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Abstract. – OBJECTIVE: Some studies sug-
gest that serum sodium level may decrease at a 
greater degree in complicated acute appendici-
tis (CA) because of the increased severity of in-
flammation. This study aimed to determine the 
predictive value of some inflammatory markers 
and hyponatremia in differentiating CA from un-
complicated acute appendicitis (UCA).

PATIENTS AND METHODS: In this retro-
spective cohort study, the data of patients who 
underwent urgent appendectomy in Department 
of General Surgery, Eskisehir Osmangazi Uni-
versity from January 01, 2016 to January 01, 
2021, were analyzed. Patients were divided ac-
cording to appendicitis type, UCA and CA.

RESULTS: In this study, 10.2% (n = 79) of 772 
acute appendicitis cases were CA. Multiple lo-
gistic regression analysis revealed that high 
age (p = 0.001), male sex (p = 0.014), high leu-
kocyte count (p = 0.045), low lymphocyte count 
(p = 0.023) and hyponatremia (p <0.001) were in-
dependently associated with CA. Patients with 
hyponatremia (sodium level ≤134 mEq/L) had 
3.050-fold higher risk for CA than patients with 
normal sodium level (odds ratio: 3.050, 95% con-
fidence interval: 1.668-5.576). The results of the 
ROC analysis performed to assess the role of 
sodium level in detecting CA showed a sensitiv-
ity of 27.8% and a specificity of 92.1% (cut-off: 
133.5 meq/L) (p = 0.001; area under the curve: 
0.612 [0.539-0.684]).

CONCLUSIONS: Clinicians should be aware 
of the higher likelihood of CA occurrence in pa-
tients with appendicitis in whom hyponatremia, 
leukocytosis, or lymphopenia is detected in the 
laboratory examination.
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Introduction

Acute appendicitis, defined as the inflamma-
tory disease of the appendix, is among the most 
common causes of “acute abdomen” and is the 
leading cause of urgent abdominal surgery1. Ap-
pendicitis often occurs in the second and third de-
cades of life. The incidence of appendicitis is the 
highest in individuals aged 10-19 years and the 
lowest in children aged <9 years. The male-to-fe-
male ratio is reported to be 1.4:12, and the lifetime 
incidence of appendicitis ranges from 7% to 8%3.

Acute appendicitis is mainly divided into two 
types, as complicated acute appendicitis (CA) 
and uncomplicated acute appendicitis (UCA). CA 
can be accompanied by gangrenous appendicitis, 
perforated appendix, phlegmon, or abscess in 
the appendix4. Surgical site infection is reported 
in 3.3%–10.3% of the cases after appendecto-
my, while intraabdominal abscess is reported 
in 9.4%. Mortality rates in developing countries 
range between 1-4%, while developed countries 
report values below 1%3. Perforated appendicitis 
occurs in 29 per 100,000 patients5, and it is more 
common in men than in women2. Despite the de-
crease in the incidence of acute appendicitis, CA 
incidence is increasing6. The degree of inflam-
mation is exacerbated in CA compared to UCA. 
Therefore, various inflammatory markers, such 
as C-reactive protein (CRP), leukocyte count, 
neutrophil count, and erythrocyte sedimentation 
rate, have been examined to predict CA7. Inflam-
mation causes an increase in the plasma levels 
of interleukin (IL)-1b and IL-6, which stimulate 
antidiuretic hormone (ADH) release, ultimately 
causing hyponatremia8-10. Possible relationships 
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between severe inflammation and sodium levels 
are reported in appendicitis, and some studies 
have suggested that the decrease in sodium level 
may be more profound in CA due to increased 
severity of inflammation11-14.

Early prediction of CA in in patients with 
acute appendicitis can provide clinicians with the 
chance to plan appropriate interventions. In this 
study, we aimed to determine the predictive value 
of some inflammatory cells and hyponatremia in 
differentiating UCA from CA.

Patients and Methods

This retrospective cohort study was conducted 
by examining data of patients who underwent an 
urgent appendectomy in Department of General 
Surgery, Eskisehir Osmangazi University from 
January 01, 2016 to January 01, 2021. Ethical 
approval was obtained from the Non-Invasive 
Clinical Research Ethics Committee of Eskişehir 
Osmangazi University, Turkey (date: 12.01.2021, 
decision no: 09).

