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ABSTRACT

BACKGROUND: The treatment of patients presenting with the diagnosis of incarcerated and/or strangulated inguinal hernia is 
mostly surgery. If strangulation and necrosis are present, the need for laparotomy arises, which may increase the risk of morbidity. 
Currently, it is not possible to clearly determine whether there is bowel ischemia and necrosis before surgery. In this study, we aimed 
to investigate the clinical efficacy of the thiol–disulfide homeostasis, delta neutrophil index (DNI), and ischemia-modified albumin (IMA) 
parameters in incarcerated and strangulated hernia cases.

METHODS: Patients that presented to the general surgery outpatient clinic due to inguinal hernia or to the emergency department 
of the hospital with a preliminary diagnosis of incarcerated and/or strangulated hernia in April 2021-November 2021 were included in 
the study. The patients were divided into the following four groups: patients that underwent elective repair for inguinal hernia (Group 
1), those who were followed up without surgery due to incarcerated hernia (Group 2), those who underwent hernia repair without 
bowel resection due to incarceration (Group 3), and those who underwent bowel resection due to strangulation (Group 4). Group 
1 was defined as the control group, while Groups 2, 3, and Group 4 were evaluated as the incarcerated/strangulated hernia group. 
The demographic data of the patients, length of hospital stay, body mass index, comorbidities, medical history and physical examina-
tion findings, radiological examinations, treatments applied, white blood cell (WBC) count, lactate, and DNI, thiol–disulfide and IMA 
parameters were evaluated.

RESULTS: The WBC count, disulfide/native thiol, disulfide/total thiol, and IMA values were significantly higher in the incarcerated/
strangulated hernia group than in the control group, while the native thiol and total thiol values were higher in the latter than in the 
former (P<0.05). There was no statistically significant difference between the groups in terms of lactate (P>0.05), but the mean WBC 
count was higher in Group 4 compared to Group 1, and the mean DNI was significantly higher among the patients who underwent 
bowel resection and anastomosis than in those that were followed up and discharged (P<0.05).

CONCLUSION: We consider that the preoperative evaluation of the thiol–disulfide homeostasis, IMA, and DNI parameters in in-
carcerated/strangulated hernia cases can be an effective and easily applicable method in predicting difficulties that may be encountered 
intraoperatively and the surgical procedure to be applied to the patient.

Keywords: Delta neutrophil index; incarcerated hernia; ischemia-modified albumin; strangulated hernia; thiol–disulfide homeostasis.

http://creativecommons.org/licenses/by-nc/4.0/
javascript:lookus('https://orcid.org/0000-0002-1863-2343')
https://orcid.org/0000-0002-1863-2343
javascript:lookus('https://orcid.org/0000-0002-0908-4226')
https://orcid.org/0000-0002-0908-4226
javascript:lookus('https://orcid.org/0000-0003-3339-3966')
https://orcid.org/0000-0003-3339-3966
javascript:lookus('https://orcid.org/0000-0002-3762-3987')
https://orcid.org/0000-0002-3762-3987
javascript:lookus('https://orcid.org/0000-0002-2996-3236')
https://orcid.org/0000-0002-2996-3236


Arslan et al. Clinical efficacy of inflammatory markers in hernia patients

Ulus Travma Acil Cerrahi Derg, September 2023, Vol. 29, No. 9988

INTRODUCTION

Hernia repair is one of the most common surgical procedures 
performed in general surgery. Each type of hernia carries the 
risk of incarceration, a condition that requires urgent surgi-
cal intervention. An incarcerated hernia comprises a part of 
the abdominal organs and abdominal tissue that cannot be 
returned to the abdominal cavity using standard maneuvers 
and is trapped in a hernia sac. The tissue trapped in an incar-
cerated hernia often consists of the small intestine or omen-
tum. Strangulation of a herniated small bowel segment means 
that the circulation of the compressed tissue is interrupted, 
which starts a process that can lead to necrosis and perfora-
tion. The occurrence of tissue necrosis may require a treat-
ment process involving resection, which increases the length 
of hospital stay and has a higher complication rate. Among 
incarcerated hernias, more complicated treatment methods 
that require small bowel resection are most needed in those 
located in the femoral area.[1]

