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Background: Necrotizing Soft Tissue Infections (NSTIs) are uncommon rapidly spreading infection of the soft tissues for which prompt surgical treatment is vital for survival. Currently, even with sufficient awareness and facilities available, ambiguous symptoms frequently result in treatment delay.

Objectives: To illustrate the heterogeneity in presentation of NSTIs and the pitfalls entailing from this heterogeneity.

Discussion: NSTI symptoms appear on a spectrum with on one side the typical critically ill patient with fast onset and progression of symptoms combined with severe systemic toxicity resulting in severe physical derangement and sepsis. In these cases, the suspicion of a NSTI rises quickly. On the other far side of the spectrum is the less evident type of presentation of the patient with gradual but slow progression of non-specific symptoms over the past couple of days without clear signs of sepsis initially. This side of the spectrum is under represented in current literature and some physicians involved in the care for NSTI patients are still unaware of this heterogeneity in presentation.

Conclusion: The presentation of a critically ill patient with evident pain out of proportion, erythema, necrotic skin and bullae is the classical presentation of NSTIs. On the other hand, non-specific symptoms without systemic toxicity at presentation frequently result in a battery of diagnostics tests and imaging before the treatment strategy is determined. This may result in a delay in presentation, delay in diagnosis and delay in definitive treatment. This failure to perform an adequate exploration expeditiously can result in a preventable mortality.
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INTRODUCTION

Necrotizing soft tissue infections (NSTIs) are an ancient challenge, considering that Hippocrates first described the infection in the 5th century BC. He reported the following clinical observation “many even while undergoing treatment suffered from severe inflammation, and the erysipelas would quickly spread widely in all directions. Flesh, sinews and bones fell away in large quantities … there were many dead” (1). The disease Hippocrates described as “erysipelas all over the body” later became known by a broad range of names, such as “the flesh-eating infection,” necrotizing fasciitis, Fournier gangrene and severe necrotizing soft tissue disease (SNSTD) (2–4). All of those terms for this uncommon, rapidly spreading, progressive and potentially lethal infection of the soft tissues are currently represented in the internationally accepted term necrotizing soft tissue infection (NSTI) (5, 6). The incidence of NSTIs in the United States is estimated to be 4.0 to 10.3 per 100,000 person years, while the incidence of the Dutch population, probably comparable to most European countries, is 1.1–1.4 per 100,000 person years (7, 8). Unfortunately, the statement of Hippocrates that many died, remains current. Even though the mortality rates were decreased by half over the past decades, the last two decades the mortality rate for NSTIs remained unchanged, at ~20% (9, 10). Two recent meta-analyses reported that prompt surgical treatment is vital for further reduction of mortality (9, 11). However, even with sufficient awareness and facilities available, ambiguous symptoms may still result in delay, perhaps even more so when compared to a patient presenting critically ill (12, 13). In fact, NSTI are misdiagnosed initially more often than not due to pitfalls such as absence of fever, absence of cutaneous manifestations (Tables 1, 2), intact skin in the area (no skin defect as entry), attributing pain to an injury or procedure, non-diagnostic/non-specific imaging results, or ascribing the systemic signs to other causes (6, 38). Treatment delay is often preceded by a patient and/or diagnostic delay, which is thought to be even greater in case of first presentation with ambiguous symptoms (38). As Hippocrates described, “Fever was sometimes present and sometimes absent”; patients with NSTI present with variable signs and symptoms, and only a limited number of patients present with the classic symptoms (1, 4, 5).


Table 1. Overview of large necrotizing soft tissue infection studies published since 2000 reporting on microbiology, time to surgery and/or presenting symptoms.
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Table 2. Summary of occurrence of cutaneous or systemic symptoms of necrotizing soft tissue infections (14–37).
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CLINICAL PERSPECTIVE

To illustrate the heterogeneity in presentation, three patients from a database previously published by our study group are presented, and a review of current literature is presented (Table 1) (39).

First, a 69-year-old female patient with rheumatoid arthritis, presented with a painful and swollen leg since that morning. In the evening, she started vomiting and presented to the hospital with swelling, erythema and blue-purple discoloration of the entire lower leg and two large bullae, was hypotensive (mean arterial pressure of 59 mmHg), had tachycardia, elevated lactate levels (2.9 mmol/L) and base deficit of 7 mmol/L. Within 6 h of first onset of symptoms, she was taken to the operating room and diagnosed with a NSTI caused by group A streptococcus (GAS).

Second, 53-year-old male patients with chronic obstructive pulmonary disease presented with acute and progressive dyspnea for 2 days. As the patient's history was obtained, it was discovered that he had a swollen leg for 4 days, which the general practitioner previously diagnosed as a bursitis. Upon presentation, the patient already had severe tachypnea and tachycardia, was his entire leg swollen, pale and warm, and had a severe metabolic acidosis (base deficit −19 mmol/L, lactate 13.7 mmol/L). At the emergency department, he further deteriorated and was intubated. Due to uncertainty about the focus of the infection, a computed tomography (CT) scan was obtained which showed gas formation in the soft tissues of the upper leg. Consequently, the patient was taken to the operating room and a NSTI caused by multiple anaerobic and aerobic micro-organism was diagnosed.

