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ABSTRACT

Background: This study aimed to investigate the utility of immature granulocyte count and percentage on the prediction of suspected
acute appendicitis according to the Alvarado scoring system and its effect on the need for computed tomography scanning.

Methods: Adult patients who had an Alvarado scoring system between 4 and 7 with the first imaging technique computed tomography
were included and retrospectively analyzed. The immature granulocyte count and granulocyte percentage were obtained from the blood
samples taken at the time of the patient’s first admission to the hospital.

Results: A total of 652 patients were evaluated and 186 patients were included in the study. Acute appendicitis was not detected in
computed tomography imaging of 121 (65%) patients (group N) and detected in 65 (35%) patients (group P). The mean immature
granulocyte percentage in group N and group P were 0.314 + 0.188 (0.00-1.40) and 0.364 + 0.205 (0.05-1.00), respectively. The mean
immature granulocyte percentage was similar between groups (P =.095). The mean immature granulocyte count was 33 + 46/uL (0-50)
in group N and 60 + 85/uL (10-690) in group P. Immature granulocyte count was significantly higher in group P (P =.005). Univariate
analysis results revealed that age and immature granulocyte percentage were not predictive factors for the presence of acute appen-
dicitis in suspected cases (P > .05). On the other hand white blood cell, neutrophil-lymphocyte ratio, C-reactive protein, and immature
granulocyte count were determined as predictive factors in univariate analysis and multivariate analysis. Receiver operating character-
istic curve analysis of preoperative immature granulocyte percentage and immature granulocyte count values in the diagnosis of acute
appendicitis: the cut-off value of immature granulocyte percentage was >0.35 and its sensitivity, specificity, positive predictive value,
and negative predictive value were 44.1%, 72.1%, 71.1%, and 41.5%, respectively (area under the curve: 0.588; Cl: 0.484-0.682). The
cut-off value of immature granulocyte count was >35/uL and its sensitivity, specificity, positive predictive value, and negative predictive
value were 66.1%, 73.6%, 71.9%, and 67.7%, respectively (area under the curve: 0.743; Cl: 0.659-0.827)

Conclusion: Immature granulocyte count is a predictive factor for acute appendicitis in patients with the middle-risk group according
to the Alvarado score and may be useful for the selective use of tomography.

Keywords: Acute appendicitis, computerized tomography, immature granulocyte count, immature granulocyte percentage, Alvarado
score

INTRODUCTION

Acute appendicitis (AA) is the most common cause of
abdominal pain requiring surgery in the emergency depart-
ment.! The highest incidence of AA is in the second and
third decades of life, but it can be seen at any age. There is
a 7% chance that a person will have appendicitis during life.
Only half of the patients with AA are presented with typi-
cal periumbilical pain followed by nausea, vomiting, and the
migration of pain to the right lower quadrant.?® The diagno-
sis of AA is based on the patient’s medical history, physical

examination, and laboratory findings. Various clinical pre-
diction rules have been developed to increase diagnostic
accuracy. The most accepted among these is the Alvarado
scoring system (ASS).* Alvarado scoring system classi-
fies patients as low, moderate, and high-risk groups for AA
(Table 1). Accordingly, it recommends discharge, observa-
tion, and surgical intervention to patients. However, such
scoring systems should not be used as the only method in
diagnosis.®
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Increased imaging use in patients with suspected AA
improved the rate of correct diagnosis. American College
of Radiology Appropriateness Criteria (ACR) recommends
computed tomography (CT) as the primary imag-
ing method to confirm the diagnosis of AA in adults.®’
However, CT imaging has some disadvantages, such as
radiation exposure, undesirable effects associated with
the use of contrast agents, additional cost, and increased
workload in the emergency room.

Numerous inflammatory parameters adapted from com-
plete blood cell count (CBC) can be used in infectious
inflammatory processes such as AA, pyelonephritis, and
non-infectious conditions such as differentiation of
tumoral masses from benign lesions and determining
survival in acute myocardial infarction.®' Among these
parameters, neutrophil-lymphocyte ratio (NLR), platelet—
lymphocyte ratio, and lymphocyte-monocyte ratio were
used in previous studies. Similarly, the count of imma-
ture granulocytes (IGC), which is an indicator of increased
activation of the bone marrow, and the percentage of I1G
(IGP), which is the ratio of IGs to the total white blood cell
count (WBC), are also has been used in acute necrotiz-
ing pancreatitis, differentiation of complicated AA from
uncomplicated AA, pyelonephritis, sepsis, thyroid gland
malignancies, and renal cell carcinomas.®'?-'* Previously,
the determination of the number of IGs could be possi-
ble based on counting granulocyte precursor cells during
the direct microscopic examination.'®"" Nowadays, auto-
matic blood analyzers can easily measure the amount

Main Points

There are too many clinical and imaging modalities used
for the identification of acute appendicitis (AA); however,
all the procedures have missed areas like the Alvarado
scoring systems suspended part.