It is very difficult to preoperatively detect complications and 
difficulties that may occur during the intraoperative and post-
operative periods. Incarcerated hernias are the second most 
common cause after intra-abdominal adhesions in patients 
presenting to the emergency department with mechanical 
bowel obstruction.[2] When all hernias are considered, the 
risk of incarceration is between 0.29% and 2.9%.[3] While the 
mortality rate is <1% in patients with hernias undergoing 
elective surgery, this rate rises to 5% in cases of incarcerated 
or strangulated hernias that require urgent surgery.[4,5] Thus, 
there is an increase in morbidity and mortality after surgery 
that requires resection in patients presenting to the emer-
gency department with an incarcerated hernia.

If the presence of tissue ischemia and necrosis can be deter-
mined before surgery in patients who present to the emer-
gency department with incarcerated hernia, as was also the 
objective of our study, they can be informed in more detail, 
and both the patient and surgeon can be better prepared 
for the operation. More importantly, considering the neces-
sity of resection-ostomy or resection-anastomosis in patients 
with serious comorbidities, such a preoperative evaluation 
can ensure that the surgery of these patients is performed in 
technically more equipped centers with an intensive care unit 
where a multidisciplinary approach can also be adopted. As 
a result, the rates of complication, mortality, and morbidity 
rates can be reduced, and complications that do develop can 
be managed more effectively.

Dynamic thiol–disulfide homeostasis (TDH) has been proven 
to play an important role in the mechanisms of detoxification, 
enzymatic reactions, apoptosis, and cellular signal transduc-
tion. Kundi et al., evaluating patients with a pre-diagnosis of 
acute myocardial infarction presenting with chest pain, re-
ported that their thiol, disulfide, thiol–disulfide/total thiol, 
and disulfide/native thiol values were significantly higher. Ac-

cording to the results obtained, the authors concluded that 
TDH was a valuable biochemical parameter in patients with 
acute myocardial infarction.[6]

Ischemia-modified albumin (IMA) defines albumin that inter-
acts with free radicals released from ischemic tissues whose 
blood supply and oxygenation are interrupted, while the albu-
min cobalt binding test measures modified albumin released 
after ischemia exposure with the indirect calorimetry meth-
od. Studies have shown the importance of IMA as a marker 
in many cases where tissue blood supply and oxygenation 
are interrupted, such as myocardial ischemia, skeletal muscle 
ischemia, bowel and mesenteric ischemia, stroke, and cere-
brovascular events.[7-9]

The delta neutrophil index (DNI) is defined as immature 
granulocytes that are not found in peripheral blood except in 
the neonatal period.[10] In a limited number of previous stud-
ies, DNI was evaluated as a marker in patient groups, such as 
sepsis, acute appendicitis, meningitis, decompensated heart 
failure, acute gout attack, and acute pancreatitis where isch-
emia and inflammatory processes are at the forefront, and it 
was shown to guide physicians in the determination of the 
severity of these conditions.[11]

In this study, we aimed to investigate the clinical efficacy 
of TDH, DNI, and IMA in patients with incarcerated and 
strangulated hernias, and the usability of these parameters 
as markers in the preoperative detection of the presence of 
ischemia and necrosis.

