
Annals of Medicine and Surgery 59 (2020) 24–30

Available online 11 September 2020
2049-0801/© 2020 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Cross-sectional Study 

Non-necrotizing and necrotizing soft tissue infections in South America: A 
retrospective cohort study 

Gustavo Lopes Gomes Siqueira a,*, Ricardo Alves de Olinda b, 
Camila Meira Barbosa de Siqueira c, Analice Barros de Vasconcelos Sá Torres a, 
Luana de Carvalho Viana Corrêa a, Francisco de Assis Silva Lacerda a, 
Pablo Luiz Fernandes Guimarães d 
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A B S T R A C T   

Background: This study analyzed and described factors related to necrotizing or non-necrotizing soft tissue in-
fections (SSTIs) in a hospitalized patient population in Northeastern South America. 
Materials and methods: This retrospective study included patients hospitalized with SSTIs between January 2011 
and December 2016. The main factors related to necrotizing SSTIs (NSTIs) or non-necrotizing SSTIs were 
analyzed together or separately. 
Results: Of 344 SSTI patients (161 [46.8%] non-necrotizing, 183 [53.2%] necrotizing), NSTI patients had a higher 
incidence of heart disease (P = 0.0081) and peripheral arterial disease (PAD; p < 0.001), more antibiotic use, and 
longer hospital stay (P < 0.001). NSTI was associated with a 9.58, 33.28, 2.34, and 2.27 times higher risk of PAD 
(confidence interval [CI] 3.69–24.87), amputation (7.97–139), complications (1.45–3.79), and death (1.2–4.26), 
respectively, than non-necrotizing SSTI. The risk factors associated with amputation were PAD (P < 0.001) and 
poor glycemic control during hospitalization (P = 0.0011). Factors associated with higher mortality were heart 
disease (P < 0.001), smoking (P = 0.0135), PAD (P = 0.001), chronic renal failure (P = 0.0039), poor glycemic 
control (P = 0.0005), and evolution to limb irreversibility (P < 0.001). 
Conclusion: Patients with NSTI have greater illness severity, with a greater association with PAD and amputation. 
Patients with poor glycemic control more frequently underwent amputation and died.   

1. Introduction 

Skin and soft tissue infections (SSTIs) constitute an inflammatory/ 
infectious process that affects the skin and the underlying subcutaneous 
tissues and can extend to deeper tissues with variable severity. A recent 
meta-analysis on SSTIs did not include any articles from South America, 
although it included articles from all of the other continents [1]. The 
scientific interest in SSTIs has been neglected in comparison to that of 
other types of infections, although an important increasing incidence 
has been reported in the last decade, which is mainly due to resistant 
strains (methicillin-resistant Staphylococcus Aureus [MRSA]). Miller 

et al. reported an annual incidence of 48.5 cases per 1000 persons per 
year of SSTIs in the United States of, which is twice as high as the 
incidence of urinary tract infections and ten times higher than the 
incidence of pneumonia [2]. 

The main risk factors for SSTI are diabetes, hepatopathy, peripheral 
arterial disease (PAD), neutropenia, previous lower limb surgery 
(notably, with a saphenectomy strip), obesity, use of intravenous drugs, 
and chronic renal failure (CRF), among others [3,4] Several classifica-
tions have been published in the past decade, and were based principally 
on three elements: anatomical (infectious localization), depth, and 
etiological (pathogenic characteristics) features. The most important 
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features of SSTIs are the depth and presence of necrosis, based on which 
they are classified as non-necrotizing SSTIs and necrotizing SSTIs 
(NSTIs) [5–7]. The most common examples of non-necrotizing in-
fections are cellulitis and bullosa cellulitis. The signs of NSTI include 
erythematous swelling, uncomplicated demarcation of the wound edges, 
bullae (bullous cellulitis), and localized pain. 

