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ABSTRACT

Objective: To assess the predictive ability of the laboratory risk indicator for necrotising fasciitis (LRINEC) score for lower extremity
amputation in patients with moderate to severe diabetic foot infection (DFI).

Study Design: Observational study.

Place and Duration of the Study: Department of General Surgery, Combined Military Hospital, Rawalpindi, Pakistan, from June to
September 2023.

Methodology: Patients admitted to the surgical ward with moderate to severe DFI were included by convenience sampling. Patients
with severe sepsis, unstable haemodynamics, pressure injuries, and terminal illnesses were excluded. Demographic and clinical data of
patients were noted down. LRINEC score was calculated on the day of admission. Final outcome (amputation or otherwise) was
recorded on the 30" day the since the day of admission.

Results: Two hundred patients with moderate to severe DFIl were included. The median age of patients was 56 years (IQR 49-66 years).
The median duration of diabetes was 11 years (IQR 4 - 18.75 years). The median LRINEC score at admission was 6 (IQR 3-9). The
majority of the patients (65.5%) had some other medical comorbid besides diabetes. Patients who had amputation due to DFI at 30
days post-admission had higher LRINEC scores on admission as compared to those patients who did not have amputation (Median 8 vs.
2, p <0.001). The cut-off point of LRINEC score =6.5 at admission had sensitivity of 74% and specificity of 94% in predicting amputation.
Conclusion: The LRINEC score may be used as an objective scoring system to predict the risk of amputation in patients with moderate

to severe DFI in indoor clinical settings.
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INTRODUCTION

Diabetes mellitus (DM) constitutes a spectrum of metabolic
disorders that share hyperglycaemia as its hallmark feature.'
The pandemic of diabetes continues to rise globally. According
to the International Diabetes Foundation, 537 million adults
aged between 20 and 79 years are living with diabetes
globally.” Diabetes-related lower extremity complications
(DRLECs) affect approximately 131 million people around the
globe i.e. every 4" person with diabetes has some form of
DRLECs. DRLECs occur mainly due to peripheral vascular
disease (PVD) and neuropathy.’ Of these, diabetic foot infec-
tion (DFI) is the most frequent entity requiring hospitalisa-
tion.?
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It is the most frequent triggering event leading to lower limb
amputation in diabetic patients.** Only 46% of patients with
diabetes-related foot ulcer (DFU) report complete healing,
while 15% of patients succumb to the disease, and as many as
17% undergo lower extremity amputation withinone year.>®

Different classification systems have been used in the litera-
tureto classify DFlaccording to the severity and extent ofinfec-
tion. International Working Group on Diabetic Foot (IWGDF)
Classification, Infectious Diseases Society of America (IDSA)
Classification, Wagner's Classification of Diabetic Foot, PEDIS
(Perfusion, Extent, Depth, Infection, Sensation) score and
DEPA (Depth of Ulcer, Extent of bacterial colonisation, Phase of
ulcer healing, Associated aetiology) score are commonly used
in clinical practice. Out of these, IWGDF/IDSA classification for
diabetic foot infection is widely accepted. This classification
system is easy to implement in clinical settings.” All these clas-
sification systems give information regarding the severity of
DFI, but cannot predict the prognosis of disease in terms of risk
foramputation.’

LRINEC (The Laboratory Risk Indicator for Necrotising Fasciitis)
score is a 13-point score that is used to diagnose necrotising
fasciitis.” It is calculated from six routine laboratory parameters:
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C-reactive protein (<150mg/L=0; >150mg/L=4), total leuko-
cyte count (<15000/uL=0; 15000-25000/uL=1; >25000/uL=2),
haemoglobin(>13.5g/dL=0;11-13.5g/dL=1; <11g/dL=2), crea-
tinine (=141 pumol/L=0; >141 umol/L=2), sodium (=135mE-
g/L=0; <135mEq/L=2) and glucose (=180 mg/dL=0; >180
mg/dL=2).® This is a validated tool for diagnosing necrotising
fasciitis.® This tool has been used to describe the severity of
necrotising fasciitis as well. Multiple risk factors of amputation
in patients with DFl have been described inthe literature. These
include age, duration of diabetes, glycaemic control, smoking,
and medical comorbids.** However, the literature on objective
scoring system for predicting risk of amputationin patients with
DFlislimited. Inthis study, the authors hypothesised thathigher
LRINEC score is associated with severity of DFl and this can be
used to predict amputation in this patient population. To the
authors’ knowledge, LRINEC score has not been used to predict
risk of amputation in moderate to severe DFI in Pakistan. This
study aimed to provide a cut-off value of LRINEC score for
predicting risk of amputationin moderateto severe DFI.

