy. This author finds sodium sulfaceta
midesulfur ophthalmic preparations to be helpful in the 
treatment of blepharitis associated with ocular rosacea. 

Other antimicrobials such as topical clindamycin, 
erythromycin and benzoyl peroxide have been noted 
to be useful as secondline agents [80–82]. Recently, 
benzoyl peroxideclindamycin and benzoyl peroxide
erythromycin combination products initially designed 
for treatment of acne have been reported as effective 
in treating the papules and pustules of rosacea [83,84]. 
However, caution must be used in those patients with 
a tendency towards facial dryness and dermatitis as 
these products may have a greater tendency to irritate. 
Ozturkcan et al. performed a small study comparing 
benzoyl peroxideerythromycin gel with topical metro
nidazole. They found that both treatments effectively 
decreased inflammatory papules in rosacea. Topical 
metronidazole, however, appeared more effective [54].

 ■ Topical azelaic acid
Similar to topical antimicrobials, topical azelaic acid 
is helpful in treating the papules and pustules of PPR. 
Erythema is also reported to be decreased to some 

extent [85–87]. Efficacy studies show that it is as good 
as, and possibly more efficacious, than topical metro
nidazole for the treatment of papules and pustules of 
rosacea [88]. The mechanism of action may be related 
to decreasing ROS [89]. Azelaic acid is a good choice 
for pregnant patients with rosacea as it is pregnancy 
category B [90]. One drawback of this medication is the 
potential for shortlived burning and stinging sensa
tions upon application, especially in those with signifi
cant facial  sensitivity. Overall, however, azelaic acid is 
well  tolerated [86].

 ■ Oral antibiotics
Tetracycline antibiotics have long been a cornerstone 
of rosacea therapy. Commonly used drugs in this class 
are tetracycline, minocycline and doxycycline. There 
are various dosing strategies for these medications. 
Classically, these have been used at antimicrobial doses: 
doxycycline and minocycline 50–200 mg/day, tetra
cycline 250–1000 mg/day [91]. These are often used for 
flares for several weeks and then tapered completely off 
or to the lowest dose necessary to maintain remission. 
Often, they are accompanied by use of topical thera
pies that are eventually used as maintenance therapies. 
Interestingly, there are very few studies evaluating the 
efficacy of these medications at antimicrobial doses [63] 
despite being frequently used by dermatologists as first
line agents for more moderate to severe cases of rosacea. 
Tetracycline antibiotics appear to have greatest effect 
against papules and pustules, although there can be 
some improvement in erythema and symptoms such as 
facial sensitivity/stinging [63,92]. They are also important 
in decreasing the inflammation and manifestations of 
ocular rosacea and decreasing papules in granulomatous 
rosacea [63,93]. Some side effects of this class of medica
tions include photosensitivity, gastrointestinal upset, 
hyperpigmentation, pseudotumor  cerebri, hepato
toxicity, as well as the potential for inducing bacterial 
 resistance with long term use [94].

Tetracyclines have multiple possible mechanisms of 
action in rosacea. Bacteria such B. oleronius are sensi
tive to tetracyclinetype antibiotics [56]. Many experts 
believe, however, that the efficacy is related to anti
inflammatory properties rather than antimicrobial 
properties. Some studies suggest that tetracycline
type antibiotics can decrease levels of proinflamma
tory cytokines, TNFa, IL1B, IL8 and IL10 [95,96]. 
Tetracyclines also appear to inhibit the extracellular 
matrix degrading activities of MMPs [95] and may even 
decrease their expression [97]. This helps to protect and 
maintain the integrity and function of the extracellular 
matrix and vessel basement membranes. Furthermore, 
tetracyclines in in vitro studies reduce ROS, by unclear 
mechanisms [95]. Lastly, it has been hypothesized that, 
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tetracyclinetype antibiotics may exert effect on the 
innate immune system, by acting as indirect serine pro
tease inhibitors – potentially suppressing the generation 
of proinflammatory cathelicidin LL37 [60].

