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ABSTRACT
Objective: The most frequent cause of emergency abdominal surgeries is acute appendicitis (AA). Biomarkers are utilized by clinicians to aid in predicting 
acute or perforated appendicitis, which may influence treatment decisions. This study aims to examine the potential of immature granulocyte (IG), a robust 
marker of inflammatory response, in anticipating the occurrence of complications in patients with AA.

Materials and Methods: This retrospective study covering 1 year was performed with patients who were operated on by general surgery with a preliminary 
diagnosis of AA. The study was conducted with a total of 470 patients, 303 of whom were uncomplicated and 167 were complicated, whose diagnosis was 
confirmed by pathology reports and met the inclusion criteria. White blood cell (WBC), C-reactive protein, neutrophil, platelet, red cell distribution width, IG 
numbers, and percentages of the patients were recorded in the study form.

Results: Arean under the curve values of WBC, neutrophil, and IG numbers were 0.590, 0.588, and 0.559, respectively, and we found that they were statistically 
significant. Each unit increase in the number of IG increases the probability of complication in appendicitis cases approximately 3333 times. 

Conclusion: In this study, we have demonstrated that the probability of having a complicated appendicitis (CA) is higher in AA patients with higher IG levels 
when distinguishing between complicated and in CA. Together with physical examination, imaging studies, and other laboratory tests, IG values can assist 
clinicians in identifying high-risk AA patients in the emergency department.
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INTRODUCTION
Diagnostic causes of an acute abdomen range from a rela-
tively mild illness to a serious life-threatening illness. The 
most common causes of surgical acute abdomen in the 
emergency department are acute appendicitis (AA) with or 
without perforation, intestinal obstruction, intestinal per-
foration, intestinal ischemia, diverticulitis, and hepatobili-
ary diseases, including acute cholecystitis and cholangitis.
[1] AA is one of the most common causes of presenting with
acute abdominal pain and one of the most common dis-
eases requiring surgical treatment.[2] Complicated appen-
dicitis (CA) refers to a state where the inflammation has

progressed to a point where the appendix has perforated, 
or an abscess or phlegmon has formed. In clinical prac-
tice, it is important to differentiate between uncomplicated 
and CA because the management and treatment strate-
gies differ significantly.[3–5] Patients with CA can often be 
managed with antibiotics alone or undergo a laparoscopic 
appendectomy, while patients with CA may require a more 
extensive surgical intervention such as an open appendec-
tomy or drainage of the abscess.[3–5] The diagnosis of AA is 
difficult because the symptoms are not specific and there 
are no specific biomarkers.[6,7] For these reasons, early di-
agnosis and treatment of CA are critical.[8]
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Many articles have focused on imaging modalities as well 
as preoperative laboratory parameters that can improve 
diagnostic accuracy in differentiating acute and perforated 
appendicitis. C-reactive protein (CRP) levels and white blood 
cell (WBC) counts are commonly checked in patients with 
suspected appendicitis. CRP has been shown to increase 
markedly after appendiceal perforation or abscess forma-
tion, making it a potential indicator for perforated appendi-
citis; however, the WBC count is an early marker of appendi-
ceal inflammation, but cannot reliably distinguish between 
acute and perforated appendicitis.[9]

Immature granulocytes (IG) in peripheral blood are an in-
dicator of increased bone marrow activation.[10] Due to tech-
nical advances in automated hematological analyzers, the 
amount of IG can be easily measured during routine com-
plete blood count (CBC) and presented as a new biomarker of 
inflammation.[10,11] Studies have shown that the number (IGC) 
and percentage (IG%) of IG are significantly increased in sep-
sis and infections compared to healthy individuals.[11]

The aim of this study is to determine whether the IGC and 
IG% of CBC parameters add additional discrimination abili-
ty in the preoperative differentiation of un CA (UCA) and CA 
cases admitted to an emergency department, in conjunction 
with the traditionally used laboratory values.

MATERIALS and METHODS
Study Design 
This study was started after the study approval was obtained 
from the ethics committee of our hospital (Ethics committee 
decision no: KAEK/2022.03.76). Our study was designed as a 
retrospective and single-center study.

Between January 01, 2021, and January 01, 2022, 477 patients 
who applied to the emergency department with abdominal 
pain and were operated on with the diagnosis of AA, meeting 
the inclusion criteria were evaluated. WBC, platelet count, 
neutrophil count, hemoglobin, mean platelet volume, red 
cell distribution width (RDW), IG number and percentage, 
CRP, and pathology results of AA cases were recorded in 
the case form from the Hospital Information Management 
System. AA cases were divided into two groups CA (Phleg-
monous, suppurative, perforated, and abscess) and UCA ac-
cording to their pathology reports. A total of 470 patients, in-
cluding 303 UCA and 167 CA confirmed in pathology reports, 
were included in the study.

