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Abstract

Background: Acute appendicitis is one of the most common causes of
abdominal surgeries. The pre-operatively accurate diagnosis of acute
appendicitis can be difficult.

Aim: The aim of this study was to evaluate the ability of the neutrophil-to-
lymphocyte ratio (NLR) to predict acute appendicitis pre-operatively, as well
as its relationship with appendix diameter.

Materials and Methods: This cross -sectional study included 128 patients
with suspected appendicitis who were admitted to general surgery department
and underwent emergency appendectomy at Al Mouast University Hospital in
Damascus, between 2018 and 2019.

According to postoperative histology, patients were divided into two groups:
acute appendicitis (positive appendectomy group), and negative appendectomy
group (lymphoid hyperplasia is considered as normal appendix). We reviewed
the reports of the imaging methods used for the diagnosis. We recorded the
appendix diameter in the US and Abdominal CT reports. Measurements > 6
mm were accepted as pathological.

White blood cell (WBC), neutrophil-to-lymphocyte ratio (NLR), and appendix
diameter were compared among the groups.
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Results: The distribution of Lymphoid hyperplasia and appendicitis rates were
statistically different in the groups formed according to Echo and CT appendix
diameter (<6 and >6 mm) (p < 0,05), NLR (p=0.039), and WBC (p<0,05).
We found a significant correlation between Echo and CT appendix diameter
and NLR .

The sensitivity of to Echo appendix diameter (>6 mm) in the diagnosis of
appendicitis in all patients was 48.98% and specificity was 30%. The
sensitivity of to CT appendix diameter (>6 mm) in the diagnosis of appendicitis
in all patients was 66,67% and specificity was 80%.

The sensitivity of the NLR score (cutoff = 3.5) in the diagnosis of appendicitis
in all patients was 81.5% and specificity was 50% .

When using the cutoff point (3.03) of NLR in patients with appendix diameter
> 6 mm with Echo, the sensitivity for the diagnosis of appendicitis was 41,84%
and specificity was 66.67% .

When using the cutoff point (4) of NLR in patients with appendix diameter > 6
mm with CT, the sensitivity for the diagnosis of appendicitis was 60% and
specificity was 80%

Conclusion: NLR is an important parameter that may help the diagnosis of
acute appendicitis with an appendix diameter of >6 mm.

Keywords: acute appendicitis, diameter, NLR

e all

1. Mulholland, M.W., et al., Greenfield's surgery : scientific principles &
practice. 2016.

2. Sabiston, D.C. and C.M. Townsend, Sabiston textbook of surgery the
biological basis of modern surgical practice. 2012.

3. Yeh B. Evidence-based emergency medicine/rational clinical examination
abstract. Does this adult patient have appendicitis?. Ann Emerg Med. 2008
Sep. 52(3):301-3.

4. Jaffe BM, Berger DH. The appendix. In: Schwartz's Principles of Surgery, 8th
ed, Schwartz Sl, Brunicardi CF (Eds), McGraw-Hill Companies, New York
2005.

77



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Karamanakos SN, Sdralis E, Panagiotopoulos S, Kehagias I. Laparoscopy in
the emergency setting: a retrospective review of 540 patients with acute
abdominal pain. Surg Laparosc Endosc Percutan Tech. 2010 Apr. 20(2):119-
24.

Marco Ceresoli, Alberto Zucchi, Niccolo Allievi, Asaf Harbi, Michele Pisano,
Giulia Montori, Arianna Heyer, Gabriela E Nita, Luca Ansaloni, and Federico
Coccolini. Acute appendicitis: Epidemiology, treatment and outcomes-
analysis of 16544 consecutive cases. World J Gastrointest Surg. 2016 Oct 27;
8(10): 693-699.

Buschard K, Kjaeldgaard A. Investigation and analysis of the position,
fixation, length and embryology of the vermiform appendix. Acta Chir Scand
1973; 139:293.

Mulholland MW, Lillemoe KD, Doherty GM, et al.. Greenfield's Surgery:
Scientific Principles and Practice, 4th ed, Lippincott Williams & Wilkins,
Philadelphia 2005.

Kumar V, Abbas AK, Fausto N. Robbins & Cotran Pathologic Basis of
Disease, 7th ed, Saunders Elsevier, Philadelphia 2007.

Arnbjdérnsson E, Bengmark S. Obstruction of the appendix lumen in relation to
pathogenesis of acute appendicitis. Acta Chir Scand 1983; 149:789.