Study Group
All patients who underwent urgent appendec-

tomy with the diagnosis of acute appendicitis 
between the relevant dates were assessed for 
inclusion into the study (n = 772). Patients who 
had elective surgeries and diseases that may af-
fect sodium levels, such as diabetes insipidus and 
renal failure, were excluded from the study. Also, 
subjects who had undergone appendectomy for 
other reasons (malignancy etc.) and patients who 
underwent appendectomy but were not diagnosed 
with appendicitis, as determined by pathologi-
cal examination, were excluded from the study. 
Therefore, the analyses only included patients 
with findings showing appendiceal inflammation 
in the pathological examination of specimens ob-
tained from appendectomy operations.

Measurements
Abdominal USG was performed in all patients 

before the operation, and pelvic CT with intrave-
nous contrast was performed as a complementary 
examination in 113 cases. Contrast-enhanced pel-
vic MRI was performed in 3 cases as a comple-
mentary examination. Afterwards, surgical proce-
dures were performed. The surgical and pathology 
reports of the patients were reviewed retrospec-
tively from the hospital registry system. The pa-
rameters collected for this study were as follows:

•	 Characteristics of the patients (age and gen-
der);

•	 Surgery type (open or laparoscopy);
•	 Type of acute appendicitis (complicated or un-

complicated);
•	 Preoperative laboratory findings (sodium level, 

leukocyte count, neutrophil count, and lym-
phocyte count) up to 24 h before the surgery.

Patients with perforation or phlegmon in the 
pathological examination and patients with in-
traabdominal abscess or peritonitis in the surgical 
report were diagnosed with CA. Patients were 
divided into two groups according to the clinical 
type of appendicitis, the UCA and CA groups. A 
serum sodium level of ≤134 meq/L was accepted 
as the threshold to define hyponatremia.

Statistical Analysis
All analyses were performed on SPSS v21 

(IBM Corp., Armonk, NY, USA). The Shap-
iro–Wilk test was used for the normality check. 
According to the normality of distribution, data 
are given as median (1st quartile–3rd quartile) 
for continuous variables and as frequency (per-
centage) for categorical variables. Nonnormal-
ly distributed variables were analyzed with the 
Mann–Whitney U test. The chi-square test or 
Fisher’s exact test was used to compare groups 
of categorical variables. Multiple logistic regres-
sion analysis (forward conditional method) was 
performed to determine factors independently 
associated with CA. The diagnostic performance 
of the variables was assessed by using the receiv-
er operating characteristic (ROC) curve analysis, 
and p < 0.05 values were accepted as significant 
results.

Results

In this study, 10.2% (n = 79) of 772 acute 
appendicitis cases were CA. Mean age (33 vs. 
40 years, p = 0.001) and male patient frequency 
(48.8% vs. 63.3%, p = 0.014) were significantly 
higher in the CA group than in the UCA group. 
Patients in the CA group were more frequently 
treated laparoscopically, whereas those in the 
UCA group were more frequently treated with 
open surgery (p = 0.004). The leukocyte and 
neutrophil counts were significantly higher (p 
= 0.002 and p = 0.001, respectively), while lym-
phocyte count was lower (p < 0.001) in the UCA 
group than in the CA group. While the frequency 
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of hyponatremia was 7.9% in the UCA group, it 
was 27.8% in the CA group (p < 0.001) (Figure 1). 
The summary of patient characteristics and clini-
cal features according to the type of appendicitis 
are shown in Table I.

The results of the ROC analysis, which was 
performed to determine the role of sodium level 
in detecting CA, revealed a sensitivity of 27.8% 
and specificity of 92.1% at a cutoff of 133.5 meq/L 
(p = 0.001; area under the curve, 0.612 [95% con-
fidence interval, 0.539-0.684]) (Figure 2).

Multiple logistic regression analysis revealed 
that high age (p = 0.001), male sex (p = 0.014), high 

leukocyte count (p = 0.045), low lymphocyte count 
(p = 0.023) and hyponatremia (p<0.001) were risk 
factors that were independently associated with 
CA. Patients with hyponatremia (sodium level 
≤134 mEq/L) had 3.050-fold higher likelihood to 
have CA than patients with normal sodium level 
(odds ratio: 3.050, 95% confidence interval: 1.668-
5.576) (Table II). Other variables included in the 
analysis, surgery type (p = 0.051) and neutrophil 
count (p = 0.313) were found to be non-significant.