It was excluded from the study because of diverticulitis in 6 
patients and neuroendocrine tumor in 1 patient in patholo-
gy reports. The patients whose disease history could not be 

obtained by examining the epicrisis reports, those with a his-
tory of hematological disease, malignancy, those under 18 
years of age or pregnant, and those using anti-inflammatory 
or immunosuppressive drugs were excluded from the study.

Statistical Analysis 
Categorical data are expressed as numbers and percent-
ages. Normality analysis of continuous variables was per-
formed using Kolmogorov–Smirnov and Shapiro–Wilk tests 
and skewness and kurtosis values. The t-test was used in the 
analysis of data with normal distribution, and the Mann–
Whitney U test was used for those that did not, and the data 
were shown as mean+Standard Deviation (SD) and median 
[IQR], respectively. The cut-off values were determined by 
performing receiver operating characteristic (ROC) analysis 
of the variables that were found to be significant between the 
groups. Binary logistic regression analysis was performed to 
determine the effect of IGC in the diagnosis of CA. P<0.05 and 
95% CI were used for statistical significance.

RESULTS
While 160 (34%) of the 470 patients included in the study were 
female, 310 (66%) were male, with a mean age of 35.13±0.95 
and 32.48±0.68, respectively (p=0.023). While pathology 
findings consistent with UCA were detected in 303 (64.5%) 
of the patients, we found that there were findings consistent 
with CA in 167 (35.5%) patients. We found that 34% of UCA 
cases were female and 34.1% of CA cases were female, and 
we found that there was no significant relationship between 
gender and pathological diagnosis (p=0.976). The distribu-
tion of laboratory parameters of the groups of patients ac-
cording to their pathological diagnosis is shown in Table 1.

The ROC analysis of the independent variables, which were 
found to be significant in the analysis performed between the 
groups, was performed (Fig. 1).

In the analysis of statistically significant independent vari-
ables between the groups; area under the curve values of 
WBC, neutrophil, and IG counts were 0.590, 0.588, and 0.559, 
respectively, and we found that they were statistically signif-
icant (Table 2).

Binary logistic regression analysis data of IGC for the diag-
nosis of CA in appendicitis cases are shown in Table 3. Each 
unit increase in the number of IG increases the probability of 
complication in appendicitis cases approximately 3333 times.

DISCUSSION
Biomarkers, such as WBC, CRP, and procalcitonin, have 
been studied extensively in the context of appendicitis di-
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agnosis. They may be particularly useful in cases where 
imaging is inconclusive, such as when the appendix is not 
clearly visualized. In these cases, biomarkers can provide 
additional information to support a diagnosis of appendi-
citis.[12,13] In our study, we investigated the role of IG in rec-
ognizing CA cases in patients who were grouped as CA and 
UCA according to the pathology reports who underwent 
surgery with the diagnosis of AA.

Multiple biomarkers used together may further increase 
the accuracy of the diagnosis. However, it is important to 
note that biomarkers should never be used in isolation, as 
they are not definitive in diagnosing appendicitis. Rather, 

they should be used as a complementary tool to aid in di-
agnosis.[14] There are very few studies in the literature on 
the use of IG measurements in the diagnosis of AA and 
the distinction between UCA and CA. In studies, many pa-
rameters such as WBC, CRP, delta neutrophil index (DNI), 
neutrophils, and NLR were compared with each other and 
evaluated in the distinction of CA and UCA.[15–19] A higher in-
flammatory response in CA cases causes higher inflamma-

Table 3. Binary logistic regression analysis results

Variable ß S.E. Wald df p OR %95 CI

IG count, 103/µL 8.112 2.738 8.779 1 0.003 3333.175 15.578–713172.642

S.E.: Standard error; df: Degree of freedom; OR: Odds ratio; CI: Confidence interval

Table 2. ROC analysis results

Test result variables Area Sensitivity Specificity NLR PLR p 95% CI

WBC >11.78 103/µL 0.590 68.3 45.5 0.80 1.44 0.001 0.537–0.643

Neutrophile >6.32 103/µL 0.588 89.2 25.4 0.42 1.20 0.002 0.534–0.641

IG Count >0.065 103/µL 0.559 30.5 81.2 0.86 1.62 0.033 0.505–0.614

ROC: Receiver operating characteristic; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; CI: Confidence interval; WBC: White blood cell; IG: 
Immature granulocytes

