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Abstract: Introduction: Low accuracy of clinical variables can result in delayed diagnosis and increase the incidence of com-
plicated appendicitis in some cases. This study aimed to determine the value of simple complete blood count (CBC)
biomarkers in predicting complicated appendicitis. Methods: This is a single-center retrospective cross-sectional study,
which was conducted on cases referred to emergency department following acute appendicitis who underwent appen-
dectomy, to evaluate the accuracy of some cell blood count variables (white blood cell count (WBC), neutrophil percent,
neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), mean platelet volume (MPV)) in predicting
complicated cases (gangrenous and ruptured appendicitis). Results: There were 252 (68.3%) patients in the uncompli-
cated appendicitis group and 117 (31.7%) patients in the complicated appendicitis group. The mean age of patients was
34.1 £ 1.09 (Range: 18 -79) years (55.3% male). There were no differences between groups regarding the mean age (p =
0.053), gender distribution (p=0.07), Alvarado score (p = 0.055), platelet count (p =0.204), PLR (p = 0.115), and MPV (p
=0.205). The complicated appendicitis cases had longer onset of symptoms (p <0.001), higher WBC count (p = 0.011),
higher neutrophil count (p < 0.001), and higher NLR (p < 0.001). Neutrophil count (area under the curve (AUC) = 0.61,
95% confidence interval (CI) = 0.56-0.66; p = 0.001) and NLR (AUC = 0.65, 95% CI = 0.60-0.69; p = 0.001) had higher level
of accuracy in this regard. In contrast, the area under the curve of WBC count (AUC = 0.57, 95% CI = 0.52-0.63; p = 0.22),
platelet count (AUC = 0.44, 95% CI = 0.38-0.49; p = 0.049), PLR (AUC = 0.57, 95% CI = 0.52-0.62; p = 0.026), and MPV (AUC
=0.54, 95% CI = 0.49-0.60; p = 0.193) showed low accuracy in predicting complicated acute appendicitis. Conclusion:
Based on the findings of present study it seems that WBC, neutrophil percent, NLR, PLR, and MPV have failed to poor
accuracy in predicting cases with complicated appendicitis in emergency department.
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1. Introduction delays (4, 5).

Delayed or missed diagnosis of acute appendicitis can occur
in 15-24% of cases, leading to complicated appendicitis (such
as gangrenous, ruptured appendicitis and appendiceal ab-
scess) and an increase in postoperative morbidity and mor-
tality (6, 7).

Currently, computed tomography (CT) scans play an impor-
tant role in the diagnosis of acute appendicitis, with sensitiv-
ity and specificity of 96.7% and 95.5%, respectively (8). How-

Acute appendicitis is the most common emergency surgical
condition, with a 229 per 10,000-person incidence and a life-
time risk of 6.7% to 8.6%. Peak incidence is usually between
the ages of 15 and 20 (1, 2). The clinical diagnosis of acute ap-
pendicitis has a sensitivity of 54%, specificity of 75%, positive
and negative predictive values of 92.3% and 83.3%, respec-
tively, and an accuracy of 89.8%, according to the Alvarado
'score (3). However, the' dlagnosn? acctitacy Is r'elat'lvely loT/v ever, CT scans may not be available in rural hospitals in de-
in women of reproductive age, which can result in diagnostic . .
veloping countries.
White blood cell count (WBC), neutrophil percent, neu-
trophil to lymphocyte ratio (NLR), platelet to lymphocyte

ratio (PLR), and mean platelet volume (MPV) are all CBC
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tis. Nevertheless, the value of those biomarkers in predict-
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ing complicated appendicitis is uncertain, as the sensitivity
and specificity of WBC were reported as 53% and 67%, re-
spectively and the sensitivity and specificity of NLR were re-
ported as 70.7% and 56.3% (9, 10). The goal of this study was
to assess the value of simple CBC biomarkers such as WBC,
neutrophils, NLR, PLR, and MPV in predicting complicated
appendicitis.

2. Methods
2.1. Study design and setting

This is a single-center retrospective cross-sectional study,
which was conducted on cases referred to emergency de-
partment following acute appendicitis who underwent ap-
pendectomy to evaluate the accuracy of some blood cell
count variables (WBC, neutrophil percent, NLR, PLR, MPV)
in predicting the complicated cases with peritonitis. The
study was done in Emergency Surgical unit, Department
of Surgery, Faculty of Medicine, Srinakarinwirot University,
Ongkharak Nakhon-nayok, Thailand, between January 1,
2016 and March 31, 2022.