Discussion

Acute appendicitis is the leading cause of 
acute abdomen that requires urgent intervention. 
If the severity of the clinical picture can be pre-
dicted before the planned surgery, preparations 
can be made against possible undesirable events. 
Therefore, distinguishing CA from UCA will 
allow clinicians to plan the intervention and take 
measures against possible problems that may be 
encountered during surgery. This study attempt-
ed to differentiate UCA from CA cases based on 
some clinical features, especially sodium level; 
results showed that the frequency of hyponatre-
mia was higher in the CA group than in the UCA 
group. Leukocyte counts were significantly high-
er and lymphocyte levels were lower in the CA 
group than in the UCA group. In addition, the CA 
group consisted of relatively older patients, with a 
predominance of men.

Many previous studies15,16 have shown that 
serum sodium level is associated with mortali-

Figure 1. Sodium level according to the type of appendicitis.

Table I. Summary of patients’ characteristics and clinical features according to the type of appendicitis.

	                                                        Type of appendicitis
			 
	 Uncomplicated (n = 693)	 Complicated (n = 79)	 p

Age (year)	 33 (25-45)	 40 (27-68)	 0.001
Sex			   0.014
    Female	 355 (51.2%)	 29 (36.7%)	
    Male	 338 (48.8%)	 50 (63.3%)	
Surgery type			   0.004
    Open	 400 (57.7%)	 59 (74.7%)	
    Laparoscopy	 293 (42.3%)	 20 (25.3%)	
Leukocytes (103/μl)	 12.71 (9.98-15.90)	 14.50 (11.40-18.00)	 0.002
Neutrophil (103/μl)	 9.80 (6.90-13.10)	 11.30 (8.60-15.40)	 0.001
Lymphocyte (103/μl)	 1.81 (1.31-2.50)	 1.50 (1.00-2.10)	 < 0.001
Sodium level			   < 0.001
    ≤ 134 mEq/L	 55 (7.9%)	 22 (27.8%)	
    > 134 mEq/l	 638 (92.1%)	 57 (72.2%)	

Data are given as median (1st quartile-3rd quartile) for continuous variables and as frequency (percentage) for categorical variables.
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ty and morbidity in ischemic events occurring 
in the gastrointestinal tract. Serum sodium lev-
el has also been associated with complications 
and mortality after gastrointestinal surgeries9. In 
addition, our literature review revealed various 
studies11-14,17,18 with the existence of a relation-
ship between the development of complications 
in acute appendicitis and serum sodium level. 
In a systematic review17 focusing on the role 
of hyponatremia in identifying CA, the authors 
emphasized that serum sodium level can be a 
useful biomarker to detect CA. In another re-
cent systematic review and meta-analysis19, the 
authors also reported that hyponatremia was a 
useful parameter to distinguish CA cases from 
UCA cases. Other studies11-14,18,20 have compre-

hensively demonstrated the relationship between 
complicated appendicitis and lower sodium level 
in pediatric and adult populations. In recent stud-
ies21,22, it was noted that the preoperative sodium 
value had an acceptable level of discrimination in 
predicting CA at a cut-off point of ≤134 mEq/L. 
The present study showed that hyponatremia was 
an independent risk factor associated with CA, 
and that sodium level (≤133.5 mEq/L) could be 
utilized to detect UCA, consistent with the results 
of previous studies. Although the relationship be-
tween hyponatremia and CA has been shown in 
previous studies19, the underlying reason for this 
relationship has not been clearly revealed. This 
relationship was thought to be explained by the 
hypothesis that the severity of inflammation is 
associated with the release of ADH. According to 
this hypothesis, increased levels of ILs in diseas-
es that cause relatively severe inflammation are 
suggested to stimulate ADH release. Increasing 
ADH levels cause dilutional hyponatremia by 
reducing the excretion of water from the renal 
tubular system8-10. 

Given the retrospective design of this study, 
a cause-effect relationship could not be demon-
strated. Nevertheless, the results of this study 
and those of related studies reveal that serum 
sodium level is a potential marker that has value 
in predicting CA cases, especially since it is an 
inexpensive, widely used, and accessible labora-
tory parameter.

The variable characteristics of patients based 
on sex and age can affect the incidence and 
clinical course of various diseases. Many stud-
ies13,14,23-25 have reported that age and sex, similar 
to sodium level, can be independent parameters 
of predicting CA. In one study23, researchers 
showed that older age increases the incidence 
of complicated appendicitis by 3% per year, 
while being male increases it by 1.9-fold. In 
many related studies13,14,24,25, the frequency of 

Figure 2. ROC analysis demonstrating the ability of serum 
sodium levels to predict complicated appendicitis.