The immature granulocyte count in automated complete
blood cell calculation added to the Alvarado scoring system
can diminish the complicated AA case rates due to delayed
diagnosis and increase the correct diagnosis rates.

In rural areas, immature granulocyte count in routine
hematologic tests can be a helpful diagnostic test for the
suspected AA cases according to the Alvarado scoring sys-
tem (scores 4-7).

In the suspected abdominal pain cases according to the
Alvarado scoring system (scores 4-7) adds additional test
costs (e.g, computed tomography) and the Immature
granulocyte count automatically calculated in routine
hematologic tests can diminish the need for diagnostic
additional tests.

Table 1. Alvarado Scoring System for Acute Appendicitis

Parameters Score
Symptoms

Migratory right iliac fossa pain 1
Anorexia 1
Nausea/vomiting 1
Signs

Right lower quadrant tenderness 2
Right iliac fossa rebound 1
Elevation of temperature 1
Laboratory

Leukocytosis 2
Left shift (neutrophils) 1
Total score 10

Low risk: < 4; consider alternative diagnosis, these patients were considered
to probably not have acute appendicitis.

Moderate risk: 5-6; follow-up, choose proper treatment options after addi-
tional diagnostic approaches

High Risk: >7; highly probably appendicitis, choose proper treatment options
for acute appendicitis (medical treatment, radiologic interventions, and
appendectomy)

and percentage of IGs simultaneously in a complete
blood count test with advances in technology.” The IGs
in peripheral blood are an indicator of increased bone
marrow activity.? It has been reported in previous stud-
ies that IGC and IGP increase during infection and sepsis
and are more reliable markers in the diagnosis of AA than
other hematological parameters.>'3

This study was aimed to investigate the utility of IGC and
IGP on the prediction of suspected AA according to the
ASS and its effect on the need for CT scanning.

MATERIALS AND METHODS

Study Design and Setting

This study is a retrospective cohort analysis involving
adult patients who were admitted to the emergency
department of Kahramanmaras Siitgli imam University
Hospital, between January 2019 and July 2019 due to
abdominal pain and suspected AA according to ASS.
After approval of the Clinical Trials Ethical Committee
of the Medical Faculty of Kahramanmaras Siitcli imam
University (Date: 19.06.2019; Session Number: 2019/11;
Decision No: 06) all the data of included cases were retro-
spectively evaluated. Because of the retrospective char-
acter of the study design, the signed informed consent
of patients is not required. All procedures performed in
studies involving human participants were under the ethi-
cal standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards.
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Patient Selection and Data Collection

Adult patients who applied to the emergency department
of Kahramanmaras Siitgli imam University Hospital due
to abdominal pain and had an ASS between 4 and 7 and
whose initial imaging technique was CT were included
in the study. Alvaradoscores of the patients were noted
from the patients’ medical records. Patients were used
other imaging methods, underwent surgery without
imaging, followed by medical treatment without surgery,
pregnant, under the age of 18, with incomplete medical
records, and with additional diseases (such as underlying
hematologic or rheumatologic disease, other concurrent
infectious diseases) and treated with granulocyte colony-
stimulating factors, glucocorticoids, or other immuno-
suppressants that may affect inflammation markers were
excluded from the study.'®

Electronic files of the patients recorded in the hospital
database were reviewed by the authors. Demographic
data (age and gender), laboratory values, tomography
reports, ASS scores, and pathological diagnoses were
recorded. The diagnosis was also confirmed histopatho-
logically in all patients diagnosed with AA according to the
result of tomography.

White blood cell, neutrophil count, lymphocyte count,
IGC, and IGP were measured using an automated hema-
tological analyzer (XN 3000; Sysmex Corp., Kobe, Japan).
The neutrophil-lymphocyte ratio was calculated manu-
ally. The patients were divided into 2 groups as those with
AA (appendicitis positive group, group P) and non-appen-
dicitis (appendicitis negative group, group N) according to
the result of tomography.