One of the criticisms of the antimicrobial dosing 
regimens is their potential to promote development of 
resistant strains of bacteria. Thus investigations were 
taken to evaluate antiinflammatory but not anti
microbial dosing, and now antiinflammatory (aka 
subantimicrobial) dose doxycycline is one of our new 
agents in our armamentarium. At these doses there is 
no antimicrobial activity, but there are antiinflamma
tory effects. In the clinic, this is often administered as 
doxycycline hyclate 20 mg orally twice daily [98] or a 
proprietary formulation of 40 mg (30 mg immediate 
plus 10 mg delayed release doxycycline) [99]. In two 
randomized controlled 16week trials, Del Rosso et al. 
compared the efficacy of the proprietary formulation 
of antiinflammatory dose doxycycline with placebo 
and found a statistically significant improvement in 
inflammatory papules in the antiinflammatory dose 
doxycycline group. However, only 22% of patients 
reported near or complete clearing of these inflamma
tory lesions. There was no improvement in erythema 
in this study [99]. In a follow up study, Del Rosso et al. 
found that antiinflammatory doxycycline combined 
with metronidazole 1% once daily was equally effective 
in improving inflammatory papules and erythema as 
doxycycline 100 mg/day when combined with metro
nidazole 1% once daily [100]. A study comparing anti
inflammatory doxycycline with antimicrobial dose 
doxycycline in the absence of any other therapy would 
be helpful in defining equivalence of these therapies. 
Antiinflammatory doxycycline appears to be a prom
ising therapy especially when used in combination 
with topical treatment, such as azelaic acid or topical 
metronidazole [101]. Longer term studies are needed to 
assess if remission is maintained with long term use, 
as well as to better delineate the side effect profile of 
long term use.

 ■ Other systemic antibiotics
Macrolides such as azithromycin, clarithromycin and 
erythromycin have been shown in small studies to 
improve inflammatory lesions, erythema and ocular 
symptoms in rosacea [102–105]. Their proposed mecha
nism of action is decreasing oxidative stress [42] pos
sibly by blocking neutrophil generation of free radicals 
[106,107] and boosting SOD activity [42]. Furthermore 
they appear to decrease production of proinflamma
tory cytokines [42]. Ideal dosing regimens are unknown, 
but doses used in recent studies are at antimicro
bial levels and as such have the potential to produce 
bacterial resistance.

Oral metronidazole, 200 mg twice daily, is often 
used for treatment of rosacea in Europe. In a small 
(40 subjects) 12week doubleblind study, this drug was 
shown to be equivalent to oxytetracycline 250 mg twice 
daily in the treatment of PPR [108]. Askoy et al found 
that oral metronidazole 250 mg twice daily was inferior 
to oral tetracycline 500 mg twice daily [9], unfortu
nately this study was quite small and only included four 
subjects treated with oral metronidazole. Sideeffects 
include headache, nausea, loss of appetite, a metallic 
taste and rare occurrence of neuropathy and seizures. 
Alcohol abstinence is required during use [90].

Second-line & nonstandard medical therapies
 ■ Topical retinoids

Topical retinoids are currently approved by the US 
FDA and various European national health authori
ties for the treatment of acne and photoaging. Part of 
their efficacy in these conditions can be attributed to 
their ability to repair damaged extracellular matrix and 
to decrease inflammation [109]. These same properties 
may be helpful in the treatment of rosacea. As discussed 
previously, damage to the extracellular matrix due to 
UV light, ROS and inflammation may play a role in 
rosacea develop ment. Thus it is reasonable to conclude 
that matrix repair may lead to improved vessel support, 
decreased inflammation and angiogenesis, resulting 
in improvement and prevention of rosacea symptoms. 
Moreover, in an in vitro study, Liu et al. demonstrated 
that TLR2 is downregulated by alltrans retinoic acid in 
human monocytes [110]. Since TLR 2 is elevated in rosa
cea skin[59], it is theoretically possible that alltrans reti
noic acid could downregulate TLR2 in rosacea. Further 
studies are needed to evaluate this possibility. Lastly, 
retinoids have been shown in vitro and in vivo to decrease 
UVinduced VEGF production and angiogenesis [33]. 

