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Laboratory markers predictive of complications in acute appendicitis: relationships
between differential leukocyte counts

Marcadores laboratoriais preditivos de complicagbes na apendicite aguda: relagbes entre as
contagens diferenciais dos leucdcitos

Marcos Tulio Silva*”, Nicolau Fernandes Kruel*”, Orli Franzon'”, André Luiz Parizi Mello'”, Gabriel Ferreira
Pires'”, Matheus Vinicius Sevald Vicente®

ABSTRACT

Introduction: Acute appendicitis is a leading cause of abdominal pain and acute
abdomen. It ranges from mild cases to complications like perforation and peritonitis,
and becomes a significant cause of morbidity and mortality when diagnosed late.

Objective: To predict the severity of acute appendicitis through leukogram, offering an
earlier and more personalized approach to the diagnosis of the disease and contributing
to the reduction of perioperative morbidity and mortality associated with this condition.

Method: Prospective observational study including 507 patients diagnosed with acute
appendicitis and undergoing appendectomy. Demographic data, blood count and the
degree of appendicitis by intraoperative evaluation were analyzed.

Result: Of the 507 patients included, 285 (56.2%) were male and the overall mean age
was 34 years; 312 (61.5%) had uncomplicated appendicitis (grades 1 and 2), while 195
(38.5%) had complicated appendicitis (grades 3, 4 and 5). The analysis revealed statistically
significant differences in variables such as neutrophils, lymphocytes and monocytes between
the uncomplicated and complicated appendicitis groups. The neutrophil /lymphocyte (NLR)
and lymphocyte/monocyte (LMR) ratios also showed statistically significant differences.
Conclusion: The use of laboratory markers and their neutrophil /lymphocyte and lymphocyte /
monocyte ratios in the diagnostic evaluation of acute appendicitis can safely predict the degree
of disease severity, contributing to more effective and personalized interventions.

KEYWORDS: Acute appendicitis. Laboratory markers. Severity of the disease.
Perioperative morbidity and mortality.

Central Message

This study sought to predict the severity of
acute appendicitis through laboratory
tests that are easily accessible in the
vast majority of services, performing
earlier diagnosis and management, thus
reducing perioperative morbidity and
mortality related fo the disease.

Perspective

The use of laboratory markers and their
neutrophil/lymphocyte and lymphocyte,/
moncyte rafios in  the  diagnostic
evaluation of acute appendicitis can
reliably predict the degree of disease
severity, contributing to more effective
and personalized inferventions.

RESUMO

Introducdo: Apendicite aguda é uma das principais causas de dor abdominal e abdome
agudo. Pode variar de quadros leves a complicacées como perfuracéo e peritonite,
sendo relevante causa de morbimortalidade quando diagnosticada tardiamente.

Objetivo: Predizer a severidade da apendicite aguda por meio do leucograma, oferecendo
abordagem mais precoce e personalizada para o diagnéstico da doenca e contribuir para
a reducédo da morbimortalidade perioperatéria associada & essa condicéo.

Método: Estudo observacional prospectivo abrangendo 507 pacientes diagnosticados
com apendicite aguda e submetidos & apendicectomia. Foram analisados dados
demogréficos, hemograma e o grau de apendicite por avaliacéo transoperatéria.

Resultado: Dos 507 pacientesincluidos, 285 (56,2%) eram do sexo masculino e aidade
média geral foi de 34 anos; 312 (61,5%) apresentaram apendicites ndo complicadas
(graus 1 e 2), enquanto 195 (38,5%) apresentaram apendicites complicadas (graus 3,
4 e 5). A andlise revelou diferencas estatisticamente significativas em varidveis como
neutréfilos, linfécitos e mondcitos entre os grupos de apendicites ndo complicadas e
complicadas. As razdes entre neutréfilos/linfécitos (NLR) e linfécitos/monécitos (LMR)
também apresentaram diferencas estatisticas significativas.

Conclusdo: O uso dos marcadores laboratoriais e suas relacdes neutréfilos/linfécitos
e linfécitos/monécitos na avaliacdo diagnéstica da apendicite aguda conseguem
predizer o grau de severidade da doenca com seguranca, contribuindo para
intervencdes mais eficazes e personalizadas.