Statistical Analysis

The data were analyzed with the IBM Statistical Package
for the Social Sciences (SPSS version 20) program (IBM
Corp.; Armonk, NY, USA). The compliance of continu-
ous variables to normal distribution was evaluated with
the Shapiro-Wilk test. An independent sample t-test was
used to compare the data that complied with the normal
distribution and the Mann-Whitney U test was used for
those that did not comply with the normal distribution.
Pearson test was used for the correlation analysis of nor-
mally distributed parameters, and the Spearman test was
used for correlation analysis of non-normally distributed
parameters. Multivariate analysis was performed with
parameters found to be significant in the evaluation of
univariate analysis and predictive values of preoperative

blood parameters were calculated. The chi-square test
was used to analyze categorical variables. P < .05 value
was considered significant. The receiver operating char-
acteristic (ROC) curve analysis was used to evaluate
the success of laboratory parameters in predicting AA
diagnosis. The area under the curve (AUC), sensitivity,
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and accuracy rate were calculated
for parameters with a statistically significant difference
between groups.

RESULTS

A total of 652 patients complaining of abdominal pain
were evaluated retrospectively and 186 patients who met
the inclusion criteria were included in the study (Figure 1).
Acute appendicitis was not detected in CT imaging of
121 (65%) patients and 76 (63%) of these patients were
women and 45 (37%) were men. Sixty-five (35%) patients
diagnosed with AA on CT imaging; 27 (42%) were female
and 38 (58%) were male. The mean age in group N was
39.80 + 16.53 (19-84), and the mean age in group P was
37.38 + 15.24 (18-88) (P = .330). The hematological and
biochemical parameters of the groups and their compari-
son results are presented in Table 2.

The mean IGP in group N and group P were 0.314 +
0.188% (0.00%-1.40%) and 0.364 + 0.205% (0.05%-
1.00%), respectively (P =.095). The mean of IGC in group
N was 33 + 46/uL (0-50) and 60 + 85 /uL (10-690) in
group P (P =.005).

Univariate analysis results revealed that age (P = .330;
F =0.952; odds ratio [OR] = 0.005) and IGP (P = .095;
F =2.817; OR = 0.015) were not seen as predictive factor
for the presence of AA in suspected cases according to
ASS. On the other hand WBC, NLR, CRP, and IGC were
determined as predictive factors in univariate analysis. In
multivariate analysis, WBC, NLR, CRP, and IGC parameters
were found to be predictive factors of AA in clinically sus-
pected cases according to ASS in the preoperative period
(Table 3). The ROC curve analysis of preoperative IGP and
IGC values in the diagnosis of AA in group P was given
as follows: the cut-off value of IGP was >0.35% and its
sensitivity, specificity, PPV, and NPV were 44.1%, 72.1%,
71.1%, and 41.5%, respectively (AUC: 0.588; CI: 0.484-
0.682); the cut-off value of IGC was >35/uL and its sen-
sitivity, specificity, PPV and NPV were 66.1%, 73.6%,
71.9%, and 67.7%, respectively (AUC: 0.743; Cl: 0.659-
0.827) (Figure 2 and Table 4).
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Patients complaining with abdominal pain

n=652

n=217

Acute Appendicitis (ALVARADO Score27)

Suspected diagnosis
n=435

Patients excluded n=249
Patients with missing data: 47
Patients with gynecologic pathologies: 78
Patients with concomitant infections: 39
Patients with inflamatory bowel disease: 3
Patients with rhomatologic disease: 8
Patients with intestinal ischemia: 5

Patients with other acute abdomen cases: 116

Patients can not be diagnosed clinically

n=186

Computerized

Acute Appendisitis
n=121

Tomographic Negative

Computerized
Tomographic Positive
Acute Appendicitis

n=65

Figure 1. Flowchart of the study design.