Very few studies exist that investigate the action and 
efficacy of topical retinoids in rosacea. In a couple of 
small studies, the topical retinoids tretinoin and ada
palene decreased inflammatory papules and pustules in 
rosacea [111,112]. Vienne et al. found retinaldehyde 0.05% 
cream used for 5 months produced a reduction in the 
erythema in patients with ETR [113]. Some have been 
hesitant to recommend retinoids in rosacea, as they can 
be irritating – causing erythema and scaling. Thus, it 
may be prudent to avoid their use in patients with severe 
facial sensitivity, erythema and dermatitis. At this point, 
retinoids remain a secondline agent, but further studies 
on their use in rosacea treatment are warranted. In the 
treatment of photoaging, the dermal reparative effects 
of retinoids may take several months to result in clinical 
improvement [114]. Therefore, if further clinical studies 
are undertaken to evaluate topical retinoid effects in 
rosacea, it would be ideal to treat for 6 months or longer.
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 ■ Isotretinoin
Isotretinoin is an infrequently employed but effective 
medication for rosacea. Isotretinoin is often used in 
acne at doses of 0.5–1 mg/kg, with the goal of reaching 
120–150 mg/kg cumulative dose [115]. It is thought to 
decrease sebaceous glands size and activity, and decrease 
inflammation [116]. Several small studies have demon
strated effectiveness in rosacea [117,118]. Isotretinoin has 
been shown to improve inflammatory lesions, erythema, 
edema and nasal volume in some studies [119]. In rosacea, 
the optimum dose and duration of isotretinoin treat
ment has not yet been defined. Furthermore, as rosa
cea is a chronic and relapsing condition, isotretinoin 
treatment is likely remittive, but not curative. Earlier 
studies employed doses of 0.5–1.0 mg/kg [117–119]. More 
recently, some have advocated for lower dose isotretinoin 
therapy. Gollnick et al. recently reported in a random
ized controlled trial that isotretinoin 0.3 mg/kg was 
more effective than doses of 0.5 and 0.1 mg/kg. This 
dose of 0.3 mg/kg was more effective in clearing papules 
and pustules during the 12week treatment period than 
doxycycline 100 mg day. There was also a somewhat 
greater improvement in rhinophyma in the isotretinoin 
group. In this study, the doxycyclinetreated group had 
a slightly greater improvement in clearing erythema 
and edema [120]. Erdogan et al. evaluated 22 patients on 
isotretinoin 10 mg/day for 16 weeks. Subjects had a sta
tistically significant improvement in erythema, telangiec
tasia and inflammatory papules and pustules. There also 
seemed to be an improvement in ocular manifestations 
of rosacea. They did not evaluate time to relapse [121].

 ■ Miticidal treatment
As Demodex has been implicated in the pathogenesis 
of rosacea, miticidal agents have been investigated. In a 
small study, Kocak M et al. treated PPR subjects with 
permethrin 5% twice daily for 2 months and found 
improvement in inflammatory papules compared with 
placebo [49]. Mostafa et al. demonstsrated that perme
thrin 5% was effective in the treatment of PPR and had a 
treatment response similar to metronidazole 0.75% [122]. 
Other miticidal agents have not been investigated in 
clinical trials; however, ivermectin in one case report 
has been helpful for recalcitrant rosacea in conjunction 
with permethrin [50].

 ■ Medical approach to flushing 
(flushing antagonists)
Rosacea flushing can occur in response to a variety of 
environ mental stimuli, such as heat and cold, spicy 
foods and hot beverages, as well as emotional stimuli. 
In some cases, these triggers can be avoided and flush
ing minimized. However, for some rosacea sufferers, 
certain triggers (e.g., stress and exercise) cannot be 

