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ABSTRACT

BACKGROUND: The aim of the study was to investigate the predictive value of hyponatremia as a new biochemical marker for the 
early and accurate preoperative diagnosis of complicated appendicitis in the adult population.

METHODS: 732 patients who were operated for acute appendicitis (AA) and diagnosed as perforation intraoperatively were eval-
uated retrospectively. Serum sodium, C-reactive protein (CRP), and leukocyte levels of patients with perforated and nonperforated 
appendicitis were compared. 

RESULTS: Perforated appendicitis patients had statistically lower serum Na values (p<0.001). Similarly, patients without perforated 
appendicitis had higher serum CRP values (p<0.001). In patients diagnosed with perforated AA, the sensitivity of plasma sodium 
concentration was 63%, and the specificity was 66%. The threshold value of plasma sodium concentration ≤137.5 mEq/L had the best 
possible sensitivity and specificity. 

CONCLUSION: Hyponatremia is a new marker of perforated appendicitis and therefore, serum sodium level measurement should 
be considered in patients with a clinical presentation consistent with appendicitis if complications are suspected.

Keywords: Biomarkers; low sodium; perforated appendicitis.

Hyponatremia, which is frequently encountered as an elec-
trolyte disorder, is associated with increased morbidity and 
mortality in the surgical population and is considered as an 
indicator of prognostic value.[4] Arginine vasopressin concen-
tration is often increased in inflammatory conditions such as 
acute adult surgery. The underlying pathology is that pro-in-
flammatory cytokines such as interleukin-1-beta and inter-
leukin-6, which are involved in the severe inflammatory re-
sponse, increase the secretion of antidiuretic hormone, and 
cause hyponatremia.[5,6]

Recently, hyponatremia has been investigated as a potential 
diagnostic marker of the presence of complicated appendici-
tis, as well as a predictive marker of post-operative intra-ab-
dominal complications after treatment for gangrenous (com-
plicated) appendicitis.[7–11]

  O R I G I N A L  A R T I C L E

INTRODUCTION

Acute appendicitis (AA) is the most common cause of emer-
gency abdominal surgery and its lifetime prevalence ranges 
from 7 to 8%.[1] Appendectomy is the gold-standard in treat-
ment. Although AA is successfully treated with an early diag-
nosis and an appropriate approach, perforation may develop 
in 16–39% of cases and may lead to life-threatening complica-
tions.[2] Perforated appendicitis is 3 times more likely to cause 
morbidity than simple appendicitis.[2]

While it is a historical dogma that AA always progresses 
towards gangrene and perforation, this is not accepted as 
right recently. Hence, separating perforated from non-per-
forated appendicitis may be beneficial for treatment algo-
rithms.[3]
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In our study, the predictive value of plasma sodium concen-
tration in differentiating perforated and non-perforated ap-
pendicitis was investigated. Similar studies for adults are very 
limited. Since it was not a comprehensive study like ours, we 
hypothesized that plasma sodium concentration might also 
act as a marker to differentiate between perforated and non-
perforated AA in adults.

MATERIALS AND METHODS

Study Group
After obtaining institutional ethics committee approval 
(2012-KAEK-15/2217), we performed a retrospective anal-
ysis of adult patients (>18 years) who underwent appendec-
tomy for AA between January 1, 2016, and January 1, 2020. 
The criteria for exclusion from the study were: Missing in the 
file data, under 18 years of age, the final diagnosis was not 
AA, blood disease, kidney disease, presence of a disease that 
may affect sodium value, use of medicines that may affect 
sodium metabolism, detection of malignancy as a result of 
the pathology, and performing another operation in the same 
session were excluded from this study. A total of 732 pa-
tients who were surgically diagnosed with appendicitis were 
included in the study.

Study Protocol and Definitions
Demographic data and laboratory values of the patients were 
obtained from patient files and computer records. Age, gen-
der, duration of hospital stay, operation time, the number 
of laparoscopic operations, basal sodium (Na) values, white 
blood cell (WBC) values, and C-reactive protein (CRP) values 
of the patients were recorded. In the light of the intraopera-
tive findings, patients diagnosed with perforated appendicitis 
were selected in the study group, and patients without perfo-
ration findings were selected in the control group.