The presence of necrosis as a distinguishing feature of NSTI is an 
aspect that can be relatively easily identified, and the main patient 
characteristics are skin discoloration, regional numbness, pain dispro-
portionate to the findings on physical examination, and indeterminable 
boundaries of the infection and tissue swelling [5]. NSTI can be classi-
fied by depth as: necrotizing cellulitis (affecting the dermis and subcu-
taneous tissues), and necrotizing fasciitis [7]. However, distinguishing 
between these infections can be very difficult; the gold standard in 
correctly diagnosing the infection is by gauging the extent of infection to 
the fascia on surgery [8]. Surgery remains the best option to diagnose 
NSTI and has the advantage that it is the specific treatment modality for 
NSTI. The importance of defining the type of NSTI emerges from the fact 
that the morbidity and mortality are higher when the fascia is afflicted, 
with more rapid disease progression, although the principles of treat-
ment remain nearly the same: antimicrobial therapy and early surgery 
with resection of the necrotic and infected tissues [1,2,4]. The mortality 
rate of NSTI varies between 6% and 33%, and the amputation rate 
ranges from 12% to 20% [9]. Therefore, this study aimed to identify and 
describe the features of SSTIs in the Northeastern South American re-
gion, where despite the high morbidity and mortality associated with 
these infections, research on the subject is scarce. 

2. Methods 

This research is in line with the STROCSS criteria [10]. 

2.1. Study center 

Our institution is an academic, 292-bed multispecialty medical 
emergency and trauma care referral center that provides healthcare 
services to a population of approximately 1.5 million people. It also 
includes a burn center. Approximately 8500 hospitalizations and nearly 
800 surgeries are undertaken every month in this institution. 

2.2. Study design 

This study retrospectively reviewed the data of in-patients with SSTIs 
who were identified based on their electronic health records and who 
were treated from January 01, 2011 to December 31, 2016. Individuals 
with only lower limb SSTIs were eligible for inclusion in the study; we 
excluded patients with infections following critical limb ischemia (CLI), 
such as toe necrosis or any other necrosis of the feet. Moreover, we 
excluded patients with Fournier gangrene, pressure ulcers, surgical site 
infections, diabetic foot ulcers, and unknown diagnoses. This study was 
approved by the ethics committee of the institution. 

Based on the options marked in the medical records following daily 
evaluations, the diagnosis was subdivided in four categories: (1) cellu-
litis (simple); (2) bullous cellulitis; (3) necrotizing cellulitis; and (4) 
necrotizing fasciitis. Categories 1 and 2 were grouped as non-necrotizing 
SSTI and 3 and 4 as NSTI. The risk factors analyzed included: hyper-
tension, diabetes, obesity (body mass index >30), heart disease, 
cirrhosis/alcoholism (history of more than 14 units of 12 g for men and 7 
for women), smoking, peripheral arterial disease (PAD; absence of pe-
ripheral pulse or ankle–brachial index <0.9), and chronic renal failure 
(CRF). The laboratory findings at the time of admission, which included 
leukocytosis and white blood cell count (WBC), glycemic values, and 
glycemic control (uncontrolled if mean average was >250 mg/dL during 
hospitalization). Regarding treatments and outcomes, we evaluated the 
length of hospital stay (days), period of the entrance (regarding weather 
stations), number of antimicrobial agents and duration of therapy, 

number of debridement procedures, major amputation due to infection, 
complications, and mortality. We also analyzed the specific weather for 
the time of year that the patient was admitted. 

2.3. Data analysis 

The differences between the two groups with respect to diagnostic 
categories and the demographic risk factors, laboratory findings, sur-
gical interventions, and outcome parameters were assessed using the 
chi-square adherence test, Fisher exact test, and Kruskal–Wallis test, as 
appropriate. After aggregating the diagnoses of NSTI and non- 
necrotizing SSTI, we used multiple regression analysis to obtain the 
risk ratio (RR) between independent factors. Differences with P < 0.05 
were considered significant. 

3. Results 

A total of 344 patients with SSTIs were included in the study: 11 
(3.2%) cellulitis patients; 150 (43.6%) bullous cellulitis; 169 (49.1%) 
necrotizing cellulitis; and 14 (4.1%) necrotizing fasciitis patients. De-
mographic characteristics and risk factors are shown in Table 1, and 
hypertension (64.4%) and diabetes (70.1%) were the commonest 
comorbidities. Among the other risk factors evaluated, obesity (12.2%), 
heart disease (17.4%), hepatopathy (6.1%), smoking (8.7%), PAD 
(14%), and CRF (7.6%) were not detected in the majority of the patients. 
An analysis of the risk factors by the diagnoses showed that heart disease 
(P = 0.0081) and PAD (P < 0.001) were most commonly associated with 
NSTIs in the study population (Table 2). 

