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Predictivity of aspartate aminotransferase to alanine 
aminotransferase (De Ritis) ratio for detecting bowel necrosis 
in incarcerated inguinal hernia patients
Predicción de la proporción de aspartato aminotransferasa a alanina aminotransferasa 
(De Ritis) para detectar necrosis intestinal en pacientes con hernia inguinal incarcerada
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Abstract

Purpose: Early diagnosis of necrotic bowel segment resulting from incarcerated inguinal hernia (IIH) is crucial for reducing 
morbidity and mortality. The aim of this study was to investigate the efficacy of the De Ritis ratio (DRR), also known as the 
ratio of aspartate aminotransferase to alanine aminotransferase, as a biomarker for intestinal necrosis. Methods: This retro-
spective study included 132 patients who underwent emergency surgery for IIH. Patients were divided into two groups: those 
who underwent bowel resection for necrosis (Group 1) and those who did not (Group 2). Patients’ demographic and clinical 
data were recorded. Using laboratory test results, DRR, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), 
lymphocyte-to-monocyte ratio (LMR), and lymphocyte-to-CRP ratio (LCR) were calculated. Results: The morbidity and mortal-
ity rates and the length of stay for Group 1 were statistically significantly different (p < 0.0001). The DRR, NLR, PLR, LMR, 
and LCR values of the same group were also significantly different (p < 0.05). Conclusion: DRR can be used as a biomark-
er for early diagnosis of bowel necrosis in patients with IIH.
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Resumen

Antecedentes: El diagnóstico temprano del segmento intestinal necrótico resultante de una hernia inguinal incarcerada es 
crucial para reducir la morbilidad y la mortalidad. Objetivo: Investigar la eficacia del índice de De Ritis (IDR), también cono-
cido como cociente de aspartato aminotransferasa a alanina aminotransferasa, como biomarcador de necrosis intestinal. 
Método: Estudio retrospectivo que incluyó a 132 pacientes que fueron intervenidos de urgencia por hernia inguinal incarce-
rada. Los pacientes se dividieron en dos grupos: los que se sometieron a resección intestinal por necrosis (grupo 1) y los que 
no (grupo 2). Se registraron los datos demográficos y clínicos de los pacientes. Usando los resultados de las pruebas de 
laboratorio, se calcularon el IDR, el índice neutrófilos-linfocitos (INL), el índice plaquetas-linfocitos (IPL), el índice linfocitos-mo-
nocitos (ILM) y el índice linfocitos-proteína C reactiva (ILPCR). Resultados: Las tasas de morbilidad, mortalidad y duración 
de la estancia para el grupo 1 fueron estadísticamente significativas (p < 0.0001). Los valores de IDR, INL, IPL, ILM, ILPCR 
del mismo grupo también fueron significativamente diferentes (p < 0.05). Conclusiones: El IDR puede utilizarse como bio-
marcador para el diagnóstico precoz de necrosis intestinal en pacientes con hernia inguinal incarcerada.
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Introduction

Inguinal hernia repair is one of the most frequently 
performed surgical operations in general surgery 
practice. Inguinal hernias usually require emergency 
surgery if any serious complications develop. The 
most common complications include incarceration, 
strangulation, and obstruction1. Of patients with ingui-
nal hernia, 10-15% require surgery for incarceration 
and about 15% require resection for intestinal necro-
sis due to strangulation1-3. Bowel necrosis is the most 
significant factor that predicts morbidity and mortality 
in incarcerated hernias4. The reported risk factors for 
intestinal necrosis are female gender, advanced age 
(> 65 years), intestinal obstruction, and femoral her-
nia5. Previous studies have reported a morbidity rate 
ranging from 6% to 43%, and a mortality rate ranging 
from 1% to 7% in patients operated for incarcerated 
inguinal hernia (IIH)1,5-7. In cases of IIH requiring 
emergency surgery, the time from incarceration to 
operation is the major prognostic factor for morbidity 
and mortality7. Therefore, early diagnosis and treat-
ment of intestinal necrosis caused by incarcerated 
hernias are critical for reducing morbidity and 
mortality.

De Ritis ratio (DRR) was first described by Fer-
nando De Ritis in 1957 to differentiate viral hepatitis 
from other icteric and anicteric liver diseases8. Aspar-
tate aminotransferase (AST) is predominantly ex-
pressed in mitochondria and is abundantly present in 
many organs including the liver, kidney, brain, heart, 
and skeletal musculature, while alanine aminotrans-
ferase (ALT) is mainly found in the hepatocyte cyto-
plasm9. These two enzymes play critical roles in 
biological processes and reflect the link between pro-
tein and carbohydrate metabolisms10. These enzymes 
are normally released into plasma at a constant rate 
in healthy humans depending on the programmed 
hepatocyte regeneration, with a DRR of approximately 
111. In clinical conditions such as intestinal ischemia, 
where oxidative stress and mitochondrial damage oc-
cur, there is an increase in possible hepatocyte dam-
age, altering the ratios of AST and ALT measured in 
blood12.

