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Evaluation of inflammatory biomarkers in predicting strangulation in incarcerated inguinal hernias
in adult patients admitted to the emergency department; cross-sectinal study

Conclusion: Biomarkers such as NLR, SII, SIRI and PIV can be utilized for prediction SIH in 
incarcerated hernias.
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GRAFIKSEL ÖZET

ÖZ
Amaç: İnkarsere herni ile başvuran hastalarda strangulasyon tanısının hızlı ve yüksek doğrulukla belirlenmesi oldukça önemlidir. 
Strangulasyonun erken tanısı bağırsak rezeksiyonu azalmaktadır. Çalışmamızda nötrofil lenfosit oranı (NLR) ile birlikte sistemik immün-
inflamasyon indeks (SII), sistemik inflamasyon yanıt indeksi (SIRI), pan-immün- inflamasyon değeri (PIV) gibi yeni tanımlanan indekslerin 
inkarsere hernilerde stangulasyonu öngörmedeki gücü ve güvenirliliği değerlendirme amaçlandı. 
Gereç ve Yöntemler: Çalışmamız acil servise 01.01.2020 ile 01.01.2023 tarihleri arasında karın ağrısı ile başvuran ve tetkik sonucuna 
göre inkarsere inguinal herni tanısı konulan 18 yaş üstü hastalar dahil edildi. Boğulmuş kasık fıtığı (SIH) ve boğulmamış kasık fıtığı (NSIH) 
olmak üzere iki grup hasta vardı. Tanısal değer ölçümlerindeki kesme noktası, Alıcı İşletim Karakteristiği (ROC) analizi kullanılarak belirlendi.
Bulgular: Toplam 128 hasta (SIH:39 ve NSIH:89) kaydedildi. Nötrofil lenfosit oranı, SII, SIRI ve PIV'in SIH tespitinde kabul edilebilir tanısal 
güce sahip olduğu bulundu (AUC:0,738-0,765).
Sonuç: İnkarsere hernilerde SIH’ı öngörmede SII, SIRI, PIV ve NLR gibi biyomarkırlar kullanılabilir.
Anahtar Sözcükler: Pan-immün-inflamatuar değeri, inkarsere herni, nötrofil lenfosit oranı, strangule inguinal herni, sistemik immün-
inflamatuar indeks, sistemik inflamasyon yanıt indeksi

ABSTRACT
Aim: It is very important to determine the diagnosis of strangulation quickly and with high accuracy in patients presenting with incarcerated 
hernia. Early diagnosis of strangulation reduces the rate of bowel resection. The objective of our study was to assess the effectiveness 
and consistency of recently established indices, namely neutrophil lymphocyte ratio (NLR), the systemic immune-inflammation index (SII), 
systemic inflammation response index (SIRI), and pan-immune-inflammation value (PIV) in predicting the occurrence of strangulation in 
incarcerated hernias. 
Material and Methods: Our study included patients over the age of 18 who presented to the emergency department with abdominal 
pain between 01.01.2020 and 01.01.2023 and were diagnosed with incarcerated inguinal hernia according to the examination results. 
There were two groups of patients with strangulated inguinal hernia (SIH) and non-strangulated inguinal hernia (NSIH). Receiver Operating 
Characteristic (ROC) analysis was used to define the cut-off in diagnostic value values. 
Results: A total of 128 patients (39 SIH and 89 NSIH) were enrolled. Neutrophil lymphocyte ratio, There was determined to be acceptable 
diagnostic power for SIH detection using SII, SIRI, and PIV (AUC:0.738-0.765). 
Conclusion: Biomarkers such as SII, SIRI, PIV and NLR can be utilized for prediction SIH in incarcerated hernias.
Keywords: Pan-immune-inflammation value, incarcerated hernia, neutrophil lymphocyte ratio, systemic immune-inflammation index, 
strangulated inguinal hernia, systemic inflammation response index

Acil servise başvuran erişkin hastalarda inkarsere inguinal hernilerde strangülasyonun
öngörülmesinde inflamatuar biyobelirteçlerin değerlendirilmesi; kesitsel çalışma

Sonuç: İnkarsere hernilerde SIH’ı öngörmede SII, SIRI, PIV ve NLR gibi biyomarkırlar kullanılabilir.
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INTRODUCTION 