METHODOLOGY

This longitudinal observational study was conducted at the
Department of General Surgery, Combined Military Hospital,
Rawalpindi, Pakistan, from June to September 2023 after
approval from the hospital’s ethical review board. A sample
size of 200 participants was calculated using wnarifin sample
size calculator with expected sensitivity of LRINEC score 69%,
specificity of 52% and prevalence of disease 43%, confidence
level 100(1 - @) 95% and expected dropout rate of 4%.'""

Patients of either gender, with diabetes mellitus (type I and Il)
aged between 20-79 years who had DFI Grade 3 (moderate) or
Grade 4 (severe) as classified by the IWGDF/IDSA classification
wereincluded irrespective of history of prior DFl or amputation.
Patients were excluded if they had Grade 1 or 2 DFI, severe
sepsis or septic shock, uncontrolled hypertension, unstable
coronary artery disease, acute limb ischaemia, pressure
injuries, uncontrolled seizure disorder, impaired cognition,
pregnant females, history of malignancy, pressure ulcers on
lower extremities due to stroke or spinal cord injury, causes of
skin inflammation other than DFI (venous stasis, thrombosis,
thrombophlebitis, dermatitis, trauma, bullous disorders, gout,
and fracture) and patients having some other focus of infection
besidesdiabeticfoot.

Convenience sampling method was used. All patients admitted
with DFI during the study period were screened on the day of
admission. Those meeting the inclusion criteria underwent a
thorough clinical examination and history by resident surgeon
on the same day. Participants were briefed about the nature of
the study and informed consent was taken from them. Primary
source of data collection was clinical examination and medical
records of the patients. Resident surgeons were trained in
applying LRINEC score and grading of DFl as per IWGDF classifi-
cation.

Onadmissioninthe surgical ward, demographic characteristics
(age, gender) and clinical characteristics (duration of diabetes,
glycaemic control medications, medical comorbidities, later-
ality of involved foot, previous history of DFI, history of DFI
resulting in amputation, and present DFI grade) were noted
down on data collection forms. Laboratory parameters related
to calculation of LRINEC score were recorded from the medical
records of patients, and LRINEC score was thus calculated on
theday ofadmission. Patients werefollowed for 30 days starting
from the day of admission. Primary outcome that is presence or
absence of amputation (minor or major) was noted down on 30"
day. Patientdatawerede-identified before analysis.

DFI was classified using IWGDF classification. Moderate DFl is
defined as erythema extending more than 2 cm from the
margin of the wound with or without involvement of deeper
structures to skin and subcutaneoustissues (e.g. bone, muscle
tendon and joint). However, there are no associated systemic
manifestations ofinfection.”?In severe DFI, there are associated
systemic manifestations (=2 out of these: (i) heart rate more
than 90 beats/min (ii) temperature more than 38°Cor less than
36°C (iii) respiratory rate more than 20 breaths/min OR PaCO,
less than 4.3 kPa (32 mmHg) (iv) white blood cell count more
than 12,000/mm® OR less than 4000/mm?® or more than 10%
immature /band forms) along with any grade of skin or deeper
structures involvement.” Amputation is defined as resection of
asegmentofalimbthroughaboneorajoint-inthetransverse
anatomicalplane.” In context of DRLECs, any amputation prox-
imaltotheanklejointisknownasmajoramputationwhileresec-
tionthrough orbelow the ankleis known as minoramputation.’”

