Page 898

VOINOSANITETSKI PREGLED

Vojnosanit Pregl 2019; 76(9): 898-905.

ORIGINAL ARTICLE
(CC BY-SA) (2

AT ETg
® &,

UDC: 617.55-053.2:616.346.2-002-07
https://doi.org/10.2298/VSP171218012S

Neutrophil myeloperoxidase index in pediatric acute appendicitis

Neutrofilni mijeloperoksidazni indeks u akutnom apendicitisu kod dece

Nikola Stankovié*’, Dragan Djordjevié*S, Goran Rondovi¢*, Zoran Kosti¢® ",
SnjeZana Zeba®, Snezana Milosavljevi¢', Djordje Savi¢T**,
Maja Mili¢kovi¢'**, Blagoje Gruji¢'**, Slavi$a Djuri¢i¢™™,
Marijana Milanovi¢®, Ivan Stanojevi¢® %

Mother and Child Health Care Institute of Serbia “Dr Vukan Cupi¢¥, *Department
of Anesthesiology and Intensive Therapy, **Department of Abdominal Surgery,

"'Department of Clinical Pathology, Belgrade, Serbia; Military Medical Academy,

*Clinic of Anesthesiology and Intensive Therapy, IClinic for General Surgery,

SInstitute for Medical Research, Belgrade, Serbia; University of Belgrade,

"Faculty of Medicine, Belgrade, Serbia; *Banjaluka University School of Medicine,

Banjaluka, Bosnia and Herzegovina; Clinical Hospital Center, TDepartment of

Anesthesiology, Kosovska Mitrovica, Serbia; University of Defence,§Faculty
of Medicine of the Military Medical Academy, Belgrade, Serbia

Abstract

Background/Aim. Diagnosis of acute appendicitis (AA)
remains the most common dilemma of pediatric surgical
team. Our aim was to determine whether the neutrophil
myeloperoxidase index (MPXI), in combination with other
laboratory and clinical parameters, can be useful in diagnosis
and follow-up of AA in children. Methods. A prospective
investigation of MPXI values in 117 consecutive patients,
planned for the surgical intervention due to AA, was pet-
formed. The patients were stratified into three groups ac-
cording to the intraoperative finding: the normal/eatly, un-
complicated and complicated AA. Laboratory analyses were
done preoperativly, on the 1st and on the 3rd postoperative
days. Results. The statistically significant difference of
MPXI values between the uncomplicated and complicated
appendicitis before surgery and the positive correlations be-
tween the MPXI and C-reactive protein, as well as inter-
leukin-6, before surgery were found. Postoperatively, in the
group of uncomplicated, as well as complicated AA, a sig-
nificant decrease of MPXI was recorded. Conclusion. The
MPXI may be used as an informative biomarker in the fol-
low-up of AA in children. A wide reference range for the
MPXI and individual differences in the values of MPXI in
the healthy children, generate difficulties for its use for the
initial diagnosis of acute appendicitis. Usefulness of MPXI
determination decreases with a delayed diagnosis.
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Apstrakt

Uvod/Cilj. Dijagnoza akutnog apendicitisa (AA) i dalje
ostaje jedna od najéeséih dilema u radu pedijatrijskog hiru-
skog tima. Nas cilj je bio da se ispita da li mijeloperoksidazni
indeks (MPXI), u kombinaciji sa drugim laboratorijskim i
klinickim parametrima, moze biti koristan u dijagnostici AA
kod dece. Metode. Sprovedeno je prospektivno ispitivanje
vrednosti MPXI kod 117 bolesnika, planiranih za hirusku
intervenciju zbog AA. Bolesnici su bili podeljeni u tri grupe:
normalni/rani, nekomplikovani (flegmonozni) i kompliko-
vani (gangtenozni i/ili perforativni) AA. Laboratorijska ispi-
tivanja vrena su preoperativno, kao i prvog i treceg posto-
perativnog dana. Rezultati. Utvrdena je statisticki znacajna
razlika u vrednosti MPXI izmedu nekomplikovanog i kom-
plikovanog apendicitisa, preoperativno. Ispitivanjem korela-
cije MPXI sa drugim laboratorijskim i klinickim parametri-
ma, utvrdena je korelacija sa C-reaktivnim proteinom i inter-
leukinom 6, preoperativno. Postoperativno, i u grupi ne-
komplikovanog, kao i komplikovanog AA, zabeleZzen je
znacajan pad vrednosti MPXI. Zaklju&ak. Sirok opseg refe-
rentnih vrednosti i individualne razlike u vtednostima MPXI
kod zdrave dece, ograni¢avaju upotrebu MPXI u dijagnosti-
ci akutnog apendicitisa kod dece. Odlozena dijagnostika AA
smanjuje upotrebnu vrednost MPXI.