PALAVRAS-CHAVE: Apendicite aguda. Marcadores laboratoriais. Severidade da
doenca.Morbimortalidade perioperatéria.
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INTRODUCTION

cute appendicitis is among the most common

causes of both abdominal pain and acute

inflammatory abdomen.! lts incidence is
higher in young men, but the disease is present in both
sexes andin all age groups.? lts pathogenesis in most cases
is related to obstruction of the appendix lumen, causing
inflammation at the site; however, in some cases it is due to
primary bacterial infection at the site.** It can range from
mild to develop perforation, abscesses, and generalized
peritonitis, and is an important cause of morbidity and
mortality in the population when its diagnosis is made in
more advanced stages.>¢ lts most accepted treatment is
currently surgical, through appendectomy, which can be
laparotomy or laparoscopic.'

The diagnosis of the disease continues to be
challenging, especially in females, and involves clinical
and laboratory criteria and imaging findings. There are
several diagnostic scores in the literature® that seek to
indicate a greater or lesser diagnostic probability based
on anamnesis, physical examination, and the use of
inflammatory markers; however, in most cases, imaging
tests are still necessary, especially computed tomography
(CT)"” which, despite being a diagnostic method with high
sensitivity and specificity, has some disadvantages, such
as radiation, which translates into a 0.2% increase in the
risk of developing neoplasms in one exam. In addition, it
adds costs to the service and longer hospital stay for the
patient.?1°

In view of all the above, this study sought to predict
the severity of acute appendicitis through laboratory tests
that are easily accessible in the vast majority of services,
performing earlier diagnosis and management, and thus
reducing perioperative morbidity and mortality related to
the disease.

METHOD

The study was approved by the Research Ethics
Committee (REC) of the CAAE
58148222.0.0000.0113.

A prospective observational study was carried out
with all patients admitted to the Hospital Regional de Séo
José Dr. Homero de Miranda Gomes in Séo José, SC,
Brazil, diagnosed with acute appendicitis from May 2022
to January 2024, having undergone urgent laparotomic
or laparoscopic appendectomy, over 15 years of age
and both sexes. Those who had a complete blood count
among their admission tests were included. The exclusion
criterion for the study was the lack of a blood count and
incomplete data in the medical records. The sample
studied totaled 507 patients.

Data were collected through the electronic medical
records of those included. The variables of interest were
recorded in a Windows Excel spreadsheet for statistical
analysis using the IBM Statistical Package for the Social
Sciences (SPSS).

The following were analyzed: gender (male/female),
age (years), blood count at hospital admission, and the
degree of appendicitis by transoperative evaluation
with the naked eye. Regarding the blood count, the

institution under

C

differential counts of the leukogram cells were studied,
and the neutrophil /lymphocyte ratios (NLR), neutrophils/
monocytes (NMR) and lymphocytes/monocytes (MRL) in
absolute numbers.

Acute appendicitis was classified according to the
infraoperative findings of the surgical descriptions as
proposed by Gomes and Nunes in 200611, as follows:
grade O — normal appendix; 1 - hyperemia and edema; 2
- fibrinous exudate; 3 - segmental necrosis; 4A - abscess;
4B - regional peritonitis; 4C - necrosis of the base of the
appendix; 5 - diffuse peritonitis. Subsequently, there
was a division into 2 groups according to the degrees of
severity, with uncomplicated appendicitis being grades 1
and 2 and complicated grades 3, 4, and 5.

Statistical analysis

Regarding the blood count, its measures of central
tendency (mean) and dispersion (standard deviation)
were studied, as well as the Mann-Whitney U test, in
which the equality of the medians is tested.

RESULT

Regarding demographic characteristics, of the 507
patients, 222 (43.8%' were female and 285 (56.2%
were male. In addition, individuals with a mean age of
34 years were observed, with 32 years as the median for
women and 30 for men, with a standard deviation of 14
years for both sexes (Table 1).

