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Diagnostic value of systemic immune inflammation index in
acute appendicitis

Kemal Sener™ @, Adem Cakir! ®, Hiiseyin Kilavuz? @, Ertugrul Altug! @, Ramazan Gliven?

SUMMARY

OBJECTIVE: Clinical diagnosis of acute appendicitis is often difficult and involves a synthesis of clinical, laboratory, and radiological findings. The aim
of this study was to investigate whether the systemic immune inflammation index can be used as an effective parameter in the diagnosis of acute
appendicitis and its reliability in the differentiation of complicated vs. non-complicated appendicitis.

METHODS: The study was conducted retrospectively with patients admitted to the emergency department with abdominal pain and diagnosed
with acute appendicitis. In total, 150 patients and 150 control cases were included in the study. Demographic data, medical history, white blood cell
count, platelet count, neutrophil count, systemic immune inflammation index values, Alvarado score, adult appendicitis score, and pathology result
of appendectomy material were retrieved from the hospital automation system and recorded in the data form.

RESULTS: Neutrophil-lymphocyte ratio and systemicimmune inflammation index were significantly higher, and platelet-neutrophil ratio and lymphocyte-
neutrophil ratio were significantly lower in the patient group compared to the control group (p<0.001). Receiver operating characteristic analysis
revealed that the sensitivity and specificity of systemic immune inflammation index with a cutoff value of 840.13 was 82 and 66.7%, respectively, for
the diagnosis of acute appendicitis. Correlation analysis revealed that systemic immune inflammation index, Alvarado score, and adult appendicitis
score were positively correlated, and this correlation was statistically significant.

CONCLUSION: Systemic immune inflammation index may be used to promote the diagnosis of acute appendicitis and may reduce the need for
radiation exposure and diagnostic imaging tests such as contrast-enhanced abdominal computed tomography. It can also be used to differentiate
between complicated and non-complicated acute appendicitis cases.
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INTRODUCTION

Acute appendicitis (AA) is one of the most common abdomi-
nal emergencies worldwide'. Lifetime risk is 8.6% in men and
6.7% in women?. In addition, AA is one of the most common
causes of hospitalization in patients admitted to the emergency
department with abdominal pain.

Clinical diagnosis of AA is often difficult and involves
a synthesis of clinical, laboratory, and radiological find-
ings. The diagnosis of AA can be made more accurately
and reliably by using physical examination findings and
inflammation markers. In addition, many scoring systems
are used to estimate AA risk, including Alvarado score,
acute appendicitis score, adult appendicitis score (AAS),
Raja Isteri Pengiran Anak Saleha Appendicitis (RIPASA)
score, appendicitis inflammatory response (AIR) score,
and modified Alvarado score. Studies have shown that
these scoring systems are helpful in the diagnosis and
treatment of AA>.

The systemic immune inflammation index (SIII) is a novel
systemic inflammatory prognostic indicator associated with out-
comes in patients with different tumors. Studies have shown an
association between SIIT and many chronic/acute inflammatory
diseases’. Since SIII is easy to calculate, inexpensive, requires
only complete blood count, and relies on no subjective find-
ings, it will provide more accurate results in the diagnosis of AA.

Therefore, the aim of this study was to determine whether
the diagnostic value SIII can be used as an effective parame-
ter in the diagnosis of AA and its reliability in the distinction

between complicated and non-complicated appendicitis.