The mean ages of the patients were 59.6, 64.8, 68.9, and 67.1 years 
in the four different groups, respectively (Table 2). There were no sig-
nificant differences among the diagnostic groups, but the NSTI group 
showed a tendency for age >60 years. An analysis of the relationship 
between the diagnosis and length of stay (days) showed mean durations 
of 5.82, 8.21, 10.66, and 18.00 days for cellulitis, bullous cellulitis, 
necrotizing cellulitis, and necrotizing fasciitis, respectively. Analysis of 
the median values (Table 2) showed an inclination (Fig. 1) for prolonged 
hospitalization among patients with NSTIs (P < 0.001). 

The majority of the patients were female (204/344), although there 
were no statistically significant sex-based differences in the diagnoses. 
Moreover, there was no significant difference between the hospitaliza-
tion duration and weather season variations (Table 2). 

Table 1 
Demographic characteristics and severity of illness in the study population.   

SSTI Complications Death  

N (%) X^2a * N (%) P- 
valueb 

N (%) P- 
valueb 

Hypertension 232 
(67.4) 

41.86 80 
(74.8) 

0.0682 41 
(77.4) 

0.0939 

Diabetes 241 
(70.1) 

55.36 76 
(71.0) 

0.7919 41 
(77.4) 

0.2071 

Obesity 42 
(12.2) 

46.72 11 
(10.3) 

0.5938 11 
(7.5) 

0.3617 

Heart Disease 60 
(17.4) 

145.86 43 
(40.2) 

<0.001 26 
(49.1) 

<0.001 

Hepatopathy 21 (6.1) 265.13 14 
(13.1) 

0.0008 6 
(11.3) 

0.1117 

Smoking 30 (8.7) 234.47 18 
(13.1) 

0.0007 10 
(18.9) 

0.0135 

PAD 48 
(14.0) 

234.47 23 
(21.5) 

0.0067 15 
(28.3) 

<0.001 

CRF 26 (7.6) 246.88 12 
(11.3) 

0.1198 8 
(15.4) 

0.0399 

PAD, peripheral arterial disease; CRF, chronic renal failure. 
*P-value <0.001. 
Bold values indicate significant differences. 

a Chi-square adherence test. 
b Fisher test. 
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The evaluation of laboratory parameters showed that patients with 
NSTIs had higher (Table 2) median blood glucose levels at admission (P 
= 0.003). The WBC at admission showed a tendency to be higher in the 
NSTI group, with median values of 14.9 and 26.750 per mm3 in cate-
gories 3 and 4 of the diagnoses (P = 0.002). Poor glycemic control was 
associated with amputation (P = 0.001), a longer length of stay (P <
0.001), and was an important mortality risk factor (P = 0.0005); The 
institutional protocol precludes the use of imaging investigations, such 
as CT scanning or nuclear magnetic resonance, except in cases with 
diagnostic ambiguity. Therefore, there were no records of such imaging 
investigations in the medical records of the patients in this study. 

The mean number of antimicrobial agents used was <2 for non- 
necrotizing SSTIs, which differed from 2.37 to 3.21 for categories 3 
and 4 (NSTIs). The medians showed a tendency for a higher number of 
agents in NSTIs (Fig. 1; P = 0.0108). In 72.7% (8/11) of patients with 
simple cellulitis, crystalline penicillin was used as monotherapy. Pa-
tients in category 2 used ciprofloxacin (50.6% [76/150]) and clinda-
mycin (62.6% [94/150]), with meropenem use in 13.6% (23/169) and 
vancomycin in 8.87% (15/169). In the necrotizing cellulitis group, 
73.3% (129/169) and 64% (109/169) used clindamycin and ciproflox-
acin, respectively. In the group with necrotizing fasciitis, meropenem 
and vancomycin was used in 92% (13/14) and 78% (11/14) of patients, 
respectively. 

Surgical debridement was performed in 220 patients (Table 3) and 
indicated a higher tendency for necrotizing cellulitis (135/169 
[79.9%]). The mean duration to submit the first surgery was 3.6, 2.3, 
and <1 day for groups 2, 3, and 4, respectively. We observed a higher 
trend for lower limb loss in NSTIs (P < 0.001; 2 patients (1.3%) with 
bullous cellulitis, 44 (26%) with necrotizing cellulitis, and 10 (71.4%) 
with necrotizing fasciitis). In category 3, 22 (13%) patients underwent a 
major amputation as first-line treatment, as soon as feasible and based 
on patient acceptance. Among the 14 patients with necrotizing fasciitis, 
7 (50%) underwent broad debridement in the first 24 h (three of them 
worsened, with limb loss); 6 had unsalvageable limbs and underwent 
amputation as the first line of treatment. 