MATERIALS AND METHODS

The study included 73 patients who presented to the gen-
eral surgery outpatient clinic due to inguinal hernia in April 
2021-November 2021 and was planned to undergo elective 
hernia repair and those that were admitted to the emergency 
department of the hospital with the preliminary diagnosis of 
incarcerated and/or strangulated hernia. All the participants 
provided written informed consent. The patients were divided 
into the following four groups: Group 1, patients who under-
went elective hernia repair with mesh due to inguinal hernia; 
Group 2, those who were referred to the outpatient clinic for 
an elective surgery plan after follow-up without surgery due 
to incarcerated hernia and discharged; Group 3, those who 
underwent hernia repair without bowel resection due to incar-
ceration; and Group 4, those who underwent bowel resection 
due to strangulation. In addition, the patients in Group 1 were 
defined as the control group, and those in Groups 2, 3, and 
Group 4 were evaluated as the incarcerated/strangulated her-
nia group. Patients who had an active infection or a diagnosis 
of rheumatoid arthritis, those that had cancer in any organ or 
had received radiotherapy and/or chemotherapy due to cancer, 
and those with chronic diseases, such as uncontrolled diabetes 
mellitus (DM) and hypertension (HT) were excluded from the 
study. The patients’ demographic data, length of hospital stay, 
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body mass index, comorbidities, history and physical examina-
tion findings, radiological examinations (erect plain abdominal 
radiography [EPAR], abdominal ultrasonography, and abdomi-
nal tomography), treatments applied, white blood cell [WBC] 
count, lactate, DNI, native thiol, total thiol, disulfide, disulfide/
native thiol, disulfide/total thiol, native/total thiol, and IMA val-
ues were evaluated. EPAR was used to identify patients with 
and without air-fluid levels (AFLs); ultrasound (US) to identify 
those with and without fluid in the hernia sac or abdomen and 
those with and without significant blood supply in the intesti-
nal loops based on color Doppler US (CDUS); and computed 
tomography (CT) was used to identify patients with and with-
out herniated small bowel loops and ileus findings. In addition, 
when taking the patients’ history and performing a physical ex-
amination, complaints such as nausea, vomiting, and inability to 
pass gas and stool were recorded. All the patients participating 
in the study had abdominal pain at the time of presentation.

For the measurement of the thiol, disulfide, and IMA val-
ues, blood samples taken from the patients in biochemistry 
tubes before the operation were used (no additional blood 
sample was collected), and after centrifugation, 2 cc serum 
was placed in the Eppendorf tube and kept at –80°C until 
analysis. The thiol, disulfide, and IMA values in the serum col-
lected at the end of the study were analyzed free of charge 
at the biochemistry department of Ankara Yıldırım Beyazıt 
University. Approval was obtained from the Clinical Research 
Ethics Committee of Health Sciences University Ankara City 
Hospital (approval number: E1-21-1667).

Statistical Analysis

The study was carried out with 73 patients, and the data 
were transferred to IBM SPSS Statistics v. 23 for analysis. 
While analyzing the study data, descriptive statistics (mean, 
standard deviation) were presented for numerical variables. 
The independent-sample t-test was used to determine 
whether there was a difference between the two groups, and 
one-way analysis of variance (ANOVA) was used to deter-
mine whether there was a difference between more than two 
groups. According to the results of one-way ANOVA, first 
the Levene test was conducted to test the homogeneity of 
variance, and then a multiple comparison test (Bonferroni or 
Tamhane’s T2) was undertaken to determine the group or 
groups from which the significant difference originated. The 
Bonferroni test was used to analyze the differences between 
the groups if the compared variables met the homogeneity 
of variance condition, and Tamhane’s T2 test was used oth-
erwise. In addition, the Chi-square test was conducted to 
examine the relationship between categorical variables.

RESULTS

The mean age of the patients was 57.84±15.66 years, the 
mean length of hospital stay was 4.38±3.25 days, and the 
mean BMI was 34.13±9.01. Of the patients, 47.9% had HT 

and 24.7% had DM, 77.4% had complaints of nausea, vomit-
ing, or inability to pass gas and stool, 56.6% had AFL (+) in 
EPAR, 83% had no significant blood supply in the intestinal 
loops located in the hernia sac according to CDUS and had 
fluid in the hernia sac on US, and 50.9% had herniated small 
bowel loops and ileus findings according to CT (Table 1). 
While there was no statistically significant difference between 

