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Abstract
Introduction

Fournier’s gangrene (FG) is a rapidly progressing necrotizing fasciitis. The Fournier's Gangrene Severity
Index (FGSI), in conjunction with the Charlson Comorbidity Index (CCI), has been used as a mortality
predictor during hospitalization. Patients with diabetes have also been shown to be at an increased risk for
the development of FG. This study explores the potential of using FGSI, CCI, and patient diabetes status in
predicting more extensive patient outcomes, including intensive care unit (ICU) admission and length of
hospital stay.

Methods

From 2013 to 2023, inpatient admissions with the diagnosis of FG were selected from the EPIC Clarity
database of the Sisters of St. Mary hospital system. Patient demographics, ICU admission, length of hospital
stay, medical comorbidities, and calculated FGSI and CCI scores were extracted from selected admissions.
Logistic regression and generalized linear regression models were performed for regression analysis.

Results

A total of 264 patients who met our inclusion criteria were admitted for FG from 2013 to 2023. The patient
population was all male with a mean age of 54.7 years. Of the cohort, 127 patients (48.1%) required ICU care,
and 44 patients (16.7%) died during admission. Of the 164 patients (62.1%) diagnosed with diabetes, 13 were
taking sodium-glucose cotransporter 2 (SGLT-2) inhibitors prior to admission, and 121 were insulin-
dependent. No relationship could be found between the use of SGLT-2 inhibitors or insulin and patient
outcome. For every one-unit increase in FGSI score, the odds of mortality increased by 1.14 times, the odds
of being admitted to the ICU increased by 1.3 times, and the length of hospital stay increased by 1.1 days
(p<0.0001). For every one-unit increase in CCI score, the odds of mortality increase by 1.2 times (p=0.003),
and the length of hospital stay increased by 0.9 days (p=0.04).

Conclusions

Insulin-dependent diabetes and the use of SGLT-2 inhibitors are not risk factors for more severe FG. FGSI
and CCI scores may be used to predict patient outcomes beyond mortality, including ICU admission and
length of hospital stay.

Categories: Urology, Infectious Disease
Keywords: charlson comorbidity index, fournier gangrene, fournier gangrene severity index, necrotizing fasciitis,
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Introduction

Fournier’s gangrene (FG) is a necrotizing infection involving the lower abdominal, genital, and perineal
areas. The disease is the result of a bacterial infection of the underlying Dartos, Colles, or Scarpa’s fascia,
which causes severe inflammation of the deep and superficial tissue that rapidly spreads throughout the
region leading to skin breakdown [1]. The initial infection can have a multitude of origins such as a skin
abscess, urinary tract infection (UTI), bowel perforation, or surgical manipulation of the genital area. The
condition primarily affects men between the ages of 50-79 with an incidence of 1.6 per 100,000 in that
demographic category. FG has a very high fatality rate with some studies showing 30-80% of patients

How to cite this article

Hauser N, Huang C, Vaidya G, et al. (December 07, 2024) Fournier's Gangrene Severity Index and Charlson Comorbidity Index Predict Mortality,
Intensive Care Unit Admission, and Length of Hospital Stay in Patients With Fournier's Gangrene: An Analysis of 264 Consecutive Patients.
Cureus 16(12): €75281. DOI 10.7759/cureus.75281


https://www.cureus.com/users/902027-nicholas-hauser
https://www.cureus.com/users/909367-chenlin-huang
https://www.cureus.com/users/909358-girija-vaidya
https://www.cureus.com/users/909364-timothy-chrusciel
https://www.cureus.com/users/909362-krithika-narayana-kumarasan
https://www.cureus.com/users/731723-john-culhane
https://www.cureus.com/users/909356-sameer-siddiqui
javascript:void(0)

Cureus

Part of SPRINGER NATURE

succumbing to the disease. Therefore, early detection and treatment is crucial. Treatment consists of prompt
surgical debridement of the affected tissue and broad-spectrum antibiotics [1,2]. Even with successful initial
treatment, serious complications such as urinary, fecal, and cosmetic issues can arise in a large percentage
of patients [1].