The analysis of the risk factors associated with amputation (Table 4) 
found one significantly associated factor: PAD (P < 0.001). An evalua-
tion of outcome parameters showed that poor glycemic control is asso-
ciated with higher risk of amputation (P = 0.0011). Neither diabetes nor 
obesity was significantly associated with this outcome. Analyzing 

patients with major amputations as the outcome showed a higher rate of 
complications and mortality (Table 6). The amputation rate was 29.5% 
(54/183) for NSTI patients versus 1.24% (2/161) in non-necrotizing 
SSTI patients. 

Overall, 31.1% (107/344) of the patients evaluated with major 
complications and 15.4% (53/344) of the total study population died. 
We found that hepatopathy, heart disease, smoking, and PAD were 
associated with more complications, and heart disease, smoking, PAD, 
and CRF were associated with death (Table 1). In patients with NSTI, the 
complications rate was 39.3% (72/183), compared to 100% (14/14) in 
patients with necrotizing fasciitis. Complications in patients with non- 
necrotizing SSTI occurred at a rate of 21.3% and only in patients with 
bullous cellulitis. In total, we revealed a mortality rate of 15.4% (53/ 
344); non-necrotizing SSTI was associated with death in 9.93% (16/ 
161) of patients. Patients with NSTI had a mortality rate of 20.2% (37/ 
183), which was 50% (7/14) in the necrotizing fasciitis group. Predic-
tive factors of death (Tables 1 and 3–5) included heart disease (P <
0.001), smoking (P = 0.0135), PAD (P = 0.001), CRF (P = 0.0039), 
leukocytosis at admission (P = 0.0045), poor glycemic control (P =
0.0005), and indication for amputation (P < 0.001). Glycemic level at 
admission was not associated with complications or higher mortality. 

The analysis indicated that there were 161 (46.8%) and 183 (53.2%) 
patients in the non-necrotizing SSTI and NSTI groups, respectively. A 
comparison of their risk factors (Table 6) showed a higher trend of 
diabetes, heart disease, and PAD in patients with NSTI, with mainly PAD 
showing an RR of 9.58 (confidence interval [CI] 3.69–24.87). Labora-
tory and outcome parameters in NSTI patients, for all parameters stud-
ied (Table 6), showed an RR of 33.28 (CI 7.97–139.0) of amputation (p 
< 0.001), 2.34 (CI 1.45–3.79) for complications (P = 0.0005), and 2.27 
(CI 1.2–4.26) for mortality rate (P = 0.009). Regarding deaths, the 
mortality rates were 9.93% (16/161) in non-necrotizing SSTI and 20% 
(37/183) in NSTI. 

4. Discussion 

In the literature, SSTIs are commonly discussed, but NSTIs more 
rarely so. The proportion of NSTIs (53.2%) in our study population is 
higher than that reported in previous articles; Miller et al. reported a 
proportion of NSTIs of 23% among their SSTI patients [2]. The reason 
for the high proportion of NSTIs in this population could be that our 

Table 2 
Clinical features of the patients in the two study groups with skin and soft tissue infection (SSTI).   

Non-necrotizing Necrotizing P-value 

Cellulitis (N = 11) Bullous cellulitis (N = 150) Cellulitis (N = 169) Fasciitis (N = 14)  

Sex Female (N = 204) 8 (72.7%) 90 (60%) 98 (58.3%) 8 (57.1%) 0.8572a 

Male (N = 139) 3 (27%) 60 (40%) 70 (41.7%) 6 (42.9%) 
Age, years 62b 66 70 75 0.1138d 

Hypertension (N = 232) 7 93 122 10 0.2556a 

Diabetes (N = 241) 7 98 127 9 0.2206a 

Obesity 2 17 21 2 0.1824 
Heart disease (N = 60) 0 19 (12.7%) 35 (20.7%) 6 (42.9%) 0.0081a 

Hepatopathy (N = 21) 0 8 (5.3%) 11 (6.5%) 2 (14.3%) 0.4442a 

Smoking (N = 30) 0 11 (7.3%) 19 (11.2%) 0 0.3877a 

PAD (N = 48) 0 5 (3.3%) 38 (22.5%) 5 (35.7%) <0.001a 

CRF (N = 26) 1 (9.1%) 10 (6.7%) 13 (7.7%) 2 (14,3%) 0.5205a 

Hospitalization duration, days 4b (3–7.5)c 8 (4–11) 8 (5–14) 11.5 (11–31) 0.007d 

Number of antimicrobials 1.0b (1–2)c 2.0 (2–2) 2.0 (2–2) 3.0 (1–4) 0.0108d 

Duration of antimicrobial therapy 4b (3–8)c 7.5 (4–11) 8 (5–14) 11.5 (10.2–20.25) <0.001d 