Table 1. Comparison of laboratory values of UCA and CA 
groups

Parameters UCA (303) CA (167) p

WBC, 103/µL 12.76±0.25 14.23±0.37 <0.01

Hgb, g/dl 13.77±0.11 14.02±0.16 0.078

Platelet, 103/µL 236000 (84000) 242000 (67500) 0.319*

MPV, fL 10.1 (1.6) 10.2 (1.6) 0.695*

RDW, % 13.1 (1) 13.1 (1) 0.826*

Neutrophil, 103/µL 9.94±0.25 11.98±0.37 <0.01

Lymphocyte, 103/µL 1.9 (0.9) 1.8 (1.1) 0.604*

IG percentage 0.2 (0.39) 0.2 (0.4) 0.077*

IG count, 103/µL 0.03 (0.05) 0.04 (0.05) 0.031*

CRP, mg/L 21.3 (56.74) 27.99 (87.55) 0.075*

Data with normal distribution are shown as mean+SD, and data not in ac-
cordance with the normal distribution are shown as median (IQR). Student t 
test, *: Mann Whitney U test. UCA: Un CA; CA: Complicated appendicitis; WBC: 
White blood cell; Hgb: Hemoglobin; MPV: Mean platelet volume; RDW: Red 
cell distribution width; IG: Immature granulocytes; CRP: C-reactive protein

Figure 1. Receiver operating characteristic analysis

ROC: Receiver operating characteristics; WBC: White blood cell
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tory biomarkers to be detected in CA cases. The increase in 
circulating IG is a reaction of the blood marrow to bacterial 
infection.[10] Mathews et al.[15] found that increased IG% was 
significant in the differentiation of UCA and CA in the pedi-
atric age group, but increased CRP level and left shift were 
more significantly significant for the diagnosis of CA, and 
when compared, IG% did not provide any additional benefit 
in this distinction. Soh and Lim found that DNI, which is the 
circulating IG fraction, is a valuable prognostic marker in 
patients presenting to the emergency department with a 
complaint of acute abdominal pain. They stated that DNI 
can help in selecting high-risk patients and deciding on 
therapeutic modalities such as emergency surgery or in-
tensive care unit treatment.[18] Kubat and Şengül reported 
that WBC, CRP, neutrophil, IGC, NLR, and PLR values in 
AA patients were statistically significant in differentiating 
CA and UCA cases.[19] We obtained similar results with the 
literature in our study.

Beltrán et al.[20] evaluated the predictive value of WBC 
count and CRP in children with appendicitis. They found 
that not only the CRP levels but also the WBC count can 
help in the differentiation of acute and perforated appen-
dicitis. Williams et al.[21] developed a scoring system to po-
tentially improve the accuracy of preoperative identification 
of perforated appendicitis. The only laboratory value that 
created a score in the scoring systems was WBC >19,400. 
Although WBC counts are frequently requested in patients 
with suspected appendicitis, the results are nonspecific and 
insensitive. One study found that leukocytosis had a sensi-
tivity of 18% for AA patients whose symptom onset lasted 
<24 h, and 90% for those lasting more than 48 h.[22] In an-
other study, WBC values were not found to be significant 
in the comparison of CA-UCA patients, while CRP values 
were found to be significant.[23] The specific biomarker(s) 
used and the thresholds for abnormal values may vary de-
pending on the patient population being studied and the 
specific clinical scenario. For example, some studies have 
found that procalcitonin is more useful in diagnosing CA, 
while others have found that it is more useful in UCA.[24,25] 
We think that the fact that the time from symptom onset to 
the application was not included in the evaluation of the 
studies caused this difference.

In our study, there was a statistically significant difference 
between patients with CA and UCA in WBC, IGC, and neu-
trophil values. Selig et al.[26] found a significantly higher 
number of IG in patients with bacterial infections com-
pared with healthy controls. Another study found that 

the percentage of IG had a stronger correlation between 
infection and positive blood culture results than the WBC 
count.[11] In our study, we have identified that the number 
of IG is elevated in CA cases due to the more severe in-
flammatory response. Each unit increase in the number 
of IG increases the probability of complication in appen-
dicitis cases approximately 3333 times. The most accepted 
diagnostic method for AA is still clinical evaluation and 
routine laboratory tests. However, it is insufficient to de-
termine the severity of AA. This situation causes prolonged 
treatment, increased treatment costs, unnecessary risks 
and increased morbidity.[27]

Limitations
We acknowledge that this study has some limitations. First, 
as it was a retrospective study, the available data were limit-
ed. The time from the onset of symptoms to admission to the 
hospital could not be evaluated. This time is likely to affect 
the values of inflammatory markers. In addition, our study 
group was selected from a tertiary hospital and is not repre-
sentative of the entire population.