Prognosis can be determined using Fournier’s Gangrene Severity Index (FGSI), which uses an array of vital
signs and lab values to assess the likelihood of survival [3]. Several studies document the validity of FGSI in
predicting death in patients with FG. The results have shown that FGSI is a useful prognostic tool for
predicting mortality [3]. The authors of a recent study have suggested that diabetes should be added to the
scoring system as diabetes continues to be the most common risk factor for FG [4]. Additional metrics such as
age, extent of tissue involvement, and comorbidities are included in the Charlson Comorbidity Index (CCI)
which has also proven to be a powerful prognostic tool for predicting mortality in patients with FG [5]. The
CCI assigns weights to medical comorbidities based on the likelihood of complication or death in medical
situations including FG [5,6].

This study explores the potential of using FGSI and CCI for predicting patient outcomes other than
mortality, including intensive care unit (ICU) admission and length of hospital stay. Previous studies have
assessed the validity of predicting death as a direct outcome of FG, but FG can also cause a wide array of
other potential complications. In addition to the above-mentioned scoring systems, this study will consider
the diabetic status and the use of glycemic control medications in patients with FG to predict outcomes.

Materials And Methods

This is a multicenter retrospective case series. Inpatient admissions from 2013 to 2023 with the diagnosis of
FG were selected from the EPIC Clarity database of the Sisters of Saint Mary hospital system, which consists
of a large urban tertiary care center and multiple satellite facilities. The inclusion criteria for this project
required a patient to be diagnosed with FG using CPT code N49.3, the necessary lab values to calculate the
FGSI score, medical comorbidities to calculate the CCI score, patient demographics, ICU admission, and
length of hospital stay. Patients who did not meet all these criteria were excluded from this study. The CPT
code N49.3 is a male-specific diagnosis for FG and as a result, all patients in this study were male. These data
were extracted from the selected admissions and analyzed.

Generalized linear regression and logistic regression were used for multivariate analysis of continuous and
binary outcomes, respectively. The covariates in both models were diabetes status, insulin use, FGSI score,
and CCI score. P-values of less than or equal to 0.05 were considered significant.

Results

This study identified 264 patients who were diagnosed with FG during the selected time period.

Table I displays the baseline characteristics of patients diagnosed with FG. Of the cohort, 44 patients died
from FG, resulting in a mortality rate of 16.7%. The cohort was entirely male with a mean age of 54.7 years
old and an average body mass index of 36.1. The mean FGSI score was 13.2 and the median length of
hospital stay was 10 days. Diabetic patients made up 62.1% of the cohort, with 45.8% taking insulin
medication and 4.9% taking sodium-glucose cotransporter 2 (SGLT-2) inhibitors. The median CCI score was
1 out of a maximum of 24. Of the cohort, 48.1% required a stay in the ICU.
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Total (N = 264)

Baseline Characteristics Mean + SD
Age 54.7 £ 141
Body mass index 36.1+10.6

Yes (%) No (%)
Diabetes status 164 (62.1) 100 (37.9)
Patient taking insulin 121 (45.8) 143 (54.2)
Patient taking SGLT-2 inhibitor 13 (4.9) 251 (95.1)

Vitals Highest (Mean + SD) Lowest (Mean * SD)
Temperature 38.2+0.8 3582
Respiration rate 321141 85+5.1
Pulse 121.1+21.4 57.6 £17.7
Lab Values Highest (Mean + SD) Lowest (Mean * SD)
Bicarbonate 28.1+3.9 202+46
Creatinine 21+26 1.0+1.0
Hematocrit 38.8+6.1 29.8+6.9
Leukocytes 20.9+9.1 8.8+3.6
Sodium 140.7 £ 4.2 132+4.5
Potassium 46+0.6 35+04
Prognostic Scores Mean % SD
FGSI score 13.2+6.4
Median (Interquartile Range) Minimum, Maximum
CCl score 1(1,3) 0,15
Outcomes Yes (%) No (%)
Mortality 44 (16.7) 220 (83.3)
ICU admission 127 (48.1) 137 (51.9)