Table 1.	 Descriptive statistics

n %

Age (Mean±SD) 57.84±15.66

Length of hospital stay (days) (Mean±SD) 4.38±3.25

Pre-diagnosis

Incarcerated umbilical hernia 17 23.3

Incarcerated incisional hernia 14 19.2

Incarcerated right inguinal hernia 13 17.8

Incarcerated left inguinal hernia 7 9.6

Incarcerated left femoral hernia 1 1.4

Recurrent incisional hernia 1 1.4

Right inguinal hernia 10 13.7

Left inguinal hernia 10 13.7

BMI (Mean±SD) 34.13±9.01

Comorbidity

HT 35 47.9

DM 18 24.7

COPD 2 2.7

Asthma 1 1.4

Cerebral palsy 1 1.4

Benign prostatic hyperplasia 1 1.4

Cardiac bypass 1 1.4

History and physical examination findings 

Present 41 77.4

Absent 12 22.6

EPAR

AFL (+) 30 56.6

AFL (-) 23 43.4

US

- 11 17.0

+ 44 83.0

CT

- 26 49.1

+ 27 50.9

Treatment group

Group 1 20 27.4

Group 2 11 15.1

Group 3 28 38.4

Group 4 14 19.2
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the incarcerated/strangulated hernia group and control group 
in terms of BMI (P=0.187), the former had a significantly 
higher age and length of hospital stay compared to the lat-
ter (P<0.05) (Table 2). In addition, the WBC, disulfide/native 
thiol, disulfide/total thiol, native thiol/total thiol, and IMA val-
ues were significantly higher in the incarcerated/strangulated 
hernia group than in the control group, while the native thiol 
and total thiol values were significantly higher in the latter 
than in the former (P<0.05) (Table 3). There was no statis-
tically significant difference between these groups in terms 
of age, BMI, history-physical examination findings, and EPAR, 
US, and CT findings (P>0.05), but the length of stay was sig-
nificantly higher in the incarcerated/strangulated hernia group 
compared to the control group (P<0.001) (Table 4).

While there was no statistically significant difference between 
the groups in terms of lactate, DNI, and disulfide (P>0.05), the 
mean WBC count was significantly higher among the patients 
that underwent bowel resection and anastomosis (Group 4) 
compared to the control group (Group 1), and the mean DNI 
of Group 4 was significantly higher compared to the followed 
up and discharged group (Group 2). The mean native thiol 
and total thiol values of the control group and Group 2 were 
significantly higher compared to the patients that underwent 
hernia repair without bowel resection (Group 3) and Group 

4 (P<0.05). The mean disulfide/native thiol and disulfide/total 
thiol ratios were also significantly higher in Group 4 than in 
the control group. The mean native thiol/total thiol ratio of 
Group 4 was lower than that of the control group. Finally, the 
mean IMA value of Group 4 was significantly higher compared 
to all the remaining groups (Table 5).

DISCUSSION

In the United States, average of 700,000 primary and recur-
rent hernia repairs is performed each year. The most com-
mon and serious complication of inguinal hernias is strangula-
tion, occurring in 1.3–3% of cases. Strangulation significantly 
increases mortality and morbidity. It is most commonly seen 
in indirect inguinal hernias, but femoral hernias are the most 
likely to develop strangulation (5–20%).[3] In addition, in-
carcerated hernias are the second most common cause of 
mechanical bowel obstruction among patients presenting to 
the emergency department.[2] This shows the importance of 
incarcerated hernia as a complication. It is a situation that 
should be taken seriously by surgeons due to both the in-
creasing mortality rate and the burden on the health system 
caused by the requirement of urgent surgery. While the mor-
tality rate is <1% in inguinal or ventral elective hernias, it 
reaches 5% in hernias cases accompanied by incarceration 
and/or strangulation.[4,12]

Table 2.	 Comparison of the demographic data between the control and incarcerated/strangulated hernia groups

Control group Incarcerated/strangulated hernia group 
T P-value

Mean±SD Mean±SD

Age 51.6±12.68 60.19±16.13 −2.141 0.036*

Length of hospital stay (days) 1.20±0.41 5.58±3.03 −10.273 0.000*

BMI 36.41±7.28 33.27±9.51 1.333 0.187

t: Independent-samples t-test; *P<0.05.