Statistical package for social sciences version 23 was used to
carry out the statistical analysis. Normality of variables was
checked using Shapiro-Wilk test. Frequencies and percentages
were computed for quantitative variables. For continuous vari-
ables, median and interquartile ranges (IQR) were determined.
To study statistically significant association between different
categorical variables in history and examination (gender,
medical comorbid, DFI grade, history of DFI, history of amputa-
tiondue to DFI) withrisk of amputation, Pearson Chi-square test
was applied. The authors’ examined the performance of the
LRINECscoreon predictingamputationrisk usingreceiveroper-
ating characteristic curves (ROC). Statistical significance was
consideredonlyifp-valuewasfound <0.05.

RESULTS

During the study period, 317 individuals with DFI were hospi-
talised, outof which 117 were excluded (Figure 1). Atotal of 200
patients were enrolled in the study. Of these, 117 (58.5%) were
men and 83 (41.5%) were women. The median age of the study
group was found to be 56 years (Interquartile range (IQR) 49-66
years). Median duration of diabetes was 11 years in the study
group (IQR 4 - 18.75 years). At admission, the median LRINEC
score was 6 (IQR 3-9). Table | shows the clinical and demo-
graphiccharacteristics ofthe patients.
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Figure 2: ROC Curve depicting 74% sensitivity and 94% specificity for
LRINECscorein predictingamputation.

Previous history of DFl was presentin 123 (61.5%) of patients.
Out of these, 60 (30%) patients underwent amputation (major
amputation, n = 18 (9%), minor amputations, n = 42 (21%)).
Seventy-seven patients (38.5%) had presented with DFI for the
first time in their life. Majority of the patients (65.5%) had some
othermedical comorbid beside diabetes.

Prior to current admission, 47 (23.5%) patients underwent
debridement for the current DFI in the past 30 days. Gender of
the patient was not associated with the final outcome (p- value
0.243). Previous history of DFl was associated with amputation
(p <0.001). Similarly, past history of amputation due to DFl was
also associated with risk for amputation in future (p <0.001).
Presence of medical comorbid mentioned in Table I, was also
associated with the risk of amputation in patients with DFI (p
<0.001). Finally, IWGDF grade of DFI was also associated with
the outcome (p <0.001)asshowninTablell.

Patients with grade 3 or moderate DFI had lower LRINEC score
ascomparedto patients withgrade 4 orsevere DFI (Median 3 vs.
9, p <0.001). All patients who had amputation due to DFl at 30
days post-admission had higher LRINEC scores on admission as

compared to those patients who did not have amputation
(Median 8 vs. 2, p <0.001). The area under the curve of ROC is
0.906 (95% Confidence Interval 0.86 - 0.94, p <0.001) with cut-
off value of 26.5in predictingamputationin moderate tosevere
DFI patients (Figure 2). This cut-off point of LRINEC score had
74% sensitivity and 94% specificity.

Table I: Clinical and demographic characteristics of participants.

Variables Frequency Percentage
(N) (%)
Management of diabetes
Oral hypoglycaemics 76 38
Insulin 124 62
Involved lower extremity
Right 111 55.5
Left 64 32
Bilateral 25 12.5
IWGDF grade
Moderate 118 59
Severe 82 41
Previous history of DFI
Yes 123 61.5
No 77 39.5
Comorbidities
Hypertension (HTN) 30 15
Ischaemic heart disease (IHD) 24 12
HTN and IHD 41 20.5
Others* 36 18
None 69 34.5
Final outcome at 30 days after admission
Amputation 123 61.5
(Minor 51,
major 72)
Resolution of DFI with 77 38.5

Conservative treatment**
*QOthers - Chronic liver disease, COPD, CKD, dyslipidemia and gastroesophe-
geal reflux disease. **Debridement, dressings and antibiotics.

Table II: Association of clinical parameters with amputation.

