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LETTER TO THE EDITOR

Pathophysiological Considerations in Periorbital Necrotizing Fasciitis: A Case Report
Yalda Hadizamania,b, Stefano Anastasi, MDc*, Anouk Schoria,b, Rudolf Lucasd, Justus G. Garweg c,e*, 
and Jürg Hamacher, MDa,b,f,g*
aLungen-und Atmungsstiftung Bern, Bern, Switzerland; bPneumology, Clinic for General Internal Medicine, Lindenhofspital Bern, Bern, Switzerland; 
cBerner Augenklinik Am Lindenhofspital, Bern, Switzerland; dVascular Biology Center, Medical College of Georgia, University of Augusta, Augusta, 
Georgia, USA; eDepartment of Ophthalmology, Inselspital, University of Bern, Bern, Switzerland; fMedical Clinic V-Pneumology, Allergology, Intensive 
Care Medicine and Environmental Medicine, Faculty of Medicine, Saarland University, University Medical Centre of the Saarland, Homburg, Germany; 
gInstitute for Clinical & Experimental Surgery, Faculty of Medicine, Saarland University, Homburg, Germany

ABSTRACT
Background: Periorbital necrotizing fasciitis (PNF) is a rare complication of bacterial infection, associated 
with irreversible inflammatory destruction of soft tissues like subcutaneous tissue and superficial fascia. PNF 
can cause visual loss, septic shock and death within hours to days. Since the infection progresses rapidly from 
a local disease to septic shock, prompt identification and decisive interventions are mandatory.
Aim: Considering pathophysiology, differential diagnosis, and treatment options, we report a case of PNF 
and its outcome.Methods: A 69 years old male with febrile periorbital swelling had been diagnosed with 
bilateral PNF, caused by dual infection with Streptococcus pyogenes (S. pyogenes) and Staphylococcus 
aureus (S. aureus) based on conjunctival swabs.
Results: The superantigens produced by S. pyogenes have been identified as key to the rapid dissemina-
tion of infection and severity of systemic manifestations.
Conclusions: A combination of intravenous antibiotics and regular surgical debridements resulted in a 
beneficial outcome in our patient.
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Necrotizing fasciitis is an uncommon, severe, primarily 
superficial bacterial infection that rapidly spreads into the 
surrounding tissue, inducing extensive necrosis of the 
superficial fascial layers. When associated with systemic 
disorders, NF can be potentially lethal. If not treated 
quickly with antibiotics and debridement of the infected 
tissue, the patient may develop septic shock within hours, 
which can progress to multi-organ failure (MOF).1–4 NF 
can affect any part of the body, but the highest prevalence 
occurs in the extremities and perineum.5,6 NF is uncom-
mon in the periorbital region because of its excellent blood 
supply.1,3 The specific anatomy of the eyelids and anterior 
orbita including the orbital septa generally usually prevents 
a rapid spread of infection and superficial necrosis of the 
skin in this region. The dermis adheres to the nasojugal 
fold and laterally to the cheek fold (malar fold) on the 
periost. Together with the musculus orbicularis oculi, it 
acts as an anatomical barrier toward the spread of infection 
into the lower regions. Once the anatomical barriers of the 
dermis and muscles are compromised, however, the infec-
tion may rapidly spread to the orbital apex and the throat. 
Periorbital NF (PNF) may cause disfigurement,7,8 loss of 
vision,2,3 MOF, disseminated intravascular coagulation, and 
death in about 6% to 15% of patients.2,9–12 A summary of 
literature review on clinical presentation and related patho-
physiology of periocular or periorbital necrotizing fasciitis 
are presented in Table 1.

