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The incarceration of a segment of bowel within a groin hernia can result in intestinal strangulation if hernia
treatment is delayed. Once intestinal strangulation occurs, a bowel resection may be required, and there is an
overall increased risk for postoperative complications. The aim of this study was to identify biomarkers to pre-
dict the severity of an incarcerated groin hernia.

We retrospectively evaluated the records of 95 patients with incarcerated groin hernias who underwent emer-
gency surgical correction of the hernias. The need for a bowel resection was regarded as an indicator of sever-
ity in incarcerated groin hernia patients. The patients were divided into 2 groups: patients with bowel resec-
tion surgery and patients without bowel resection surgery.

We discovered that leukocyte count (leukocyte count >10x10%/mm?), neutrophil-to-lymphocyte ratio (NLR, NLR
>11.5), presentation of bowel obstruction, and duration of incarceration (duration of incarceration >26 h) were
significantly associated with bowel resection in incarcerated groin hernia patients by using the chi-square test.
Factors such as leukocyte count, NLR, presentation of bowel obstruction, and duration of incarceration were
analyzed using multivariate logistic regression analysis. We found that NLR, presentation of bowel obstruction,
and duration of incarceration were independently and significantly related to bowel resection in incarcerated
groin hernia patients.

An elevated NLR can serve as a biomarker for the prediction of severity of incarcerated groin hernias. Additionally,
incarcerated groin hernia patients who present with bowel obstruction or with duration of intestinal incarcer-
ation longer than 26 h have an increased risk for bowel resection.
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Background

Groin hernia surgery is a common general surgery proce-
dure. When hernia surgery is performed as an elective proce-
dure, it is managed better and carries a lower morbidity and
mortality risk than emergency hernia surgery. Once intesti-
nal incarceration occurs, the incarceration may evolve into in-
testinal strangulation and the hernia content can quickly be-
come ischemic, increasing the need for intestinal resection.
As a result, when presented with an incarcerated groin her-
nia at our hospital, we initiate an emergency hernia surgery.
Kurt et al. [1] reported that bowel resection was required in
approximately 15% of all patients with an incarcerated groin
hernia, and the rate of bowel resection was higher in incar-
cerated femoral hernias than in other types of incarcerated
groin hernias. Alvarez et al. [2] reported that intestinal stran-
gulation accounted for 57% of femoral hernia, and 41% of the
patients with intestinal strangulation required a bowel resec-
tion, which carries a 33% morbidity rate and a 7% mortality
rate. Dahlstrand et al. [3] also reported that bowel resections
that resulted from strangulated femoral hernias had increased
morbidity and mortality rates. Performing a bowel resection
during surgery indicates that the incarcerated bowel was ne-
crotic. Few studies have reported whether certain biomarkers
can predict the severity of incarcerated groin hernias. The aim
of this study was to identify biomarkers to predict the sever-
ity of incarcerated groin hernias.

Material and Methods

Patients and data collection

We collected data from 95 patients with incarcerated groin her-
nias who underwent emergency hernia surgery between January
2013 and February 2017 at the Department of Gastroenterology,
First People’s Hospital of Zun Yi, Guizhou Province, China. The
permission to use the patients’ clinical data was granted by
the First People’s Hospital of Zun Yi.

All the patients had blood analysis, plain abdominal radio-
graphs, and abdominal ultrasonography, or a computer to-
mography scan performed immediately upon presentation.
All the patients presented with a palpable lump in the groin
area during their physical examination. Once the patient was
diagnosed with an incarcerated groin hernia, the emergency
hernia surgery was initiated.

Table 1 summarizes the patients’ clinicopathologic data, which
included sex, age, body mass index (BMI), leukocyte count, neu-
trophil count, NLR (calculated as the neutrophil count divided
by the lymphocyte count), platelet count, type of hernia, bow-
el obstruction, and duration of incarceration.
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The need for a bowel resection during surgery was regard-
ed as an indicator of severity in the incarcerated groin hernia
patients. The patients were divided into 2 groups: patients
with bowel resection surgery and patients without bowel re-
section surgery.