Parameter Amputation No p-value*
(Frequency) Amputation
(Frequency)
Gender
Male 68 (34%) 49 (24.5%) 0.243
Female 55 (25.5%) 28 (14%)
History of DFI
Yes 106 (53%) 17 (8.5%) <0.001
No 17 (8.5%) 60 (30%)
History of amputation due to DFI
Yes 57 (28.5%) 3 (1.5%) <0.001
No 66 (33%) 74 (37%)
Presence of medical comorbids
Yes 102 (52%) 29 (14.5%) <0.001
No 21 (10.5%) 48 (24%)
IWGDF grade
Grade 3 (moderate) 47 (23.5%) 71 (35.5%) <0.001

Grade 4 (severe) 76 (38%) 6 (3%)
*Calculated with Pearson Chi-square test. A p-value of <0.05 is significant.

DISCUSSION

This study showed that LRINEC score has good diagnosticaccu-
racy in predicting amputation in patients with moderate to
severe DFl at a cut-off point of =6.5. As LRINEC score is calcu-
lated in round figures, a score of =7 should be considered cut-
off for practical purposes. Demirdal et al. reported a relatively
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modestdiagnosticaccuracy of LRINECscore at cut-off value =5
in predicting lower extremity amputation in patient with DFI
with sensitivity of 69.1% and specificity of 52.3%." They
included all patients with any grade of DFI to determine the cut
off point for LRINEC score which may have resulted in a lower
cut-off point as compared to this study.** Since this study only
included patients with moderate to severe DFIl, who had higher
LRINEC scores to start with, this may be responsible for the
higher cut-off pointof 6.5, as compared to the previous study.

LRINEC score has proved its value as a diagnostic tool in differ-
entiating necrotising fasciitis from other skin and soft tissue
infections.” Wong et al. reported that LRINEC score had high
positive and negative predictive values (92.0% and 96.0%,
respectively) and that a score of =8 was associated with a
higherriskofnecrotisingsofttissueinfection.'However, subse-
quent studies demonstrated lower predictive values.'’*®
Current consensusisthatthe LRINEC scoreis beneficial iniden-
tifying high-risk patients among those with necrotising fasciitis
ratherthan diagnosing necrotising fasciitisitself."***

In this study, LRINEC score was considerably higherin patients
with severe DFl as compared to moderate DFI (median 9 vs. 3)
which shows that the severity of DFlis linked to a higher LRINEC
score. Furthermore, patients who underwent amputation due
to DFI had higher LRINEC scores as compared to those who did
not have amputation (median 8 vs. 2). This points out the
possible utility of LRINEC score in predicting the severity of DFI
and predicting the future course of the disease rather than
establishing the diagnosis of DFI. However, further robust
studiesare needed totestthis causalrelation.

Besides laboratory parameters, clinical parameters like
previous history of DFI or history of amputation due to DFI,
moderate to severe DFI and medical comorbid besides
diabetes (HTN, IHD and others) are independent risk factors
leading toincreased amputation riskin people with DFI.*° Thisis
consistent with previous studies in the literature.>*® Hence-
forth, the authors suggest that patients with above mentioned
clinical profile constitute a high-risk population, and DFI in
these patientsshould be managed morevigilantly.

This study was not without limitations. First of all, lack of a
control group and the short duration of follow-up may affect
generalisability of the study. This was a single-centeric study.
Certain confounding factors like smoking, peripheral vascular
disease, and neuropathy may affect the final outcomes which
were not addressed in this study. Only patients with moderate
to severe DFl were included in this study, this can also restrict
the generalisation of results of this study to the population of
patients with DFI. However, the authors were able to provide a
cut-off value of the LRINEC score in predicting amputation in a
specific population of moderate to severe DFl in this setting.
Future studies may focus on these areas to further elucidate
thediagnosticaccuracy of LRINEC scores in predictingamputa-
tionin patients with DFI.

CONCLUSION

LRINEC score may be used as an objective scoring system to
predict the risk of amputation in patients with moderate to
severe DFlinindoorclinical settings.
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