Based on the infectious agents involved, NF has been 
categorized into four types.20 Type I is characterized by poly-
microbial infections with mixed anaerobic and aerobic bac-
teria, including Streptococcus species, Klebsiella species 
(Klebsiella pneumoniae), S. aureus and Escherichia coli. 
Apart from the live pathogens, a pathogenic role has also 
been reported for superantigens of S. aureus and 
S. pyogenes.8,14,21 In type II a monomicrobial infection is at 
the source, predominantly caused by group A beta-hemolytic 
Streptococcus species, such as S. pyogenes and either accom-
panied or not by S. aureus.14 Methicillin-resistant S. aureus 
(MRSA) has been reported in the same category.14 The rare 
type III is caused by exposure to marine Gram-negative 
pathogens, like Vibrio vulnificus or Aeromonas 
hydrophila5,14,20 and Clostridium species.7 Type IV is linked 
to fungi like Apophysomyces (Mucorales) and Aspergillus 
species.22,23 So far, types I, II and IV have been documented 
in periorbital necrotizing fasciitis.2,7,11,24

Due to the high potential of this infection to cause irrever-
sible destruction in a short time, rapid diagnosis and treatment, 
based on the knowledge of the etiological agents involved and 
their influence on the host’s immune defense are mandatory. 
Based on a case of periorbital necrotizing fasciitis with the 
contribution of a superantigen-producing S. pyogenes in our 
clinics, we provide a review of the literature including differ-
ential diagnostic considerations and a treatment approach 
based on the pathophysiology of the infection.
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A 69-year-old male patient with rapidly increasing eyelid 
edema on both sides and in critical general condition presented 
to the hospital’s emergency department. A history of wasp 
venom allergy with a pronounced local reaction, urticaria and 
photodermatosis were known. Initially, steroids and antihista-
mines were administered because of a suspected diagnosis of 
angioedema under treatment of an angiotensin-converting 
enzyme inhibitor for arterial hypertension. The patient is 
a smoker with a history of alcohol abuse. His medical history 
includes a COPD GOLD II and diabetes mellitus type II treated 
since about 5 years with lifestyle modification and metformin, 
and in addition, he suffers from chronic rhinitis and rosacea.

Antibiotic therapy was initiated a few hours after admission 
due to septic signs that occurred, including tachycardia, fever, 
confusion, a C-reactive protein (CRP) level of 157 mg/l (nor-
mal <5), a leukocytosis of 24.8 x109/l (normal <10), creatinine 
of 58 umol/l and a blood glucose of 11.7 mmol/l. Based on 
progressive inflammatory signs, the diagnosis of PFN was 
suspected, and microbiological swabs from the eyelid region 
was obtained before treatment with meropenem and clarithro-
mycin was initiated. The antibiotics were selected according to 
the differential diagnosis of sepsis and pneumonia, and supple-
mented by intravenous acyclovir because of herpesvirus 

infection including encephalitis in the differential diagnosis. 
Computer tomography excluded any cerebral affection, orbital 
phlegmon, sinusitis or sinus vein thrombosis.

Despite these measures, the local orbital condition wor-
sened within hours with increasing edema of both eyelids, 
skin blushing and the formation of blisters and purulent secre-
tions along with necrotic spots on both upper and lower eye-
lids. A severe four-day continuous delirium developed, 
possibly aggravated in the context of blinding due to the 
progressive swelling with complete occlusion of the eyelids. 
S. aureus and a superantigen-producing S. pyogenes were 
grown from the conjunctival swab. After 5 days, debridement 
of necroses was initiated on a daily to bi-daily basis until day 10 
after hospitalization. The patient was slowly recovering and 
was discharged after 15 days of hospitalization. As illustrated in 
Figure 1, the eyelid area recovered without the need for pri-
mary skin grafts. In the following months, relevant scarring of 
the lids was unpreventable, resulting in lid malposition with 
brow ptosis, upper lid dermatochalasis and inferior lid ectro-
pium that became a functional and cosmetic issue for the 
patient. Secondary surgical correction of the eyelids was per-
formed in two stages: first, a direct brow lift with upper lid 
blepharoplasty and lateral tarsal strip was performed to restore 

Table 1. Clinical presentation and related pathophysiology of periocular and periorbital necrotizing fasciitis.