avoided. Sadly, flushing remains one of the more difficult 
symptoms to treat. Oral clonidine and oral propranolol 
have been suggested to be helpful in few small studies 
[123,124]. Clonidine 0.05 mg twice daily in one small study 
decreased the malar temperature [125], but did not pre
vent flushing in response to known triggers. Craige et al., 
suggested that subjects with anxiety/emotion provoked 
flushing benefit the most from bblocker therapy [124]. 
Conversely nadolol, another bblocker, was found not to 
show a statistically significant decrease in flushing reac
tions for 15 subjects with ETR. That said, there was a 
trend towards improvement, and it is possible that with 
a greater sample size, this may have reached significance 
[126]. Selective serotonin or serotonin norepinephrine 
reuptake inhibitors have been shown to be helpful 
in perimenopausal flushing [127]. It is unclear if these 
would be helpful in attenuating rosaceainduced flush
ing. Further research into this issue may be of benefit. 
Overall, there is a paucity of data to support routine use of 
all the aforementioned medications; however, they may 
be worthwhile to try in those patients with  recalcitrant 
or debilitating flushing. 

 ■ Topical vasoconstrictors
Recently, there has been interest in using topical vaso
constrictors to treat rosacea. A variety of aadrenoceptor 
agonists, such as phenylephrine and oxymetazoline are 
used in over the counter nasal sprays designed to decrease 
nasal congestion. These agents decrease the visibility of 
vessels by producing vasoconstriction, and may also have 
antioxidant and antiinflammatory properties [128,129]. 
Shanler et al. reported significant improvement in red
ness and flushing in several ETR patients treated with 
topical oxymetazoline [130,131]. Major concerns in the use 
of these agents for nasal congestion include tachyphy
laxis and rebound vasodilatation. The patients treated by 
Shanler et al. did not experience these side effects even 
with prolonged (8–17 month) use. [130]. Due to the vaso
constrictive and antiinflammatory effects, oxymetazo
line is a compelling potential treatment that deserves 
further clinical study. Furthermore, other aadrenergic 
receptor  agonists, such as brimonidine may prove useful.

Nonmedical therapies
 ■ Laser- & light-based therapies

Lasers that target blood vessels have been used to treat 
rosacea. In several studies, the PDLs at 585 and 595 nm 
have been shown to effectively reduce rosacearelated 
erythema and telangiectasia [22,132,133]. Furthermore, 
small studies suggest that these lasers may actually 
improve facial sensitivity and flushing to some degree 
[22,23,134]. Treatment with these lasers have been found 
to improve quality of life [22]. Early lasers and treatment 
settings often produced purpura that could last up to 
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a few weeks. More and more, lasers with nonpurpuro
genic settings and cooling devices to limit purpura and 
other collateral epidermal damage are being used [135]. 
Less purpurogenic settings may be less effective and a 
greater number of treatments may be required [135]. The 
duration of rosacea erythema and telangiectasia clear
ance and improvement is not known; however, given the 
chronicity of the disease, most patients require periodic 
maintenance treatment [135].

Unlike lasers that produces one wavelength, intense 
pulse light (IPL) devices emit noncoherent light at mul
tiple wavelengths. Filters are used to select for desired 
wavelengths. Several studies have demonstrated that 
IPL can reduce erythema and telangiectasia in rosa
cea [136–139]. Neuhaus et al. performed a split faced study 
in 29 patients with ETR. A total of 22 of these patients 
were treated with IPL on one side and PDL (595 nm) 
on the other side. Four patients had IPL to one side 
and no treatment to the other side and the last four 
patients had PDL to one side and no treatment to the 
other side. A series of three treatments were performed 
at 4week intervals, with the final evaluation occurring 
4 weeks after the last treatment. The researchers found 
that IPL and PDL both improved erythema, telangiec
tasia and symptoms including flushing, dryness, burn
ing and pruritus. IPL and PDL appeared equivalent in 
 producing this improvement [134].

Carbon dioxide laser has been used to treat rhino
phyma by ablating the excess phymatous tissue. In 
a recent study by Madan et al., carbon dioxide laser 
was shown to be well tolerated and effective in treat
ing phyma [140]. The side effects were few and included 
hypopigmentation, scarring, open pores and pain asso
ciated with anesthetic injection. It should be noted that 
the majority of subjects in this study were Caucasian. 
Caution should be taken in patients with darker skin 
tones as they have a higher risk of pigmentary distur
bances after ablative therapy. Other lasers used to ablate 
rhinophyma include the 1470 nm diode laser [141,142] 
and argon laser [143]. 