White blood cell count at admission, per mm3 11.5b (9–12.7)c 139 (10.0–20.5) 14.9 (11.0–23.2) 16.7 (19.0–31.2) 0.0022d 

Glucose at admission, mg/dl 125b (115–162)c 142 (112–203) 153 (109–269) 215 (145–187) 0.0326d 

PAD, peripheral arterial disease; CRF, chronic renal failure. 
Data are presented as n (%). 

a Fisher test. 
b Median. 
c Interquartile range. 
d Kruskal–Wallis test. 
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institution is located in a region with a medium human development 
index (HDI), with an absolute value of 0.658 [11]. 

The reported global mean ages of >60 years and >65 years for NSTIs 
were higher than those reported previously, especially from developed 
countries [1,2,12] as Nawijn et al. reported in a meta-analysis (mean age 
of 54 years for NSTIs) [1]. Khamnuan et al. (2015) described a mean age 
of >60 years in a developing country (Thailand), generating a discussion 
on whether this factor influences NSTI prevalence [13]. 

In our study the most commonly associated risk factors were diabetes 
and heart disease, mainly for NSTIs, a finding which is in agreement 
with most of the literature [1,2,5,6,8]. Goh et al. identified diabetes as 
the overriding factor for NSTIs [14]. However, obesity was not an 
important risk factor in our study, which differs from the findings of 
other studies that considered it a major risk factor for the disease [2,3,6, 
12]. This difference is probably because the obesity index of the popu-
lation we serve is 9% [15,16], which differs from the 40% and 29% 

reported for the US [17] and England [18], which are developed 
countries. In contrast, Tianyi et al. published a review of SSTIs in Africa 
and showed that the major risk factor for complicated SSTIs was obesity 
[19]. 

In the laboratory parameters, our institutional protocol includes only 
WBC, renal function, and glycemic control in hospitalized patients, 
reserving other exams on need-based requirement because of a limited 
budget. We agree with Jenkins et al. that a substantial amount of 
healthcare resources is expended on diagnostic tests, some of which may 
have been avoidable [20,21]. Several scores have already been studied, 
but there is a lack of consistent evidence in the diagnosis and prognosis 
of patients [22]. Leukocytosis does not generally have a major role in 
researching the evolution of the disease [22], although our study found 
cases of necrotizing infection had high tendencies for elevated WBC 
counts and high glucose levels at admission, including a median WBC 
count of 26750/mm3 (19225–31200) for necrotizing fasciitis. In addi-
tion, we found that poor glycemic control was an important risk factor 
for longer hospitalization and higher rates of complications and deaths. 
Most studies compare more reliable severity scores to predict outcomes 
[23], although strict glycemic control can be an important ally in 
combating complications from SSTIs. In general, diabetic patients with 
blood glucose levels <200 mg/dL are easier to treat [24]. Nonspecific 
studies for SSTI have described that uncontrolled blood glucose is a 
major risk factor for amputation [25]. 

The expected results were obtained with a tendency for longer hos-
pitalizations and a greater number of antibiotics in NSTI patients. The 
institution has a protocol for admitting patients with necrotizing in-
fections and using broad-spectrum antibiotics for polymicrobial in-
fections. In non-necrotizing infections, we do not routinely use agents 
with efficacy against MRSA, in line with some studies that indicated that 
these do not improve results [26,27]. 

With regard to surgery, an average of 1.08 debridement procedures 
was done for patients diagnosed with necrotizing cellulitis and less than 
one with a diagnosis of necrotizing fasciitis, in contrast to that reported 
previously, with an average of three debridement procedures per patient 
[12,28]. This is probably because 13% of the patients with necrotizing 
cellulitis and 42.8% of those with necrotizing fasciitis underwent major 
amputation as the first line of treatment. Two main factors may be 
responsible for these numbers: Doctor delay and System delay. During the 
study period, the institution did not have an efficient system for regu-
lating beds, being a referral center for cities within a radius of up to 350 
km, which greatly delays the transfer and evaluation of the patient. 
Because the incidence is low, necrotizing infections can be confused for 
non-necrotizing infections, like simple cellulitis and erysipelas, in the 
crucial initial stages of treatment [2,28]. We believe that due to an 
inefficient regulatory system, many patients do not receive necessary 
care, causing their conditions to deteriorate; several high-severity pa-
tients with an initial indication for amputation were admitted during the 
study. The amputation rate was 29.5% for patients with NSTIs and 
1.24% for non-necrotizing SSTIs, which is higher than the average re-
ported by other studies (10–26%) [29–31]. 