Abdominal hernias are classified into two categories: 
ventral hernias (including umbilical, incisional, epigastric, 
lumbar, and Spigelian) and inguinal hernias (comprising 
inguinal and femoral hernias). Hernias are classified as 
reducible when the hernia contents can be displaced into 
the abdomen through the layers of the abdominal wall. A 
hernia that is unreducible is referred to as “incarcerated.” 
External hernias that have become incised rank second 
in terms of prevalence among minor bowel obstructions 
(1). A strangulated hernia transpires when the blood sup-
ply to the hernia’s contents (such as omentum or intestine) 
is compromised. Prompt surgical intervention is crucial in 
cases of strangulated hernia with obstruction, as a delayed 
diagnosis can necessitate intestinal resection, resulting in 
a protracted recovery period and heightened risk of com-
plications. Strangulated hernias have the potential to result 
in bowel perforation and bacterial translocation, as well as 
necrosis of the bowel wall. This significantly elevates the 
probability of necessitating urgent hernia repair, which may 
subsequently lead to an increased incidence of surgical site 
contamination and recurrence.

Presently, the use of intraoperative fluorescein evaluation 
and Doppler investigations is generally acknowledged and 
effective for diagnosing and evaluating the viability of the 
intestines (2). Inflammatory markers have recently been 
used in the treatment and prognosis monitoring of oph-
thalmic diseases, stroke patients, and conditions such as 
sleep apnea (3-5). Inflammatory markers such as ischemia 
modified albumin, D-dimer, lactate dehydrogenase (LDH) 
to white blood cell (WBC) ratio, neutrophil to albumin ratio 
(NAR) and neutrophil to platelet ratio (NPR) have previously 
been shown to be used as predictors of strangulated hernia 
(1,6,7).

While radiographic tests are commonly employed for diag-
nosing strangulated hernia, research on specialized labo-
ratory tests is still in progress. It remains a significant issue 
due to the challenges in diagnosing it just by physical ex-
amination and the requirement for immediate surgical inter-
vention.

The objective of the study was to assess the efficacy and 
dependability of systemic immune-inflammation index (SII), 
systemic inflammation response index (SIRI), and pan-im-
mune-inflammation value (PIV) biomarkers in predicting 
strangulation in incarcerated hernias.

MATERIALS and METHODS

Study Design and Settings 

The cross-sectional study comprised patients who arrived at 
the emergency department (ED) with abdominal discomfort 

and were diagnosed with an incarcerated inguinal hernia. A 
study was conducted on individuals aged 18 years or older 
who applied from January 1, 2020, to January 1, 2023. The 
study obtained approval, and the Ethics Committee waived 
the requirement for informed consent (determination num-
ber: 2023/243, date: November 20, 2023). The research 
was carried out in accordance with the Helsinki Declaration.

Study Protocol

Following the ethical committee’s consent, a retrospec-
tive review of the data was conducted using the hospital’s 
data network. The patients were divided into two groups: 
strangulated inguinal hernia (SIH) and non-strangulated 
inguinal hernia (NSIH). Patients who were diagnosed with 
incarcerated hernia by physical examination by emergency 
medicine specialists underwent ultrasonography to detect 
strangulation. Strangulated inguinal hernia was detected in 
39 patients by ultrasonography performed by the radiologist. 
Doppler and gray scale ultrasonography findings were used 
to decide the presence of strangulation.

At the time of initial admission to the emergency depart-
ment, all patients’ demographic information, laboratory re-
sults, operation notes, ultrasound imaging results, and re-
ports of pathology were recorded. 

Patients were excluded if they were pregnant, experienced 
heart failure, had peripheral vascular disease, had hema-
tological or liver diseases, were taking anticoagulants, an-
tibiotics, or steroids, had other acute or chronic infections, 
had a pathology result indicating a tumor, or if their records 
were inaccessible. The study did not include patients who 
were under the age of eighteen those who had acute kid-
ney injury that was more severe than stage 1 according to 
KDIGO criteria, and anyone who came to an emergency 
department complaining of trauma but were later confirmed 
with a strangulation hernia by ultrasonography.