 ■ Surgical therapies
For those patients with disfiguring rhinophyma, sev
eral surgical approaches may be used to debulk excess 
tissue. These include scalpel excision, electrosurgery, 
electrocautery, dermabrasion, cryosurgery and cryo
therapy [144,145]. Specifics of these procedures are beyond 
the scope of this article; however, they all have risk of 
 scarring and pigmentary disturbances.

Rosacea subtype-based treatment selection
Rosacea is a chronic relapsing condition, and treatment 
is focused on controlling symptoms of the disease. All 
patients should be educated on appropriate gentle basic 

skin care and sunscreen use as outlined previously. 
Avoidance of flushing and blushing triggers is also 
key. Identifying the subtype of rosacea may assist in 
designing appropriate treatment regimens. Briefly, these 
options are outlined (Table 1).

 ■ Erythematotelangiectatic rosacea
For the treatment of persistent erythema and telan
giectasia seen in ETR, PDL and IPL are often quite 
effective [135]. Unfortunately, these therapies are often 
not covered by insurance and can be expensive. There 
are very few studies evaluating drug treatment of ETR. 
Based on studies primarily of PPR patients, persistent 
erythema in rosacea may be improved mildly to mod
erately by topical agents such as metronidazole, sodium 
sulfacetamidesulfur and azelaic acid [76,78,86,146] and 
oral antibiotics [90]. Topical oxymetazoline and other 
topical aagonists may also prove to be important in 
the treatment of ETR; however, further larger trials 
for safety and efficacy are needed prior to recommend
ing their routine use. Treatments that improve persis
tent erythema may also be helpful in decreasing facial 
 sensitivity [23].

Episodic flushing (transient erythema) is a very 
difficult symptom to manage. Avoidance of flushing 
triggers is an important preventive step. There is no 
drug that uniformly decreases flushing. However, those 
with severe and debilitating flushing may benefit from 
a trial of low dose bblocker or low dose clonidine. 
Furthermore topical aadrenergic agonists, such as oxy
metazoline, show promise in preventing flushing and 
erythema; however, again routine use is best avoided 
until larger studies verify their safety and efficacy. 

 ■ Papulopustular rosacea
Multiple topical and systemic therapies are avail
able and effective in the treatment of PPR. For mild 
cases, monotherapy with topical metronidazole, topi
cal azelaic acid, topical sodium sulfacetamidesulfur 
or antiinflammatory dose doxycycline are firstline 
therapies. Other topical antimicrobials such as topical 
benzoyl peroxideerythromycin and benzoyl peroxide
clindamycin, as well as topical permethrin and topical 
retinoids can be used for patients who fail to respond 
or who are intolerant to the firstline agents. For more 
moderate to severe inflammatory lesions, topical agents 
may be combined with antiinflammatory dose doxy
cycline or a short course of antimicrobial dose tetracy
cline type antibiotic or macrolide. If antimicrobial dose 
antibiotics are used, it is best to limit exposure to the 
shortest duration possible and to maintain remission 
with topical agents, such as azelaic acid and topical 
metronidazole [69,91,147]. If these more severe cases fail 
to improve with oral antibiotics, or antibiotics are not 
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tolerated or contraindicated, isotretinoin may be an 
effective secondline option. Transient erythema, non
transient erythema and telangiectasia associated with 
PPR are treated as described above in the discussion of 
ETR treatment.

 ■ Phymatous rosacea
Medical therapy of phymatous rosacea is challenging. 
Isotretinoin in small studies has been shown to decrease 
tissue hypertrophy and sebaceous hyperplasia [119]; 
however, the ideal duration of therapy and dose is not 
known. For most bothersome phymas, surgical or laser 
ablation is often needed. Inflammatory lesions seen in 
patients with phymatous rosacea are treated similar to 
that described for PPR; however, these patients tend 
to have less facial sensitivity and, as such, may be able 
to tolerate potentially more irritating therapies such 
as topical retinoids and  benzoylperoxide products.