Third, 68-year-old male patients with diabetes mellitus, hypertension and a previous kidney transplant presented with a swollen upper leg with localized erythema without tachycardia, tachypnea or hypotension. The patient reported having malaise since last week and to have erythema of the leg for 2 days. The symptoms were diagnosed as cellulitis and the patient was admitted. Over the next 24 h the erythema and pain gradually increased, the patient developed dyspnea and tachycardia and developed a metabolic acidosis (base deficit 6.9 mmol/L, 3.9 mmol/L at presentation). The patient was eventually taken to the operating room and a NSTI caused by an aerobic micro-organism was diagnosed.



DISCUSSION


The Outer Ranges of the NSTI Presentation Spectrum

As described above, two sides of the NSTI presentation spectrum can be seen. On one side, the typical critically ill patient with fast onset and progression of symptoms (e.g., pain out of proportion, erythema, bullae) combined with severe systemic toxicity resulting in systemic inflammatory response syndrome (SIRS) and sepsis (patient 1). In these cases, the suspicion of a NSTI rises quickly due to its typical and notorious presentation. The response by care providers is all hands-on deck since the consequences, mortality and amputations, are well-known. The sepsis protocol is immediately initiated and the patient is rapidly transported to the operating room without additional testing or imaging at the emergency department, since delay to the first debridement increases the need for subsequent debridements, as well as increases the risk at mortality (9, 30, 40, 41). On the other far side of the spectrum is the patient with gradual but slow progression of non-specific symptoms over the past couple of days without evident signs of sepsis initially. However, when these patients finally present, they can either deteriorate rapidly (patient 2) or may continue to deteriorate slowly (patient 3). This side of the spectrum is under represented in current literature and some physicians involved in the care for NSTI patients are still unaware of this heterogeneity in presentation. Both patient subtypes have the same severe infection, and both require immediate (surgical) treatment, but the challenge remains to treat them equally efficient.



Causes of Variation in Presentation

The precise cause of this misleading contrast in presentation remains unclear. Recent literature described differences in patient demographics between the different micro-organisms isolated from NSTIs (17, 36, 39). This strengthens the hypothesis that the causative micro-organisms influences the different types of presentation, since the variance in early or late systemic toxicity was described to depend on the strain of bacteria and toxins produced (2). Causative micro-organisms of NSTIs are generally categorized in three categories, based on the number of different micro-organisms found and less so the determination of the micro-organisms. Type I is polymicrobial and generally consists of various species of gram-positive cocci, gram-negative rods and anaerobes (2, 10). Type II is monomicrobial with GAS being the most common microbe found (39, 42). Recently an attempt was made to categorize specific strains of bacteria in their presentation, as Type III consists of more rare isolated microbes. Most commonly, this involves infections with the Vibrio vulnificus or Clostridium species. However, most authors still categorize them as type I due to it either being a gram-negative or anaerobic bacteria (2, 10, 36). The frequency of presentation of each of these types differ across geographical areas and populations, whereas Vibrio NSTIs are more often seen in Asia, GAS NSTIs more often in Europe and a relatively high frequency of methicillin-resistant Staphylococcus aureus NSTIs are seen in the United States (39, 43, 44).

Systemic toxicity of polymicrobial infections is most commonly dependent on the mechanism of microbial synergy and not necessarily on toxins. This process requires time and does not immediately cause a fulminant presentation of NSTIs as mainly seen in type II NSTIs. Micro-organisms causing monomicrobial infections do not require synergy. They frequently are able to produce (multiple) toxins on their own, causing rapid systemic toxicity (45). Generally, physicians associate NSTIs with early systemic toxicity due to its rapidly progressive and destructive character. However, this is mostly exemplary for NSTI based on GAS, Clostridium spp. and Vibrio spp., while in most polymicrobial NSTIs signs of systemic toxicity commonly occur late or not at all (2, 46). Compared to type I NSTIs, patients with type II NSTIs tend to be younger, healthier and more commonly have a history of trauma, surgery or IV drug use as causative event (2, 39). Patients with type I NSTIs usually have more and severe comorbidities (such as diabetes mellitus, peripheral vascular disease, chronic renal failure) (2, 6, 39). This could indicate that especially younger and healthier patients present with early systemic toxicity, while notable the older patients with severe and/or multiple comorbidities present with late systemic toxicity and have a higher risk of expiring (3, 28, 39, 42). Therefore, the absence of systemic toxicity can be misleading, but should be kept in mind as diagnostic pitfall.