CONCLUSION
Early diagnosis and treatment of acute CA are very import-
ant as it reduces postoperative morbidity rates and medical 
costs. IG is a new inflammatory marker that can be easily de-
tected with a routine CBC without any additional time or cost. 
Based on the results of this study, it can be said that IGC is 
a more important predictor of CA than other hematological 
parameters in suspected AA cases.

Disclosures 
Ethics Committee Approval: The study was approved by the 
İstanbul University of Healh Sciences, Kanuni Sultan Süley-
man Training and Research Hospital Clinical Research Ethics 
Committee (No: 2022.03.76, Date: 23/03/2022).

Peer-review: Externally peer reviewed.

Authorship Contributions: Concept: U.M.K., B.Y., M.U., 
B.K.; Design: U.M.K., B.K., S.D., A.F.B.K.; Supervision: B.K., 
S.D.; Funding: B.K., S.D.; Materials: B.K., S.D., U.M.K.; Data 
Collection or Processing: B.Y., M.U., S.F.; Analysis or In-
terpretation: B.Y., S.F., M.U.; Literature Search: A.F.B.K., 
B.Y., M.U.; Writing: A.F.B.K., B.Y., S.F., M.U.; Critical review: 
U.M.K., B.K., S.D.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.



249

Kalafat et al. Immature Granulocyte in Complicated Appendicitis

REFERENCES
1. Khanapure S, Nagral S, Nanavati AJ. A study of events between the on-

set of symptoms and hospital admission in patients with acute abdo-
men. Natl Med J India 2017;30:65–8.

2. Debnath J, Kumar R, Mathur A, Sharma P, Kumar N, Shridhar N, et al. 
On the role of ultrasonography and CT scan in the diagnosis of acute 
appendicitis. Indian J Surg 2015;77(Suppl 2):221–6. [CrossRef]

3. Fugazzola P, Ceresoli M, Agnoletti V, Agresta F, Amato B, Carcoforo P, et 
al. The SIFIPAC/WSES/SICG/SIMEU guidelines for diagnosis and treat-
ment of acute appendicitis in the elderly (2019 edition). World J Emerg 
Surg 2020;15:19. [CrossRef]

4. Salminen P, Paajanen H, Rautio T, Nordström P, Aarnio M, Rantanen 
T, et al. Antibiotic therapy vs appendectomy for treatment of uncom-
plicated acute appendicitis: the APPAC randomized clinical trial. JAMA 
2015;313:2340–8. [CrossRef]

5. Di Saverio S, Birindelli A, Kelly MD, Catena F, Weber DG, Sartelli M, et 
al. WSES Jerusalem guidelines for diagnosis and treatment of acute ap-
pendicitis. World J Emerg Surg 2016;11:34. [CrossRef]

6. Singh M, Kadian YS, Rattan KN, Jangra B. Complicated appendicitis: 
Analysis of risk factors in children. Afr J Paediatr Surg 2014;11:109–13.

7. Atema JJ, Gans SL, Beenen LF, Toorenvliet BR, Laurell H, Stoker J, 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;22:1015–24. [CrossRef]

8. Lunca S, Bouras G, Romedea NS. Acute appendicitis in the elderly pa-
tient: diagnostic problems, prognostic factors and outcomes. Rom J 
Gastroenterol 2004;13:299–303.

9. Gronroos JM, Gronroos P. Leucocyte count and C-reactive protein in the 
diagnosis of acute appendicitis. Br J Surg 1999;86:501–4. [CrossRef]

10. Senthilnayagam B, Kumar T, Sukumaran J, M J, Rao KR. Automated mea-
surement of immature granulocytes: performance characteristics and 
utility in routine clinical practice. Patholog Res Int 2012;2012:483670.

11. Ansari-Lari MA, Kickler TS, Borowitz MJ. Immature granulocyte mea-
surement using the Sysmex XE-2100. Relationship to infection and sep-
sis. Am J Clin Pathol 2003;120:795–9. [CrossRef]

12. Moris D, Paulson EK, Pappas TN. Diagnosis and management of acute 
appendicitis in adults: a review. JAMA 2021;326:2299–311. [CrossRef]

13. Cayrol J, Miguez MC, Guerrero G, Tomatis C, Simal I, Marañón R. Diag-
nostic accuracy and prognostic utility of D Dimer in acute appendicitis 
in children. Eur J Pediatr 2016;175:313–20. [CrossRef]