Both groups were compared in terms of Na, CRP, and WBC 
levels. All laboratory tests were analyzed in the same labora-

tory. The cutoff value, sensitivity, specificity percentages, and 
significant differences of this parameter in predicting perfo-
rated appendicitis were evaluated.

Statistical Analysis
Statistical analysis was performed with the SPSS program for 
Windows version 22.0 (SPSS Inc., Chicago, Illinois, USA). De-
scriptive statistics (mean, SD, median, minimum, and maxi-
mum) for numerical variables and frequency distributions for 
categorical variables were reported. The Student-T test was 
applied to compare the normally distributed parameters be-
tween the two groups. The threshold level for the presence 
of perforation was determined using the receiver operating 
characteristic (ROC) test. P<0.05 was considered statistically 
significant.

RESULTS

A total of 732 patients who met the study criteria were 
included in our study. The mean age of these patients was 
found to be 35.16±12.86 years. Of the patients, 427 (58.3%) 
were male and 305 (41.7%) were female. While the mean of 
sodium values was 138.11±2.43 mEq/L, the mean of WBC was 
found to be 18.13±17.48 K/ml. Among them, 651 (88.9%) had 
non-perforated appendicitis, whereas 81 (11.1%) had perfo-
rated appendicitis. When the two groups were compared, no 
statistical difference was found according to age and gender. 
However, when evaluated in terms of hospital stay, the perfo-
rated appendicitis group had a longer hospital stay (Table 1).

Hyponatremia (<135 mEq/L) was observed in 37 (5.1%) of 
all patients, of which 10 (12.4% of 81 perforated appendicitis 
patients) were in the perforated appendicitis group, and 27 
of them (4.2% of 651 non-perforated appendicitis patients) 
were in the non-perforated group (Table 1).

Perforated appendicitis patients had statistically lower serum 
Na values (p<0.001). Similarly, patients without perforated 
appendicitis had higher serum CRP values (p<0.001). WBC 

Table 1. Clinical and laboratory characteristics of patients with acute appendicitis

   Total Perforated appendicitis Non-perforated appendisitis p-value
  (n=732) (n=81) (n=651)

Age (years), Mean±SD 35.16±12.86 35.86±9.86 33.16±11.96 0.32

Male, n (%) 427 (58.3) 46 (56.7) 381 (58.5) 0.3

Operation time, median (minutes) 35 (21–121) 36 (26–121)  34 (21–86) 0.08

Laparoscopic (%) 583 (79.6) 71 (87.6) 512 (78.6) 0.09

Length of stay, median 2.1 (1–6) 4 (3–6)  1 (1–2)  <0.001

Hyponatremia (<135 mEq/L), n (%)        

 Present 37 (5.1) 10 (12.4) 27 (4.2) <0.001

 Absent 695 (94.9) 71 (87.6) 624 (95.8)  

Values that are statistically significant are indicated in bold. SD: Standard deviation.
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value had no effect in predicting the diagnosis of perforated 
appendicitis (p=0.156), (Table 2). Logistic regression analysis 
identified a significant cut-off value and 3 independent pre-
dictors (WBC, CRP, and Na) for perforated appendicitis, of 
which hyponatremia was found to have the strongest associ-
ation with this outcome.

ROC curve and cutoff values for CRP, WBC, and sodium to 
diagnose perforated appendicitis are given in Figures 1–3, re-
spectively.

DISCUSSION
Appendectomy is known as the gold standard in the treat-
ment of AA.[12] While it is a historical dogma that AA al-
ways progresses toward gangrene and perforation, this is 
not accepted as right recently.[13] Hence, early and accurate 
detection of perforated appendicitis is significant in patients 

with AA. In the light of this information, in this study, we 
investigated the predictive value of basal serum Na level and 
inflammatory markers (WBC and CRP) in determining the 
cases with perforated appendicitis during the follow-up of pa-
tients with AA.