DISCUSSION

Acute appendicitis is the most common cause of
abdominal pain requiring urgent surgery in the emer-
gency department.’® Appendicitis is an inflammatory
process that can result in perforation, abscess forma-
tion, general peritonitis, bowel obstruction, and rarely,
0.08% death. In the case of perforation, mortality risk
rises to 0.5%." Therefore, it is of utmost importance
to correctly diagnose AA."® Although the use of CT is
widespread today, the diagnosis of AA is still based on
symptoms, findings, and laboratory results, especially
in rural areas where additional imaging methods are
insufficient.”®

Acute appendicitis can be easily diagnosed in its clas-
sic form, but classical presentation occurs in 50%-60%
of patients. Atypical presentations are most common in
conditions such as anatomical location variation of the
appendix, extreme ages, and pregnancy.”® Symptoms
may vary from person to person or ambiguous abdomi-
nal discomfort is the only symptom in the early stages
of inflammation. Many patients with atypical clinical
manifestations are diagnosed with complicated appen-
dicitis.?® Therefore, timely and accurate diagnosis in
the emergency department remains a clinical chal-
lenge in the early stages or atypical cases. Despite all the
improvements in diagnosis and treatment, high-negative
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Table 2. The Hematological and Biochemical Parameters of the Groups and Their Comparison Results

Group-N Group-P

Parameter (n=121) (n=65) P
Age (years) 39.80 +16.53 (19-84) 37.38 + 15.24 (18-88) .330
WBC (x10°/pL) 9.25 + 2.40 (3.61-15.70) 12.95 + 3.83 (5.57-21.27) <.001*
Neutrophils (x103/pL) 6.18 + 2.29 (2.08-12.10) 10.10 + 3.77 (3.23-18.65) <.001*
Lymphocytes (x10°/pL) 2.27 +0.99 (0.25-5.70) 1.91 +0.99 (0.49-5.26) .019*
IGC(/pL) 33 + 46 (0-50) 60 + 85(1-69) .005*
IGP (%) 0.314 + 0.188 (0.00-1.40) 0.364 + 0.205 (0.05-1.00) .095
NLR 3.67 +3.17 (0.70-15.87) 7.34 +3.17 (1.17-32.62) .001*
CRP (mg/L) 9.37 + 11.96 (3.02-65.50) 39.98 + 53.01 (3.02-280) <.001*
Glucose(g/dL) 111.17 + 26.74 (75-223) 115.18 +22.78 (79-209) .307
Urea (mg/dL) 11.89 + 3.76 (5-27) 11.64 + 3.71 (3-24) 677
Creatinine (mg/dL) 0.72 + 0.17 (0.4-1.24) 0.93-1.41 (0.3-12) 116
AST (U/L) 22.81 +11.32 (9-90) 19.56 + 6.84 (4-45) .036*
ALT (U/L) 21.51 +17.21 (7-169) 18.30 + 7.93 (5-50) 155
Sodium (meq/L) 139.20 + 3.23 (117-145) 138.87 + 2.18 (133-143) 460
Potassium (megq/L) 4.27 + 0.37 (3.18-5.30) 4.30 +0.39 (3.10-5.20) .588
Calcium (mg/dL) 9.16 + 0.46 (7.70-10.50) 9.17 + 0.54 (7.16-10.70) 892

*P < .05 is statiscally significant.

WBC, white blood cell; IGC, immature granulocyte count; IGP, immature granulocyte percentage; NLR, neutrophil to lymphocyte ratio; CRP, C-reactive protein;

AST, aspartate aminotransferase; ALT, alanine aminotransferase.

appendectomy and perforation rates are still reported
(13%-36% and 12%-21%, respectively).®

Alvarado scoring system is the most widely used scor-
ing system for the diagnosis of AA. For patients ASS with
<4 discharge, 24-hour observation for patients with ASS
5-7, and surgery for patients with ASS 8-10 were recom-
mended in many studies.* The diagnostic suitability of the
ASS was determined as 90.9% for 7-10 points and 100%
for 0-4 points.” One hundred eighty-six patients, includ-
ing 108 women and 83 men with ASS 4-7 who underwent
CT imaging were included in our study. Acute appendici-
tis was diagnosed in 34.9% of the patients and the ratio
of males to females was 1.4:1. The lifetime incidence of
AA was 8.6% in males, 6.7% in females, and the ratio of
males to females was 1.4:1, 1.5:1, 2:1.4 in different stud-
ies.?! There are many gynecological diseases (such as
ovarian cyst rupture and ovarian torsion) especially in
young adult female patients that may be confused with
AA22 Therefore, conditions with atypical presentations
are more common in women.v