METHODS

Study setting
This study began after obtaining the study approval from the
ethics committee of our hospital (Ethics committee decision no.
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2021.04.35; dated: April 28, 2021). The study was conducted
retrospectively and in a single center. The study was conducted
between May 1, 2021, and May 1, 2022, with patients who
were admitted to the emergency department with abdominal
pain, diagnosed with AA, and met the criteria for inclusion in
the study. Demographic data, medical history, WBC, platelet
count, neutrophil count, SIII values, Alvarado scores, AAS,
and pathology results of appendectomy material were retrieved
from the hospital automation system [Hospital Information
Management System (HIMS)] and recorded in the case form.
The Alvarado score is a diagnostic score that is based on the
symptoms (migratory pain, anorexia, nausea, and/or vomiting),
signs (tenderness, rebound tenderness, and elevated body tem-
perature), and laboratory findings (leukocytosis and left shift).
One point was given to the presence of each indicator, except
2 points for tenderness and leukocytosis, making a total score
of 10. AA cases were divided into two groups as complicated
appendicitis and non-complicated appendicitis based on the
presence of complications (gangrenous, perforated, and abscess
formation). The study included 150 confirmed cases of AA
and 150 control cases who were admitted to the emergency
department with abdominal pain and not diagnosed with AA.

Study group patients with confirmed AA diagnosis and
control group patients who were not diagnosed with AA after
being admitted to the emergency department with abdomi-
nal pain were included in the study. In all, 3 patients under
the age of 18 years, 5 pregnant patients, and 12 patients with
missing data were excluded from the study. Also, 10 patients
whose outcome could not be followed and whose medical his-
tory was unknown were not included in the study. In addi-
tion, 12 patients with any medical history of malignancy, a
history of hematological disease, bone marrow pathology, and
those taking anti-inflammatory or immunosuppressive drugs
were also excluded from the study. In addition, patients with

non-appendicitis infection focus were excluded from the study.

Patient group

The control group was randomized from age- and gender-matched
patients meeting the inclusion and exclusion criteria. As the
control group, 150 patients who presented to the emergency
department with the complaint of “abdominal pain” but were
not diagnosed with AA were included. The group consisted of
volunteers with a known medical history and no chronic dis-
ease history.

Data calculation
In the study, calculations were made from the obtained results
of the cases. B, N, and L refer to peripheral platelet, neutrophil,
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and lymphocyte counts, respectively. Accordingly, NLR (N/L
ratio), PLR (P/L ratio), PNR (P/N ratio), and LNR (L/N ratio)
were calculated. SIII calculated as [(PxN)/L)]°. Mortality eval-
uation was based on the mortality rates of the patients during
hospital stay. Due to the retrospective design of the study, mor-

tality after discharge and its causes were not evaluated.

Statistical analyses

The data were analyzed with SPSS Package Program version
24.0. Number, percentage, mean, standard deviation, median,
minimum, and maximum values were used in the presentation
of descriptive data. The conformity of the data to normal distri-
bution was evaluated by the Kolmogorov-Smirnov test. In the
univariate analysis, continuous variables with normal distribu-
tion were expressed as meantSD and compared using the t-test.
Pearson’s ) test was used in the analysis of categorical variables.
For categorical variables, Fisher’s exact test was used in cases with
less than five variables. Spearman’s correlation test was used in
correlation analysis of multiple variables. Diagnostic accuracy
was assessed using receiver operating characteristic (ROC) curve
analysis. The appropriate cutoff values were determined, and the
sensitivity and specificity values were calculated for the parame-
ters with an area below the curve (AUC) above 0.600. A p<0.05
was accepted as statistically significant in all analyses.

RESULTS

A total of 150 patients and 150 control cases were included
in the study. The control group was randomly generated from
age- and gender-matched patients. Mean age was 33.47+11.01
years in the patient group and 35.67%12.23 years in the control
group. Mean pulse rate was significantly higher in the patient
group compared to the control group. There was no significant
difference between other vital parameters. WBC and neutro-
phil count were significantly higher and lymphocyte level was
significantly lower in the patient group compared to the con-
trol group. There was no significant difference in platelet count
between the two groups (Table 1).

Neutrophil-lymphocyte ratio (NLR) and SIII were signifi-
cantly higher, and PNR and LNR were significantly lower in
the patient group compared to the control group. There was
no significant difference between the two groups with respect
to mean PLR (Table 1).