Laboratory Analyses

A Coulter Gen-S Hematology Analyzer was employed to 
assess the complete blood count (CBC). Values for hae-
matological variables were recorded, including total leuco-
cyte count and differential, hemoglobin, hemocrit, platelet 
amounts, NLR, SII, SIRI, and PIV.

Levels of serum sodium, potassium, urea, glucose, creati-
nine, alanine aminotransferase (ALT), albumin, aspartate 
aminotransferase (AST), and C-reactive protein (CRP) 
were documented.

The definitions of neutrophil lymphocyte ratio, PIV, SII, and SIRI 
are as follows: “neutrophil count/lymphocyte count”, “neutro-
phil count × platelet count/lymphocyte count”, “neutrophil × 
monocyte/lymphocyte count”, and “neutrophil count × plate-
let count × monocyte count/lymphocyte count”, respectively.
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Power Analysis

The cross-sectional study design utilized the NLR value, the 
primary outcome variable, to evaluate the reliability evalu-
ation (post-study power) of the patient count in the groups. 
While NLR was 7.76±4.58 in Strangulated inguinal hernia 
patients, it was 5.01±2.84 in Non-strangulated inguinal her-
nia patients. The post-study power was 99%, based on the 
variance in NLR levels among the independent group aver-
ages. The post-study power exceeded 80%, as indicated 
by the differences in the secondary outcome variables SII, 
SIRI, and PIV.

Statistical Analyses 

In continuous measurements, normality test according to 
groups was evaluated with Kolmogorow-Smirnow test sta-
tistics. In the evaluation of mean difference according to 
groups of continuous measurements suitable for normal 
distribution, parametric test Student’s t test was used, oth-
erwise non-parametric test Mann-Whitney U test statistics 
was used. The statistical evaluation of continuous data 
made use of the mean, standard deviation, minimum, and 
maximum values of the features in the data analysis. The 
frequency and percentage values were used to character-
ize the categorical variables. Student’s t-test statistics were 
applied to compare patients with SIH and those with NSIH. 
To assess the correlation between the two separate cat-
egory variables, chi-square test statistics were employed. 
Through the use of Receiver Operating Characteristic 
(ROC) analysis, the threshold for diagnostic value readings 
was established. In order to establish statistical significance, 
the specificity and sensitivity statistics were used. Compari-
son of ROC curves NLR, SII, SIRI, and PIV were assessed 
using a pairwise comparison of ROC curves and a 95% 
confidence interval. The Area Under the Curve (AUC) was 
classified as poor when it was 0.5 to 0.6, fair when it was 
0.6 to 0.7, acceptable when it was 0.7 to 0.8, exceptional 
when it was 0.8 to 0.9, and outstanding when it was >0.9. 
When P < 0.05, the data is deemed to have a degree of sta-
tistical significance. Data evaluation was carried out using 
the MedCalc statistical tool, which is developed and owned 
by MedCalc Software Ltd. of Ostend, Belgium. We used the 
MedCalc statistical tool and the New York software from 
www.e-picos.com to review the data and analyze the power 
after the study.

RESULTS

In all, 128 patients were included, with 39 diagnosed with 
SIH and 89 diagnosed with NSIH. Table 1 illustrates the 
mean and standard deviation measurements for age, gen-
der, and biomarkers. There is no gender-related link among 
the research groups (p>0.05). Males made up 53.6% of the 
NSIH group, compared to 58% of the SIH group. There is 
no apparent association between research groups and age. 

The mean age of both groups is comparable.

No significant difference was seen among the group mean 
values of serum sodium, glucose, serum potassium, urea, 
creatinine, ALT, AST, CRP, albümine, monocyte count 
(MON), and platelet count (PLT) (p>0.05). 

A notable disparity existed among the group means of neu-
trophil count (NEU), lymphocyte count (LYM), SII, SIRI, PIV 
and NLR values (p<0.05) (Table 1).

Markers important for differentiating between SIH and NSIH 
in ROC analysis are detailed in Table 2 (Figure 1). 

The neutrophil-lymphocyte ratio, SII, SIRI, and PIV demon-
strated acceptable diagnostic efficacy in the identification of 
SIH (AUC: 0. 0.738-0.765). 