Table 3.	 Comparison of the parameters between the control and incarcerated/strangulated hernia groups

Control group Incarcerated/strangulated hernia group
t P-value

Mean±SD Mean±SD

WBC (x109/L) 7.90±1.02 11.19±3.70 −5.909 0.000*

Native thiol (µmol/L) 469.34±41.10 320.94±84.89 9.996 0.000*

Total thiol (µmol/L) 501.93±33.87 363.52±85.66 9.892 0.000*

Disulfide (µmol/L) 16.29±12.64 21.29±12.60 −1.511 0.135

(Disulfide/native thiol)*100 3.66±3.49 7.23±4.94 −2.959 0.004*

(Disulfide/total thiol)*100 3.25±2.59 6.03±3.41 −3.292 0.002*

(Native thiol/total thiol)*100 93.50±5.19 87.95±6.83 3.292 0.002*

IMA (ABSU) 0.69±0.05 0.87±0.20 −5.947 0.000*

t: independent-samples t-test; *P<0.05.
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Table 4.	 Comparison of the demographic data between the treatment groups

Group 1 Group 2 Group 3 Group 4
test P-value

n % n % n % n %

Age 51.60±12.68 63.82±10.72 59.93±16.95 57.86±18.4 1.819F 0.152

Length of hospital stay (days) 1.20±0.41b 4.73±3.04a 5.21±2.78a 7.00±3.26a 16.604F 0.000*

BMI 36.41±7.28 38.39±7.9 31.90±9.36 32.01±10.17 2.180F 0.098

History and physical examination finding

Present 0 0 9 81.8 19 67.9 13 92.9 3.488k 0.175

Absent 0 0 2 18.2 9 32.1 1 7.1

EPAR

AFL (+) 0 0 7 63.6 15 53.6 8 57.1 0.328k 0.849

AFL (-) 0 0 4 36.4 13 46.4 6 42.9

US

- 0 0 4 36.4 5 17.9 0 0 5.810k 0.055

+ 0 0 7 63.6 23 82.1 14 100

CT

- 0 0 4 36.4 14 50 8 57.1 1.085k 0.581

+ 0 0 7 63.6 14 50 6 42.9

a,bindicates the differences between the mean values of the groups (a = highest mean); kchi-square test; Fone-way analysis of variance; 
*P<0.05.

Table 5.	 Comparison of the parameters between the treatment groups

Group 1 Group 2 Group 3 Group 4
test P-value

n % n % n % n %

WBC (×109/L) 7.90±1.02b 11.14±5.09 11.00±2.86 11.61±4.18a 5.085F 0.003*

Lactate (mmol/L) - 1.96±1.19 1.79±0.87 2.49±1.11 2.283F 0.113

DNI - 5.65±7.70b 1.75±1.83 8.06±7.00a 3.649F 0.046*

DNI

Negative 0 0 4 36.4 13 46.4 5 35.7 0.593k 0,744

Positive 20 100 7 63.6 15 53.6 9 64.3

Native thiol (µmol/L) 469.34±41.10a 431.30±55.48a 320.83±41.41b 234.42±67.29c 76.459F 0.000*

Total thiol (µmol/L) 501.93±33.87a 474.93±38.87a 363.11±45.04b 276.81±73.30c 74.040F 0.000*

Disulfide (µmol/L) 16.29±12.64 21.81±17.77 21.14±12.53 21.20±8.09 0.747F 0.528

(Disulfide/native thiol)*100 3.66±3.49b 5.61±5.97 6.79±4.74 9.37±3.97a 4.648F 0.005*

(Disulfide/total thiol)*100 3.25±2.59b 4.65±4.08 5.72±3.22 7.72±2.71a 6.030F 0.001*

(Native thiol/total thiol)*100 93.50±5.19a 90.70±8.16 88.56±6.44 84.56±5.42b 6.030F 0.001*

IMA (ABSU) 0.69±0.05c 0.70±0.05c 0.79±0.09b 1.14±0.16a 72.652F 0.000*

a,bindicates the differences between the mean values of the groups (a= highest mean); kchi-square test; Fone-way analysis of variance; *P<0.05.
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When a patient presenting with a hernia is considered to have 
no strangulation or if short-term strangulation is suspected, 
the hernia sac is reduced by a physical examination and the 
patient is followed up in terms of complications, which not 
only poses risks for the patient but also places a burden on 
the health system. These are only a few examples showing 
the importance of detecting the presence of strangulation 
and necrosis as soon as the patient presents to the hospital. 
However, it is very difficult to detect the presence of stran-
gulation and answer the question of whether it is a simple 
mechanical obstruction or an incarcerated hernia accompa-
nied by necrosis or perforation. In such cases, the currently 
accepted approach is early surgical intervention. Successful 
treatment is only possible when the current situation is re-
solved with the appropriate surgical technique at the appro-
priate time before the development of further complications.