Complete blood count (CBC) and biochemical tests 
such as white blood cell (WBC), neutrophil count, and 
C-reactive protein (CRP) have traditionally been used 
as markers of systemic inflammation. There are recent 
studies demonstrating the feasibility of neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 

(PLR), lymphocyte-to-monocyte ratio (LMR), and lym-
phocyte-to-CRP (LCR) parameters as good markers 
of systemic inflammation13-15. Yildirim et al. reported 
that LCR could be used as a marker of intestinal ne-
crosis in incarcerated hernias16, while Xie et al.17 re-
ported that NLR could be used for the same 
purpose.

The primary aim of this study was to investigate the 
efficacy of DRR as an inflammatory marker for detect-
ing intestinal necrosis in IIHs and to compare 
the efficacy of preoperatively measured systemic in-
flammatory markers with DRR for predicting intestinal 
necrosis.

Materials and methods

This single-center retrospective cohort study includ-
ed patients who underwent an emergency operation 
for IIH in the General Surgery Clinic between March 
11, 2015, and July 25, 2021. Only the data of patients 
who underwent open surgery were analyzed from the 
hospital data system. Patients’ age, gender, hernia 
type, whether bowel resection was performed, mesh 
use, post-operative complications, length of hospital 
stay, and mortality status were evaluated. Moreover, 
CBC parameters such as WBC, platelet, neutrophil, 
and lymphocyte counts and biochemical parameters 
of AST, ALT, and CRP were recorded at the time of 
admission to the emergency department. NLR, PLR, 
LMR, LCR, and DRR were calculated using these 
parameters. Patients were divided into two groups: 
those who underwent bowel resection for necrosis 
(Group  1) and those who did not (Group  2). These 
groups were statistically compared by calculated sys-
temic inflammatory markers and biochemical param-
eters to investigate their efficacy for determining 
intestinal necrosis.

Based on the evaluation of clinical, laboratory, and 
imaging examinations at emergency admission, pa-
tients with IIH who were eligible for TAXIS (a manual 
reduction of hernia under analgesia/sedation) proce-
dure were attempted to be treated with reduction un-
der analgesia and sedation, and those who achieved 
reduction were observed in the surgical unit for 24-
48  h. Asymptomatic patients were discharged and 
scheduled for an elective operation. Patients with an 
unsuccessful TAXIS procedure underwent an emer-
gency operation.

In the operation, bowel resection was performed 
on patients with intestinal necrosis due to strangula-
tion, and mesh was used for hernia repair depending 
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upon the surgeon’s preference. Patients undergoing 
laparoscopic surgery, aged < 18 years, having a re-
current inguinal hernia, scheduled for emergency 
surgery for reasons other than incarceration, and 
those with missing blood results were excluded from 
the study.

This study was approved by the Institutional Re-
view Board with the approval number 86/1509. The 
study has been reported in line with the Strengthen-
ing The Reporting of Cohort Studies in Surgery 
criteria18.

Statistical analysis

The statistical analyses of the study were carried out 
using the Statistical Package for the Social Sciences 
version 25 software. The Chi-square test was used to 
compare categorical variables between the groups. The 
Shapiro–Wilk normality test was used to check the nor-
mality distribution of continuous variables. The non-
parametric Mann–Whitney U test was used to compare 
non-normally distributed continuous variables. The stu-
dent’s t-test was used if continuous variables were 
normally distributed.

The cutoff value of inflammatory markers for detect-
ing necrosis was evaluated by the receiver operating 
characteristic (ROC) analysis. The area under the 
curve (AUC), ROC curves, and 95% confidence inter-
val (CI) of the AUC were calculated. p < 0.05 was 
considered statistically significant.

Results

The mean age of the 132 patients who were oper-
ated for IIH was 61.7 (± 18.3) years. Of the patients, 
111 (84.1%) had inguinal hernias and 21 (15.9%) had 
femoral hernias. Thirty-five patients (26.5%) had de-
veloped early post-operative complications, and 
10 patients died (7.6%).

