
52

Özgün Çalışma / Original Article Ankara Eğt. Arş. Hast. Derg., 2023 ; 56(2) : 52-55
DOI: 10.20492/aeahtd.1196719

A New Marker in the Diagnosis of Acute Complicated Appendicitis in Adult Patients: Neutrophil / Albumin Ratio

Erişkin Hastalarda Akut Komplike Apandisit Tanısında Yeni Bir Belirteç: Nötrofil / Albümin Oranı

Serdar ŞAHİN¹

ABSTRACT
AIM: Our study aims to search the effectiveness of neutrophil/albu-
min ratio (NAR) in distinguishing between acute appendicitis (AA) and 
acute complicated appendicitis (ACA) and to find the best cut-off po-
int of neutrophil/albumin ratio (NAR) for the diagnosis of ACA.

MATERIAL AND METHOD: This study was performed using data 
from 453 adult patient who underwent appendectomy and divided 
into two groups as AA and ACA. Demographic data, preoperative 
white blood cell count (WBC), neutrophil lymphocyte ratio (NLR), 
neutrophil/albumin ratio (NAR), C-reactive protein value (CRP) sur-
gical outcomes, and pathological outcomes were retrospectively as-
sessed for each groups.

RESULTS: In our study, 362 patients were in the AA group and 91 
patients were in the ACA group. WBC, NLR, CRP and NAR were sig-
nificant parameters in differentiating acute appendicitis from acute 
complicated appendicitis. Among these parameters, NAR; AUROC 
sensitivity and specificity values were stronger than others. (AUROC: 
0.963, sensitivity: 95.6%, specificity: 85.7%). As a result of the ROC 
curve analysis, a cut-off value of 2.79 mg/dl was found.

CONCLUSION: NAR is a novel inflammatory marker simply detected 
through routine preoperative blood results, with no additional time or 
cost. The neutrophil/albumin ratio (NAR) is a fast, easy to access and 
reliable parameter to differentiate AA from ACA.
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ÖZET
AMAÇ: Çalışmamız, akut apandisit (AA) ile akut komplike apandisit 
(ACA) arasında ayrım yapmada nötrofil/albümin oranının (NAR) etkin-
liğini araştırmayı ve ACA tanısında nötrofil/albümin oranının (NAR) en 
iyi kesme noktasını bulmayı amaçlamaktadır.

MATERYAL VE METOD: Araştırmacı, bu çalışmayı apendektomi ge-
çirmiş yetişkin 453 hastanın verilerini kullanarak gerçekleştirdi. De-
mografik veriler, preoperatif beyaz küre sayısı (WBC), nötrofil lenfo-
sit oranı (NLR), nötrofil/albümin oranı (NAR), C-reaktif protein değeri 
(CRP) cerrahi sonuçları ve patolojik sonuçlar geriye dönük olarak de-
ğerlendirildi. Yazarlar hastaları AA ve ACA şeklinde iki gruba ayırmıştır.

BULGULAR: Çalışmamızda AA grubu 362, ACA grubu 91 hasta-
dan oluştu. WBC, NLR, CRP ve NAR, akut apandisit ile akut komplike 
apandisit ayrımında önemli parametrelerdi. Bu parametreler arasında 
NAR; AUROC duyarlılık ve özgüllük değerleri diğerlerinden daha güç-
lüydü. (AUROC: 0.963, duyarlılık: %95.6, özgüllük: %85.7). ROC eğrisi 
analizi sonucunda 2,79 mg/dl cut-off değeri bulundu.

SONUÇ: NAR, ek zaman ve maliyet gerektirmeyen, rutin preoperatif 
kan sonuçlarıyla kolayca saptanan yeni bir inflamatuar belirteçtir. Nöt-
rofil/albümin oranı (NAR), AA’yı ACA’dan ayırt etmek için hızlı, erişimi 
kolay ve güvenilir bir parametredir
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INTRODUCTION
Acute abdominal pain’s and abdominal surgical urgency’s most com-
mon cause is acute appendicitis (AA)¹. While the symptoms and cli-
nical outcomes of AA are well known, early diagnosis can sometimes 
be difficult². Delay in the diagnosis of early onset AA is a significant 
problem increasing the risk of complications associated with morbi-
dity and mortality³. As a result, early diagnosis and treatment of ACA 
are critically important for effective clinical care. The lifetime risk of 
AA in the United States is about 7%-9%⁴. The risk of perforation was 
generally given as 20% in the studies⁵. However, this rate can reach 
up to 50% in elderly patients⁶,⁷.
Many studies have researched the early diagnosis of AA. Scoring 
systems such as Alvarado and RIPASA scores have been criticized 
for their lack of high specificity⁸. In the literature, blood parameters 
and biomarkers such as the number of white blood cells (WBC), se-
dimentation (ESR), C-Reactive protein (CRP), bilirubin levels, neut-
rophil/lymphocyte ratio (NLR) have been used in the diagnosis of AA 
and in distinguishing ACA ⁹-¹³. Additionally, radiological methods were 
also preferred in this distinction ¹⁴. However, it is difficult to separate 
between uncomplicated and complicated appendicitis. To make this 
distinction, a new method and/or markers with high sensitivity and 
specificity are needed.
The neutrophil/albumin ratio (NAR) is a simple, inexpensive and new 
marker that can be easily calculated from preoperative blood samp-
les. The number of neutrophils increases in active and ongoing inf-
lammation¹⁵. Albumin is a well-known acute phase protein¹⁶. In this 
study, our aim was to investigate whether the neutrophil/albumin ratio 
can distinguish between AA and ACA. The result was to find a cut-off 
value.