Length of hospital stay

Median (Interquartile Range)

10 (5, 16)

Minimum, Maximum

1,181

TABLE 1: Baseline characteristics of patients diagnosed with Fournier's gangrene (N = 264)

N, Number; SD, Standard Deviation; SGLT-2, Sodium-Glucose Contransporter-2; FGSI, Fournier's Gangrene Severity Index; CCI, Charlson Comorbidity
Index; ICU, Intensive Care Unit

Table 2 shows the association of selected risk factors with mortality and ICU admission. Diabetic patients
with FG were not at an increased risk for either of these outcomes compared to non-diabetic patients,
regardless of their use of insulin medication. Increased FGSI scores showed a very significant association
with both mortality and ICU admission. An increased CCI score had a statistically significant association
with mortality but did not show a significant correlation with ICU admission.
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Mortality ICU Admission
Patient Factor

OR (95% CI) p-value OR (95% ClI) p-value
Diabetes status 1.1(0.6, 2.1) 0.82 1.1(0.7,1.8) 0.77
Patient taking insulin 1.5(0.8, 2.9) 0.21 1.34 (0.8,2.2) 0.24
Increased FGSI score 114 (1.1,1.2) <.0001 1.3(1.2,1.4) <.0001
Increased CCl score 1.2(1.1,1.4) 0.003 1.1,(1,1.2) 0.15

TABLE 2: Associated risk factors for mortality and intensive care unit admission

ICU, Intensive Care Unit; OR, Odds Ratio; Cl, Confidence Interval; FGSI, Fournier's Gangrene Severity Index; CCI, Charlson Comorbidity Index

Table 3 represents a linear regression model predicting the length of hospital stay for patients with selected
risk factors. Whether or not a patient had diabetes or was taking insulin did not have a statistically
significant impact on the length of hospital stay. However, a single-point increase in a patient’s FGSI or CCI
score had a significant impact on their length of hospital stay.

Factor Affecting Length of Hospital Stay Increased Length of Hospital Stay in Days - 8 (95% CI) p-value
Diabetes status 0.7 (-3.3,4.7) 0.71
Patient taking insulin 2.9(-1,6.7) 0.15
One-unit increase in FGSI score 1.1 (0.9, 1.4) <.0001
One-unit increase in CCI score 0.9 (0.03,1.7) 0.04

TABLE 3: Patient risk factors affecting length of hospital stay

Cl, Confidence Interval; FGSI, Fournier's Gangrene Severity Index; CCI, Charlson Comorbidity Index

Discussion

This study found that diabetes status was not associated with any of the measured outcomes for patients
with FG. Previous studies have shown that diabetes is a major risk factor for a patient developing FG [4], but
these results indicate that diabetic patients with FG do not have an increased risk of more serious disease.
These findings are consistent with results from other research in the literature that came to similar
conclusions showing that diabetes status did not affect mortality in FG patients [7,8]. Insulin is required for
type 1 and refractory type 2 diabetes; thus, it is often an indicator of more severe diabetes [9]. This study also
failed to show an association between the use of insulin and outcome. These results suggest that

appropriate glycemic control through the use of medications during treatment is more important than a
history of diabetes.

Diabetes can lead to excess glucose in the urine, which increases the risk of UTT [10]. Underlying UTT is a
common initiating event for FG [4]. SGLT-2 inhibitors further increase glycosuria as a means of eliminating
blood glucose to improve glycemic control [10]. Research has shown an association between the use of these
medications in diabetic patients and the development of FG [11]. While only a small percentage of the
patients in this study were taking SGLT-2 inhibitors, these patients did not show an increased association
with any of the measured outcomes. This is further evidence that risk factors for contracting FG do not
necessarily lead to worse outcomes [7,8].

