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Abstract

Background: Recently, several serum and urinary biomarkers have been investigated for diagnosis of acute
appendicitis. Urinary biomarkers seem to be advantageous in children as it is non-invasive, painless, and easy to
perform. Leucine-rich α-2-glycoprotein (LRG) is regarded as a reliable urinary biomarker for the diagnosis of
pediatric appendicitis. A prospective observational pilot study was conducted in children presenting with
abdominal pain. Assessment of pediatric appendicitis score (PAS), routine blood tests, and measurements of urinary
LRG was done. The present study aimed to evaluate the diagnostic accuracy of urine LRG in appendicitis in Indian
children and to assess the concentration of urine LRG at which it will guide the management.

Results: LRG had a receiver operating characteristic (ROC) area under the curve (AUC) of 0.586 (95% CI 0.407–
0.766). There was no specific cut-off identified using Youden’s index. ROC analysis of the PAS score resulted in an
AUC of 0.821 (95% CI 0.691–0.952). Using Youden’s index, the cut-off for PAS scoring was identified as 6.5 with the
sensitivity of 80%, the specificity of 76.2%, positive predictive value 76.19%, negative predictive value as 80%, and
diagnostic accuracy of 78%.

Conclusions: LRG could not show better diagnostic performance compared to routine blood tests and PAS scores.
There was no specific cut-off value at which it will differentiate mesenteric adenitis and acute appendicitis and
guide their management. With 78% diagnostic accuracy, PAS score (> 6) is still a better tool for the diagnosis of
acute appendicitis.

Trial registration: Clinical Trials Registry Government of India, CTRI/2018/01/011182, Registered on: 08 Jan 2018.
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Background
Accurate clinical diagnosis of pediatric appendicitis re-
mains a challenge and a perfect test is yet to be found.
Mesenteric lymphadenitis is an important differential
diagnosis in children as it clinically mimics appendicitis.
Mesenteric lymphadenitis has been reported as the most
common finding during negative surgical explorations
for suspected appendicitis [1]. PAS is a specific clinical
scoring system for children and incorporates 8 variables.
Score ≥ 6 is indicative of a high probability of acute ap-
pendicitis [2]. However, even with PAS score ≥ 8, there
is a 5% rate of negative appendectomy [3]. Advanced im-
aging studies such as ultrasonography (US) and com-
puted tomography (CT) are therefore often used to
confirm or rule out appendicitis. Ultrasonography is
highly operator dependent and may not be available in
odd hours, particularly at night at many hospitals. Simi-
larly, CT imaging may not be available at many hospi-
tals. Furthermore, CT imaging has issues of ionizing
radiation which in children increases the lifetime mortal-
ity risk from cancer [4]. Therefore, CT scans in children
should be avoided whenever possible.
Recently, several serum and urinary biomarkers have

been investigated for diagnosis of acute appendicitis.
These are biomarkers of inflammation and reported to
be helpful in diagnosis. Urine analysis is non-invasive,
painless, and easy to perform; hence, urinary biomarkers
seem to be advantageous in children. Out of various
urinary biomarkers, Leucine-rich α-2-glycoprotein
(LRG) has shown the best results in three previously
done studies in children [5–7]. According to Salo et al.,
urine LRG when adjusted for dehydration is a promising
biomarker for differentiating between patients with or
without appendicitis and for evaluating the severity of
the disease [7]. LRG used in conjunction with PAS pro-
vides high predictive values [7].

Objectives
The actual prevalence and incidence of appendicitis in
Indian children are not known, and there was no study
on urinary biomarkers for appendicitis from India.
Therefore, the study aimed to evaluate the diagnostic ac-
curacy of urine LRG in pediatric appendicitis and
whether it can differentiate between appendicitis and
mesenteric lymphadenitis. We also aimed to assess the
concentration of urine LRG at which it will identify and
differentiate patients with appendicitis who will need
conservative management and surgery.