The receiver operating characteristic (ROC) curve for
determination best cutoff values of continuous variables

Age, BMI, leukocyte count, neutrophil count, NLR, platelet count,
and duration of incarceration were calculated as the best cutoff
values by the ROC curve. ROC curve analysis showed that the
area under the ROC curve for NLR was 0.714. When the NLR val-
ue was 11.5, the Youden index was maximal. Therefore, the cut-
off value of NLR was set at 11.5. The cutoff values for the other
continuous variables were calculated in a similar fashion. The cut-
off values of age, BMI, leukocyte count, neutrophil count, plate-
let count, and duration of incarceration were 70 years, 26 kg/m?,
10x10%/mm?, 8.0x10%/mm?, 210x10*/mm?3, and 26 h, respectively.

Statistical analysis

ROC curve analysis was used to determine cutoff values for age,
BMI, leukocyte count, neutrophil count, NLR, platelet count, and
duration of incarceration. The best cutoff values were selected
according to the maximal Youden index. The mean values of
the parametric continuous variables were compared using the
independent two-sample ¢ test. The clinicopathological charac-
teristic differences of the 2 groups were compared using the
chi-square test. The multivariate logistic regression analysis
by enter method was used to identify the significant factors
related to intestinal incarceration resulting in bowel resection
surgery. All statistical analyses were performed with SPSS ver-
sion 17.0 (Chicago, IL). Throughout our analysis, p values <0.05
were considered to be statistically significant.

Results

A total of 95 patients with incarcerated groin hernias were in-
cluded in our study, of which 59 patients did not have bow-
el resection surgery and 36 patients had bowel resection sur-
gery. Fifty patients were male, and 45 patients were female.
The mean age, BMI, leukocyte count, neutrophil count, plate-
let count, NLR, and duration of incarceration of all patients
were 67 years, 20.49 kg/m?, 8.99x103/mm?3, 7.34x103/mm?3,
215.63x10*/mm?, 8.77, and 42.20 h, respectively. There were no
statistically significant differences in the mean BMI (p=0.700),
neutrophil count (p=0.064), or platelet count (p=0.599) between
patients with bowel resection surgery and patients without
bowel resection surgery. The patients who had bowel resec-
tion surgery had higher NLR values (12.71+11.62 vs. 6.37+3.85,
p<0.001), ages (69.89+12.33 vs. 65.24+16.72, p<0.038), and
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Table 1. Univariate analysis of clinical/laboratory parameters and incarcerated groin hernia patients with or without bowel resection.

Variable No bowel resection Bowel resection P value
n=59 n=36
Sex 0.656
""""""" Male®) 3.6 20 68
""""""" FemaleG) 29 @) 16 @
""""" Ageyears . oam
""""""" a0 9@ e
s 0 6 u 6
""""" BMIkg/md . o5
""""""" @ s oen omoe
e > ® s ® 0
""""" lewkocyte count(10mmd o007
""""""" aod s 068
T noas 6 @
""""" Neutrophil count(x10%mm® oo
""""""" ®o® a6y w6
s I 8 0
""""" Platelet count(x10%mm om0
""""""" Qo® sy 7@
w00 % @ 0ot
""""" NR g0
""""""" aise@  sa 0 2068
I s ® 0 6 @y
""""" Typeofhema . o
""""""" Femoal® 28 @ 20 68
""""""" ndirect) 30 ) 1@y
""""""" Diect) 1@ 20
""""" Bowel obstructon . o1
""""""" withey 30 6 31 @)
""""""" without ) 29 @) s a9
""""" Duration of incarceration (hows) o006
""""""" @ w6 e
B A 0 @ 2 6

BMI — body mass index; NLR — neutrophil-to-lymphocyte ratio.
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Table 2. Relationship between clinical/laboratory parameters and incarcerated groin hernia patients with or without bowel resection.