Many studies have been conducted in the literature about
the usefulness of laboratory tests to support the diagnosis

of AA. The most frequently studied parameters are WBC,
CRP, neutrophil rate, procalcitonin, erythrocyte sedimen-
tation rate, NLR, and bilirubin.®2° Among them, serum
CRP and WBC are widely used in the diagnosis process
of patients with suspected appendicitis in the emergency
department.?® Predictive values of the CRP and the count
of WBC were investigated in patients with AA in the study
of Beltran et al.?* The sensitivity of the WBC count at the

Table 3. Multivariate Analyses Results of iInflammatory Markers
for Prediction of Acute Appendicitis for Clinically Suspected Cases
According to ASS

%95 Cl
Odds Lower Upper
Ratio B P Bound Bound
WBC 0.864 12.992 <.001* 12.205 13.778
NLR 0.508 7.052 <.001* 5.992 8.112
CRP 0.345 39.981 <.001* 31.563 48.398
IGC 0.241 0.062 <.001* 0.045 0.079

*P < .05 is statiscally significant.

WBC, white blood cell count; NLR, neutrophil to lymphocyte ratio; IGC,
immature granulocyte count; CRP, C-reactive protein; ASS, Alvarado Scoring
System.
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Figure 2. Receiver operating characteristic (ROC) curve analyses of
IGC, WBC, CRP, NLR, IGC, and IGP to predict acute appendicitis on
tomography. (IGC, immature granulocyte count; WBC, white blood
cell; CRP, C-reactive protein; NLR, neutrophil to lymphocyte ratio)

12th hour after symptoms started was 90% according to
their study. They found that CRP values remained high at
the 12th, 24th, and 48th hours after symptoms started.?*

Kharbanda et al.>** showed that CRP is more beneficial in
children with pain from 24 to 48 hours to predict appen-
dicitis and WBC in those with less than 24 hours of pain.
The WBC count is an early marker of appendix inflam-
mation, but it cannot reliably distinguish acute and per-
forated appendicitis. C-reactive protein has been shown
to increase significantly after appendix perforation or
abscess development.?® White blood cell and CRP lev-
els were not detected as a predictive factor for perfora-
tion in AA in another study conducted by Gller et al.?” In
our study, we determined the cut-off value of CRP to be

Table 4. ROC Analysis of WBC, NLR, IGP, IGC, and CRP for Group P

7.30 mg/L to predict the diagnosis of AA in moderate-risk
patients according to ASS, and appendicitis was shown in
CT imaging.

Shin et al.”® found that NLR >5.7 had 57.2% sensitivity
and 80% specificity as a positive predictor for an appen-
dectomy. Increased NLR levels were shown to be an
effective predictive factor in diagnosing AA and detecting
complicated AA.28 In a study of 112 patients conducted by
Akgll et al.? the NLR value was determined as a predic-
tive factor for the diagnosis of AA. For the diagnosis of
AA, we detected sensitivity, specificity, PPV, and NPV at
3.77 cut-off value as 70.8%, 69.4%, 70.41%, and 70.2%,
respectively.

There are discussions about the usefulness of the IGP in
predicting AA. A study conducted by Shin et al.’® showed
that the sensitivity for the 0.2 cut-off value for IGP was
reported as 59.8% and specificity 77.1%. With these val-
ues, it was reported that IGP may be useful in predicting
the diagnosis of AA."® However, Park et al.2° reported that
IGP did not provide an additional contribution for 0.3 cut-
off value in the exclusion of AA (sensitivity: 54% and
specificity: 56%). In our study, AUC, sensitivity, specific-
ity, and P values were found to be 0.575, 42.5%, 71.1%,
and .093, respectively for a 0.35 cut-off IGP value. Our
findings show that IGP will not be useful in supporting the
diagnosis of AA in clinically suspected patients according
to ASS.

In a study conducted by Unal et al.? for the cut-off value
60.5/uL of IGC, AUC, sensitivity, specificity in predicting
AA was reported as 0.795, 55.9%, and 96.1%, respec-
tively. In the same study, it was reported that IGC is supe-
rior to WBC, NLR, and IGP to distinguish acute simple
appendicitis and acute complicated appendicitis.® In our

Asymptotic 95% CI

Lower Upper Cut-Off PPV NPV
Parameters ARUC Bound Bound P Sensitivity (%)  Specificity (%) Value (%) (%)
WBC (/mm?) 0.787 0.711 0.862 <.001* 72.9 71.2 >10660 7141 73.8
NLR 0.761 0.686 0.836 <.001* 71.2 70.0 >3.77 68.6 70.8
IGP (%) 0.588 0.494 0.682 .059 441 727 >0.35 7141 41.5
IGC (/mm?) 0.743 0.659 0.827 <.001* 66.1 73.6 >35 71.9 67.7
CRP (mg/L) 0.726 0.641 0.842 <.001* 69.5 64.5 >7.29 64.5 69.5
*P < .05