Feature or clinical presentation Pathogenic mechanisms and clinical context

Compromised skin integrity Inoculation (local angiothrombotic bacterial invasion) especially in immunocompromised 
hosts.7,13

Local tissue necrosis Need of combination of therapy with high levels of 
antibiotics and surgical debridement

Bacterial proliferation and release of bacterial toxins, superantigens, etc. leads to the 
secretion of local cytokines and activation of platelets, which triggers inflammatory 
response including activation and diapedesis of white cells, while platelet clumps lead to 
microvascular occlusion.13 

A huge amount of cutaneous blood vessels and lymphatic channels undergo 
thrombosis.13 

Local hypoxia and local inflammatory mediators including TNF, interleukin-6 and 
Interleukin-8 are released, causing cellular dysfunction and cell death leading to bullae 
and extended tissue necrosis.13 In diagnostic uncertainty, such tissue necrosis can be 
shown by biopsy with frozen section emergency work-up. 
The very limited local perfusion and extensive necrosis impede a high antibiotic tissular 
drug level, making surgical debridement as additional infection limiting therapy 
mandatory.12,14

Infectious spread in the surrounding tissue as a rather anatomically 
distinct small-volume spaceImmune evasive bacterial effects

An anatomically rather confined space, typically rather frequently allowing an infectious 
spread to the contralateral periorbital space 
Break of the anatomical barriers of the dermis and muscles and bacterial spread into to 
surrounding tissues.3 

Rapid thrombosis of local vasculature causes a lack of vascular/lymphatic spread that 
leads to the horizontal spread of infection.13 

Immune evasive mechanisms of bacterial structures and toxins with neutrophils 
including mediators and chemokines, and lymphocytes.15–17

Lid edema, severe pain disproportionate to the apparent area involved 
erythema and raised temperature

Continuous local necrotizing infection maintaining mediators of local inflammation 
Consecutive whole-body inflammation leading to systemic inflammatory response 
syndrome, possibly to sepsis or septic shock.7,13 

Swollen eyelids usually impede visual orientation, thus predispose to delirium in the 
context of severe inflammation

Periocular skin necrosis and visual loss Necrosis develops as a consequence of pathogenic invasion and polymorphonuclear 
leukocyte infiltration leading to vascular thrombosis and ischemia with subsequent 
gangrene of the subcutaneous fat and dermis resulting in severe ocular surface disease.7

Multiorgan involvement with potential multiorgan failures, however 
with better allover outcome than at most other anatomic sites

Systemic mediators may lead to septic shock with its inherent prognosis7; generally high 
serum interleukin-6, Granulocyte colony-stimulating factor (G-CSF) and the 
inflammatory alarmin protein S100A8 seem associated with disease severity18,19 and 
interleukin-1β with mortality.18 

Better overall prognosis of periorbital necrotizing fasciitis if compared to most other 
necrotizing fasciitis, 
Hypotheses: sites predispose to better outcome possibly due to a) small, rather confined 
infected and necrotic anatomical site and b) due to rather high and therefore potentially 
early nociception by the locally high sensible nervous supply of the orbital region.
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the upper lid. Later a resection of the malar festoons and 
scarring tissue restored the normal appearance of the infer-
ior lid.

Discussion

As our case indicates, the differential diagnosis of NF with 
its rapid periorbital spread is of considerable importance 
because regular surgical debridement on top of an antibiotic 
treatment strategy are crucial to ultimately achieve 
a satisfying outcome. Even after a supportive early control 
of infection, tissue response to the severe destructive process 
may require secondary interventions to correct functional 
anatomic changes during the healing process. From the 
clinical perspective, the diagnosis of PNF is a challenge, 
since there are several medical conditions with similar early 
presentations. As such, ophthalmic zoster must be excluded 
in the early stages. As the infection progresses, other less 
common differential diagnoses, including vasculitis of 
Wegener’s granulomatosis type, erysipelas, Quincke’s edema 
to preseptal cellulitis, and other inflammatory disorders 
affecting the lids and orbit have to be considered. 
Generally, acute fulminant skin infection and pyoderma 
gangraenosum, as well as other infectious etiologies, includ-
ing orbital cellulitis, staphylogenic Lyell syndrome, endogen-
ous endophthalmitis, cavernous sinus thrombosis, and rhino- 
orbital mucormycosis, have to be excluded.2,25,26 Beyond the 
most important differences between NF of the periorbital 
region and other parts of the body is the frequently bilateral 
occurrence in the periorbital region.2,3,5,9 Despite rigid ana-
tomical barriers, pathogens frequently seem to spread across 
the nasal bridge to the contralateral eyelids, which may best 
explain the frequent bilateral occurrence of PNF.9