Nitecki S, Karmeli R, Sarr MG. Appendiceal calculi and fecaliths as
indications for appendectomy. Surg Gynecol Obstet 1990; 171:185.

Birnbaum BA, Wilson SR. Appendicitis at the millennium. Radiology 2000;
215:337.

Lau WY, Teoh-Chan CH, Fan ST, et al. The bacteriology and septic
complication of patients with appendicitis. Ann Surg 1984; 200:576.

Bennion RS, Baron EJ, Thompson JE Jr, et al. The bacteriology of gangrenous
and perforated appendicitis--revisited. Ann Surg 1990; 211:165.

Temple CL, Huchcroft SA, Temple WJ. The natural history of appendicitis in
adults. A prospective study. Ann Surg 1995; 221:278.

Oto A, Ernst RD, Mileski WJ, et al. Localization of appendix with MDCT and
influence of findings on choice of appendectomy incision. AJR Am J
Roentgenol. 2006 Oct. 187(4):987-90

Howell JM, Eddy OL, Lukens TW, Thiessen ME, Weingart SD, Decker WW.
Clinical policy: Critical issues in the evaluation and management of
emergency department patients with suspected appendicitis. Ann Emerg Med.
2010 Jan. 55(1):71-116.

National Guideline Clearinghouse (NGC). Guideline summary: Clinical
policy: critical issues in the evaluation and management of emergency
department patients with suspected appendicitis. National Guideline
Clearinghouse (NGC), Rockville (MD). Available at
http://quideline.gov/content.aspx?id=15598.

Kalan M, Talbot D, Cunliffe WJ, Rich AJ. Evaluation of the modified
Alvarado score in the diagnosis of acute appendicitis: a prospective study. Ann
R Coll Surg Engl 1994; 76:418.

78


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ceresoli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zucchi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allievi%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harbi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pisano%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montori%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heyer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nita%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ansaloni%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coccolini%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coccolini%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27830041
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5081551/
http://guideline.gov/content.aspx?id=15598

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Dahabreh 1J, Adam GP, Halladay CW, et al. Diagnosis of right lower quadrant
pain and suspected acute appendicitis [Internet]. AHRQ Comparative
Effectiveness Reviews 2015; Report No: 15(16)-EHCO025-EF.

Ohle R, O'Reilly F, O'Brien KK, et al. The Alvarado score for predicting acute
appendicitis: a systematic review. BMC Med 2011; 9:139.

Alvarado A. A practical score for the early diagnosis of acute appendicitis.
Ann Emerg Med 1986; 15:557.

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

Guraya SY, Al-Tuwaijri TA, Khairy GA, Murshid KR. Validity of leukocyte
count to predict the severity of acute appendicitis. Saudi Med J 2005; 26:1945.
Sand M, Bechara FG, Holland-Letz T, et al. Diagnostic value of
hyperbilirubinemia as a predictive factor for appendiceal perforation in acute
appendicitis. Am J Surg 2009; 198:193.

Dahabreh 1J, Adam GP, Halladay CW, et al. Diagnosis of right lower quadrant
pain and suspected acute appendicitis [Internet]. AHRQ Comparative
Effectiveness Reviews 2015; Report No: 15(16)-EHC025-EF.

Dayawansa NH, Segan JD, Yao HH, et al. Incidence of normal white cell
count and C-reactive protein in adults with acute appendicitis. ANZ J Surg
2016.

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; 22:1015.

Smith MP, Katz DS, Lalani T, et al. ACR Appropriateness Criteria® Right
Lower Quadrant Pain--Suspected Appendicitis. Ultrasound Q 2015; 31:85.
Ege G, Akman H, Sahin A, et al. Diagnostic value of unenhanced helical CT
in adult patients with suspected acute appendicitis. Br J Radiol 2002; 75:721.
Lu Y, Friedlander S, Lee SL. Negative Appendectomy: Clinical and Economic
Implications. Am Surg 2016; 82:1018.

Horton MD, Counter SF, Florence MG, Hart MJ. A prospective trial of
computed tomography and ultrasonography for diagnosing appendicitis in the
atypical patient. Am J Surg 2000; 179:379.

Yun SJ, Ryu CW, Choi NY, et al. Comparison of Low- and Standard-Dose CT
for the Diagnosis of Acute Appendicitis: A Meta-Analysis. AJR Am J
Roentgenol 2017; 208:W198.

LOCAT Group. Low-dose CT for the diagnosis of appendicitis in adolescents
and young adults (LOCAT): a pragmatic, multicentre, randomised controlled
non-inferiority trial. Lancet Gastroenterol Hepatol 2017; 2:793.