WBC, white blood cell count; NLR, neutrophil to lymphocyte ratio; IGC, immature granulocyte count; CRP, C-reactive protein; IGP, immature granulocyte per-
centage; AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value; ROC, receiver operating characteristic.
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study, we determined the sensitivity, specificity, PPV, and
NPV of IGC with a 35/uL cut-off value as 66.1%, 73.6%,
71.9%, and 67.7%, respectively.

The diagnostic accuracy for AA has increased with the
use of CT. Cost analysis studies conducted after the ACR
recommended tomography as the most appropriate test
for working in the right lower quadrant pain showed that
routine use of tomography in the evaluation of suspected
appendicitis reduces healthcare costs. Also, routine
tomography use has been found to significantly reduce
negative appendectomy rates.' However, there are some
disadvantages associated with CT imaging, including
complications related to radiation exposure and contrast
agent use. Additionally, in rural areas, imaging modalities
cannot be reached easily. For this reason, predicting AA
with clinical and laboratory findings becomes more useful
in rural areas.

The ASS is a well-established and widely used clinical
decision tool. It can help in reducing the need for CT scan-
ning to diagnose appendicitis. Tan et al.*° reported that
ASS had a general sensitivity of 94.2% to exclude AA in
patients with ASS 3 and below. Patients with ASS 7-10 for
men and ASS 9-10 for women were recommended to
undergo surgery without imaging. This application has
been reported to reduce CT scan usage by 70%. However,
when our patients were analyzed according to the rec-
ommendations of this study, tomography was negative in
terms of AA in 65.1% of our 186 patients with ASS 4-7.
As can be seen, negative tomography ratios remain high
if only ASS is used as a guide when making CT imaging
decisions. Our results show that the use of elevated IGC
with ASS can be an easily applicable and predictive factor
for AA in clinically suspected AA cases and can reduce the
need for CT scan.

Our study has some limitations due to its retrospec-
tive design. The study was conducted in the emergency
department of a single university hospital, and the
cohort was relatively small. Laboratory parameters of the
patients were obtained from the blood samples taken at
the first admission to the hospital. Information about the
onset of symptoms and the time of hospital admission
was not available for all patients included in the study.
Similarly, data of duration between diagnosis to opera-
tion time were not available. However, the strongest side
of our study is being the first study evaluating the util-
ity of IGC combined with ASS for the detection of AA in
suspected cases and detection of CT scanning needs for
these patients.

CONCLUSIONS

Due to the uncertainty of its symptoms and the lack of
diagnostic biomarkers, early and accurate diagnosis of
AA is still a challenge. Early recognition and treatment of
AA are critical to prevent complications such as abscess
development and perforation. Immature granulocyte
count is a predictive factor for AA in patients with the
moderate-risk group according to the ASS score, which
can be easily measured with routine CBC examination
without additional cost and may be useful for the selec-
tive use of tomography.

Ethics Committee Approval: The study was approved by the Clinical
Trials Ethical Committee of the Medical Faculty of Kahramanmaras
Siitcii imam University (Date: 19.06.2019; Session Number: 2019/11;
Decision No: 06).

Informed Consent: The signed informed consent of patients is not
required because of the retrospective character of the study design.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — 0.G; Design — 0.G.; Supervision —
0.G., M.B.B.; Materials - O.G., FAB. S.0.; Data Collection and/or
Processing — 0.G,MBB,FAB,SO.; Analysis and/or Interpretation —
0.G, MBB, FAB, S.0; Literature Search - 0.G, MBB, FAB, S.O;
Writing Manuscript — 0.G,, M.B.B, F.AB,, S.0; Critical Review - O.G.,
M.B.B.

Declaration of Interest: The authors have no conflict of interest to
declare.

Funding: This study received no funding.