This study found that the FGSI was useful for predicting health outcomes beyond mortality, including both
ICU admission and length of hospital stay. Previous studies have shown the efficacy of using a patient’s FGSI
and CCI scores to predict mortality [3,4]. A systematic review and meta-analysis comprising 40 studies with
over 2,000 combined patients showed that patients with an increased FGSI score had a significantly
increased risk of mortality from the disease. They found that patients with an FGSI score of less than 2 had a
mortality rate of just 4.8% compared to those with a score of greater than 2 who had a mortality rate of over
70% (p<0.0001) [12]. Similarly, CCI scores are also associated with mortality in FG, with one study of 144
patients reporting that patients with a decreased CCI score had a significantly reduced risk of death from the
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disease. The overall mortality rate in this study was 14.6% with a mean CCI score of 2.3 for survivors
compared to 5.03 in non-survivors (p<0.001) [13]. While there are more data supporting the validity of FGSI
as compared to CCI for predicting mortality in FG patients, both indexes showed significant association
across numerous studies [12,13]. Overall, the results from this study, along with those of previous studies,
show a stronger association of FGSI with mortality than CCI.

Prediction of outcomes other than mortality helps providers anticipate the needs of complex patients. FG is
a highly lethal disease. Physicians need to recognize the patients with the highest risk of complications
stemming from FG so they can assign appropriate acuity of care [14]. Accurate prediction of the need for ICU
admission facilitates this process. The treatment of FG is also resource-intensive. Studies have shown that
the threshold for repeat debridement procedures should be very low to minimize the risk of inadequate
source control if the initial procedure fails to eliminate all the affected tissue. Multiple debridements and
extended periods of wound care are time-consuming. Accurate prediction of length of hospital stay can help
with resource allocation and disposition planning [15]. Several studies have shown the importance of
accurately predicting a patient’s length of hospital stay for both resource allocation purposes and overall
health outcomes for patients. Many of these studies mention that the lack of accurate systems to predict a
patient’s length of hospital stay makes it much more difficult to allocate those resources efficiently and
provide optimal care [16]. This study agrees with much of the previous literature on the topic and provides
evidence that both FGSI and CCI scores are significantly correlated with the length of hospital stay in
patients with FG.

This study appears to be the single largest case series of FG in the current literature and therefore provides a
great ability to assess the risk factors associated with poor outcomes related to FG. The outcomes measured
in this study found that in addition to overall mortality, ICU admission and length of hospital stay were also
correlated with patients’ FGSI and CCI scores on admission. As with all retrospective data, causal
relationships cannot be inferred from the observed associations, but the size of this study makes these
correlations convincing. Additional limitations to this study involve the fact that all included patients were
male. While FG is much more common in males, it can still occur in female patients and therefore more
research needs to be conducted to ensure that this data can be reproduced in a more representative
population. Also, the lack of information regarding the hemoglobin Alc levels of each diabetic patient who
presented with FG made it difficult to truly assess how well each patient’s condition was being controlled.
While the medication lists for these patients were available and it was possible to see who was actively
treating their diabetes with pharmacological therapy as a proxy, there were no accurate lab values to
correlate the use of these medications with good glycemic control. This leaves open the possibility that
patients actively taking medication for their diabetes may still have had similar or worse blood sugar levels
compared to diabetic patients not using medication to treat their disease.