Methods
A prospective observational pilot study was designed to
validate the diagnostic accuracy of urine LRG in an inde-
pendent cohort of pediatric and adolescent patients (age
3–16 years) presenting to the outpatient department

(OPD) and emergency department (ED) with abdominal
pain mimicking acute appendicitis at our tertiary teach-
ing hospital. Data were collected from December 2017
to April 2019. As the incidence of appendicitis and mes-
enteric lymphadenitis is not known in India, a formal
sample size calculation was not done.
All consecutive patients presenting with abdominal

pain — central, right lower quadrant, shifting of pain or
generalized pain, and associated symptoms such as nau-
sea, vomiting, and fever with a duration of symptoms
less than or equal to 72 h (from onset) were included in
the study. Written informed consent was obtained from
the parent or guardian. Children having urinary tract in-
fection, pyelonephritis, pneumonia, treatment with
immune-modulating therapy, prior abdominal surgery,
and chronic illness (e.g., diabetes, chronic pancreatitis,
inflammatory bowel disease, cystic fibrosis, sickle cell
anemia) were excluded from the study. The study was
approved by the local institutional ethics committee (T/
IM-F/17-18/36). The study was also enrolled in the Clin-
ical Trials Registry of Government of India with registra-
tion number CTRI/2018/01/01118.

Study protocol
All patients presenting to the OPD and ED with abdom-
inal pain mimicking acute appendicitis were enrolled.
History and physical examination data were recorded in
a structured case report form specifically designed for
this study. The treating physicians complete the form
before sending them for any radiological study (US or
CT). Preoperative diagnosis of acute appendicitis was
based on history, clinical examination, blood test
(Complete blood count [CBC], especially increased
Leukocyte count, absolute neutrophil count [ANC]), and
by ultrasound examination. Acute appendicitis is consid-
ered when the appendix diameter is > 6 mm, non-
compressible, increase vascularity, presence of target
sign, and appendicolith [8]. Mesenteric lymphadenitis is
considered when there is the presence of 3 or more
hypervascular mesenteric lymph node of size > 5 mm in
short axis and absence of other parameters of appendi-
citis [1, 8]. A pediatric appendicitis score (PAS) was re-
corded for each patient. The patients’ attendants have
explained the procedure of the collection of urinary
samples. Urine samples were collected in a sterile urine
container, then aliquoted into two sterile labeled micro-
centrifuge tubes before storing at − 20 °C within 1 h of
collection. The urine samples were analyzed after inclu-
sion in the study. The decision to operate or manage
conservatively was always based on the clinical judgment
of the surgeon and the radiological findings. In general,
all uncomplicated appendicitis cases were managed con-
servatively and those who did not improve, and those
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with features of complicated appendicitis were managed
with surgery.
Patients with mesenteric lymphadenopathy and other

patients with a diagnosis of uncomplicated acute appen-
dicitis (by clinico-radiologic examinations) but managed
conservatively were followed clinically until discharge
and after 1 month of discharge.

Urine analysis for LRG
Before analyses, urine samples were thawed to room
temperature and centrifuged (3500 RPM for 10 min).
One of the tubes was used for estimation of urinary cre-
atinine on Beckman Coulter AU5800 fully automated
analyzer, by kinetic modification of Jaffe’s procedure,
using reagents from Beckman Coulter. The second tube
was used to estimate urinary LRG in batches by sand-
wich ELISA kits from ASSAYPRO, USA, using auto-
mated BIOTEK washer and reader by the investigator
from the Department of Biochemistry who was blinded
to patient information.

Outcome
Clinical outcome was defined as mesenteric lymphaden-
itis or acute appendicitis and appendicitis treated by
conservative management or surgery. The laboratory
outcome was defined as the concentration of urine LRG
at which it will differentiate between mesenteric lymph-
adenitis and acute appendicitis and concentration of
urine LRG (range) in different types of acute appendi-
citis (phlegmonous, gangrenous, perforated).

Statistical analysis
Patient data were recorded in an excel database. WBC
and absolute neutrophil count (ANC) were converted to
dichotomous variable, i.e., yes or no, for leucocytosis and
neutrophilia. Urine LRG concentrations were divided by
urine creatinine concentration, to adjust for different
grades of dehydration among patients. Assessment of as-
sociation between urine LRG and the presence or ab-
sence of appendicitis was done using Fisher’s exact test
for the dichotomous variables and by two-tailed Mann-
Whitney U test for continuous variables, as urine LRG
levels are expected to be asymmetrically distributed. Re-
ceiver operator characteristic (ROC) curves with an
AUC and 95% confidence interval (CI) was performed to
explore the performance of urine LRG, PAS to predict
appendicitis (complicated and uncomplicated). From the
ROC curve data, the best cut-off values was selected by
choosing a value that maximized both sensitivity and
specificity (Youden’s index). From this cut-off value, the
positive predictive value (PPV) and negative predictive
value (NPV) were calculated. Statistical significance was
set at p < 0.05.