No bowel resection

Bowel resection

Variable n=59 n=36 LA

Age (years) 67.00 65.24+16.72 69.89+12.33 0.038
Mg 2049 0721295 0121326 0700
Leukocyte count (10¥mm?) 899 saer2es 10181405 0046
Neutrophil count («10%mm3) 734 essss8 869392 0064
Platelet count («10%mm?) ns6s 238817003 2185018115 0599
N 877 eszss e 0001
Duration of incarceration (howrs) 4220 32014183 568115104 0245
BMI — body mass index; NLR — neutrophil-to-lymphocyte ratio.
Table 3. Risk factor of bowel resection for incarcerated groin hernia patients.

Risk factor 0Odds ratio 95% Cl LA

NLR (<11.5/>11.5) 9.612 2.369-38.999 0.002
Bowel obstructon ao82 1494-16612 0009
 Duration of incarceration (<26/226 hours) s18 1708-15396 0004
leukogyte count (<10/210) 1738 05455547 0351

NLR — neutrophil-to-lymphocyte ratio; Cl — confidence interval; Odds ratio derived from multiple logistic regression analysis.

leukocyte counts (10.18+4.05 vs. 8.26+2.65, p=0.046) than the
patients without bowel resection surgery (Table 2).

Using the ROC curve analysis, we determined the cut-
off values of age (<70/>70 vyears), BMI (<26/>26
kg/m?), leukocyte count (<10x103/>10x103/mm?3), neu-
trophil count (<8.0x103/>8.0x103/mm?), platelet count
(<210x10%/>210x10*/mm?), NLR (<11.5/>11.5), and duration
of incarceration (<26/>26 h). We discovered that the leukocyte
count (p=0.007), NLR (p<0.001), presentation of bowel obstruction
(p=0.001) and duration of incarceration (p=0.006) were associated
with bowel resection (Table 1). Additionally, multivariate logistic
regression analysis was used to analyze the leukocyte count, NLR,
presentation of bowel obstruction, and duration of incarceration.
This analysis revealed that the NLR (odds ratio=9.612, p=0.002),
presentation of bowel obstruction (odds ratio=4.982, p=0.009),
and duration of incarceration (odds ratio=5.128, p=0.004) were
independently and significantly related to bowel resection in in-
carcerated groin hernia patients (Table 3).

Discussion

Alvarez et al. [4] observed that 13% of incarcerated groin hernia
patients had bowel resection surgery. Kurt et al. [1] reported

that bowel resection was required in approximately 15% of
all patients with an incarcerated groin hernia. Ge et al. [5]
found that incarcerated groin hernia patients who were with-
out health insurance and patients with incarcerated femoral
hernias had increased risks for requiring bowel resection sur-
gery. Suppiah et al. [6] revealed that emergency femoral hernia
surgery had a higher rate of bowel resection than did elective
femoral hernia surgery. Kemler et al. [7] reported that small
bowel resection was required in up to 60% of patients with
strangulated femoral hernias. Therefore, the rate of bowel re-
section is higher in incarcerated groin hernia.

Discomfort levels are increased in patients who undergo bowel
resections as a result of incarcerated groin hernias. The need for
bowel resection surgery was regarded as an indicator of sever-
ity of incarcerated groin hernia in our study. We found that the
average age, leukocyte count, and NLR in the bowel resection
group were significantly higher than the average age, leukocyte
count, and NLR in the no-bowel resection group. We calculat-
ed the cutoff values of the continuous variables by ROC curve
analysis and discovered that leukocyte count, NLR, presenta-
tion of bowel obstruction, and duration of incarceration were
significantly associated with bowel resection in incarcerated
groin hernia patients using the chi-square test. The leukocyte
count, NLR, bowel obstruction, and duration of incarceration
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were analyzed through multivariate logistic regression analysis;
bowel obstruction (odds ratio=4.982, p=0.009) and duration
of incarceration (odds ratio=5.128, p=0.004) were identified
to be significantly related to bowel resection in incarcerated
groin hernia patients. Until now, there have been no biomark-
ers that could predict the need for necrotic bowel resection re-
sulting from incarcerated groin hernias. This study identified
NLR (odds ratio=9.612, p=0.002) as a biomarker for the pre-
diction of the need for bowel resection caused by ischemia in
incarcerated groin hernia patients.