Conclusions

The results of this study show that diabetes does not predict a more severe progression of FG. The use of
insulin and SGLT-2 inhibitors also failed to predict outcomes. Diabetes is known to be a risk factor for the
occurrence of FG, but diabetics respond as well as non-diabetics to treatment. Therefore, it is recommended
that diabetic status not be incorporated into the FGSI. FGSI and CCI scores are confirmed as independent
predictors of mortality in FG. This study also showed that they can be used to predict the need for ICU
admission and length of hospital stay. Of the two scoring systems, FGSI shows a stronger association with
outcome. In addition to providing prognosis, FGSI can be a valuable tool to help guide the acuity of care,
resource allocation, and disposition planning.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Nicholas Hauser, Sameer Siddiqui, Girija Vaidya, John Culhane, Chenlin Huang

Acquisition, analysis, or interpretation of data: Nicholas Hauser, Sameer Siddiqui, Girija Vaidya,
Krithika Narayana Kumarasan, Timothy Chrusciel, John Culhane, Chenlin Huang

Drafting of the manuscript: Nicholas Hauser, Chenlin Huang

Critical review of the manuscript for important intellectual content: Nicholas Hauser, Sameer
Siddiqui, Girija Vaidya, Krithika Narayana Kumarasan, Timothy Chrusciel, John Culhane, Chenlin Huang

Supervision: Sameer Siddiqui, John Culhane

Disclosures

2024 Hauser et al. Cureus 16(12): e75281. DOI 10.7759/cureus.75281 50of 6


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Christine Jacobs issued approval 32161. Department Chair Approval. By signing
below, assure that the Principal investigator of this protocol has the requisite funding, credentials, training,
and any necessary hospital privileges (if needed) to complete the research. also assure that there are
sufficient resources to complete the research and that the proper oversights are in place to carry out the
protocol. -Christine Jacobs (Dean, School of Medicine). Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

Acknowledgements

The authors would like to sincerely thank both Irene Ryan and Thomas Sessa for their guidance on
experimental design and statistical analysis for this project.

References

1. Leslie SW, Rad J, Foreman J: Fournier Gangrene, in . StatPearls [Internet], Treasure Island (FL); 2024.
2. Sorensen MD, Krieger JN: Fournier’s gangrene: epidemiology and outcomes in the general US population.
Urol Int. 2016, 97:249-59. 10.1159/000445695
3. Itaimi A, Triki W, Abbassi I, Ayed K, Baraket O, Bouchoucha S: Fournier’s gangrene: validation of the
severity index. Tunis Med. 2022, 100:122-6.
4. Sparenborg JD, Brems JA, Wood AM, Hwang J], Venkatesan K: Fournier's gangrene: a modern analysis of
predictors of outcomes. Transl Androl Urol. 2019, 8:374-8. 10.21037/tau.2019.03.09
5. Doluoglu OG, Karagoz MA, Kiling MF, et al.: Overview of different scoring systems in Fournier's gangrene
and assessment of prognostic factors. Turk ] Urol. 2016, 42:190-6. 10.5152/tud.2016.14194
6. Charlson ME, Carrozzino D, Guidi ], Patierno C: Charlson comorbidity index: a critical review of Clinimetric
properties. Psychother Psychosom. 2022, 91:8-35. 10.1159/000521288
7. Nisbet AA and Thompson IM: Impact of diabetes mellitus on the presentation and outcomes of Fournier's
gangrene. Urology. 2002, 60:775-9. 10.1016/s0090-4295(02)01951-9
8. Tendrio CE, Lima SV, Albuquerque AV, Cavalcanti MP, Teles F: Risk factors for mortality in fournier's
gangrene in a general hospital: use of simplified founier gangrene severe index score (SFGSI). Int Braz ] Urol.
2018, 44:95-101. 10.1590/81677-5538.1BJU.2017.0193
9. Niswender KD: Basal insulin: physiology, pharmacology, and clinical implications . Postgrad Med. 2011,
123:17-26. 10.3810/pgm.2011.07.2300
10. Pishdad R, Auwaerter PG, Kalyani RR: Diabetes, SGLT-2 inhibitors, and urinary tract infection: a review .
Curr Diab Rep. 2024, 24:108-17. 10.1007/s11892-024-01537-3
11.  Chowdhury T, Gousy N, Bellamkonda A, et al.: Fournier’s gangrene: a coexistence or consanguinity of
SGLT-2 inhibitor therapy. Cureus. 2022, 14:€27773. 10.7759/cureus.277753
12.  Tufano A, Dipinto P, Passaro F, et al.: The value of Fournier’s gangrene scoring systems on admission to
predict mortality: a systematic review and meta-analysis. | Pers Med. 2023, 13:1283. 10.3390/jpm13091283
13.  Gomgali B, Ceylan C, Altun Ozdemir B, Agackiran I, Akinci F: Comparison of the newly developed Fournier's
gangrene mortality prediction model with existing models. Ulus Travma Acil Cerrahi Derg. 2022, 28:490-7.
10.14744/tjtes.2020.68137
14. Lewis GD, Majeed M, Olang CA, Patel A, Gorantla VR, Davis N, Gluschitz S: Fournier’s gangrene diagnosis
and treatment: a systematic review. Cureus. 2021, 13:e18948. 10.7759/cureus.18948
15.  Kline BP, Jeganathan NA: Necrotizing soft tissue infections of the perineum . Clin Colon Rectal Surg. 2022,
35:237-43. 10.1055/5-0041-1740102
16. Stone K, Zwiggelaar R, Jones P, Mac Parthaldin N: A systematic review of the prediction of hospital length of
stay: towards a unified framework. PLOS Digit Health. 2022, 1:e0000017. 10.1371/journal.pdig.0000017