There were 45  patients (34.1%) (8  female and 
37  male patients) in Group  1 (resection group) and 
87 patients (65.9%) (11 female and 76 male patients) 
in Group 2 (non-resection group). While the mean age 
of the patients in Group 1 was 66.7 (± 19.4) years, the 
mean age of the patients in Group 2 was 59.2 (± 17.3). 
Although there was no statistically significant differ-
ence, the mean age and male sex ratio of the patients 
in Group  1 were higher (p = 0.346 and p = 0.426, 
respectively).

There was a statistically significant difference be-
tween the two groups in terms of morbidity, mortality, 

mesh use, and length of hospital stay (p < 0.001, p < 
0.001, p < 0.001, and p < 0.001, respectively). While 
the morbidity and mortality rates were higher and the 
length of hospital stay was longer in Group 1, the rate 
of mesh use was higher in Group 2. Table 1 illustrates 
detailed information on the demographic and clinical 
parameters of the patients.

In Group 1 patients, the morbidity rate was 51.1%. 
The most common complication was infection with 
22.2%, and the mean length of hospital stay was 9.3 
(± 8.2) days. In Group  2  patients, the morbidity rate 
was 14.9%. Pulmonary complications (4.6%) and 
wound site hematoma (4.6%) were the most common 
complications, and the mean length of hospital stay 
was 3.8 (± 3) days.

Of the 10 patients (7.6%) who postoperatively died, 
6 were male and 4 were female, with a mean age of 
76.7 (± 13.6) years. Nine of these patients were in the 
resection group, and 3 of them had femoral hernias. 
One patient had a positive test result for COVID-19 in 
the post-operative period and died from pulmonary 
complications on day 13 of hospitalization. One pa-
tient in the non-resection group had severe heart fail-
ure and died at the third post-operative hour. Table 2 
shows the clinical information of the patients who 
postoperatively died.

The median (± IQRs) values of inflammatory mark-
ers at diagnosis were as follows: WBC, 12.05  (8.5-
15.5) in Group 1 and 9.3  (7.2-12.5) in Group 2; CRP, 
8.4 (1.5-17.9) in Group 1 and 2.1 (0.9-6.5) in Group 2; 
NLR, 9.25  (6.2-15.7) in Group  1 and 3.9  (2.6-7.9) in 
Group  2; PLR, 279.37  (145.2-427.4) in Group  1 and 
160.5 (118-206.6) in Group 2; LMR, 1.475 (0.8-2.5) in 
Group  1 and 2.39  (1.5-3.2) in Group  2; LCR, 
0.121  (0.05-0.4) in Group  1 and 0.76  (0.2-1.7) in 
Group  2; and DRR, 1.945  (1.3-2.2) in Group  1 and 
1.36  (1.05-1.7) in Group 2. The comparison of these 
values showed a statistically significant difference be-
tween the two groups (p = 0.027, p = 0.04, p < 0.0001, 
p < 0.0001, p = 0.001, p < 0.0001, and p = 0.001, 
respectively) (Table 3).

The comparison of inflammatory markers by ROC 
analysis results showed NLR, PLR, and DRR as the 
most significant markers for predicting bowel necrosis 
(AUC = 0.767, 0.697, 0.684, and respectively). The 
ROC analysis results of these three markers are 
shown in Figure 1.

A DRR cutoff value of 1.94 had a sensitivity of 50% 
and a specificity of 83.9% (AUC, 0.684; 95% CI, 
0.588-0.781; p = 0.001), an NLR cutoff value of 6.66 
had a sensitivity of 71.1% and a specificity of 92% 
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Table 1. Comparative demographic and clinical characteristics of patients who underwent emergency inguinal hernia surgery

Characteristics Total  
n = 132 (%)

Group 1  
(with intestinal resection) 

n = 45 (34.1%)

Group 2  
(without intestinal resection)  

n = 87 (65.9%)

p‑value

Age, mean year (± SD) 61.7 (± 18.3) 66.7 (± 19.4) 59.2 (± 17.3) 0.346*

Gender
Male
Female

113 (85.6)
19 (14.4)

37 (82.2)
8 (17.8)

76 (87.4)
11 (12.6)

0.426†

Post‑operative complications
Enfection
Pulmonary
Hematoma
Seroma
Cardiac

12 (9.1)
10 (7.6)
6 (4.5)
4 (3.0)
3 (2.3)

10 (22.2)
6 (13.3)
2 (4.4)
2 (4.4)
2 (4.4)

2 (2.3)
4 (4.6)
4 (4.6)
2 (2.3)
1 (1.1)

< 0.0001†

Morbidity
Yes
No

36 (27.3)
96 (72.7)

23 (51.1)
22 (48.9)

13 (14.9)
74 (85.1)