Neutrophilia, which can suppress lymphocytes, is a form of
inflammatory response [8]. NLR was first used to diagnose
appendicitis in 1995 [9]. Ishizuka et al. [10] discovered that
NLR (<8/>8) was more closely associated with gangrenous
appendicitis than with WBC count and C-reactive protein.
Jung et al. [11] found that NLR (<5.6/55.6) was associated with
perforated appendicitis in elderly patients. Shimizu et al. [12]
reported that NLR (<5/55) may be more sensitive than the WBC
count or C-reactive protein for diagnosis of catarrhal appen-
dicitis. These findings indicate that NLR can be a good pre-
dictor of the severity of inflammatory response. Additionally,
NLR can reflect the body’s immune response to cancer cells.
Therefore, some studies have reported that NLR can predict
the prognosis of patients with certain types of cancer, such
as gastric cancer [13], non-small cell lung cancer [14], and co-
lon cancer [15,16]. NLR may be important in colon cancer as
well as in groin hernia [17,18]. Overall, NLR seems to be im-
portant in the prediction of severity of certain diseases. Our re-
search confirmed that incarcerated groin hernia patients with
NLR>11.5, independent of WBC count and neutrophil count,
had much higher risk for bowel resection. NLR has also been
used in the diagnosis of adult strangulated inguinal hernias.
Zhou et al. [19] reported that NLR>6.5 was significantly relat-
ed to the presence of a strangulated inguinal hernia. These au-
thors suggested that NLR>6.5 may serve as the best predictor
for diagnosing strangulated inguinal hernias. In their study, the
NLR value was related to the presence of an ischemic bowel.
As the intestine becomes necrotic, the systemic inflammato-
ry response increases. Thus, a high NLR (NLR>11.5) can serve
as a biomarker to predict the need for bowel resection in pa-
tients with incarcerated groin hernias.

We found that the occurrence rate of bowel obstruction was
86.11% (31/36) in the bowel resection group and 50.85%
(30/59) in the no-bowel resection group. The bowel obstruc-
tion occurrence rate difference had remarkable statistical
significance (p=0.001) in univariate analysis. Using multiple
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logistic regression analysis, we demonstrated that bowel ob-
struction was significantly associated with the need for bow-
el resection surgery in incarcerated groin hernia patients. We
also discovered that the duration of incarceration (<26/>26
hours) (odds ratio=5.128, p=0.004) was an independent risk
factor for bowel resection. The reason for bowel obstruction
was that the intestines can quickly develop ischemia and ne-
crosis due to long duration of incarceration. Therefore, bow-
el resection surgery may be needed. In contrast, Ge et al. [5]
reported that the duration of incarceration was 33.9+52.0 h
in the no-bowel resection group and 48.5+57.0 h in the bow-
el resection group (p=0.062). These results indicate that the
bowel resection group had longer durations of incarceration
than the durations in the no-bowel resection group, although
this was not statistically significant in their study. Further in-
vestigations are needed to determine what duration of incar-
ceration will lead to intestine ischemia and necrosis for bow-
el resection. Overall, the presence of obstructed bowels and
the duration of incarceration can be useful indicators for the
need to perform bowel resection in patients with incarcerat-
ed groin hernias.

Once incarcerated groin hernias are diagnosed, hernia surgery
should be initiated immediately because intestinal incarcera-
tion can rapidly evolve into intestinal strangulation, increas-
ing the need for bowel resection. When patients are sent into
the hospital, we cannot accurately distinguish incarceration
or strangulation using clinical presentations. However, we can
determine the state of the incarcerated groin hernia using NLR
and help the families of patients understand the severity of
the disease. If manual reduction of the hernia is successful,
serial NLR values could be used to dynamically monitor the
response and condition of the patient. If NLR continues to in-
crease, it may suggest that the patient’s condition is worsen-
ing and that they will need emergency hernia surgery.

Conclusions

Elevated NLR can serve as a biomarker for the prediction of se-
verity of incarcerated groin hernias. Additionally, incarcerated
groin hernia patients who present with bowel obstruction or
with the duration of intestinal incarceration longer than 26 h
are more likely to require bowel resection.
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