When ROC curve comparisons were made to evaluate the 
diagnostic similarities of NLR, SII, SIRI and PIV in detect-
ing strangulation in patients with incarcerated hernia, it was 
found that there was no difference between the inflamma-
tory biomarkers (p>0.05). The comparison of ROC curves 
found a difference of 0.009 (%95 Cl: -0.041-0.061, p=0.720) 
between the AUC for NLR and SII, a difference of 0.017 
(%95 Cl: -0.037-0.071, p=0.530) between NLR and SIRI, 
and a difference of 0.002 (%95 Cl: -0.069-0.074, p=0.950) 
between NLR and PIV. The difference in the AUC between 
SII and SIRI was 0.026 (%95 Cl: -0.039-0.091, p=0.430), 
and between SII and PIV it was 0.011 (%95 Cl: -0.042-
0.065, p=0.680). The difference in the AUC between SII 
and SIRI was 0.015 (%95 Cl: -0.031-0.061, p=0.510). As 
a result, we found that MLR, NLR, SII, SIRI and PIV can 
be used interchangeably in diagnosing strangulation in pa-
tients with incarcerated hernia (Figure 2).

 DISCUSSION

Abdominal pain is a prevalent cause for hospital admission 
to the ED (8). Inguinal hernia is the most common type of 
abdominal wall hernia (9). It is known that most incarcer-
ated hernias are inguinal hernias (1). Incarcerated and/
or strangulated hernias often require immediate surgical 
intervention (1). Inguinal hernia patients should have their 
hernia reducibility and ischemia status assessed. Currently, 
there is a lack of a simple and readily available biomarker 
for the detection and diagnosis of strangulation. Therefore, 
in the study, we sought for biomarkers that could serve as 
predictors of SIH in the ED.

Neutrophilia, which can suppress lymphocytes, is a form of 
inflammatory response (10). According to Bostancı et al.’s 
investigation, NLR was able to detect intestinal ischemia 
with a threshold of 12 or higher (11). Beji et al.’s study found 
that NLR predicted intestinal ischemia with a cut-off of 6.87, 
an AUC of 0.85, 92% sensitivity, and 79% specificity in pa-
tients with incarcerated femoral hernia (12). In the study 
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Table 1. Comparison of basic and laboratory characteristics of strangulated inguinal hernia and non-strangulated inguinal hernia 
groups.

Strangulated inguinal hernia (SIH) 
(n=39)

Non-strangulated inguinal hernia 
(NSIH) (n=89) p-value

Clinical variables x ̄±SD x ̄±SD
Age (year ±SD) 52.82±22.75 50.10±16.32 0.440*
Sex n(%) n(%)

Female 14(36.3) 23(25.4)
0.250***

Male 25(63.7) 66(74.6)
Features x ̄±SD x ̄±SD
Glucose (mg/dL±SD) 119.38±33.21 130.5±56.63 0.790**
Serum sodium (mEq/L±SD) 139.4±2.9 138.7±3.2 0.120**
Serum potassium (mEq/L±SD) 4.13±0.44 4.24±0.34 0.130*
Urea (mg/dL±SD) 35.64±22.64 33.1±17.89 0.270**
Creatinine (mg/dL±SD) 0.86±1.19 0.89±0.54 0.060**
AST (U/L±SD) 22.38±11.10 24.45±22.8 0.990**
ALT (U/L±SD) 18.14±13.71 20.47±13.38 0.140**
CRP (mg/L±SD) 27.58±22.27 24.86±22.45 0.550*
Albumine (g/L±SD) 38.49±4.28 38.72±4.49 0.150*
PLT (103mcL±SD)  279.95±81.51 268.54±77.54 0.850**
NEU (103mcL±SD)  10.46±3.95 8.53±2.64 0.030**
LYM (103mcL±SD)  1.51±0.53 2.1±1.01 <0.001**
MON (103mcL±SD)  0.83±0.31 0.73±0.22 0.110**
NLR 7.76±4.58 5.01±3.34 <0.001**
SII 2090.48±1093.71 1374.76±.990.6 <0.001**
SIRI 6.49±5.38 3.63±2.84 <0.001**
PIV 1776.93±1278.51 101.25±826.38 <0.001**

Student’s t test*, **Mann-Whitney U test, Chi-square test*** (p<0.05 significance)
AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, CRP: C-reactive protein, PLT: Platelets, NEU: Neutrophil, LYM: 
lymphocyte, MON: Monocyte, NLR: Neutrophil to lymphocyte ratio, SII: Systemic immune inflammation index, SIRI: Systemic Inflammation 
Response Index PIV: Pan-immune inflammation value 