14. Zhao L, Feng S, Huang S, Tong Y, Chen Z, Wu P, et al. Diagnostic value of 
hyperfibrinogenemia as a predictive factor for appendiceal perforation 
in acute appendicitis. ANZ J Surg 2017;87:372–5. [CrossRef]

15. Mathews EK, Griffin RL, Mortellaro V, Beierle EA, Harmon CM, Chen MK, 
et al. Utility of immature granulocyte percentage in pediatric appendi-
citis. J Surg Res 2014;190:230–4. [CrossRef]

16. Ünal Y. A new and early marker in the diagnosis of acute complicated 
appendicitis: immature granulocytes. Ulus Travma Acil Cerrahi Derg 
2018;24:434–9. [CrossRef]

17. Doğan M, Gürleyen B. The role of immature granulocyte in the early 
prediction of acute perforated and nonperforated appendicitis in chil-
dren. Ulus Travma Acil Cerrahi Derg 2022;28:375–81. [CrossRef]

18. Soh JS, Lim SW. Delta neutrophil index as a prognostic marker in emer-
gent abdominal surgery. J Clin Lab Anal 2019;33:e22895. [CrossRef]

19. Kubat M, Şengül S. Value of neutrophil-to-platelet ratio, immature gran-
ulocyte-to-lymphocyte ratio, red blood cell distribution width-to-lym-
phocyte ratio in differentiating complicated acute appendicitis. Ulus 
Travma Acil Cerrahi Derg 2022;28:607–14. [CrossRef]

20. Beltrán MA, Almonacid J, Vicencio A, Gutiérrez J, Cruces KS, Cumsille 
MA. Predictive value of white blood cell count and C-reactive protein in 
children with appendicitis. J Pediatr Surg 2007;42:1208–14. [CrossRef]

21. Williams RF, Blakely ML, Fischer PE, Streck CJ, Dassinger MS, Gupta 
H, et al. Diagnosing ruptured appendicitis preoperatively in pediatric 
patients. J Am Coll Surg 2009;208:819–25. [CrossRef]

22. Doraiswamy NV. Progress of acute appendicitis: a study in children. Br J 
Surg 1978;65:877–9. [CrossRef]

23. Doğan S, Dorter M, Kalafat UM, Bildik B, Yazıcı R, Sarıcı İŞ, et al. Diag-
nostic value of C-reactive protein/albumin ratio to differentiate simple 
versus complicated appendicitis. Eurasian J Emerg Med 2020;19:178–83.

24. Yamashita H, Yuasa N, Takeuchi E, Goto Y, Miyake H, Miyata K, et al. 
Diagnostic value of procalcitonin for acute complicated appendicitis. 
Nagoya J Med Sci 2016;78:79–88.

25. Tind S, Lassen AT, Zimmerman-Nielsen E, Qvist N. C-reactive protein 
and white blood cell count do not improve clinical decision-making in 
acute appendicitis. Dan Med J 2015;62:A5167.

26. Selig C, Nothdurft W. Cytokines and progenitor cells of granulocyto-
poiesis in peripheral blood of patients with bacterial infections. Infect 
Immun 1995;63:104–9. [CrossRef]

27. Young KA, Neuhaus NM, Fluck M, Blansfield JA, Hunsinger MA, Shaba-
hang MM, et al. Outcomes of complicated appendicitis: is conservative 
management as smooth as it seems? Am J Surg 2018;215:586–92.

https://doi.org/10.1007/s12262-012-0772-5
https://doi.org/10.1186/s13017-020-00298-0
https://doi.org/10.1001/jama.2015.6154
https://doi.org/10.1186/s13017-016-0090-5
https://doi.org/10.4103/0189-6725.132796
https://doi.org/10.1111/acem.12746
https://doi.org/10.1046/j.1365-2168.1999.01063.x
https://doi.org/10.1155/2012/483670
https://doi.org/10.1309/LT30BV9UJJV9CFHQ
https://doi.org/10.1001/jama.2021.20502
https://doi.org/10.1007/s00431-015-2632-3
https://doi.org/10.1111/ans.13316
https://doi.org/10.1016/j.jss.2014.04.008
https://doi.org/10.5505/tjtes.2018.91661
https://doi.org/10.14744/tjtes.2021.41347
https://doi.org/10.1002/jcla.22895
https://doi.org/10.14744/tjtes.2022.30434
https://doi.org/10.1016/j.jpedsurg.2007.02.010
https://doi.org/10.1016/j.jamcollsurg.2009.01.029
https://doi.org/10.1002/bjs.1800651214
https://doi.org/10.4274/eajem.galenos.2019.52385
https://doi.org/10.1128/iai.63.1.104-109.1995
https://doi.org/10.1016/j.amjsurg.2017.10.032