The method of research was approved by the institutional
ethics committee of Srinakharinwirot University (Ethics
code: SWUEC/E-253/2564). Patient information was gath-
ered in accordance with the Standards for the Protection of
Personally Identifiable Health Information.

2.2. Participants

The study included participants aged 18 to 70 who had acute
appendicitis and were treated at our institute with an appen-
dectomy (both open and laparoscopic surgery).

Those with advanced age, pregnancy, atherosclerotic disease,
diabetes mellitus, hematologic disease, or use of steroids or
immune-suppressants, which can affect serum biomarker
interpretation, were excluded. Patients who had previous la-
parotomies were not excluded from the study.

2.3. Data gathering

From April 1 to November 1, 2022, the patient’s data were
obtained from an institutional computerized database pro-
gram using the keywords acute appendicitis, appendicitis
with peritonitis, and appendectomy for potential recruit-
ment.

Acute appendicitis was confirmed by clinical, laboratory, and
imaging tests, such as ultrasonography and computed to-
mography. Prior to administering antibiotics, a blood sam-
ple was drawn at the time of admission to evaluate the pa-
tient’s WBC, neutrophils, lymphocytes, platelet count, and
MPV. Laboratory data was used to calculate the NLR and PLR.
The patients were operated on by our department’s surgical
staff, and 98.7% of the patients were approached using the
open appendectomy technique. Both authors extracted pa-

tient information from the electronic database of the insti-
tution. For each patient, demographic data, intraoperative
findings, and treatment outcomes (including postoperative
complications and length of stay) were collected.

Patients were divided into two groups based on pathologic
and intraoperative findings: uncomplicated acute appen-
dicitis (acute focal and suppurative appendicitis) and com-
plicated acute appendicitis (gangrenous and ruptured ap-
pendicitis). The postoperative outcomes were assessed dur-
ing a 14-30-day follow-up period.

2.4. Statistical analysis

SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was used for statisti-
cal analysis. Clinical and demographic factors were assessed
using descriptive analysis (percentage, mean, standard devi-
ation, minimum-maximum), and compared between groups
using student t-tests for continuous variables, and Mann
Whitney-U tests for non-normal parameters. P-value less
than 0.05 was considered statistically significant.

The receiver operating characteristic (ROC) curve was used
to determine the diagnostic value of studied serum biomark-
ers for complicated appendicitis considering the operative
findings as gold standard. The best cut-off point for each
biomarker was calculated using the area under the ROC
curve (AUC) and specificity, sensitivity, positive and nega-
tive predictive values; in addition, positive and negative like-
lihood ratio of studied markers were calculated and reported
with 95% confidence interval (CI). The area under the ROC
curves were classified as excellent (0.90-1), good (0.80-0.89),
fair (0.70-0.79), poor (0.60-0.69) or fail (0.50-0.59).

3. Results

3.1. Baseline characteristics of studied cases

Appendectomy procedures were performed on 390 patients,
but only 369 consecutive patients were recruited for the
study. Twenty-one cases were excluded since they met the
exclusion criteria or lacked sufficient data. There were 252
(68.3%) patients in the uncomplicated appendicitis group
and 117 (31.7%) patients in the complicated appendicitis
group. The mean age of patients was 34.1 + 1.09 (Range: 18
-79) years (55.3% male). Almost all of the procedures were
performed via the open approach.

Table 1 compares the baseline characteristics of the patients
between studied groups. There were no differences between
the groups regarding mean age (p = 0.053), gender distribu-
tion (p=0.07), Alvarado score (p = 0.055), platelet count (p
=0.204), PLR (p = 0.115), and MPV (p = 0.205). The com-
plicated appendicitis cases had longer onset of symptoms
(p <0.001), higher WBC count (p = 0.011), higher neutrophil
count (p <0.001), and higher NLR (p < 0.001).

The length of stay for patients with complicated appendici-

This open-access article distributed under the terms of the Creative Commons Attribution NonCommercial 3.0 License (CC BY-NC 3.0).

Downloaded from: https://journals.sbmu.ac.ir/aaem/index.php/AAEM/index



tis was significantly longer (4.67+ 0.22 days versus 2.29+ 0.70
days; p < 0.001). There was no statistically significant differ-
ence between groups in operative time (p = 0.069) or postop-
erative complication rate (p = 0.523).