Table II. Significant factors independently associated with complicated appendicitis, multiple logistic regression analysis.

	 β coefficient	 Standard error	 p	 Exp (β)	 95.0% CI for Exp (β)

Age	 0.025	 0.007	 0.001	 1.025	 1.011	 1.040
Sex, male	 0.631	 0.256	 0.014	 1.879	 1.136	 3.106
Leukocytes	 0.038	 0.019	 0.045	 1.038	 1.001	 1.077
Lymphocyte	 -0.386	 0.170	 0.023	 0.680	 0.488	 0.948
Sodium level, ≤ 134 mEq/L	 1.115	 0.308	 < 0.001	 3.050	 1.668	 5.576
Constant	 -3.585	 0.579	 < 0.001	 0.028		

CI: Confidence Interval, Nagelkerke R2=0.140.
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CA is found to be increased in males and older 
patients. By contrast, some rare studies11,26 have 
revealed that age and sex are associated with 
higher incidence of both CA and UCA; thus, 
they suggest no apparent relationship between 
these factors and increased likelihood of CA. In 
the present study, the number of male patients 
was higher in the CA group and patients with 
CA were older. Considering that the majority of 
the literature is in agreement with these results, 
we believe that clinicians should be aware that 
higher age and male sex are primary factors 
when assessing the likelihood of CA.

Acute appendicitis progresses with inflam-
mation. Therefore, as in other inflammatory 
diseases, the increase in the levels of acute-
phase reactants and inflammatory cells was 
not surprising. Undoubtedly, other conditions 
such as complications that exacerbate inflam-
mation will increase, to some extent, the level 
of these biomarkers. Similarly, the CA vs. UCA 
comparisons of the current study revealed that 
leukocyte and neutrophil counts increased rel-
atively more in subjects with CA. The results 
of previous studies are also compatible with 
these findings. Numerous studies have indicat-
ed that leukocytes and CRP are associated with 
complicated appendicitis, and the extent of 
leukocyte count increase has been extensively 
investigated in previous studies. Although a 
high leukocyte count can predict the proba-
bility of CA at a certain accuracy, leukocyte 
increase alone is not valuable because it is 
not specific to the appendix, since it increases 
in many other diseases27. Similar studies11,28 
have reported that the increase in leukocyte 
and neutrophil counts was associated with the 
severity of inflammation of the appendix and 
the development of CA. Nonetheless, some re-
searchers25,26,29-31 suggest that leukocyte or neu-
trophil count alone may be valuable in differ-
entiating UCA from CA. However, generally it 
is accepted that leukocyte count can be used to 
support the diagnosis of acute appendicitis, but 
it is not valuable in differentiating UCA from 
CA32. Although the increase in inflammatory 
cells appears to be associated with the clinical 
severity of UCA and CA, these parameters are 
highly nonspecific.

The retrospective design of the study is an 
important limitation. Therefore, different param-
eters that could be valuable in estimating CA 
were not examined, and a cause–effect relation-
ship could not be established. The single-center 

setting, relatively low number of complicated 
cases, and varying measurement times limit the 
generalizability of the results. In addition, other 
hormonal and clinical parameters that may affect 
laboratory parameters have not been evaluated. 
These variables may have influenced the results 
and comparisons between groups.

Conclusions

CA can be distinguished from UCA based on 
some clinical features. The results of this study 
indicate that older patients and male patients 
with acute appendicitis have a higher risk of 
developing CA. Clinicians should also be aware 
of the higher likelihood of CA in patients with 
hyponatremia, leukocytosis, or lymphopenia. In 
future prospective studies, our results can be 
validated by evaluating the predictive values of 
these parameters for CA in larger case groups. In 
addition, more precise estimates can be obtained 
by using scoring systems created with various 
combinations of these parameters and could aid 
in the differentiation of CA from UCA.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Committee Approval
This study was approved by the Non-Invasive Clinical Re-
search Ethics Committee of Eskisehir Osmangazi Universi-
ty University (Decision no. 09, dated 12.01.2021).

Informed Consent
All patients included in this study had signed an informed 
consent form.