Observing the phase of the disease, it was divided
by degree of severity, so that grades 1 and 2 represent
uncomplicated appendicitis, and these were 312 (61.5%
cases. Complicated cases, which include grades 3, 4
and 5, corresponded to 195 (38.5%) cases. There was a
predominance of grade 2, with 255 (50.3%) cases, and
grade 4, with 87 (17.2%) cases (Table 1).

Regarding the laboratory data of the blood count,
statistically significant differences were found in the
following variables: neutrophils, lymphocytes and
monocytes. For neutrophils/lymphocytes (NLR) and
lymphocytes/monocytes  (MRL)  ratios,  statistically
significant differences were also observed between the
groups of uncomplicated and complicated appendicitis

(Table 2).

TABLE 1 — Epidemiology and clinical-surgical parameters

Sex
Female 222 43,80%
Male 285 56,20%

Age group — average and median by sex
Average: 34 years ~ standard deviation 14 years
Median female: 32 years old
Male median: 30 years old

Degree of severity
Not complicated 312 61,50%
Grade 1 57 11,20%
Grade 2 255 50,30%
Complicated 195 38,50%
Grade 3 83 16,40%
Grade 4 87 17,20%
Grade 5 25 4,90%
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TABLE 2 — Comparison of leukogram cells and their relationships
according to groups

Standard
'
0,09

Not complicated 312 12691 4498

Leukogram
Complicated 195 14519 4885
Not complicated 312 9562 4275
Neutrophils 0,001
Complicated 195 11645 4526
Not complicated 312 1965 983
Lymphocytes 0,005
Complicated 195 1468 832
Not complicated 312 893 422
Monocytes 0,000
Complicated 195 967 528
Not complicated 312 6,7 8,58
Neutrophils/Lymphocytes (NLR) 0,000
Complicated 195 11,24 10,82
Not complicated 312 16,32 51,37
Neutrophils/Monocytes (NMR) 0,34
Complicated 195 1765 191
Not complicated 312 3,12 707
Lymphocytes/Monocytes (MRL) 0,003
Complicated 195 1,98 1,99

DISCUSSION

The present prospective study sought to evaluate the
influence of laboratory test results on the diagnosis of
acute appendicitis severity, specifically by analyzing the
differential leukocyte count in the blood count, regarding
the ratio between neutrophils and lymphocytes, neutrophils
and monocytes, and lymphocytes and monocytes, in a
significant "n" of patients for the period of time analyzed.

For the study population, it was observed that the
epidemiology of acute appendicitis is very similar to
that found in the literature, in which it is observed that
the disease occurs in Brazil with an incidence that varies
between 57.3% and 59.03% for men and that the
average age of its diagnosis is 35.35 years.™>®

The relationship between the absolute value of the
leukocyte count and the severity of the disease was
established, and values above 14,519 p/mm?® show an
association with intraoperative complication findings, data
tending fo statistical significance (p = 0.09). Other authors
describe similar findings in the literature, corroborating
the present study. Elgamal, Omran and Meselhy16
also found a directly proportional relationship between
the variables of interest, with statistical significance (p =
0.03), in addition to showing that values above 14,010
were related to complicated acute appendicitis. For Melo
et al.” value above 14,141 was related to suppurative
appendicitis.”

The leukocyte differential plays an important role as
an inflammatory marker in several clinical conditions,
including acute inflammatory processes. lts main
components — neutrophils, lymphocytes, and monocytes
— were also statistically relevant in the present study and,
when evaluated together with other clinical-laboratory
markers, allow a more comprehensive assessment of
the patient's health status, as well as provide valuable
information on the type of inflammatory response.

For laboratory markers, it was observed that values
in neutrophil/lymphocyte ratios (NLR) above 11.24 and
lymphocytes/monocyte ratios (MRL) below 1.98 may be
indicative of complicated acute appendicitis (p <0.05).