In an analysis of risk factors, we found only PAD and glycemic 
control were major predictive factors for amputation in NSTIs. Most 
studies report the presence of heart disease, necrosis, serum creatinine 
>1.6 mg/dL, the presence of shock at admission, and anaerobic in-
fections as main risk factors [13,32]. Although diabetes can be consid-
ered a risk factor for amputation [1,31], some studies have not found 
such an association [13,33–35]. 

A literature review demonstrated a complication rate of 55–59% in 
patients [1,2,12,13], with the same risk factors for mortality: advancing 
age, multiple comorbidities, sepsis on admission, and signs of circula-
tory shock [1,36,37]. The percentage of complications in our study was 
in agreement with that in the literature, as was our mortality rate of 
21.3%. One recent meta-analysis [1] described a constant mortality rate 
in the last 10 years of approximately 20%, after a significant increase in 
the first few years of the 21st century, when it was identified that this 

Fig. 1. Tendency of continuous variables between the groups with non- 
necrotizing and necrotizing skin and soft tissue infection (SSTI). (A) Curve 
inclination for longer duration in necrotizing SSTI (NSTI); (B) inclination 
through longer duration of antimicrobial therapy in patients with NSTI; and (C) 
Tendency to use more antimicrobials in NSTI. 
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increase was due to resistant microorganisms [2]. We studied the factors 
associated with mortality, and identified that leukocytosis on entry, 
uncontrolled blood glucose levels during hospitalization, and amputa-
tion were associated with higher mortality. The factors that seem to 
significantly improve the mortality in patients with NSTI include 
broad-spectrum antibiotic therapy on admission and ample debridement 
surgery in the first 12 h, although surgery in the first 24 h has not shown 
an improvement in amputation rates [1]. 

A challenge in evaluating the literature arises because there is no 
universally accepted standard of classification for SSTIs. Variations in 
the presence or absence of purulent secretion, necrosis or systemic 
complications have been described [38]. We believe that the presence or 
absence of necrosis facilitates the classification, and the use of different 
terms may delay treatment. Raya-Cruz et al. (2014) reported a study on 
SSTIs in 2014 with 66.7% of cases hospitalized with cellulitis/erysipelas, 
with the commonest risk factors being diabetes (33%) and heart disease 
(17.7%) [39]. Our study found an incidence of 46.8% for cellulitis/er-
ysipelas, with diabetes in 65.2% (105/161) of those patients, which can 
be explained by the socioeconomic factors of our region, which 
contribute to less preventive glycemic control. 

We compared NSTI with non-necrotizing SSTI, and a higher pro-
portion of patients with diabetes, heart disease, and PAD had necrosis 
(PAD, RR 9.98, CI 3.69–24.87). The presence of necrosis proved to be an 
important illness-severity factor, with higher RR for leukocytosis, un-
controlled blood glucose, number of agents and duration of antibiotic 
therapy, and longer hospital stay, despite the latter having only a small 

increase. Patients with necrosis were three times more likely (RR 3.69, 
CI 2.31–5.87) to undergo debridement surgery and also demonstrated 
an important difference in the chance of being subjected to greater 
amputation (RR 33.28, CI 7.97–139.0). With these data, special atten-
tion needs to be paid to the prevention of necrotizing infections, espe-
cially in patients with PAD, as it has a greater than twofold RR for 
evolving into complications (RR 2.34, CI 1.45–3.79) and death (RR 2.27, 
CI 1.20–4.26). 

The main limitation of this study lies in the fact that it is retrospec-
tive. We faced difficulties in comparing our data with published data 
from the same region due to the scarcity of studies on the subject in our 
continent. There is a need for prospective research in this geographic 
region and continent, due to socioeconomic and genetic differences that 
are evident in studies reported from other regions. 