Authors’ Contribution
Concept: D.B.O.; Design: D.B.O., A.K.; Supervision: 
D.B.O., A.K.; Materials: A.K.; Data: D.B.O., A.K.; Anal-
ysis: D.B.O., A.K.; Literature search: D.B.O.; Writing: 
D.B.O., A.K., H.D.; Critical revision: H.D., B.U.

Financial Disclosure
The authors declared that this study has received no finan-
cial support.



D.B. Ozdemir, A. Karayigit, H. Dizen, B. Unal

8062

ORCID ID
Dursun Burak Özdemir: 0000-0002-3672-5738.

References

  1)	 Stringer MD. Acute appendicitis. J Paediatr Child 
Health 2017; 53: 1071-1076.

  2)	 Golz RA, Flum DR, Sanchez SE, Liu X, Dono-
van C, Drake FT. Geographic Association Be-
tween Incidence of Acute Appendicitis and So-
cioeconomic Status. JAMA Surg 2020; 155: 
330-338.

  3)	 Bhangu A, Søreide K, Di Saverio S, Assarsson 
JH, Drake FT. Acute appendicitis: modern under-
standing of pathogenesis, diagnosis, and man-
agement. Lancet 2015; 386: 1278-1287.

  4)	 Simillis C, Symeonides P, Shorthouse AJ, Tek-
kis PP. A meta-analysis comparing conservative 
treatment versus acute appendectomy for com-
plicated appendicitis (abscess or phlegmon). Sur-
gery 2010; 147: 818-829.

  5)	 Lee SL, Shekherdimian S, Chiu VY. Effect of race 
and socioeconomic status in the treatment of ap-
pendicitis in patients with equal health care ac-
cess. Arch Surg 2011; 146: 156-161.

  6)	 Livingston EH, Woodward WA, Sarosi GA, Haley 
RW. Disconnect between incidence of nonper-
forated and perforated appendicitis: implications 
for pathophysiology and management. Ann Surg 
2007; 245: 886-892.

  7)	 Besli GE, Cetin M, Ulukaya Durakbasa C, Ozkanli 
S. Predictive Value of Serum Sodium Level in De-
termining Complicated Appendicitis Risk in Chil-
dren. Haydarpasa Numune Med J 2019; 59: 35-
40.

  8)	 Swart RM, Hoorn EJ, Betjes MG, Zietse R. Hypo-
natremia and inflammation: the emerging role of 
interleukin-6 in osmoregulation. Nephron Physiol 
2011; 118: 45-51.

  9)	 Alsaleh A, Pellino G, Christodoulides N, Malietzis 
G, Kontovounisios C. Hyponatremia could identi-
fy patients with intrabdominal sepsis and anasto-
motic leak after colorectal surgery: a systemat-
ic review of the literature. Updates Surg 2019; 71: 
17-20.

10)	 Sharshar T, Blanchard A, Paillard M, Raphael JC, 
Gajdos P, Annane D. Circulating vasopressin lev-
els in septic shock. Crit Care Med 2003; 31: 1752-
1758.

11)	 Pogorelić Z, Lukšić B, Ninčević S, Lukšić B, Po-
lašek O. Hyponatremia as a predictor of perforat-
ed acute appendicitis in pediatric population: A 
prospective study. J Pediatr Surg 2021; 56: 1816-
1821.

12)	 Lindestam U, Almström M, Jacks J, Malmquist 
P, Lönnqvist PA, Jensen BL, Carlström M, Krmar 
RT, Svensson JF, Norberg Å, Fläring U. Low 
Plasma Sodium Concentration Predicts Perforat-
ed Acute Appendicitis in Children: A Prospective 

Diagnostic Accuracy Study. Eur J Pediatr Surg 
2020; 30: 350-356.

13)	 Kim DY, Nassiri N, De Virgilio C, Ferebee MP, Ka-
ji AH, Hamilton CE, Saltzman DJ. Association Be-
tween Hyponatremia and Complicated Appendi-
citis. JAMA Surg 2015; 150: 911-912.

14)	 Heymowski A, Boström L, Dahlberg M. Plasma 
Sodium and Age Are Important Markers of Risk 
of Perforation in Acute Appendicitis. J Gastroin-
test Surg 2021; 25: 287-289.

15)	 Falor AE, Zobel M, Kaji A, Neville A, De Virgilio 
C. Admission variables predictive of gangrenous 
cholecystitis. Am Surg 2012; 78: 1075-1078.