MATERIAL AND METHOD
This study was conducted to retrospectively evaluate 453 adult pa-
tients that had undergoing appendectomy with the diagnosis of acu-
te appendicitis between 2016-2020, after the Ethics Committee of 
Kırşehir Ahi Evran University Faculty of Medicine’s approval (Decision 
Number:2021-09/95). Patients who are pregnant, younger than 18 
years old, postpartum women and with additional diseases (diabe-
tes mellitus, heart and liver disease, hematological disease, etc.) that 
may affect inflammatory markers, and cases where AA was excluded 
because of pathology were not included in the study. 
Demographic data, preoperative laboratory values, surgical findings 
and postoperative histopathology results of 453 cases were analyzed 
using hospital database records and patient files. Neutrophil count 
(NEU), lymphocyte count (LYM), White blood cell count (WBC), albu-
min (Alb), C-reactive protein (CRP) and neutrophil lymphocyte ratio 
(NLR) values were analyzed using the results of blood samples taken 
before surgery.
The study divided the patients into 2 groups as AA and ACA. This dis-
tinction was based on operative surgical observations, operative no-
tes, and histopathological reports. The AA group consisted of cases 
with intraoperative gangrene, abscess, perforation, inflamed appen-
dix without purulent fluid, and the ACA group consisted of cases with 
perforated appendix, abscess formation, purulent fluid in the surgical 
reports or reported as perforation in the histopathological examinati-
on. In this study, we statistically compared and analyzed the demog-
raphic data and preoperative laboratory findings.
Statistical analysis:
The data were assessed using the IBM SPSS Statistics for Windows, 
Version 23.0 software package (IBM Corp.). The unit count  and per-
centage, mean, SD, and median values were provided as descripti-
ve statistics. By using the Shapiro-Wilk test, normality test, and Q-Q 
graphics, we assessed numerical variables with normal distributi-
on. When 2 groups were compared, we used the Mann–Whitney U 
analysis for variables, which did not have a normal distribution while 
we used the independent sample t-test for variables, which demons-
trated a normal distribution,. Receiving operating characteristic (ROC) 
curve analysis was performed order to determine the success of labo-
ratory parameters in predicting cases of AA and ACA. Youden index 
identified the threshold values. We calculated the specificity values-
based on the obtained threshold values. The value of p 0,05 was set 
as statistically significant.

RESULTS
A total of 453 patients were studied. The blood values of 138 female 
and 224 male patients in the AA group, 24 female and 67 male pa-
tients in the ACA group were studied. The average age of first group 

was 36.20 years (14.36%). In the second group, the average age was 
36.55 (16.50%). The youngest patient was 18 years old while the ol-
dest one was 82.

According to the histopathology results, 362 patients (79.9%) have 
been found to have AA and 91 (20.1%) had ACA. In both groups, the 
number of men is greater than the women. This was a statistically sig-
nificant difference (p=0.037). In the ACA group, the mean values of 
WBC, CRP, Neu/Alb, and Neu/Alb were significantly higher than those 
in the AA group (p<0.001 for all parameters). A comparison between 
the AA and ACA groups is presented in

Table 1. The comparison of demographics and preoperative labora-
tory values between the groups.

ROC curves were drawn to calculate the efficiency of laboratory para-
meters (WBC, CRP, Neu/Lym, Neu/Alb) in the diagnosis between AA 
and ACA is presented in 

Figure 1. Receiver operating characteristic curve (ROC) analysis of la-
boratory parameters in distinguishing between the groups.

The prediction of diagnosis between all parameters and AA yielded 
statistically significant results (p<0.001 for all parameters).