REFERENCES

1. Ohle R, O'Reilly F, O'Brien KK, Fahey T, Dimitrov BD. The Alvarado
score for predicting acute appendicitis: a systematic review. BMC
Med. 2011,9(1):139. [CrossRef]

2. Hosseini M, Tizmaghz A, Shabestanipour G, Aein A, Otaghvar H.
The frequency of different clinical presentation of appendicitis, com-
plications, and prognosis in elderly. Annu Res Rev Biol.
2014;4(24):4381-4388. [CrossRef]

3. Shuaib A, Shuaib A, Fakhra Z, Marafi B, Alsharaf K, Behbehani A.
Evaluation of modified Alvarado scoring system and RIPASA scoring
system as diagnostic tools of acute appendicitis. World J Emerg Med.
2017,;8(4):276-280. [CrossRef]

4. Dal F, Cicek Y, Kocazeybek B, et al. Role of alvarado score and
biological indicators of C-reactive protein, procalicitonin and neop-
terin in diagnosis of acute appendicitis. Turk J Trauma Emerg Surg.
2018;25(3):229-237.

5. Tintinalli JE, Stapczynski JS, Ma OJ, Cline DM. Gastrointestinal
emergencies. In: Cydulka Rk, ed. Tintinalli's Emergency Medicine: A
Comprehensive Study Guide. 7th ed. New York: McGraw-Hill Medical;
2010.

6. Rosen MP, Ding A, Blake MA, et al. ACR appropriateness Criteria®
right lower quadrant pain—suspected appendicitis. J Am Coll Radiol.
2011;8(11):749-755. [CrossRef]

897


https://doi.org/10.1186/1741-7015-9-139
https://doi.org/10.9734/ARRB/2014/11717
https://doi.org/10.5847/wjem.j.1920-8642.2017.04.005
https://doi.org/10.1016/j.jacr.2011.07.010

Turk J Gastroenterol 2022; 33(10): 891-898

Giler et al. Immature Granulocyte Count for Acute Appendicitis

7. Smith MP, Katz DS, Lalani T, et al. ACR appropriateness Criteria®
right lower quadrant pain—suspected appendicitis. Ultrasound Q.
2015,31(2):85-91. [CrossRef]

8. Unal Y, Barlas AM. Role of increased immature granulocyte per-
centage in the early prediction of acute necrotizing pancreatitis.
Ulus Travma Acil Cerrahi Derg. 2019;25(2):177-182. [CrossRef]

9. Unal Y. A new and early marker in diagnosis of acute complicated
appendicitis: immature granulocyte. Turk J Trauma Emerg Surg.
2018,24(5):434-439.

10. Bozan MB, Yazar FM, Kale 1T, Yizbasioglu MF, Boran OF, Azak
Bozan A. Delta neutrophil index and neutrophil-to-lymphocyte ratio
in the differentiation of thyroid malignancy and nodular goiter. World
J Surg. 2021;45(2):507-514. [CrossRef]

11. Barut O, Demirkol MK, Bilecan EB, Sahinkanat T, Resim S. The
delta neutrophil index is an early predictive marker of acute pyelo-
nephritis in patients with ureteral stone. J Coll Physicians Surg Pak.
2020;30(11):1149-1154. [CrossRef]

12. Kong T, Park YS, Lee HS, et al. The delta neutrophil index predicts
development of multiple organ dysfunction syndrome and 30-day
mortality in trauma patients admitted to an intensive care unit: a
retrospective analysis. Sci Rep.2018:8(1):17515.

13. Shin DH, Cho YS, Cho GC, et al. Delta neutrophil index as an early
predictor of acute appendicitis and acute complicated appendicitis
in adults. World J Emerg Surg. 2017;12(1):32. [CrossRef]

14. Barut O, Demirkol MK, Kli¢likdurmaz F, Sahinkanat T, Resim S.
Pre-treatment delta neutrophil index as a predictive factor in renal
cell carcinoma. J Coll Physicians Surg Pak. 2021;31(2):156-161.
[CrossRef]

15. Park SH, Park CJ, Kim MJ, et al. Evaluation of parameters obtained
from the Sysmex XN-2000 for predicting the recovery of the abso-
lute neutrophil count and platelets after hematopoietic stem cell
transplantation. Int J Lab Hematol. 2016;38(2):198-208. [CrossRef]
16. Kim OH, Cha YS, Hwang SO, et al. The use of delta neutrophil
index and myeloperoxidase index for predicting acute complicated
appendicitis in children. PLoS ONE. 2016;11(2):e0148799. [CrossRef]
17. Mathew T, Ammanagi AS. Clinicopathological evaluation of
acute appendicitis and the role of ultrasound in diagnosis: a pro-
spective study. Int Surg J. 2019,6(5):1471. [CrossRef]