< 0.0001†

Hernia type
Inguinal
Femoral

111 (84.1)
21 (15.9)

36 (80)
9 (20)

75 (86.2)
12 (13.8)

0.355†

Mesh
Yes
No

81 (61.4)
51 (38.6)

16 (35.6)
29 (64.4)

65 (74.7)
22 (25.3)

< 0.0001† 

Mortality
Yes
No

10 (7.6)
122 (92.4)

9 (20)
36 (80)

1 (1.1)
86 (98.9)

< 0.0001† 

Length of hospital stay, mean 
day (± SD)

5.68 (± 6) 9.3 (± 8.2) 3.8 (± 3) < 0.0001*

*Mann–Whitney U test.
†Pearson Chi square test.
Bold fonts designate statistical significance.

Table 2. Characteristics of patients who underwent emergency inguinal hernia surgery with post‑operative mortality

Patients Gender Age (year) Hernia type Comorbidity Surgical 
Procedure

Morbidity Length of hospital 
stay (day)

1. Male 91 Femoral Cardiac SSBRA Pulmonary (COVID test result positivity) 13

2. Male 75 İnguinal Pulmonary SSBRA Sepsis 2

3. Female 89 Femoral Cardiac SSBRI Neurological 42

4. Male 45 İnguinal ‑ SSBRI Sepsis 2

5. Male 78 İnguinal Cardiac ‑ Cardiac 3 h

6. Male 63 İnguinal ‑ SSBRI Sepsis 12

7. Male 83 Femoral Diabetes, Cardiac SSBRA Cardiac 2

8. Male 76 İnguinal Cardiac SSBRA Pulmonary 9

9. Female 84 İnguinal Cardiac SSBRA Pulmonary 18

10. Female 85 İnguinal Renal, Cardiac SSBRA Pulmonary 11

SSBRA: segmenter small bowel resection and anastomosis; SSBRI: segmenter small bowel resection and ileostomy.

(AUC, 0.768; 95% CI, 0.681-0.855; p < 0.0001), and a 
PLR cutoff value of 289.1 had a sensitivity of 51.1% 
and a specificity of 92% (AUC, 0.703; 95% CI, 

0.602-0.804; p < 0.0001) for predicting necrosis in 
patients with IIH undergoing small bowel resection 
(Table 4).
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Discussion

An incarcerated hernia is the entrapment of abdomi-
nal tissue within the hernial sac. The risk of strangula-
tion due to incarceration increases as the emergency 
surgery is delayed. Perforation and sepsis may de-
velop secondary to necrosis, leading to a life-threat-
ening clinical situation6.

Comorbid diseases and post-operative mortality in-
crease with age19. In this study, the mean age of the 

resection group was higher than that of the non-re-
section group, while the rate of femoral hernia was 
lower. Both of these results contradict some reported 
literature data16,17. This is thought to be due to the fact 
that elective inguinal hernia surgeries may have been 
postponed due to the number of increased comorbid 
diseases with age and the COVID-19 pandemic.

Previous studies have reported that emergency her-
nia surgery was performed more frequently in men 
and bowel necrosis was higher in women. In the cur-
rent study, emergency hernia repair and bowel resec-
tion were performed more frequently in male 
patients20,21. The rate of mesh use was significantly 
higher in Group 2 patients who did not undergo bowel 
resection (p < 0.0001). This can be attributed to not 
preferring the use of mesh in Group 1 patients due to 
the risk of infection by the surgeon.

In the present study, the rate of performing bowel 
resection was 34.1% among patients with IIH who 
underwent emergency surgery, and the mortality rate 

Table 3. Comparison of the laboratory test results of the groups at the time of diagnosis

Inflammatory 
marker

Group I (with intestinal resection) 
n: 45 Median (± IQRs)

Group II (without intestinal resection) 
n: 87 Median (± IQRs)

p

WBC 12.05 (8.5‑15.5) 9.3 (7.2‑12.5) 0.027*

CRP (mg/dL) 8.4 (1.5‑17.9) 2.1 (0.9‑6.5) 0.04*

NLR 9.25 (6.2‑15.7) 3.9 (2.6‑7.9) < 0.0001*

PLR 279.37 (145.2‑427.4) 160.5 (118‑206.6) < 0.0001* 

LMR 1.475 (0.8‑2.5) 2.39 (1.5‑3.2) 0.001*

LCR 0.121 (0.05‑0.4) 0.76 (0.2‑1.7) < 0.0001*

DRR 1.945 (1.3‑2.2) 1.36 (1.05‑1.7) 0.001*

Bold fonts designate statistical significance.
*Mann–Whitney U test. 
IQRs: interquartile ranges; NLR: neutrophil‑to‑lymphocyte ratio; PLR: platelet‑to‑lymphocyte ratio; LMR: lymphocyte‑to‑monocyte ratio; LCR: lymphocyte‑to‑CRP ratio; DRR: De Ritis ratio.