Figure 1. The receiver operating characteristic (ROC) curves 
of biomarkers for predicting strangulated inguinal hernia. Figure 2. Pairwise comparison of ROC curves.
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This study had several limitations. The results of the exam-
ination could not be acquired because our study was in-
tended to be retrospective and conducted at a single center. 
There was no evaluation of the length of hospital stay fol-
lowing surgery; the only evaluation was whether or not the 
incarcerated hernias were strangulated. Clinical results 
and complications of the patients could not be evaluated 
because their data were not available. It is necessary to 
conduct validation studies with prospective and larger pop-
ulation samples. 

The ongoing pursuit of inflammatory biomarkers that may 
be readily and economically measured from commonly 
used blood tests in the ED remains in progress. Rapid and 
precise identification of strangulation is of utmost signifi-
cance in a patient who exhibits incarcerated hernia. The bi-
omarkers NLR, SII, SIRI, and PIV can be utilized to forecast 
SIH in incarcerated hernias.
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Review Process

Externally and extremely peer-reviewed.

conducted by Zhou et al., NLR predicted strangulation in 
incarcerated hernia with an AUC of 0.778 (13). We noticed 
that NLR has the potential to be helpful in predicting stran-
gulation with an AUC of 0.748 and a cut-off of >5.16.

Systemic immune inflammation index and SIRI are indices 
that serve as markers of inflammation in different types of 
malignant diseases (14). In their investigation on 338 pa-
tients, Chen et al. determined that the SII could serve as a 
reliable indicator for predicting the need for entorotomy in 
patients with incarcerated inguinal hernia (15). A study on 
incarcerated abdominal wall hernias found SII useful in pre-
dicting bowel ischemia with a cut-off of 2401.6 (78.6% spec-
ificity, 45.7% sensitivity) (11). The results of our research 
indicated that SII may accurately predict strangulation with 
a threshold of more than 1497.03 (AUC: 0.738).

Ceran et al. found that SIRI was an independent factor in 
the diagnostic process in infants with hypoxic ischemic en-
cephalopathy (16). Guo et al. discovered that SIRI has the 
potential to predict the severity of coronary artery stenosis 
in individuals suffering from ST-elevation myocardial infarc-
tion (17). Yi et al. discovered that SIRI is correlated with 
delayed cerebral ischemia in individuals with aneurysmal 
subarachnoid hemorrhage (18). However how SIRI relates 
to intestinal ischemia remains unknown. For the first time 
ever, our research shows that SIRI can foretell inguinal her-
nia strangulation (Cut-off: >3.95, AUC: 0.765).

Pan-immune inflammation value is a risk score that com-
bines immunological and inflammatory factors, developed 
by Fuca et al. (19). Akkaya and Cakmak found that the risk 
of coronary slow flow phenomenon was higher in patients 
with high PIV levels and normal coronary angiography (20). 
Han et al. discovered a correlation between PIV and de-
layed cerebral ischemia in patients suffering from aneurys-
mal subarachnoid hemorrhage (21). In this study, PIV was 
found to be a predictor of strangulation in incarcerated her-
nia with an AUC of 0.750 (Cut-off: >1383.74) and contribut-
ed to the literature. 

Table 2. Diagnostic accuracy of inflammatory parameters to predicting strangulated inguinal hernia

Inflammatory parameters AUC Cut-off Sensitivity % Specificity % AUC 95% CI P-value
NLR 0.748 >5.16 76.9 70.7 0.67-0.82 <0.001
SII 0.738 >1497.03 71.8 71.9 0.65-0.81 <0.001
SIRI 0.765 >3.95 71.9 74.2 0.68-0.84 <0.001
PIV 0.750 >1383.74 62.6 84.3 0.67-0.83 <0.001

AUC: Area under curve, SE: Standard error, PPV: Positive predictive value, NPV: Negative predictive value, CI: Confidence interval, NLR: 
Neutrophil to lymphocyte ratio, SII: Systemic immune inflammation index, SIRI: Systemic Inflammation Response Index PIV: Pan-immune 
inflammation value
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