 ■ Ocular rosacea
The first step in treating ocular rosacea is identify
ing it. It is important for physicians to ask about 
ocular rosacea symptoms in patients with cutane
ous evidence of rosacea [7,148]. Additionally, if ocular 
rosacea is suspected, it may be worthwhile to enlist 
the help of ophthal mologist to look for more sinister 
complications of ocular rosacea, especially if there are 
significant symptoms or inflammation. Lid hygiene 
is often an important basic step in managing ocular 
rosacea. This prevents crust build up and helps open 
plugged meibomian glands. Artificial tears are helpful 
in managing dry eye symptoms [148]. Topical antibi
otics such as sodium sulfacetamide ophthalmic oint
ment, erythro mycin ointment and metronidazole can 
be applied to the eyelids to manage milder forms of 
blepharitis [149]. For more advanced disease, systemic 
antibiotics, such as doxycycline are often required [148]. 
Recently, topical cyclosporine 0.05% emulsion in a 
small study has been demonstrated to improve rosacea
related eyelid abnormalities, meibomean gland inspis
sations and corneal changes (as measured by corneal 
staining). The authors concluded that these changes 
were due to antiinflammatory properties and due to 
increased tear production [17]. Larger trials are needed 
to assess true efficacy in this disease. 

    ■ Granulomatous rosacea
Granulomatous rosacea generally requires treatment 
with oral antibiotics; however, milder cases may 
respond to topical metronidazole. Isotretinoin has also 
been described to be effective in the treatment of this 
subtype [93]. Oral dapsone has been reported in two 
patients to improve granulomatous rosacea [150] and a 
couple of cases suggested that the topical calcineurin 

inhibitor pimecrolimus may be helpful in the treatment 
of granulomatous rosacea [151,152].

Table 1. Treatment options based on rosacea subtype.

Rosacea subtype Treatment options

Erythematotelangiectatic 

Mild Sun protection
Trigger avoidance 
Emollients

Moderate–severe Sun protection
Trigger avoidance
Emollients
Laser- and light-based therapies

Second-line and 
nonstandard 
treatment 

Propranolol or clonidine for severe flushing
Topical vasoconstrictor (e.g., oxymetazoline)
Topical azelaic acid
Topical and oral antibiotics/antimicrobials
Topical retinoids

Papulopustular

Mild Sun protection
Trigger avoidance
Emollients
Topical azelaic acid
Topical metronidazole
Topical sodium sulfacetamide-sulfur
Anti-inflammatory dose doxycycline
Laser- and light-based therapies for 
persistent erythema

Moderate Treatments as listed for mild papulopustular
Consider combination anti-inflammatory dose 
doxycycline and topical agent
Oral antimicrobial dose tetracycline, macrolide, 
metronidazole alone or in combination with 
topical agent

Severe Treatments as listed for moderate papulopustular
Isotretinoin for recalcitrant cases

Second-line and 
nonstandard 
treatments

Permethrin cream
Topical benzoyl peroxide antibiotic 
combination products
Topical clindamycin, erythromycin
Topical retinoids

Phymatous

Surgical or laser ablation of excess tissue
Isotretinoin
Papulopustular component treated as described 
for papulopustular
Sun protection and trigger avoidance

Ocular

Lid hygiene
Artificial tears
Topical antibiotics
Systemic tetracyclines, macrolides
Topical cyclosporine
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Future perspective
Rosacea is a complex disease of varying clinical features 
that may have a negative impact on patients’ lives [9]. The 
pathogenesis of rosacea has, thus far, been difficult to 
elucidate, not only due to its clinically pleomorphic fea
tures, but also because its genesis is likely multifactorial. 
Initial steps by the NRS expert committee to delineate 
standard subtypes will help with future research [11]. 
It allows us to explore the possibility that the different 
manifestations of rosacea may not be the result of the 
same pathologic processes. In the next few years, it is 
likely that further epidemiologic, genetic, histologic and 
biochemical studies will be undertaken to identify factors 
and features that are disparate or common between these 
subtypes. Furthermore, most treatment studies, thus far, 
have focused on the papulopustular subtype. New efforts 
are needed to identify easy and inexpensive treatments 
for the other subtypes. Having stated the need for future 
research, we cannot deny that there has been evolution in 
our understanding of the disease over the last few years. 
The recent identification of overexpression of cathelicidin 
and KLK5 in rosacea, allows us to consider designing 
therapies such as targeted KLK5 inhibitors for the treat
ment of rosacea [60]. It is likely that these and other serine 