There are studies reporting different results and cut-off val-
ues on the diagnostic value of inflammatory markers such as 
leukocytes, neutrophils, and CRP measured from blood.[14–16] 
In a study conducted by Yang et al.[17] perforated AA, both 
WBC counts and CRP levels were found to be significantly 
higher than non-perforated AA in patients with perforated 
AA. Similarly, Guraya et al.[18] also found significantly higher 
WBC values in complex (gangrenous, perforated) appendici-
tis compared to AA. Pham et al.[8] found that WBC >12.4 
K/mL in patients with AA was an independent predictive 
marker for perforated appendicitis, whereas Williams et al.[19] 

Table 2. Comparison of the groups with regard to serum Na levels, leukocyte counts, and CRP levels

   Total (n=732) Perforated (n=81) Non-perforated (n=651) p-value

  Mean±SD Mean±SD Mean±SD

Leukocyte, K/ml 15.65±3,64  15.51±3.68  14.54±3.67  0.451

Serum Na (mEq/L) 138.11±2.43  136.75±2.74 138.28±2.34 <0.001

CRP (mg/dL) 2.16±1.8.34 2.97±1.74 2.06±1.78 <0.001

Values that are statistically significant are indicated in bold. CRP: C-reactive protein; WBC: White blood cell count; Na: Sodium; SD: Standard deviation. 1Student’s t-test.

Figure 1. Receiver operating characteristic curves obtained for 
C-reactive protein (CRP) levels in the diagnosis of complicated 
appendicitis. AUC: 0.599 (standard error 0.024, p<0.001; 95% 
CI=0.651–0.747). The cut-off value for CRP was ≤2.35 mg/dl. The 
sensitivity of this value was 59.3%, and specificity was 63.3%.
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Figure 2. Receiver operating characteristic curves obtained for 
white blood cell (WBC) levels in the diagnosis of complicated 
appendicitis. AUC: 0.575 (standard error 0.033, p=0.027; 95% 
CI=0.510–0.641). The cutoff value for WBC was ≤14.7 K/mL, The 
sensitivity of this value was 56.8%, and specificity was 57%.
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found this number >19.4 K/mL. Nevertheless, several studies 
have alleged that WBC counts are insensitive and nonspecific 
in distinguishing perforated and non-perforated AA.[20–23] In 
our study, WBC value had no effect in predicting the diag-
nosis of perforated appendicitis. When the cutoff value was 
taken as 14.7 K/mL, the sensitivity and specificity in predict-
ing perforated appendicitis were found to be 56.8% and 57%, 
respectively.

In studies on CRP levels, the severity of appendiceal inflam-
mation and high CRP values are correlated.[24] In addition, it 
was found that CRP may be sensitive in predicting perforated 
appendicitis.[25] In the study by Dueholm et al.,[25] they found 
that CRP values above 6 mg/l predicted perforated appen-
dicitis with 75% sensitivity and 84% specificity. In a study 
conducted by Koyuncu and İsmail,[26] the sensitivity and speci-
ficity of CRP to differentiate between perforated and non-
perforated cases were found to be 0.80 and 0.81, respectively. 
In another study, a CRP value greater than 35 mg/dl had a 
positive odds ratio of 2.79 to distinguish between acute and 
perforated appendicitis cases.[27] On the other hand, there 
are studies showing that CRP has low sensitivity in predicting 
perforated appendicitis.[28] In another study, it was reported 
that a high CRP level is a marker with high sensitivity and 
low specificity in differentiating simple and perforated appen-
dicitis.[22] Besli et al.[11] found CRP level >2.81 mg/dL to be a 
marker with low sensitivity (53.1%) and mean specificity. In 
our study, when the perforated and non-perforated groups 
were compared, CRP values were found to be significantly 
higher in the perforated appendicitis group, and the sensitiv-

ity and specificity values were found to be 59.3% and 63.3%, 
respectively, when the cutoff value was taken as 2.35 mg/dl.