Kljucne reci:

apendicitis; apendektomija; deca; dijagnoza,
diferencijalna; peroksidaze; neutrofili; c-reaktivni
protein; interleukin-6.
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Introduction

Acute appendicitis (AA) is the most frequent emer-
gency and appendectomy is the most frequent operation in
the pediatric abdominal surgery '. Despite the new diagnostic
methods [scoring systems, ultrasound, computed tomography
(CT), nuclear magnetic resonance (NMR)], incidence of
negative appendectomy as well as the rate of perforated dis-
ease, followed by many possible complications of this two
misdiagnostic states, remains the same in some countries °.
Negative appendectomy is the most commonly defined as the
absence of inflammation, or pathology in the appendix after
surgical intervention done for suspected appendicitis®. A
certain rate of these negative explorations is accepted as
good surgical practice because the devastating impact of per-
forated appendicitis. Epidemiological data in certain coun-
tries suggest that negative appendectomy could appear with
incidence of up to 30% of all suspected appendicitis, espe-
cially in girls *.

A diagnosis of AA in children is more challenging than
in adults, due to a lack of cooperation and limited clinical
history data. A missed or delayed diagnosis of appendicitis
increases the possibility of perforation, which has the highest
incidence in young children’, and results in a fivefold in-
crease in a postoperative complication rate®. So, distin-
guishing a complicated (gangrenous and perforated) from an
uncomplicated (flegmonous), possibly conservatively treat-
able appendicitis, is of a great importance in clinical practice.

Among other laboratory parameters, some of which be-
ing used in diagnosing the AA in children, we routinely get
the neutrophil myeloperoxidase index (MPXI), which is of-
ten unrecognized in clinical practice for this purpose. The
MPXI represents quantity of myeloperoxidase (MPO) in the
neutrophil population relative to the archetype (normal) pop-
ulation, and is calculated by the hematological autoanalyzer
Advia 120/2120 (Siemens), as a standard output during a
process of the white blood cell (WBC) differentials.

The objectives of this prospective trial were to investigate
the possible relevance of MPXI in diagnosis and follow-up of
AA in children as well as to investigate a possible correlation of
MPXI trends with the recorded clinical parameters in the AA
groups defined according to the intraoperative finding.

Methods

The patients, 3 to 16 years old, admitted to the Mother
and Child Healthcare Institute of Serbia “Dr. Vukan Cu-
pi¢“and referred for surgery after establishing the diagnosis
of AA, were included into the prospective evaluation. Chil-
dren younger than 3 years were not recruited. The patients
with other acute diseases and the patients with intraoperative
finding of other abdominal inflammation were excluded
from the study. The study was approved by the Ethics Com-
mittee of the Mother and Child Healthcare Institute of Serbia
(ref. number 8/8, from 08. Apr 2015), and run in line with
the Good Clinical Practice and Declaration of Helsinki.

The baseline evaluation included medical history, dura-
tion of symptoms and blood sampling. The blood sampling
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evaluated the complete blood counts (CBC) and C-reactive
protein (CRP). The serum obtained by the peripheral venous
blood centrifugation was stored at -70 °C for the later meas-
urements of cytokines. The Pediatric Appendicitis Score
(PAS) was calculated at the baseline for every patient (scor-
ing from 1 to 10 as the following: migration of pain-1, ano-
rexia-1, nausea/emesis-1, tenderness in right lower quadrant-
2, cough/percussion and hop tenderness-2, pyrexia-1, leuko-
cytosis-1 and polymorphonuclear neutrophilia-1). Two addi-
tional blood samplings were performed at the 1st and the 3rd
postoperative day for the same laboratory analysis.