The treatment of a patient presenting with an incarcerated 
and/or strangulated hernia is often surgery. The surgical ap-
proach almost always starts with an inguinal incision, espe-
cially in cases of inguinal or femoral hernia. When the herni-
ated structures are evaluated peroperatively, if strangulation 
and necrosis are present, it is often not possible to perform 
adequate exploration and resection-anastomosis from the 
inguinal incision, and therefore laparotomy is undertaken 
through a second incision, which increases the morbidity risk 
for the patient. This new incision can also bring along the 
risk of another incisional hernia. Incisions performed with-
out the knowledge of the presence of necrosis and the need 
for resection-anastomosis before surgery cause an unneces-
sary laparotomy burden and post a morbidity risk for the 
patient. Currently, it is not possible to clearly determine the 
presence of necrosis and the need for resection-anastomosis 
before surgery. Every surgical intervention to the abdomen 
and every incision carries the risk of incisional hernia in the 
following process. Incisional hernia after laparotomy has an 
incidence of 5–13.9% and usually occurs within the 1st year 
after surgery.[13] According to the data of the Toronto Shoul-
dice Clinic, 5.6% of incisional hernias are seen in the first 2 
weeks, 52% in the first 6 months, 67% in the 1st year, 78% in 
the first 2 years, and 88% in the first 4 years.[14] Studies have 
shown that the rate of wound complications and infection in 
the treatment of ventral and incisional hernias with mesh is 
12–20%.[15] Recurrence is one of the most important prob-
lems in the treatment of ventral and incisional hernias. To 
date, no significant difference has been reported between the 
open and laparoscopic approaches in terms of recurrence. 
In a randomized controlled study involving ventral hernia re-
pair with the open approach, the recurrence rate at the 3rd-
year follow-up was reported as 24%, and the retromuscularly 
placed mesh was found to have protruded 2–3 cm from the 
defect. Recurrence rate of 4.4% at the end of 3-year follow-
up of 270 patients who underwent laparoscopic mesh repair, 
this rate is observed to reach 9% in retrospective studies.
[16-20] These studies and rates show that hernias, as well as 
incarcerated/strangulated hernias, will continue to be a major 

burden for the healthcare system and a serious problem for 
surgeons for a long time.

IMA, which started to gain popularity at the beginning of the 
1990s, has attracted clinicians’ attention, especially in car-
diology outpatient clinics due to its elevation in minutes in 
cases where other markers are not sufficient. IMA can be 
detected in the early period after ischemia, and it has been 
suggested that it may be an early marker before necrosis.[21] 
In a study conducted in 2001, Bar-Or et al. showed that IMA 
concentrations increased in the blood of patients who had 
transient ischemia after percutaneous transluminal coronary 
angioplasty before there was a significant increase in Creatine 
Kinase-MB, myoglobin, and troponin I.[22] In addition to these 
studies suggesting that IMA reflects coronary ischemia in 
the early period, Refaai et al. found that post-operative IMA 
levels significantly increased in 23 patients who underwent 
arthroscopic knee surgery compared to the baseline. The 
authors cut off the leg blood flows of the patients using the 
tourniquet method during surgery and compared the IMA 
levels before and after surgery. They determined the preop-
erative and postoperative IMA levels as 90.2 U/mL and 96.7 
U/mL, respectively (P<0.05).[23] In light of these findings, the 
elevation in IMA in the early period after ischemia does not 
appear to be specific to acute coronary syndrome, but it in-
cludes all conditions accompanied by ischemia. It has been 
shown that a high IMA value can be used as an important 
marker to reflect ischemia in conditions such as mesenteric 
ischemia, ovarian torsion, abdominal compartment syndrome, 
deep vein thrombosis, end-stage renal disease, peripheral vas-
cular disease, and intrauterine disorders.[24,25]