American College of Radiology (ACR) Committee on Drugs and Contrast
Media. ACR manual on contrast media, version 10.1, 2015. Available at:
http://www.acr.org/~/media/37D84428BF1DAE1B9A3A2918DAJE27A3.pdf
(Accessed on August 17, 2016).

79


https://l.facebook.com/l.php?u=http%3A%2F%2Fwww.acr.org%2F~%2Fmedia%2F37D84428BF1D4E1B9A3A2918DA9E27A3.pdf%3Ffbclid%3DIwAR2kwyubIvcTYJK0de7pwidnV-8m13oCt44rlB22kb4q-Rb7PMhFu8MrmoI&h=AT17ClMZVGrsZhEPKzd5Y9SatgGaM7D5_lcicKE5mu1RfDNZXEokpvUhqlLM5Aq7DmYJUHJAfies0L5U40G0fapUs8fKig4vpmxE2-eG1iYM_Z5jGkn4b-ojPmbiMPZPsZio

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

Pickhardt PJ, Lawrence EM, Pooler BD, Bruce RJ. Diagnostic performance of
multidetector computed tomography for suspected acute appendicitis. Ann
Intern Med 2011; 154:789.

Whitley S, Sookur P, McLean A, Power N. The appendix on CT. Clin Radiol
2009; 64:190.

Dahabreh 1J, Adam GP, Halladay CW, et al. Diagnosis of right lower quadrant
pain and suspected acute appendicitis [Internet]. AHRQ Comparative
Effectiveness Reviews 2015; Report No: 15(16)-EHCO025-EF.

Johnson PT, Horton KM, Kawamoto S, et al. MDCT for suspected
appendicitis: effect of reconstruction section thickness on diagnostic accuracy,
rate of appendiceal visualization, and reader confidence using axial images.
AJR Am J Roentgenol 2009; 192:893.

Williams R, Shaw J. Ultrasound scanning in the diagnosis of acute
appendicitis in pregnancy. Emerg Med J 2007; 24:359.

Williams R, Shaw J. Ultrasound scanning in the diagnosis of acute
appendicitis in pregnancy. Emerg Med J 2007; 24:359.

Kaewlai R, Lertlumsakulsub W, Srichareon P. Body mass index, pain score
and Alvarado score are useful predictors of appendix visualization at
ultrasound in adults. Ultrasound Med Biol 2015; 41:1605.

Rosen MP, Ding A, Blake MA, et al. ACR Appropriateness Criteria® right
lower quadrant pain--suspected appendicitis. J Am Coll Radiol 2011; 8:749.
Barger RL Jr, Nandalur KR. Diagnostic performance of magnetic resonance
imaging in the detection of appendicitis in adults: a meta-analysis. Acad
Radiol 2010; 17:1211.

Nikolaidis P, Hammond N, Marko J, et al. Incidence of visualization of the
normal appendix on different MRI sequences. Emerg Radiol 2006; 12:223.
Patrice Forget, Céline Khalifa, Jean-Philippe Defour, Dominique Latinne,
Marie-Cecile Van Pel and Marc De Kock. What is the normal value of the
neutrophil-to-lymphocyte ratio? Forget et al. BMC Res Notes (2017) 10:12
Kathleen Pagana Timothy and Theresa Pagana. Mosby’s diagnostic and
laboratory test reference 14™ edition, Elsevier ,2018.

Korkmaz M, Korkmaz H, Kiigliker F, Ayyildiz SN, Cankaya S. Evaluation of
the association of sleep apnea-related systemic inflammation with CRP, ESR,
and neutrophil-to-lymphocyte ratio. Med Sci Monit 2015; 21: 477-481.

de Jager CP, van Wijk PT, Mathoera RB et al. Lymphocytopenia and
neutrophil-lymphocyte count ratio predict bacteremia better than conventional
infection markers in an emergency care unit. Critical Care 2010; 14: R192.
Tanoglu A, Karagoz E, Yiyit N, Berber U. Is combination of neutrophil to
lymphocyte ratio and platelet lymphocyte ratio a useful predictor of
postoperative survival in patients with esophageal squamous cell carcinoma?
Onco Targets Ther 2014; 7: 433-434.

Celikbilek A, Ismailogullari S, Zararsiz G. Neutrophil to lymphocyte ratio
predicts poor prognosis in ischemic cerebrovascular disease. J Clin Lab Anal
2014; 28: 27-31.