18. Sartelli M, Baiocchi GL, Di Saverio S, et al. Prospective Observa-
tional Study on acute Appendicitis Worldwide (POSAW). World J
Emerg Surg. 2018;13(1):19. [CrossRef]

19. Lourenco P, Brown J, Leipsic J, Hague C. The current utility of
ultrasound in the diagnosis of acute appendicitis. Clin Imaging.
2016;40(5):944-948. [CrossRef]

20. Park JS, Kim JS, Kim YJ, Kim WY. Utility of the immature granu-
locyte percentage for diagnosing acute appendicitis among clini-
cally suspected appendicitis in adult. J Clin Lab Anal. 2018;32(7):
e22458. [CrossRef]

21. Muneeb-ullah AAS, Ashfaq U. AcuteAppendicitis: relationship of
total leucocyte count with per-operative stage. JIMDC.
2017:6(4):255-258.

22. Jones MW, Lopez RA, Deppen JG. Appendicitis. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2020. Available
at: https://www.ncbi.nlm.nih.gov/books/NBK493193/

283. Atema JJ, Gans SL, Beenen LF, et al. Accuracy of white blood cell
count and C-reactive protein levels related to duration of symptoms
in patients suspected of acute appendicitis. Acad Emerg Med.
2015,;22(9):1015-1024. [CrossRef]

24. Beltran MA, Almonacid J, Vicencio A, Gutiérrez J, Cruces KS,
Cumsille MA. Predictive value of white blood cell count and C-reac-
tive protein in children with appendicitis. J Pediatr Surg.
2007;42(7):1208-1214. [CrossRef]

25. Kharbanda AB, Cosme'Y, Liu K, Spitalnik SL, Dayan PS. Discrimi-
native accuracy of novel and traditional biomarkers in children With
suspected appendicitis adjusted for duration of abdominal pain.
Acad Emerg Med. 2011;18(6):567-574. [CrossRef]

26. Mathews EK, Griffin RL, Mortellaro V, et al. Utility of immature
granulocyte percentage in pediatric appendicitis. J Surg Res.
2014;190(1):230-234. [CrossRef]

27. Gliler K, Tihan D, Duman U, et al. Are preoperative serum C-reac-
tive protein and leucocyte values useful to predict the perforation in
patients with acute appendicitis? Turk J Color Dis. 2016;26(1):6-12.
28. Hajibandeh S, Hajibandeh S, Hobbs N, Mansour M. Neutrophil-
to-lymphocyte ratio predicts acute appendicitis and distinguishes
between complicated and uncomplicated appendicitis: a systematic
review and meta-analysis. Am J Surg. 2020;219(1):154-163.
[CrossRef]

29. Akgll N, Glindes E. Neutrophil/lymphocyte ratio in acute appen-
dicitis: a state hospital experience. Turk J Color Dis. 2016,26(4):121-
124. [CrossRef]

30. Tan WJ, Acharyya S, Chew MH, et al. Randomized control trial
comparing an Alvarado score-based management algorithm and
current best practice in the evaluation of suspected appendicitis.
World J Emerg Surg. 2020;15(1):30. [CrossRef]

898


https://doi.org/10.1097/RUQ.0000000000000118
https://doi.org/10.14744/tjtes.2019.70679
https://doi.org/10.1007/s00268-020-05822-6
https://doi.org/10.29271/jcpsp.2020.11.1149
https://doi.org/10.1186/s13017-017-0140-7
https://doi.org/10.29271/jcpsp.2021.02.156
https://doi.org/10.1111/ijlh.12470
https://doi.org/10.1371/journal.pone.0148799
https://doi.org/10.18203/2349-2902.isj20191560
https://doi.org/10.1186/s13017-018-0179-0
https://doi.org/10.1016/j.clinimag.2016.03.012
https://doi.org/10.1002/jcla.22458
https://www.ncbi.nlm.nih.gov/books/NBK493193/
https://doi.org/10.1111/acem.12746
https://doi.org/10.1016/j.jpedsurg.2007.02.010
https://doi.org/10.1111/j.1553-2712.2011.01095.x
https://doi.org/10.1016/j.jss.2014.04.008
https://doi.org/10.1016/j.amjsurg.2019.04.018
https://doi.org/10.4274/tjcd.42243
https://doi.org/10.1186/s13017-020-00309-0