Table 4. ROC curve results and sensitivity and specificity values

Values NLR PLR DRR

Cutoff 6.66 289.10 1.94

p‑value < 0.0001 < 0.0001 0.001

AUC  
(95% CI)

0.768 
(0.681‑0.855)

0.703 
(0.602‑0.804)

0.684 
(0.588‑0.781)

CI: confidence interval.

Figure 1. ROC analysis for De Ritis ratio, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio.
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was 7.6%, which was higher than those reported in 
the literature1,16. This high mortality rate may be due 
to the fact that our hospital is a tertiary referral center 
serving a population of 4.5 million people, where com-
plicated patients are referred for management, and 
that the study period covers approximately 1.5 years 
of the COVID-19 pandemic when hospital admissions 
were delayed1,22.

In the case of inflammation, an increase in neutro-
phil count, accordingly associated lymphopenia, and 
an increase in CRP levels are expected16. Most of the 
previous studies conducted to predict bowel necrosis 
have focused on acute mesenteric ischemia, reporting 
that CRP, WBC, and NLR values are significant for 
prognosis23,24. Performing bowel resection for necrosis 
in incarcerated hernias increases post-operative mor-
bidity and length of hospital stay, as in our study2.

The present study demonstrates the feasibility of a 
novel biomarker, DRR, as an inflammatory biomarker 
for early prediction of bowel necrosis in patients with 
IIH, unlike the literature data reported so far. In addi-
tion to DRR, the resection group had significantly dif-
ferent WBC, CRP, NLR, PLR, LMR, and LCR values, 
which is consistent with the literature data.

In some studies, an increased DRR has been as-
sociated with the prognosis of urothelial carcinoma, 
cholangiocarcinoma, renal cell carcinoma, gastric ad-
enocarcinoma, and head-and-neck cancer25-30. Can-
cer cells exhibit a higher rate of aerobic glycolysis in 
order to multiply faster than normal cells31. AST plays 
an essential role in the mitochondrial displacement of 
nicotinamide adenine dinucleotide hydrogen in aero-
bic glycolysis via the malate aspartate shuttle10. 
Therefore, an increase is observed in AST activation 
of fast-growing tissues such as cancer cells32. Some 
studies have also used DRR to predict the risk of liver 
fibrosis and liver damage secondary to the hepatitis 
C virus33,34.

Weng et al. found that an increased DRR was inde-
pendently associated with the risk of developing cardio-
vascular disease, especially in men35. An elevated 
serum AST level is also an important marker in sys-
temic conditions such as metabolic syndrome, sarco-
penia, and increased oxidative stress, which are risk 
factors for mortality apart from liver damage36. Elinav 
et al. found a decrease in ALT levels, especially in men 
over 70  years of age, throughout a 12-year follow-up 
period, reporting that it was significantly associated with 
mortality, although multivariate regression analysis re-
vealed that diabetes, chronic renal failure, and malig-
nancy were strong predictors of mortality37.

We think that the higher male ratio and the higher 
mean age of patients in the resection group than the 
non-resection group in the present study may be as-
sociated with increased DRR, which is in line with the 
literature data, indicating that ALT values may be de-
creased in the male gender and elderly population37.

Although we cannot clearly reveal the underlying 
mechanism of increased DRR for predicting intestinal 
necrosis in light of the literature, we can consider that 
the development of intestinal necrosis may have trig-
gered the dysfunction of the hepatic inflammatory 
pathway activated by catecholamines at the mitochon-
drial level, leading to liver damage with increased oxi-
dative stress38,39.

This study has some limitations. First, the study has 
a retrospective design. Second, it was not known 
whether the patients included in the study had a his-
tory of liver disease. However, this study is the first to 
propose that the DRR can be used as a predictor of 
bowel necrosis in IIHs. In this sense, we believe that 
our work is valuable.

Conclusion

Based on all clinical findings, laboratory and radio-
logical imaging results obtained by the examination of 
patients with IIH, the prognosis can be predicted and 
a decision can be made. We are of the opinion that 
in addition to the examination findings to predict bowel 
necrosis, monitoring the DRR with serial AST and ALT 
measurements during the follow-up when radiological 
imaging fails to provide adequate results or after man-
ual reduction of the hernia is successful may shorten 
the diagnosis time and speed up the surgical interven-
tion in these patients.
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