3.2. Screening performance characteristics of
studied parameters

The area under the ROC curve of studied parameters in pre-
dicting the cases with complicated appendicitis are shown in
table 2 and figure 1. Neutrophil count (AUC = 0.61, 95% CI
= 0.56-0.66; p = 0.001) and NLR (AUC = 0.65, 95% CI = 0.60-
0.69; p = 0.001) had higher level of accuracy in this regard. In
contrast, the area under the curve of WBC count (AUC = 0.57,
95% CI = 0.52-0.63; p = 0.22), platelet count (AUC = 0.44, 95%
CI = 0.38-0.49; p = 0.049), PLR (AUC = 0.57, 95% CI = 0.52-
0.62; p = 0.026), and MPV (AUC = 0.54, 95% CI = 0.49-0.60; p
=0.193) showed low accuracy in predicting the complicated
acute appendicitis.

The sensitivity and specificity of neutrophil count in predict-
ing complicated appendicitis in cut-off point of 83% were
64.02% (95% CI = 0.52-0.70) and 52.37% (95% CI = 0.48-0.61),
respectively. These measures for NLR in cut-off point of 7.4
were 62.54% (95% CI = 0.52-0.70) and 58.92% (95% CI = 0.54-
0.66), respectively.

4, Discussion

Appendectomy is currently the gold standard in the treat-
ment of acute appendicitis, with a 0.09-0.24 percent mor-
tality rate. A delayed diagnosis may result in complicated
appendicitis, requiring more complex surgery and increas-
ing morbidity by 35%. (e.g., wound infection and intra-
abdominal abscess) (11, 12). Even in this study, there was
no difference in the rate of postoperative complications be-
tween the two groups; however, complicated appendicitis re-
quired a longer hospital stay.

According to the results of a study, delayed presentation is
a strong risk factor for developing complicated appendicitis;
other risk factors included pediatric patients, those over the
age of 70, male sex, and more than three comorbidities (13).
Thereby, basic biomarkers in the CBC that can be collected in
the emergency department become a potential predictor of
complicated appendicitis, encouraging the decision to per-
form emergency surgery in this group of patients.

The primary goal of this study was to determine the value
of CBC biomarkers in predicting complicated appendicitis.
However, the results of this study indicate that complete
blood counts parameters, including WBC, neutrophil count,
NLR, platelet counts, PLR, and MPV, failed to accurately pre-
dict cases of complicated appendicitis in the emergency de-
partment.

Previous studies demonstrated that WBC > 15,000/mm3 can
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predict acute appendicitis, whereas WBC > 18,000/ mm
predict complicated appendicitis (14, 15). However, the re-
sults of this study indicate that a neutrophil with a cut-off
value of 83% was unable to predict complicated appendicitis
with adequate sensitivity and specificity. Similarly, the results
demonstrated that WBC was incapable of predicting compli-
cated appendicitis. WBC has a sensitivity of 67% and a speci-
ficity of 43% in the diagnosis of complicated appendicitis, ac-
cording to a study by Seving et al. (16).

NLR and PLR are biomarkers associated with systemic in-
flammation. Several studies have demonstrated that NLR has
diagnostic value for acute appendicitis (17). In addition, Ha-
jibandeh et al. discovered that NLR > 4.7 and > 8.8 were inde-
pendent predictors of simple and complicated appendicitis,
respectively (18). In contrast to the study’s findings, NLR at a
cut-off level of 7.4 has a low predictive potential for compli-
cated appendicitis, with a sensitivity and specificity of 62%
and 58%, respectively.

Previous studies demonstrated that PLR at a cut-point value
of 284 (AUC: 0.647; sensitivity: 42%; specificity: 86%) has pre-
dictive capabilities in pediatric patients for the diagnosis of
complex appendicitis (19). According to the findings of the
present study, PLR did not demonstrate value as a diagnos-
tic biomarker for complicated appendicitis in adult popula-
tions.

A recent meta-analysis found that a lower MVP value could
be used to predict acute appendicitis but failed to demon-
strate the diagnostic value of MPV for complicated appen-
dicitis (20). Consistent with the findings of the study, this can
be explained by increase in MPV during the period of severe
infection or sepsis as a result of platelet activation, due to an
increase in the production of young platelets, which could af-
fect MPV interpretation (21).

Given that there is currently no clinical scoring system to pre-
dict complicated appendicitis, future research may use the
findings of this study to develop a clinical score that uses
serum biomarkers as parameters to encourage early surgi-
cal management of complicated appendicitis patients, po-
tentially improving their postoperative outcomes.

5. Limitations

The current study has two limitations: 1) it was retrospective,
and 2) pregnant women and patients over 70 were excluded
since they may present with unusual symptoms, delaying ap-
pendicitis diagnosis. However, this study’s large patient pop-
ulation provides accurate data for analysis.