As such the proper diagnosis of PNF is generally not pri-
marily established, as was the case with our patient. A delayed 
diagnosis may add to a systemic bacterial spread and septice-
mia, that may lead to multi-organ failure and increase mortal-
ity rates to 30%–70%.27 The high mortality is, among other 
factors, associated with the production of bacterial toxins, 
including Streptococcal superantigens, which were detected 
in our patient’s case. Not surprisingly, a correct early diagnosis 
and subsequent early start of a proper antibiotic and debride-
ment therapy can significantly reduce morbidity and fatality.20

That the diagnosis was initially missed triggered us to revise 
and communicate the current knowledge of pathophysiology 
and clinical presentation of PNF. Mechanical damage to the 
skin as entry path is considered the most frequent cause of 
PNF,3 though not reported in our case. After penetrating the 
dermis, the pathogens release their exotoxins, which fosters their 
rapid spread into the systemic circulation.28–30 Group A beta- 
hemolytic Streptococcus and S. aureus are the most important 
causes of PNF.3,31,32 Both pathogens express highly immuno-
genic surface proteins. These virulence factors, such as Group 
A streptococcal M1 as a neutrophil, monocyte and T cell acti-
vator, and M3, both offering protection against phagocytosis, 
the superantigens like exotoxin A and C, the cell pore forming 
streptolysin O that may lead neutrophils, macrophages and 
epithelial cells to apoptosis,33,34 substantially contribute to the 
immunopathogenesis of the invasive disease.28 Regular micro-
bial antigens are phagocytized by antigen-presenting cells such 
as B lymphocytes, upon which their peptide fragments are 
presented to T cells using MHC Class II.35 Upon detection by 
T cell receptors, a specific immune response is mounted to the 
peptide antigen.35 By contrast, superantigens, non-glycosylated 
low-molecular weight bacterial proteins resistant to heat, pro-
teolysis and acid denaturation, 37 bind in parallel to MHC class 
II and T cell receptor, resulting, even at low superantigen 

Figure 1. Evolution of the local findings overtime.
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concentrations, in a fast and exaggerated release of pro- 
inflammatory cytokines such as interleukin(IL)-1β, IL-2, tumor 
necrosis factor and interferon-γ.3636 Accordingly, antigen pre-
sentation is widely switched off, whereas an unspecific, but more 
aggressive immune response is triggered by unspecific 
T lymphocytes before a specific immune response by recruiting 
antigen-specific T cells is mounted.25,38 The superantigens are 
moreover powerful activators of the complement cascade, the 
bradykinin-kallikrein system, and the coagulation cascade, 
which leads to thrombosis of the small vessels and contributes 
to tissue ischemia and necrosis.39 Streptococcal and staphylo-
coccal superantigens are also capable to induce toxic shock 
syndromes. This non-specific manifestation in the whole body, 
independently of the location of the infection, is the result of 
a local depression of the neutrophil granulocytes and thus of the 
local signs and symptoms at the site of the infection. 
Staphylococcus-induced toxic shock syndrome is typically asso-
ciated with fever, vomiting, diarrhea, flu-like symptoms such as 
headache, difficulty in swallowing and sore throat, as well as 
confusion and somnolence in younger patients.40 Other factors 
that add to the fulminant course of NF include the initial rapid 
degradation of pro-inflammatory chemokines like IL-8 by bac-
terial proteases, which blunts the subsequent recruitment of 
neutrophils, necessary to mount an efficient anti-bacterial 
response.41

These microenvironmental effects well explain the negative 
impact on the physiological antibacterial defense mechanisms 
and the insufficient penetration of antibiotics into the affected 
tissue,39 which facilitates bacterial colonization at an early stage of 
infection.42

Accordingly, debridement is essential in the treatment of 
NF, as antibiotics do not reach effective concentrations in the 
necrotic tissues,14 while surgical debridement of the necrotic 
areas effectively decreases the bacterial load.12