The patient group was further subdivided as complicated
and non-complicated cases based on the complication sta-
tus. In all, 18 cases were evaluated as complicated appendici-
tis cases and 132 cases as non-complicated appendicitis cases.
Both defense and rebound findings in physical examination
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were significantly more common in complicated appendicitis
cases. WBC and neutrophil count were significantly higher
and lymphocyte count was significantly lower in complicated
appendicitis cases compared with non-complicated cases. SIII,
NLR, and PLR were significantly higher and PNR and LNR
were significantly lower in complicated appendicitis cases.

Mean Alvarado score (14.5+2.83 and 11.40+1.98; p<0.001)
and AAS (7.33£1.08 and 4.33%1.38; p<0.001) were signifi-
cantly higher in complicated appendicitis cases. Peritonitis
findings were significantly more pronounced in complicated
appendicitis cases (p=0.003). There was no significant differ-
ence between the two groups in terms of mortality.

The ROC analysis revealed that the sensitivity and specificity
of SII with a cutoff value of 840.13 was 82 and 66.7%, respec-
tively, for the diagnosis of AA. Furthermore, a cutoff value of
1782.94 for SIII had 88.9% sensitivity and 68.9% specificity
for distinguishing between complicated vs. non-complicated
cases (Figure 1 and Table 2).

Correlation analysis revealed that SIII, Alvarado score, and
AAS were positively correlated, and this correlation was sta-

tistically significant.

DISCUSSION

Acute appendicitis is one of the leading abdominal emergen-
cies worldwide. The diagnosis of AA is still not clearly estab-

lished in emergency room conditions with tests that prolong

the process, are cost-ineffective, and lead to radiation exposure.
There is a search for new diagnostic tools in order to make the
diagnosis of AA more accurate, more reliable, and cheaper.
Recent studies show that SIII is both an accurate indicator of
inflammation and a useful ratio that helps predict the diagno-
sis and prognosis of many diseases®®. SIII is a newly defined,
simple, and inexpensive index that reflects the balance between
inflammatory and immune responses. Based on the results of
this study, it was found that SIII is a reliable index that can be
used both in the diagnosis of AA and in the differentiation of
complicated and non-complicated AA cases.

Leukocyte count is one of the most commonly used diag-
nostic methods in the diagnosis of AA. However, the sensitiv-
ity and specificity of leukocyte count for the diagnosis of AA
is limited’. In this study, leukocyte count was higher in the
patient group diagnosed with AA. Likewise, NLR and PLR
have been used as auxiliary parameters in the diagnosis and
prognosis of many diseases'*!2. In this study, NLR was signifi-
cantly higher in patients diagnosed with AA, while no signif-
icant difference was found in PLR. In addition, based on the
results of this study, PNR and LNR are also diagnostic ratios
that can be used in the diagnosis of AA.

In patients with suspected AA, these ratios can optimize
the use of risk classification with clinical scoring systems and
diagnostic imaging, as well as guide decision-making to prevent
negative exploratory surgeries. Due to these scoring systems,

both unnecessary radiological examinations for AA diagnosis

Table 1. Comparison of demographic and clinical data of the patient and control groups.

33.47+11.01 35.67+£12.23 0.102*
Conder Female 65 (48.5) 69 (51.5) 0.640"
Male 85(51.2) 81(48.8)
Systolic BP (mmHg) 128.65£26.47 132.29420.85 0.187**
Vital parameters Diastolic BP (mmHg) 77.50+£16.57 77.43+13.88 0.970**
Pulse (pulse/min) 94.03+19.71 88.79+16.81 0.014*
WBC (x107/L) 13.42+4.57 8.72+2.89 <0.001**
L aboratory values Neutrophil (x107/L) 7.75£5.41 4.10+4.84 <0.001**
Lymphocytes (x107/L) 1.75+0.75 2.07+1.04 0.004**
Platelet (x107/L) 238.06+68.98 254.89+66.18 0.032**
NLR 7.75£5.41 4.10+£4.84 <0.001**
PLR 162.27+90.03 156.88+113.04 0.648"*
Ratios PNR 27.13+£16.18 51.78+24.04 <0.001**
LNR 0.21+0.17 0.43+0.265 <0.001**
ST (x107/L) 1759.6241263.92 979.96+1032.33 <0.001**