A limited number of studies have evaluated DNI as a marker 
in patient groups in which ischemia and inflammatory pro-
cesses are at the forefront, such as sepsis, acute appendicitis, 
meningitis, decompensated heart failure, acute gout attack, 
and acute pancreatitis and suggested that DNI can guide cli-
nicians in the prediction of the severity of these conditions.
[11] In a study undertaken in 2016, Cha et al. suggested that 
DNI, WBC, and C-reactive protein, which tend to increase 
inflammation and septic processes, could be used as mark-
ers to predict strangulation in advance. They included 160 
patients who presented with mechanical bowel obstruction 
after strangulation and reported that among these three pa-
rameters, only the baseline DNI values were higher in the 
strangulated group compared to the non-strangulated group 
(0% vs. 3.2%, P=0.003). As a result of the study, the authors 
concluded that DNI could be an auxiliary parameter for CT 
in detecting strangulation.[26]

Another study conducted to detect the presence of necro-
sis at an early stage in patients presenting with incarcerated 
hernia belongs to Kadıoğlu et al., who tried to imitate in-
carcerated and strangulated small intestines by exposing rat 
intestines to ischemia for certain periods and monitored the 
blood IMA levels of the rats. As a result of the study, the 
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authors argued that IMA was an effective marker in predict-
ing necrosis in incarcerated hernia; however, they emphasized 
the need for further studies to generalize this hypothesis.[27] 
In our study, we observed that the IMA values were higher 
in the incarcerated/strangulated group compared to the con-
trol group and in the group that underwent bowel resection 
due to ischemia-related strangulation compared to the other 
treatment groups. In a retrospective study on the preopera-
tive detection of necrosis in 163 patients with incarcerated 
hernia, Keeley et al. considered that hyponatremia could be a 
marker for the presence of necrosis and recommended that 
surgery should be urgently performed in patients present-
ing with incarcerated hernia accompanied by hyponatremia.
[28] Similarly, in a retrospective study of 167 patients who un-
derwent surgery for incarcerated hernia, Şahin et al. revealed 
that the blood lactate level could be a marker for the pres-
ence of necrosis. It was also noted that the need for resec-
tion might arise, especially in patients with a blood lactate 
level of ≥1.46 mg/dL.[29] In the current study, there was no 
difference between the groups in terms of lactate values.

Erel and Neşelioğlu reported that under oxidative stress con-
ditions created by oxygen radicals formed due to ischemia, 
the reduced thiol concentration increased, the native (non-
reduced) thiol concentration decreased, and the disulfide and 
disulfide/native thiol, disulfide/total thiol and native/total thiol 
values increased in a correlated manner.[30] Kundi et al. also 
showed that the thiol–disulfide, thiol–disulfide/total thiol, 
and disulfide/native thiol values were significantly higher in 
patients with acute myocardial infarction, and based on their 
results, they suggested that TDH could be used as a bio-
chemical marker in patients with acute coronary syndrome.
[6] Akkurt et al. investigated the efficacy of TDH and IMA in 
preoperatively predicting the degree of difficulty and prob-
ability of conversion to open surgery in 65 patients scheduled 
to undergo laparoscopic cholecystectomy. The authors re-
ported that the mean native thiol and total thiol values were 
significantly higher in patients without a history of cholecys-
titis compared to those with a history of cholecystitis, while 
the disulfide, disulfide/native thiol, disulfide/total thiol, native 
thiol/total thiol, and IMA values were significantly higher in 
patients with a history of cholecystitis compared to those 
without this history. As a result, they concluded that the pre-
operative TDH and IMA parameters could be used as bio-
chemical markers to predict intraoperative difficulties.[31] In 
the current study, we observed that the disulfide/native thiol 
and disulfide/total thiol ratios were higher in the patients 
who underwent hernia repair due to incarcerated hernia and 
those that were followed up and discharged compared to the 
control group, and the highest disulfide/total thiol ratio was 
observed in the group that underwent bowel anastomosis 
due to strangulation, where ischemia is the most intense.

In our study, consistent with the literature, the preopera-
tive WBC count was higher in the incarcerated/strangulated 
group than in the control group, and the preoperative WBC 

and DNI parameters statistically significantly differed be-
tween the treatment groups, with the highest values being 
observed in the group that underwent bowel resection due 
to strangulation.