Furthermore, if blood test was delayed, the progression of the
disease could have exacerbated the inflammatory response,
affecting the interpretation of serum biomarkers. This may
lead to data bias or imprecision. In this study, if the pa-
tient was suspected to have acute appendicitis, a blood sam-
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Receiver operating characteristics (ROC) curves of the studied biomarkers in predicting complicated appendicitis cases.

R Comparing the baseline characteristics as well as outcomes of studied patients between cases with complicated and uncomplicated
appendicitis

Parameters Appendicitis group P-value
Complicated Uncomplicated

Age (year)

Mean + SD 38.3+1.27 35.22+1.17 0.053

Gender

Male/Female ratio 128/124 77/40 0.07

Alvarado score

Mean + SD 7.67 +1.44 7.14+2.11 0.055

Onset of symptom (Hour)

Mean + SD 30.13+2.15 15.15+1.22 <0.001

WBC (cell/mm°)

Mean + SD 16507 £ 403 15394 + 389 0.011

WBC differential

PMN (%) 85.00 £ 0.45 81.10 + 0.66 <0.001

Platelet count (cell/mm3) 264333+6064.2 28058116020 0.204

NLR 13.3+1.27 8.2+0.51 <0.001

PLR 267.9+35.0 204.8 £22.2 0.115

MPV 9.98 + 0.08 9.80+0.07 0.205

Treatment outcomes

Operative times (minutes) 67.38 £2.70 61.25 + 2.60 0.069

Length of stay (days) 4.67+0.22 2.29+0.70 <0.001

Overall post-operative complications 4 (1.60) 3(2.610) 0.523

Data are presented as mean * standard deviation (SD) or frequency (%). WBC = White blood cell count; PMNs = Polymorph nuclear

neutrophils; NLR = Neutrophil to lymphocyte ratio; PLR = Platelet to lymphocyte ratio, MPV = Mean platelet volume.

ple was drawn immediately and results were provided within
30-45 minutes. The patient’s biomarker-affecting comor-

within 24 hours of diagnosis, this could mimic the risk of bias
in this study.
bidities were eradicated, and surgical care was administered
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eV PH Screening performance characteristics of studied markers in predicting the complicated cases of acute appendicitis

NPV

+LR

-LR

Accuracy

73.66 (0.66- 0.80)

1.22 (1.01-1.47)

0.77 (0.59-1.00)

53.12 (0.45-0.58)

75.03 (0.68-0.81)

1.34 (1.10-1.63)

0.72 (0.56-0.92)

56.47 (0.51-0.62)

60.19 (0.51-0.69)

0.84 (0.72-0.99)

1.43 (1.05-1.94)

37.94 (0.33-0.43)

77.05 (0.70-0.83)

1.54 (1.25-1.89)

0.64 (0.50-0.82)

60.43 (0.55-0.65)

72.41 (0.65-0.73)

1.14 (0.96-1.35)

0.82 (0.62-1.08)

50.15 (0.45-0.55)

Variable | Cut-off| Sensitivity | Specificity PPV

WBC 15150 |62 (0.53-0.71) | 50 (0.43-0.55) | 36.13 (0.30-0.43)
Neutrophil 83 64 (0.52-0.70) | 52 (0.48-0.61) | 38.89 (0.31-0.46)
Platelet 242500 | 61 (0.52-0.70) | 50 (0.45-0.57) | 28.12 (0.23-0.34)
NLR 7.4 162 (0.53-0.70) | 58 (0.54-0.66) | 41.61 (0.34-0.49)
PLR 144.4 |55 (0.46-0.64) | 44 (0.37-0.50) | 34.58 (0.28-0.41)
MPV 10 |61 (0.55-0.66) | 47 (0.37-0.56) | 35.25 (0.28-0.43)

70.90 (0.64-0.70)

1.17 (0.92-1.50)

0.83 (0.73-1.08)

55.83 (0.51-0.61)

Data are presented with 95% confidence interval. WBC = White blood cell count; NLR = Neutrophil to lymphocyte ratio;
PLR = Platelet to lymphocyte ratio; MPV = Mean platelet volume; PPV: positive predictive value; NPV: negative predictive value;

+LR: positive likelihood ratio; -LR: negative likelihood ratio.

6. Conclusion

Based on the findings of present study it seems that cell blood
count parameters such as WBC, neutrophil percent, NLR,
PLR, and MPV have failed to poor accuracy in predicting the
cases with complicated appendicitis in emergency depart-
ment.
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