*Pearson’s x? test was used; **t-test was used. BP: blood pressure; NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio; PNR: platelet-neutrophil
ratio; LNR: lymphocyte-neutrophil ratio; SIlI: systemic immune inflammatory index; WBC: white blood cells. Bold indicates statistically significant p-values.
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Figure 1. Systemicimmune inflammation index receiver operating characteristic analysis for diagnosis of acute appendicitis and identifying complications.

Table 2. Systemic immune inflammation index receiver operating characteristic analysis results for the diagnosis of acute appendicitis and
identifying complications.

A q 95%ClI
e s e . rea under
Parameter Cutoff value Sensitivity Specificity curve (AUC) Lower Upper
bound bound
Diagnostic value of SllI 840.13 82.0 66.7 0.764 0.709 0.819 <0.001
SlII for differentiating
between complicated vs. 1782.94 88.9 68.9 0.826 0.744 0.909 <0.001
non-complicated cases

ROC: receiver operating characteristic; SlI: systemic immune inflammatory index. Bold indicates statistically significant p-values.

and unnecessary surgeries are prevented. Many scoring sys- the cutoff value of 1,782.94 (x10°/L) had 88.9% sensi-
tems such as Alvarado score, AAS, and AIR can be used in tivity and 88.9% specificity for differentiating between
the diagnosis and risk classification of AA. In a meta-analy- complicated and non-complicated cases. Compared to the
sis, Kularatna et al. reported that the AIR scoring system was study by Khairol et al., the sensitivity of SIII obtained in
the most successful scoring system in terms of sensitivity and this study is higher than that of NLR, and its specificity
specificity*>*!314, Among the scoring systems evaluated in this is the same'.
study, Alvarado score and AAS were more successful in com- Dey et al. examined AA cases that were diagnosed histo-
plicated AA cases compared to non-complicated cases. This is pathologically and found that there were misdiagnosed cases.
due to the fact that physical examination and peritoneal irrita- For this reason, they investigated the correlation between
tion findings and inflammatory markers are more prominent histopathological diagnosis and Alvarado score and found a
in complicated AA patients. statistically significant positive correlation'®. Canbak et al.
To the best of our knowledge, there are no studies in the investigated the correlation between Alvarado score and
literature investigating the diagnostic power of SIII for AA. ultrasonography in the diagnosis of AA and found that their
Similarly, there are no studies investigating the efficacy of combined use reduced the rates of misdiagnosis and missed
SIII in the distinction of complicated vs. non-complicated diagnosis”. In another study, Sousa-Rodrigues et al. found

AA. In this study, the cutoff value of 840.13 (x10°/L) for that the Alvarado score and the macroscopic appearance of
SIIT had 82% sensitivity and 66.7% specificity. In addition, the appendix were correlated for the diagnosis of AA; however,
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this correlation only occurred in the advanced stage of AA'.
In this study, both Alvarado score and AAS were positively
correlated with SIII. This indicates that SIII can be success-
fully used in the diagnosis of AA. When evaluated together
with Alvarado score and AAS, SIII will reduce the rates of
misdiagnosis and missed diagnosis in AA cases.

CONCLUSION

Based on the results of this study, SIII may be used to promote
the diagnosis of AA, and it can reduce the need for diagnos-
tic imaging tests with radiation exposure, such as contrast-en-
hanced abdominal computed tomography. SIII is cost-effective
and easy to calculate, and its use with Alvarado score and AAS

will reduce both misdiagnosis and unnecessary operation rates.

Limitations

The limitations of our study are that it is a retrospective, sin-
gle-center study. There is a need for multicenter, prospective
studies with more patients.
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