5. Conclusions 

In this study region, patients with SSTIs had a higher mean age and 
lower proportion of obesity, and an equivalent presence of factors such 

Table 3 
Surgical evaluation of the patients in the two study groups with skin and soft tissue infection (SSTI).   

Non-necrotizing SSTI Necrotizing SSTI P-value  

Cellulitis (N = 11) Bullosa cellulitis (N = 150) Necrotizing cellulitis (N = 169) Necrotizing fasciitis (N = 14)  

Seasons Spring (N = 94) 3 (27.3) 50 (33.3) 39 (23,1) 2 (14,3) 0,2864a 

Summer (N = 107) 4 (36.4) 47 (31.3) 54 (32.0) 2 (14.3) 
Fall (N = 60) 1 (9.1) 22 (14.7) 33 (19.5) 4 (28.6) 
Winter (N = 83) 3 (27.3) 31 (20.7) 43 (25.4) 6 (42.9) 

Debridement (N = 220) 1,0 (9.1) 77 (51.3) 135 (79.9) 7 (50.0) <0.001a 

Debridement (per patient) 0 1.0b (0–1)c 1.0 (1–1) 0.5 (0–1) <0.001d 

Amputation (N = 56) 0 2 (1.3) 44 (26.0) 10 (71.4) <0.001a 

Complications (N = 107) 0 35 (23.3) 58 (34.3) 14 (100.0) <0.001a 

Death (N = 53) 0 16 (10.6) 30 (17.7) 7 (50.0) 0.0014a 

Data are presented as n (%). 
a Fisher test. 
b Median. 
c Interquartile range. 
d Kruskal–Wallis test. 

Table 4 
Factors associated with amputation.   

Amputation  

Yes (N = 56) No (288) P-valuea 

Risk Factors Hypertension (232) 40 (71.4) 192 (66.7) 0.4865 
Diabetes (242) 46 (82.1) 195 (67.7) 0.2206 
Obesity 11 (19,6) 49 (17) 0.3617 
Heart Disease (60) 18 (32.1) 42 (14.6) 0.7595 
Hepatopathy (21) 4 (7.1) 17 (5.9) 0.4442 
Smoking (30) 9 (16.1) 21 (7.3) 0.0649 
PAD (48) 34 (60,7) 14 (4.9) <0.001 
CRF (26) 7 (12.7) 19 (6.6) 0.1582 

Complications  
Yes (107) 35 (62.5) 72 (25.0) <0.001 
No (237) 21 (37.5) 216 (75.0) 

Death  
Yes (53) 20 (35.7) 33 (11.5) <0.001 
No (291) 36 (64.3) 255 (88.5) 

PAD, peripheral arterial disease; CRF, chronic renal failure. 
Data are presented as n (%). Bold values indicate significant differences. 

a Fisher test. 

Table 5 
Relationship of the clinical outcomes with the glycemic control.   

Glycemic 
status, 
controlled (N 
= 198) 

Glycemic status, 
uncontrolled (N 
= 146)  

Diagnosis Cellulitis, 
simple (N =
11) 

9 (4.5) 2 (1.4) 0.0254a 

Bullosa 
cellulitis (N =
150) 

93 (47.0) 57 (39.0) 

Necrotizing 
cellulitis (N =
169) 

92 (46.5) 77 (52.7) 

Necrotizing 
fasciitis (N =
14) 

4 (2.0) 10 (6.8) 

Complications No (N = 237) 152 (76.8) 85 (58.2) 0.0002a 

Yes (N = 107) 46 (23.2) 61 (41.8) 
Amputation No (N = 288) 177 (89.39) 111 (76.03) 0.0011a 

Yes (N = 56) 21 (10.60) 35 (23.97) 
Duration of hospitalization, days 7b (4− 11)c 9 (6–14) <0.001d 

Deaths No (N = 291) 179 (90.4%) 112 (76.7%) 0.0005a 

Yes (N = 53) 19 (9.6%) 34 (23.3%) 

Data are presented as n (%). Bold values indicate significant differences. 
a Fisher test. 
b Median. 
c Interquartile range. 
d Kruskal–Wallis test. 
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as diabetes, heart disease, and PAD in comparison to the incidence re-
ported in international literature. There was a higher overall amputation 
rate, despite a similar mortality rate, in the study population. PAD and 
glycemic control were most frequently associated with amputation. 
Comparing the presence or absence of necrosis showed a trend for 
greater severity in necrotizing infections, with an important increase in 
the risk of amputation, complications, and mortality. 
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