The etiology of hyponatremia in patients with perforated 
AA is unknown; however, it is likely to be an antidiuretic 
hormone-mediated condition.[9] Although generally hypona-
tremia has been shown to be associated with complicated ap-
pendicitis in the pediatric patient group,[8,10,29] there are some 
studies showing that it is a predictive marker for cholecystitis 
and colon perforation in adult patients.[7,30,31] O’Leary et al.[31] 
found that hyponatremia (≤134 mmol/L) was independently 
associated with intestinal ischemia, and this finding seems to 
be related to the etiology of ischemia in perforated appen-
dicitis. In a study evaluating the relationship between hypona-
tremia and complicated appendicitis in children, it was found 
that the risk of complicated appendicitis increased 3 times 
in patients with hyponatremia, and hyponatremia (serum Na 
≤135 mEq/L) was an independent predictor.[8] However, there 
are studies that argue the opposite as well.[11] Data on the re-
lationship between perforated appendicitis and hyponatremia 
in adult patients are very limited. We found three different 
studies suggesting that hyponatremia may act as a marker in 
complicated appendicitis during our research. While two of 
these studies were not significant, one study argued that hy-
ponatremia may be a marker for distinguishing between com-
plicated and uncomplicated appendicitis groups.[7,9,32] Wu et 
al.[32] conducted a subgroup analysis of eleven patients in their 
analysis to investigate hemodialysis patients. Käser et al.[7] in 
their study, the perforated appendicitis subgroup consisted of 
84 patients, and the relationship between hyponatremia (Na 
<136 mEq/L) and perforated appendicitis was not significant. 
Kim et al.[9] investigated the relationship between hypona-
tremia (Na <135 mEq/L) and intraoperatively defined perfo-
rated or gangrenous appendicitis involving 1550 adult patients 
and stated significant results. In our study, patients with per-
forated appendicitis had statistically lower serum Na values.

Conclusion
Measuring sodium is of definite clinical importance, as it 
costs much less than measuring CRP or other markers of 
inflammation, and sodium is often measured in a daily rou-
tine. Our study is limited due to its retrospective design and 
lack of data on the etiology of hyponatremia. In addition, the 
main purpose of our study is to analyze easily, inexpensively, 
and routinely available data and to consider serum sodium 
level measurement in patients with suspected perforation 
and whose clinical presentation is compatible with AA. We 
consider that it can be a significant predictive marker if sup-
ported by well-designed prospective randomized studies in 
the future.

Ethics Committee Approval: This study was approved by 
the Ankara Kecioren Training and Research Hospital Clinical 
Research Ethics Committee (Date: 09.02.2021, Decision No: 
2012-KAEK-15/2217).
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Figure 3. Receiver operating characteristic curves obtained for 
serum Na levels in the diagnosis of complicated appendicitis. AUC: 
0.678 (standard error 0.03, p<0.001; 95% CI=0.613–0.743). The 
cutoff value for serum Na was ≤137.5 mEq/L. The sensitivity of this 
value was 63%, and specificity was 66%.
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OLGU SUNUMU

Perfore apandisit belirlemede serum sodyum düzeyinin öngörü değeri
Dr. Veysel Barış Turhan, Dr. Abdulkadir Unsal, Dr. Bülent Öztürk, Dr. Dogan Ozturk, Dr. Hakan Bulus
Sağlık Bilimleri Üniversitesi, Keçiören Eğitim ve Araştırma Hastanesi, Genel Cerrahi Kliniği, Ankara

AMAÇ: Komplike apandisitin erken ve doğru ameliyat öncesi tanısı için yeni bir biyokimyasal belirteç olarak hiponatreminin erişkin popülasyonunda 
prediktif  değerinin araştırılmasıdır.
GEREÇ VE YÖNTEM: Akut apandisit tanısı ile ameliyat edilen ve intraoperatif  olarak perforasyon tanısı alan 732 hasta geriye dönük olarak değer-
lendirildi. Perfore ve perfore olmayan apandisitli hastaların serum sodyum, C-reaktif  protein (CRP) ve lökosit değerleri karşılaştırıldı.
BULGULAR: Perfore apandisit hastaları istatistiksel olarak daha düşük serum Na değerlerine sahipti (p<0.001). Buna benzer olarak perfore apandi-
sit hastaları olmayanlara göre daha yüksek serum CRP değerlerine sahipti (p<0.001). Perfore akut apandisit tanısı konan hastalarda plazma sodyum 
konsantrasyonunun duyarlılığı %63, özgüllüğü %66 idi. Plazma sodyum konsantrasyonunun ≤137.5 mEq/L eşik değeri, mümkün olan en iyi duyarlılığı 
ve özgüllüğe sahipti.
TARTIŞMA: Hiponatremi, perfore apandisitin yeni bir belirtecidir ve bu nedenle apandisit ile uyumlu klinik prezentasyonu olan hastalarda kompli-
kasyon şüphesi var ise serum sodyum düzeyi ölçümü dikkate alınmalıdır.
Anahtar sözcükler: Biyobelirteçler; düşük sodyum; perfore apandisit.
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