CONCLUSION

The preoperative evaluation of TDH, IMA, and DNI param-
eters, especially in incarcerated/strangulated hernia cases re-
quiring operation is an effective and easily applicable method 
to predict difficulties that may be encountered intraopera-
tively. It can be used to detect intestinal ischemia, make timely 
interventions before necrosis develops, and prevent the need 
for resection. We also consider that it has positive contribu-
tions to the surgical process in terms of the preparation of 
operating room personnel and surgical team, preparation of 
postoperative intensive care unit if necessary, and prevention 
of complications.
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Thiol/disülfid hemostazı, delta nötrofil indeks ve iskemi modifiye albümin’in inkarsere ve 
strangüle herni olgularında klinik etkinliği
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AMAÇ: İnkarsere ve/veya strangüle inguinal herni tanısı ile başvuran hastaların tedavisi çoğu zaman cerrahidir. Strangülasyon ve nekroz mevcut ise 
laparotomi ihtiyacı doğar ve buna bağlı morbidite riskinde artış olabilir. Günümüzde ameliyat öncesinde bağırsakta iskemi ve nekroz olup olmadığını 
net olarak saptamak mümkün değildir. Bu çalışmada, thiol/disülfid hemostazı, delta nötrofil indeks (DNİ) ve iskemi modifiye albumin (İMA) para-
metrelerinin inkarsere ve strangüle herni olgularında klinik etkinliğini araştırmayı amaçladık. 
GEREÇ VE YÖNTEM: Nisan 2021- Kasım 2021 yıllarında genel cerrahi polikliniğine inguinal herni nedeniyle ve acil servise inkarsere ve/veya stran-
güle herni ön tanısı ile başvuran hastalar çalışmaya dahil edildi. Hastalar dört gruba ayrıldı; inguinal herni nedeniyle elektif  onarım yapılan hastalar 
(Grup 1), inkarsere herni nedeniyle operasyon yapılmadan gözlemlenen hastalar (Grup 2), inkarserasyon nedeni ile bağırsak rezeksiyonu yapılmadan 
fıtık onarımı yapılan hastalar (Grup 3) ve strangülasyon nedeni ile bağırsak rezeksiyonu uygulanan hastalar (Grup 4) şeklinde gruplandırıldı. Ek olarak 
Grup 1'de olan hastalar kontrol grubu, Grup 2, 3 ve Grup 4'de olan hastalar inkarsere/strangüle herni grubu olarak tanımlandı. Hastaların demogra-
fik verileri, yatış süresi, vücut kitle indeksi (VKİ), ek hastalıkları, öykü ve fizik muayene bulguları, radyolojik tetkikleri, uygulanan tedavi, WBC (White 
blood cells), laktat, DNİ, thiol-disülfid ve İMA parametreleri değerlendirildi. 
BULGULAR: İnkarsere/strangüle grubundaki WBC, disülfid/native thiol, disülfid/total thiol ve İMA değerleri kontrol grubuna göre daha yüksek 
iken, kontrol grubundaki native thiol, total thiol değerleri inkarsere/strangüle grubuna göre daha yüksek olarak izlendi (p<0,05). Laktat bakımından 
gruplar arasında istatistiksel olarak anlamlı bir farklılık bulunmamakta iken (p>0.05), Grup 4 hastalarda WBC ortalaması Grup 1’e göre, bağırsak 
rezeksiyonu ve anastomoz yapılanlarda DNİ ortalaması ise takiple taburcu edilen gruba göre daha yüksek olarak izlendi (p<0.05). 
SONUÇ: İnkarsere/strangüle herni olgularında, thiol disülfid hemostazı, İMA ve DNİ paremetrelerinin ameliyat öncesinde değerlendirilmesinin; 
intraoperatif  olarak karşılaşılabilecek zorlukları ve hastaya uygulanacak olan cerrahi işlemi önceden tahmin etmede etkin ve kolay uygulanabilir bir 
yöntem olabileceği düşüncesindeyiz.
Anahtar sözcükler: İskemi modifiye albümin; inkarsere herni; strangüle herni; thiol disülfid homeostazı; delta nötrofil indeks.

Ulus Travma Acil Cerrahi Derg 2023;29(9):987-995       DOI: 10.14744/tjtes.2023.48313

  ORİJİNAL ÇALIŞMA - ÖZ