With regard to the NLR, it was found that the higher the
value of the ratio, the greater the degree of complication
of the disease, and the worse the patient's prognosis. This

C

fact is also verified in other studies that evaluated this
marker in patients with sepsis, such as Lin et al.”® It was
further observed that NLR is an independent predictor of
mortality. '8

In a study similar to the one carried out at the Regional
Hospital of Sdo José, but retrospectively, Mori et al.?°
evaluated the preoperative RLN in patients with acute
appendicitis and concluded that this is the most useful
indicator for predicting postoperative complications,
especially infectious complications.?® In addition, Wautier
and Wautier? showed that in other conditions involving
systemic inflammation, such as neoplasms, the findings
of the present study are corroborated, in which worse
outcomes are observed in patients with higher values of
the ratio under study.”

The limitations of the study refer to the fact that it was an
observational study, with an opportunity sample. Thus, it
could only be inferred that, for similar populations, similar
results are expected, but a random sample would be
necessary for the data to be extrapolated to the general
population. It is suggested, therefore, that new studies on
the subject be carried out to enrich the data obtained.

CONCLUSION

The use of laboratory markers and their neutrophil /
lymphocyte and lymphocyte/moncyte ratios in the
diagnostic evaluation of acute appendicitis can predict
the degree of severity of the disease with confidence, so
that therapeutic interventions can be carried out early and
assertively, improving the prognosis of these patients.

Authors' contributions
Marcos Tulio Silva -~ Conceptualization, Writing - proofreading and editing
Nicolau Fernandes Kruel - Formal Analysis, Project Management
Orli Franzon - Research
André Luiz Parizi Mello - Methodology
Gabriel Ferreira Pires - Validation
Matheus Vinicius Sevald Vicente - Writing - original draft

REFERENCES
1. Di Saverio S, Podda M, De Simone B, Ceresoli M, Augustin G, Gori A,

© etal. Diagnosis and treatment of acute appendicitis: 2020 update of the
WSES Jerusalem guidelines. World J Emerg Surg. 2020;15(27)1-42.

https://doi.org/10.1186,/513017-020-00306-3

_2. Gongalves CHL, Rodrigues DXL, Junior WF, Maia ARF. Epidemiologia da
apendicite no Brasil. REMS. 2021;2(3):41. https:/ /doi.org/10.51161 /
rems/ 1443

3. FranzonO, PiccoliMC, NevesTT, Volpato MG. Apendicite aguda: andlise
institucionalnomanejo peri-operatério. ArqBras Cir Dig. 2009;22(2):72-
5. https:/ /doi.org/10.1590,/50102-67202009000200002

_4. Rodrigues JJG, Machado MCC, Rasslan S. Clinica Cirdrgica. Barueri,
Sé&o Paulo: Manole 2008; 2:1557-8.

_5. Von-Muehlen B, Franzon O, Beduschi MG, Kruel N, Lupselo D. AIR score
assessment for acute appendicitis. Arq Bras Cir Dig. 2015; 28(3):171-3.
https:/ /doi.org/10.1590,/50102-67202015000300006

6. Goldman L, Ausiello DA, Cecil D. Goldman-Cecil: Tratado de medicina
interna. Elsevier Health Sciences. Traducéo de Ana Kemper et al. 2005.

_7._Andersson M, Kolodziej B, Andersson RE, Andersson RE, Andersson
M, Eriksson T, et al. Randomized clinical trial of Appendicitis
Inflammatory Response score- based management of patients with
suspected appendicitis. BrJ Surg. 2017;104(11):1451- 61. https:// doi.
org/10.1002/bjs.10637

8. ColemanJJ, Carr BW, Rogers T, Field MS, Zarzaur BL, Savage SA, et al.
The Alvarado score should be used to reduce emergency department
length of stay and radiation exposure in select patients with abdominal
pain. J Traum Acute Care Surg. 2018;84(6):946-50. https://doi.
org/10.1097 /ta.0000000000001885

BioSCI. | Curitiba | 2025 | 83 | €00009

3


https://creativecommons.org/licenses/by/4.0/deed.pt_BR

Original Article

9. Tan W, Acharyya S, Goh YC, Chan WH, Wong WK, Ooi LL, et dl.
Prospective comparison of the Alvarado score and CT scan in the
evaluation of suspected appendicitis: a proposed algorithm to guide CT
use. J Am Coll Surg. 2015;220(2):218-24. https://doi.org/10.1016/j.
jamcollsurg.2014.10.010