16)	 O’leary MP, Neville AL, Keeley JA, Kim DY, De 
Virgilio C, Plurad DS. Predictors of Ischemic Bow-
el in Patients with Small Bowel Obstruction. Am 
Surg 2016; 82: 992-994.

17)	 Giannis D, Matenoglou E, Moris D. Hyponatre-
mia as a marker of complicated appendicitis: 
A systematic review. Surgeon 2020; 18: 295-
304.

18)	 Besli GE, Çetin M, Durakbaşa ÇU, Özkanlı Ş. 
Predictive value of serum sodium level in deter-
mining complicated appendicitis risk in children. 
Haydarpasa Numune Train Res Hosp Med J 
2019; 59: 35-40.

19)	 Anand S, Krishnan N, Birley JR, Tintor G, Bajpai 
M, Pogorelić Z. Hyponatremia – A New Diagnos-
tic Marker for Complicated Acute Appendicitis in 
Children: A Systematic Review and Meta-Analy-
sis. Children 2022; 9: 1070.

20)	 Sheen J, Bowen J, Whitmore H, Bowling K. Hy-
ponatremia as a marker of complicated appendi-
citis: A retrospective analysis. Cureus 2022; 14: 
1-7.

21)	 Walsh A, Lala S, Wells C, Upadhyay V. Hypona-
tremia an indicator of complicated appendicitis in 
children: Starship experience. ANZ J Surg 2022; 
92: 747-752.

22)	 Symeonidis NG, Pavlidis ET, Psarras KK, 
Stavrati K, Nikolaidou C, Marneri A, Geropoulos 
G, Meitanidou M, Andreou E, Pavlidis TE. Pre-
operative hyponatremia indicates complicated 
acute appendicitis. Surg Res Pract 2022; 2022: 
1836754.

23)	 Eddama M, Fragkos KC, Renshaw S, Aldridge M, 
Bough G, Bonthala L, Wang A, Cohen R. Logistic 
regression model to predict acute uncomplicated 
and complicated appendicitis. Ann R Coll Surg 
Engl 2019; 101: 107-118.

24)	 Cuschieri J, Florence M, Flum DR, Jurkovich GJ, 
Lin P, Steele SR, Symons RG, Thirlby R. Nega-
tive appendectomy and imaging accuracy in the 
Washington State Surgical Care and Outcomes 
Assessment Program. Ann Surg 2008; 248: 557-
563.

25)	 Kim TH, Cho BS, Jung JH, Lee MS, Jang JH, 
Kim CN. Predictive factors to distinguish between 
patients with noncomplicated appendicitis and 
those with complicated appendicitis. Ann Colo-
proctol 2015; 31: 192-197.



Hyponatremia and complicated appendicitis

8063

26)	 Aydin OU, Soylu L, Dandin O, Uysal Aydin E, Ka-
rademir S. Laboratory in complicated appendici-
tis prediction and predictive value of monitoring. 
Bratisl Lek Listy 2016; 117: 697-701.

27)	 Shogilev DJ, Duus N, Odom SR, Shapiro NI. Di-
agnosing appendicitis: evidence-based review of 
the diagnostic approach in 2014. West J Emerg 
Med 2014; 15: 859-871.

28)	 Yang J, Liu C, He Y, Cai Z. Laboratory mark-
ers in the prediction of acute perforated appen-
dicitis in children. Emerg Med Int 2019; 2019: 
4608053.

29)	 Obayashi J, Ohyama K, Manabe S, Tanaka 
K, Nagae H, Shima H, Furuta S, Wakisaka M, 
Kawase H, Kitagawa H. Are there reliable indi-
cators predicting post-operative complications 

in acute appendicitis? Pediatr Surg Int 2015; 31: 
1189-1193.

30)	 Baghdadi M, Metwalli A-E, Abdelhamid M. Pre-
operative laboratory tests as predictors of com-
plicated appendicitis. Egypt J Surg 2019; 38: 535-
541.

31)	 Zani A, Teague WJ, Clarke SA, Haddad MJ, Khu-
rana S, Tsang T, Nataraja RM. Can common se-
rum biomarkers predict complicated appendicitis 
in children? Pediatr Surg Int 2017; 33: 799-805.

32)	 Panagiotopoulou IG, Parashar D, Lin R, Antono-
wicz S, Wells AD, Bajwa FM, Krijgsman B. The 
diagnostic value of white cell count, C-reactive 
protein and bilirubin in acute appendicitis and its 
complications. Ann R Coll Surg Engl 2013; 95: 
215-221.