Types of Delay Due to Variation in Presentation
 
Patient Delay

Patients without signs of sepsis and indifferent symptoms will less urgently seek medical care, causing patient delay and therefore treatment delay. On the other hand, patients with high fever, low blood pressure and high heart rates are likely to rush to the emergency department.



Diagnostic Delay

Furthermore, when critically ill patients present, they will receive priority for diagnostic tests and treatment. This is seen in a study comparing GAS NSTIs with non-GAS NSTIs. In the study, 77% of the GAS NSTI patients had surgical exploration within 24h compared to 66% of the non-NSTI patients (39). This suggests that GAS NSTIs, or type II NSTIs, are diagnosed earlier and therefore treated faster. It can be considered common practice that the critically ill patients are rapidly seen by (senior) consults, while the more stable patients are commonly first seen by the (less experienced) residents. Another source of delay, caused by a non-specific presentation of a NSTI, is the physician does not recognize the severity of the presentation and first starts with a myriad of diagnostic tests and in some cases imaging. The use of imaging for diagnosis of NSTIs is controversial. Some studies advocate the use of imaging modalities, such as plain radiographs or CT scan. A recent meta-analysis showed limited added value of imaging. In addition, imaging can significantly delay treatment due to waiting times for the scan itself and due to the time required for interpretation of the scans by a radiologist (47). However, this can take up to several hours, which could be a significant proportion of the recommended maximum time from presentation to surgery for NSTIs (9, 48, 49). One of the few situations in which it can be contemplated to order a CT scan, is when an abdominal source (e.g., gastro-intestinal fistulas to the abdominal wall) of the NSTI is suspected, since this would require intra-peritoneal source control (50). Nonetheless, logistics for an emergency CT-scan should be optimal since imaging should not delay surgical consultation or intervention (5). Delay to first debridement or inadequate first debridement increases mortality (9, 11).



Treatment Delay

Besides diagnostic delay, treatment delay can occur in case of ambiguous presentation without evident signs of sepsis, when patients are first seen by non-surgical specialties, causing tendency toward a non-surgical course of treatment. A recent review showed that 71.4% of the NSTIs are misdiagnosed on initial evaluation (38). This misdiagnosis frequently results in a wait-and-see course of treatment with intravenous antibiotics, without surgical involvement for the vital source control (4, 5).





SURGICAL CONSEQUENCES OF VARIATION IN PRESENTATION

When the decision is made to transport the patients to the operating room, there are still certain pitfalls to avoid during surgical exploration. First, skin, subcutaneous tissue, fascia and the muscle deep to the fascia must all be examined. In 57% of the NSTI cases, findings such as gray necrotic tissue, dishwater pus, and lack of bleeding or tissue resistance will be seen upon first evaluation of the soft tissues, which evidently confirms the diagnosis NSTI (3). However, in the other 43%, only ambiguous findings are seen upon macroscopic evaluation. In these cases, the algorithm of triple diagnostics might be of added value. This algorithm indicates that in case of non-diagnostic macroscopic findings, a Gram stain and a fresh frozen section of a full-thickness incisional biopsy are intra-operatively assessed (10, 51–54). However, in case of a less strong indication for surgical exploration, based on an indifferent presentation and therefore only moderate suspicion for NSTI, the surgeon might be tempted to perform a less invasive exploration with a smaller and/or more superficial incision. This will result in only partial evaluation of the tissue layers and increases the odds that, based on this (limited) macroscopic evaluation, it is wrongfully discarded as a non-necrotizing infection without additional (microscopic) testing such as histopathological or Gram stain assessment (51). While in case of a critically ill patients without evident macroscopic signs, it is more likely that the surgeon would want more reassurance intra-operatively.

Additionally, the skin sparing approach for debridement is increasing in popularity due to its reconstructive advantage. A recent cohort study showed no increase or reduction in mortality or in post-operative complications when skin spared debridement is performed. However, 85% of the patients in this study were transferred from outside hospitals indicating that these patients were stable enough to survive a significant delay caused by transfer (55). Surgeons must be aware that, although results seem promising, this approach should not result in delay in source control or resuscitation.



CONCLUSION

NSTI have an heterogeneous presentation with a spectrum ranging from the classical presentation of a critically ill patient with evident pain out of proportion, erythema, necrotic skin and bullae, which should be recognized by all care providers. While on the other side of the spectrum are the, non-specific symptoms without systemic toxicity at presentation which frequently result in a battery of diagnostics tests and imaging before the treatment strategy is determined. This results in a delay in presentation (patient seeking medical aid) and delay in diagnosis and delay in definitive treatment. Confirmatory diagnosis of NTSI should occur in the operating room (not the radiology suite) with adequate exploration of all layers of areas of concern. Failure to perform an adequate exploration expeditiously can result in a preventable mortality.
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