80



52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

Fantin B, Joly V, Elbim C et al Lymphocyte subset counts during the course of
community-acquired pneumonia: evolution according to age, human
immunodeficiency virus status, and etiologic microorganisms. Clin Infect Dis
1996; 22:1096-1098

Jimenez MF,Watson RW, Parodo J et al . Dysregulated expression of
neutrophil apoptosis in the systemic inflammatory response syndrome. Arch
Surg 1997; 132(12):1263-1269

Wesche DE, Lomas-Neira JL, Perl M, Chung CS, Ayala A. Leukocyte
apoptosis and its significance in sepsis and shock. J Leukoc Biol 2005;
78(2):325-337

Unsinger J, Kazama H, McDonough JS, Hotchkiss RS, Ferguson TA.
Differential lymphopenia-induced homeostatic proliferation for CD4+ and
CD8+ T cells following septic injury. J Leukoc Biol 2009; 85:382—-390
Arnoud J. Templeton, Mairéad G. McNamara, Eitan Amir, Prognostic Role of

Neutrophil-to-Lymphocyte Ratio in Solid Tumors: A Systematic Review and
Meta-Analysis. NCI J Natl Cancer Inst (2014) 106(6).

Kaushik, Rajnish et al. Diagnostic and Prognostic Role of Neutrophil-to-
Lymphocyte Ratio in Early and Late Phase of Sepsis. Indian journal of critical
care medicine : peer-reviewed, official publication of Indian Society of
Critical Care Medicine vol. 22,9 (2018): 660-663.

Angkananard T, Anothaisintawee T, McEvoy M, Attia J, Thakkinstian A.
Neutrophil Lymphocyte Ratio and Cardiovascular Disease Risk: A Systematic
Review and Meta-Analysis. Biomed Res Int. 2018;2018:2703518.

Ulu S, Bucak A, Ulu MS, et al. Neutrophil-lymphocyte ratio as a new
predictive and prognostic factor at the hearing loss of diabetic patients. Eur
Arch Otorhinolaryngol 2013; 13: 2734-43.

Kocyigit I, Eroglu E, Unal A, et al. Role of neutrophil/lymphocyte ratio in

prediction of disease progression in patients with stage-4 chronic kidney
disease. J Nephrol 2013;26:358-365.

Khan, A., Riaz, M., Kelly, M.E. et al. Prospective validation of neutrophil-to-
lymphocyte ratio as a diagnostic and management adjunct in acute
appendicitis. Ir J Med Sci; 2018 ,187, 379-384.

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 Jan;219(1):154-163.

Flum, D.R.; Koepsell, T. The clinical and economic correlates of
misdiagnosed appendicitis: Nationwide analysis. Arch. Surg. 2002, 137, 799—
804.

Andersson, R.E. The natural history and traditional management of
appendicitis revisited: Spontaneous resolution and predominance of
prehospital perforations imply that a correct diagnosis is more important than
an early diagnosis. World J. Surg. 2007, 31, 86-92.

Cook NR . Use and misuse of the receiver operating characteristic curve in
risk prediction. Circulation 2007; 115: 928-935.

81



66.

67.

68.

69.

70.

Noha Boshnak MD, Mohamed Boshnag MD, MRCS & Hatem Elgohary MD,
MRCS (2017): Evaluation of Platelet Indices and Red Cell Distribution Width
as New Biomarkers for the Diagnosis of Acute Appendicitis, Journal of
Investigative Surgery, DOI: 10.1080/08941939.2017.1284964

Sahin Kahramanca et al. Neutrophil-to-lymphocyte ratio as a predictor of
acute appendicitis. Ulus Travma Acil Cerr Derg, 2014;20(1):19-22

Emin Daldal and Hasan Dagmura. The Correlation between Complete Blood
Count Parameters and Appendix Diameter for the Diagnosis of Acute
Appendicitis. Healthcare 2020, 8, 39; doi:10.3390/healthcare8010039

Ahmad KA, Ideris N, Aziz SHSA. A cross-sectional study of neutrophil-to-
lymphocyte ratio in diagnosing acute appendicitis in Hospital Melaka. Malays
J Med Sci. 2019;26(6):55-66. https://doi.org/10.21315/ mjms2019.26.6.6
Alvarado A. Inflammatory markers in acute appendicitis: are we still looking
for the philosopher's stone? J Surg. 2018. https://doi.org/10.29011/2575-9760.
001104. JSUR-1104.

82


https://doi.org/10.21315/
https://doi.org/10.29011/2575-9760.%20001104.%20JSUR-1104
https://doi.org/10.29011/2575-9760.%20001104.%20JSUR-1104