protease inhibitors will be evaluated for rosacea treatment 
in the coming years. Acknowledging that studies impli
cate angiogenesis and abnormal neurovascular response 
in the pathogenesis of rosacea, raises the possibility of fur
ther investigation of topical vasoconstricting drugs [130], 
as well as drugs such as VEGF inhibitors that would pre
vent angiogenesis. Other potential treatments that may 
be worthwhile to investigate include use of antioxidants, 
mast cell inhibitors and agents to repair extracellular 
matrix damage. There is much more to learn about the 
cause and treatment of this common yet elusive disease, 
hopefully with recent renewed interest, we will be able to 
unlock its secrets in the coming years.
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Executive summary

 ■ Rosacea is a common, chronic inflammatory skin disorder with clinically heterogeneous features.
 ■ The four subtypes of rosacea as defined by the National Rosacea Society expert committee are erythematotelangiectatic rosacea, 
papulopustular rosacea, phymatous rosacea and ocular rosacea.

 ■ The underlying pathophysiology of the disease is not completely understood; however, it may be related to vascular 
hyperreactivity, neuropeptides, increased oxidative stress, UV light exposure, extracellular matrix damage, dysregulation of 
the innate immune system, Demodex mites or Demodex-related bacteria. There also appears to be a familial predisposition to 
its development.

 ■ Treatment of rosacea focuses on alleviating signs and symptoms, as no cure has yet been found for the disease. Many studies 
evaluating the efficacy of various rosacea treatments are small and/or are of low quality.

 ■ Basic care of rosacea skin includes sun protection, emollients and avoidance of flushing triggers.
 ■ First-line treatments for papulopustular rosacea are topical metronidazole, topical azelaic acid, topical sodium  
sulfacetamide-sulfur and anti-inflammatory dose doxycycline. Antimicrobial dose tetracycline class antibiotics, systemic 
metronidazole and macrolide antibiotics may be needed for more advanced cases of papulopustular rosacea. These therapies 
target the inflammation seen in the disease, particularly the papules and pustules. 

 ■ Tetracycline class antibiotics used at antimicrobial doses have long been used by dermatologists to treat inflammatory lesions in 
rosacea. One of the criticisms of the antimicrobial dosing regimens is their potential to promote development of resistant strains 
of bacteria. Recent studies of anti-inflammatory dose doxycycline have demonstrated its effectiveness in decreasing papules 
and pustules. More comparative studies are needed to assess its efficacy compared with antimicrobial dose doxycycline and 
other tetracyclines.

 ■ Isotretinoin is used as a second-line agent to treat papulopustular rosacea and early rhinophyma. The appropriate dose and 
duration of therapy has not yet been clearly defined.

 ■ Topical oxymetazoline and other topical a-adrenergic receptor agonists are potentially promising future medical therapies to 
manage persistent rosacea-related erythema. Further studies are needed to assess efficacy and safety of these mediations.

 ■ Pulsed dye laser and intense pulsed light are effective in decreasing rosacea-related persistent erythema and telangiectasia. In a 
couple of small studies, these therapies have also improved troublesome rosacea symptoms such as stinging, burning and flushing. 

 ■ Treatment of disfiguring phymatous rosacea often involves laser or surgical ablation of phymatous tissue.
 ■ Future rosacea research should focus on understanding epidemiologic, genetic, histologic and biochemical factors and  
features that are disparate or common between the different subtypes of rosacea. Furthermore, researchers engaging in 
treatment-related research should try for larger sample sizes and separation of subtypes if at all possible. 
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