2024 Hauser et al. Cureus 16(12): €75281. DOI 10.7759/cureus.75281 6 0of 6


https://www.ncbi.nlm.nih.gov/books/NBK549821/
https://dx.doi.org/10.1159/000445695
https://dx.doi.org/10.1159/000445695
https://pmc.ncbi.nlm.nih.gov/articles/PMC9272447/
https://dx.doi.org/10.21037/tau.2019.03.09
https://dx.doi.org/10.21037/tau.2019.03.09
https://dx.doi.org/10.5152/tud.2016.14194
https://dx.doi.org/10.5152/tud.2016.14194
https://dx.doi.org/10.1159/000521288
https://dx.doi.org/10.1159/000521288
https://dx.doi.org/10.1016/s0090-4295(02)01951-9
https://dx.doi.org/10.1016/s0090-4295(02)01951-9
https://dx.doi.org/10.1590/S1677-5538.IBJU.2017.0193
https://dx.doi.org/10.1590/S1677-5538.IBJU.2017.0193
https://dx.doi.org/10.3810/pgm.2011.07.2300
https://dx.doi.org/10.3810/pgm.2011.07.2300
https://dx.doi.org/10.1007/s11892-024-01537-3
https://dx.doi.org/10.1007/s11892-024-01537-3
https://dx.doi.org/10.7759/cureus.27773
https://dx.doi.org/10.7759/cureus.27773
https://dx.doi.org/10.3390/jpm13091283
https://dx.doi.org/10.3390/jpm13091283
https://dx.doi.org/10.14744/tjtes.2020.68137
https://dx.doi.org/10.14744/tjtes.2020.68137
https://dx.doi.org/10.7759/cureus.18948
https://dx.doi.org/10.7759/cureus.18948
https://dx.doi.org/10.1055/s-0041-1740102
https://dx.doi.org/10.1055/s-0041-1740102
https://dx.doi.org/10.1371/journal.pdig.0000017
https://dx.doi.org/10.1371/journal.pdig.0000017

	Fournier’s Gangrene Severity Index and Charlson Comorbidity Index Predict Mortality, Intensive Care Unit Admission, and Length of Hospital Stay in Patients With Fournier’s Gangrene: An Analysis of 264 Consecutive Patients
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Results
	TABLE 1: Baseline characteristics of patients diagnosed with Fournier's gangrene (N = 264)
	TABLE 2: Associated risk factors for mortality and intensive care unit admission
	TABLE 3: Patient risk factors affecting length of hospital stay

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