Results
In total, 61 patients were enrolled in the study. Out of
which, 20 patients were excluded due to incomplete data
entry/investigations or other diagnoses such as UTI, col-
itis, and stones in the urinary tract. Out of the 41 cases,
31 cases were male and 10 cases were female. Twenty
patients were diagnosed as acute appendicitis and 21
were diagnosed as mesenteric lymphadenitis. Thirteen
patients of acute appendicitis were managed conserva-
tively and all were improved. Seven patients underwent
surgery. Five had complicated appendicitis such as gan-
grenous appendicitis, appendicular perforation, and ab-
scess. Two patients had uncomplicated appendicitis with
an inflamed appendix.
Both appendicitis and mesenteric lymphadenitis

groups were comparable and there was no significant
difference found regarding the age of the children, TLC
ANC, urinary LRG, and dehydration-corrected urinary
LRG (Table 1). Urinary LRG was found to be signifi-
cantly elevated in 4 cases of mesenteric adenitis which
were managed conservatively and improved without any
recurrence. ROC curve analysis of LRG resulted in an
AUC of 0.586 (95% CI 0.407–0.766) (Fig. 1). There was
no specific cut-off identified using Youden’s index.
Hence, the predictive values of LRG were not calculated.
When dehydration-corrected LRG was compared be-
tween the appendicitis patients who underwent surgery
and the others who were managed conservatively, the p-
value was 1.0, i.e, non-significant. ROC analysis of TLC
and ANC resulted in an AUC of 0.401 and 0.297 re-
spectively which is inferior to the AUC of LRG, i.e.,
0.586. However, all had poor diagnostic performances.
ROC curve analysis of the PAS score resulted in an
AUC of 0.821 (95% CI 0.691–0.952) (Fig. 2). Using You-
den’s index, the cut-off for PAS scoring was identified as
6.5 with the sensitivity of 80%, the specificity of 76.2%,
positive predictive value 76.19%, negative predictive
value as 80%, and diagnostic accuracy of 78%. The diag-
nostic accuracy of combined LRG and PAS were only
26.8%.

Discussion
Leucine-rich α-2-glycoprotein (LRG) is a glycoprotein
belonging to the leucine-rich- repeat family of proteins
that are involved in signal transduction, cell adhesion,
and protein-protein interaction. It is expressed by neu-
trophils undergoing differentiation, by the liver, and in
high endothelial venules of mesentery such as mesoap-
pendix and thought to play a role in the activation and/
or chemotaxis of neutrophils as they enter the area of in-
flammation, which is the principal pathway of appendi-
citis [7].
Kentis et al. [5] found that LRG is enriched in the dis-

eased appendix and elevated in the urine of patients with
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appendicitis, including patients without radiographic evi-
dence of appendicitis. They also found out that LRG
correlates with the severity of appendicitis [6]. How-
ever, the assay method was reported to play an im-
portant role in the outcome. When measured by
ELISA, an immunoassay interference effect was de-
scribed and AUC of 0.80 was reached. When it was
evaluated by mass spectrometry, the AUC reached
0.98–0.99 which is highly effective [5]. Kharbanda
et al. [6] evaluated urinary LRG via commercially
available ELISA kit in his study on 137 children and
found no difference between LRG in patients with
phlegmonous appendicitis compared to patients with-
out appendicitis. However, there was a significant dif-
ference between perforated and non-perforated
appendicitis. The ROC AUC for LRG was 0.63 and
showed 100% sensitivity, 23% specificity, and 100%
NPV [6].