According to the ROC curve results, the AUROC values used to diffe-
rentiate AA and CA (Neu/Alb, WBC, Neu/Lym, CRP) are 0.650, 0.899, 
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0.932, 0.963, respectively. According to the same analysis results, 
the cut-off values were found as 2.79 for CRP, 14.29 for WBC, 5.56 
for Neu/Lym, and 7.81 for Neu/Alb. However, the ability of NAR to pre-
dict between AA and ACA was greater than the ability of other para-
meters (NAR area under the ROC [AUROC]: 0.963, sensitivity: 95,6%, 
specificity: 85,7%). We can see the results of the ROC analysis in

Table 2. ROC analysis of parameters in predicting between the groups.

DISCUSSION
AA is the most common cause of emergency abdominal surgery 
worldwide, and appendectomy is the most common emergency sur-
gery performed in surgical clinics worldwide¹,⁵. Although AA is a daily 
routine in emergency services, its early diagnosis may not always be 
easy². In cases where the diagnosis or admission to the hospital is 
delayed for 24 hour, the risk of perforation is high¹⁷. It can be difficult 
to reach an accurate diagnosis in small hospitals where imaging met-
hods are not available. For these reasons, different biomarkers were 
used in preoperative blood samples in patients with clinical suspicion 
of AA. Some of these biomarkers are WBC, Neutrophil%, neutrophil 
lymphocyte ratio (NLR), sedimentation (ESR), Total Bilirubin (T.Bil.),C-
RP and immature granulocytes⁹,¹⁸,¹⁹. 
AA is an acute event in which blood parameters change according 
to the severity of inflammation. The most frequently used markers 
for this distinction are WBC, CRP and recently NLR. to literature in-
formation, mild leukocytosis (WBC) is expected in acute appendicitis 
cases. However, there are also publications reporting that sensitivity 
and specificity vary⁵. In the study by Rafiq et al. A very high sensiti-
vity (87%) and specificity (92%) were reported20. The results of our 
current study also support the literature with a cut-off value of ¹⁴.²⁹, 
sensitivity of 96.7% and specificity of 76% in the distinction between 
AA and ACA.
It was revealed by Goodman et al. in 1995 that the NLR ratio is a more 
sensitive parameter than the total leukocyte (WBC) count¹². Since this 
first study, many studies have been done. In the study of Beecher 
et al., it is said that NLR is more significant than other parameters in 
distinguishing between AA and ACA²¹. Because of the study, which 
included 17 studies by Hajibandeh et al. and was published as the 
first meta-analysis on this subject in the literature, the authors con-
firm the same result, although they found different cut-off values5. 
However, the consensus of the authors is that NLR is believed to be 
an important parameter in the diagnosis of AA and in differentiating 
complicated cases. In our study, similar results were obtained with a 
cut-off value of 5.56 (AUROC: 0.899 specificity: 90.1%, sensitivity: 
77.1%).
Serum CRP is non-specific and one of the most widely used inflam-
matory monitoring parameters²². CRP is synthesized from the liver as 
a positive acute phase reactant in case of inflammation and its level in 
the blood increases23. Therefore, it is an expected result that the CRP 
level increases in both the AA and ACA cases. Kim et al. emphasized 
that CRP could be used in the diagnosis of ACA²⁴. In another study, it 
was said that it was a successful parameter in distinguishing betwe-
en AA and ACA²⁵. In our study, it has lower sensitivity and specificity 
rates in this distinction compared to other parameters. It is thought 
that this may be due to the difference between symptom onset and 
hospital admission. (AUROC: 0.650 sensitivity: 36.3 specificity: 90.9)

Albumin is synthesized in the liver as a negative acute phase reactor, 

but since its synthesis is suppressed by cytokines such as TNF alpha 
and IL-6, the severity of inflammation and its level is inversely propor-
tional26. Considering that the Neutrophil/albumin ratio will increase 
in case of any inflammation, in our study, it was observed that this 
ratio was successful with compelling results with a cut-off value of 
2.79 in distinguishing AA and ACA (AUROC: 0.963 sensitivity: 95.6%, 
specificity: 85.7%).
We found a statistically significant difference between the ACA and 
AA groups in all hematological markers (WBC, NLR, CRP and Neut-
rophil albumin ratio) in this study. However, the neutrophil/albumin 
ratio (NAR) was found to be more significant and highly specific in 
separating the two groups.
This study has some limitations. First, CRP and albumin values could 
not be reached in some patients, because it was a retrospective study. 
Therefore, the number of patients is limited. Additionally, we couldnot 
evaluate the duration from the onset of symptoms to the duration of 
admission to the hospital. That the inflammatory markers we used 
were affected by the abovementioned limitations is highly possible.

CONCLUSION
Early diagnosis and treatment of ACA is criticaly because it will inc-
rease mortality rates, postoperative morbidity and length of hospital 
stay. NAR is a new inflammatory marker detected simply by routine 
preoperative blood results, any additional time or cost. Considering 
the results of this study, the neutrophil/albumin ratio was presented 
as a usable new marker in predicting the distinction between AA and 
ACA.
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