_10. Man E, Simonka Z, Varga A, Rarosi F, Lazar G. Impact of the Alvarado
score onthe diagnosis of acute appendicitis: comparing clinical judgment,
Alvarado score, and a new modified score in suspected appendicitis: a
prospective, randomized clinical frial. Surg Endosc. 2014;28(8):2398-
405. https://doi.org/10.1007 /s00464-014-3488-8

_11. Gomes CA, Nunes TA. Classificacdo laparoscépica da apendicite
aguda: correlacdo entre graus da doenca e as varidveis perioperatdrias.
Rev Col Bras Cir. 2006; 33(5):289-93. https://doi.org/10.1590/
S0100-69912006000500006

_12. Nogueira PLB, MarianoJT, Martos MS, da Silva HVB, Trevisan EM, Costa
LBC, etal. Epidemiologia das doencas do apéndice em adultos nos anos
de 2019 e 2020 no Brasil. COORTE. 2020;15:89-102. https://doi.
org/10.52908 /coorte.v16i16.312

_13. Gouveia ADM, Braga ASM, Alves APF, de Oliveira-Filho JEL, Tenério
DMC, Cansancéo VIMT, et al. Apendicite aguda: perfil epidemioldgico
no Brasil, de 2017 a 2021. Braz J Dev. 2023;9(3):12182-94. https://
doi.org/10.34117 /bjdv9n3-212

_14. Benli S, Tazeoglu D. The efficacy of hemoglobin, albumin, lymphocytes,
and platelets (HALP) score in signifying acute appendicitis severity and
postoperative outcomes. Updates Surg. 2023;75(5): 1197-202. https:/ /
doi.org/10.1007 /513304-023-01513-8

C

_15.Din¢ T, Sapmaz A. Albumin to C-Reactive Protein Rafio: A New
Inflammation- Based Score That Can be Used to Predict the Severity of
Appendicitis. Surg Chronicles. 2021;26(4).

_16. Elgamal AS, Omran W, Meselhy AH. Diagnostic markers in acute
appendicitis. Menoufia Med J. 2019;32(4):1262. https://doi.
org/10.4103 /mmj.mmj_375_18

_17. Melo C, MeloF, Fraga E, Bernardes A. The value of inflammatory markers
fordiagnosis and indication of severity of acute appendicitis. Rev Port Cir.

2020;48:25-32. https:/ /doi.org/10.34635 /rpc.717

_18.Llin M, Zhang L, Tang X, Tang Y. The Value of Neutrophil /Lymphocyte
Ratio Combined with Red Blood Cell Distribution Width in Evaluating
the Prognosis of Emergency Patients with Sepsis. Emerg Med Int.
2022;1673572. https:/ /doi.org/10.1155/2022 /1673572

_19. Khosrojerdi A, Soudi S, Hosseini AZ, Eshghi F, Shafee A, Hashemi SM.
Immuno modulatory and therapeutic effects of mesenchymal stem cells
on organ dysfunction in sepsis. Shock. 2021;55(4):423-40. https://
doi.org/10.1097 /shk.0000000000001644

~20.Mori M, Narushima K, Hirano A, Kano Y, Chiba F, Edamoto Y, et al.
Preoperative neutrophil-to-lymphocyte ratio may contribute to the
prediction of postoperative infectious complications in patients with acute
appendicitis: A refrospective study. BMC Surg. 2022; 22(1):78. https://
doi.org/10.1186/512893-022-01529-8

~21. Wautier JI, Wautier MP. Old and New Blood Markers in Human
Colorectal Cancer. Int J Mol Sci. 2022;23(21):12968. https://doi.
org/10.3390/ijms232112968

BioSCI. | Curitiba | 2025 | 83 | €00009

4


https://creativecommons.org/licenses/by/4.0/deed.pt_BR

	MÉTODO
	RESULTADOS
	DISCUSSÃO