Salo et al. [7] found urine LRG concentration when
adjusted for dehydration has a better diagnostic per-
formance especially when used in conjunction with PAS
and this correlates well with the severity of appendicitis.
The combination demonstrated a sensitivity of 95%, spe-
cificity of 90%, and AUC of 0.94 which is impressive.
They also found that unadjusted LRG had equal diag-
nostic values to routine blood tests and any patients hav-
ing high LRG but not appendicitis was improved with
antibiotics alone; hence, it does not help in decision-
making [7]. Yap et al. [9] also admit that the diagnostic
ability of urine LRG by itself was mildly superior to
leucocyte and neutrophil counts as it is a nonspecific
acute-phase protein which is secreted in response to any
inflammation. They developed a clinical prediction scor-
ing system, namely AuB score, combining urine LRG
(biomarker) and the component of PAS, i.e., constant
pain, RIF tenderness, and pain on percussion/crying/

Table 1 Demography, blood, and urine test result of included children

Mesenteric lymphadenitis Acute appendicitis P-value

Total 21 20

Gender, male 18 14

Age (year) 9.59 ± 3.37 10.2 ± 3.63 0.584

TLC 10543 ± 3650 12847 ± 5509 0.127

ANC 7180 ± 3842 9493 ± 6741 0.258

Urinary LRG 6.68 ± 7.848 8.57 ± 8.024 0.456

Corrected LRG 0.2215 ± 0.309 0.2818 ± 0.395 0.593

Values presented as mean ± standard deviation (SD), P-value < 0.05 (significant)
TLC total leucocyte count, ANC absolute neutrophil count, LRG leucine-rich α-2-glycoprotein

Fig. 1 ROC showing poor diagnostic performance of urinary LRG Fig. 2 ROC showing better diagnostic performance of PAS
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coughing. Sensitivity for the AuB was 97.6%, specificity
37.7%, negative predictive value 97.6%, positive predict-
ive value 38.3%, and negative likelihood ratio 0.06 [9].
Non-operative treatment for acute uncomplicated ap-

pendicitis in children has become a standard modality.
There are few metaanalysis and randomized control trials
to support this treatment modality. Vardhan et al.’s metaa-
nalysis suggested antibiotics are both safe and effective as
primary treatment for children with uncomplicated ap-
pendicitis [10]. A pilot randomized control trial (RCT) by
Svensson et al. [11] showed 92% treated with antibiotics
had initial resolution of symptoms and only one (5%) case
had recurrence during initial follow up suggesting safety
and feasibility of non-operative management of acute ap-
pendicitis [11]. A larger multicenter, open level, non-
inferiority RCT is currently continuing by the same group
of authors and results are awaited [12].
In our study, the treatment modality was decided by

the treating physicians and surgeons. All cases of mesen-
teric adenitis were managed conservatively. Out of 20
cases of acute appendicitis, only 7 underwent surgery,
and out of them 5 had complicated appendicitis and
only 2 had inflamed appendix. So, overall, out of 15 un-
complicated appendicitis, 87% could be managed conser-
vatively. Urinary LRG was found to be significantly
elevated in 4 cases of mesenteric adenitis which were
managed conservatively. On statistical analysis, urinary
LRG could not show better diagnostic performance
compared to PAS and hence using this as a solo bio-
marker for diagnosis of pediatric appendicitis or differ-
entiating it from mesenteric adenitis using commercially
available ELISA kit are not effective. Combining LRG
value with PAS score also found inferior to PAS score
alone. PAS score is a better diagnostic tool with AUC of
0.821 with a sensitivity of 80%, a specificity of 76%, PPV
of 76%, NPV of 80%, and diagnostic accuracy of 78%.
Clinical judgment using PAS is still superior to any
biomarker.
The study has its strength in being a prospective study

on a group of homogenous patients of abdominal pain
mimicking acute appendicitis, thereby removing selec-
tion bias. It is the first pilot study evaluating the diag-
nostic accuracy of urinary biomarkers in the Indian
population. However, as a pilot study, it has an inherent
limitation of being a small study. Ours being a tertiary
care hospital receives a smaller number of similar pa-
tients as most get managed at periphery level and also
due to strict inclusion criteria, which is based on ultra-
sonography, we could not include many such patients.

Conclusion
Diagnostic accuracy of urinary LRG as a sole biomarker
for acute appendicitis is questionable. There was no spe-
cific cut-off value of urinary LRG which will differentiate

mesenteric adenitis and acute appendicitis. With 78%
diagnostic accuracy PAS score (> 6) is still a better tool
for the diagnosis of acute appendicitis. Elevated urinary
LRG has no role in deciding the surgical intervention as
most of uncomplicated appendicitis can be managed
conservatively.
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