Risk factors increasing susceptibility to develop NF include 
diabetes mellitus, chronic renal failure, cardiovascular disease, 
drug abuse and alcoholism.2,3,8,43,44 The patient’s general condi-
tion, risk factors and underlying comorbidities as well as patho-
genic virulence factors determine the outcome of NF. Around 
45% of patients with arterial hypotension and streptococcal- 
induced toxic shock syndrome develop acute respiratory distress 
syndrome.45 Morbidity and mortality of the Streptococcus- 
induced toxic shock syndrome are higher than for the 
Staphylococcus-induced toxic shock syndrome and are in 
a range of 30–80%.45,46 Patients who have neutralizing antibodies 
against superantigens are less likely to develop NF.37 If super-
antigens however enter the bloodstream of patients devoid of 
neutralizing antibodies from previous exposures, they can trigger 
a sudden, significant and non-specific T cell stimulation and 
consequently a cytokine storm,37 resulting in systemic toxicity, 
multi-organ failure and septic shock.38,47 The Streptococcus- 
induced toxic shock syndrome can present with locally invasive 
Streptococcal infections such as pharyngitis or more violent diffuse 
disorders like arthritis, bacteremia, endocarditis, meningitis, 
pneumonia, sinusitis, cellulitis, myositis and necrotizing fasciitis.48

Our patient ultimately experienced a favorable outcome of 
his bilateral PNF though this was initially misdiagnosed as 
angioedema. The rapid clinical evolution allowed to exclude 
most differential diagnoses and recognize the underlying 

infectious etiology, triggering a multidisciplinary approach 
with antibiotics and repeated debridement, followed by 
a plastic surgical reconstruction of the eyelids to achieve 
a virtually complete anatomic recovery. In a similar case 
reported by Leonardo et al. the patient’s primary symptoms 
were bilateral acute painful swelling and redness of the 
eyelids.32PNF due to group A Streptococcus was diagnosed,32 

but a determination of superantigens was not reported. Similar 
to our case, intravenous antibiotic treatment and surgical deb-
ridement of the necrotic tissue resulted in a successful 
outcome.32 Another case of methicillin-resistant S. aureus 
(MRSA)-associated PNF was reported by Cameron et al.49 pri-
marily presenting with left eye and nostril redness and swelling 
after opening of a small nasal skin abscess a few days before.49 

Despite a timely diagnosis of facial cellulitis antibiotic therapy, 
the situation worsened with bilateral leg pain and redness, and 
shortness of breath progressing to pneumonia, sepsis and bilat-
eral thigh cellulitis.49 Finally, MRSA was recovered from blood 
cultures and treatment changed to meropenem, vancomycin 
and clindamycin.49 Though an indurated swelling, but no cre-
pitus or necrosis were present49 surgical exploration and debri-
dement of the face and thighs were implemented along with 
wound monitoring on a daily basis until the wounds were clean. 
This case highlights the importance of imaging, rigorous 
exploration of the tissue and regular debridement of necrotic 
tissue.49

Surgical removal of the infected or damaged tissue limits the 
spread of the infection and enables to maintain a maximal 
amount of tissue. This facilitates local healing and thus maintains 
the highest amount of neighboring healthy tissue. In such a case, 
the affected areas should initially be inspected and probably 
debrided at least every 1–2 days until no more necrotic tissue 
can be found.20 In conjunction with surgical and antibiotic 
therapy, hyperbaric oxygenation and intravenous gamma globu-
lins have been suggested in specifically severe instances.50,51 The 
latter has also been discussed with the aim of neutralizing extra-
cellular toxins.20,22,52 The effectiveness of both, hyperbaric oxy-
genation and intravenous immunoglobulins has been suggested, 
but also due to missing randomized studies in a rather infre-
quent disease, not been clearly demonstrated.53,54

A limitation of the current study is that microbiological 
analysis was only performed from a conjunctival swab, but not 
from the necrotic tissue. As such, histological investigations have 
not been accomplished. Both analyses are not considered specific 
standards of care. Whether they might foster a better under-
standing of this severe infection remains to be investigated.

In conclusion, early establishment of an aggressive antibio-
tic and debridement therapy, driven by the pathophysiological 
observation of a severe inflammatory and ischemic tissue 
destruction reduce morbidity and mortality in PNF and serve 
the basis for a functionally and anatomically satisfying out-
come of this infection.
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