The WBC differentials were measured using the hema-
tological autoanalyzer Advia 120/2120 (Siemens AG,
Eschborn, Germany). The measurement of MPO activity rep-
resented by the MPXI is displayed as an integral out-
put/result. The test uses 4-chloro-1-naphthol as a substrate
for the MPO in the granulocytes and black precipitates are
formed in these cells. The neutrophils, monocytes and eosi-
nophils are positive while lymphocytes and basophils are the
MPO negative cells. The neutrophils are discriminated from
the monocytes and eosinophils by the cell optical character-
istics and peroxidase content. The MPXI is calculated as
MPXI = [(Mean Neutrophil MPO Staining — Expected Stain-
ing Index) / Expected Staining Index] x 100, where the Mean
Neutrophil MPO staining is the result of the absorbance
measurement in the neutrophils. The Expected Staining In-
dex is the expected MPO measurement result for an ideal
standard neutrophil population which is maintained by the
regular daily calibration ’. The MPXI changes were analyzed
before operation and during the postoperative period. The
MPXI values were tested depending on the study groups and
the time period that passed between the onset of symptoms
and surgical intervention. Also, these values were correlated
with the PAS, CRP and interleukin-6 (IL-6), and followed up
over three postoperative days.

The determination of the cytokine concentrations in the
sera of AA patients was performed on the Beckman Coulter
FC500 cytometer using a commercial flow cytometric kit
Human Inflammation 20 plex BMS 819, according to the
manufacturer's instructions. Due to its role in a direct stimu-
lation of CRP production — a reliable biomarker for cytokine-
mediated response in the AA, the values of IL-6 were taken
for a statistical analysis, while the values of other tested cy-
tokines were beyond the scope of this article.

For the statistical analysis, we used the GraphPad Prism
5.01 (GraphPad Prism Software Inc. California, USA). Cor-
relations (Spearman rho) and comparisons (Mann—Whitney
U-test) were calculated for the comparative statistics (z-score
and two-tailed p). Normality was assessed by using
the Kolmogorov-Smirnov test.

Results

During the period May-October 2015, 117 consecutive pa-
tients were included in this prospective analysis. A total of 117
patients were stratified into three groups according to the intra-
operative finding. The first group represented the patients with a
normal appendix and an early stage of appendicitis (NEAA, n =
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21), where normal appendix or mildly swollen (catarrhal appen-
dicitis) was found; the second group consisted of patients with
the phlegmonous or uncomplicated appendicitis (UAA, n = 45);
the third group were the patients with gangrenous and/or perfo-
rated appendicitis noticed as complicated appendicitis (CAA, n
=51). There were 72 male and 45 female patients from 3 to 16
years of age (in average 10.28 +4.07 years). The baseline results
and results obtained during analysis on the 1st and 3rd postop-
erative day are shown in Table 1.

The neutrophil myeloperoxidase index values
are the lowest in children with uncomplicated acute
appendicitis

Regarding the differences of MPXI values between the
groups at the different time points from surgical intervention, the
significantly lower MPXI values before surgery in the UAA
group compared to the children in the CAA group were found [-
2.83 + 6.07 vs. -1.01 £ 5.73; p = 0.0058, Figure 1A)]. There
were no statistically significant differences in the MPXI values
between the UAA and NEAA groups nor between the NEAA
and CAA groups in the samples taken before surgery.

On the 1st postoperative day, the lowest MPXI values
were also in the UAA group with a very high significant dif-
ference in comparison with the NEAA group [-4.487 + 7.125
vs. 2.405 + 3.000; p < 0.0001 (Figure 1B), and a significantly
lower one in comparison with the CAA group [-4.487 +
7.125 vs. -2.10 + 7.407; p = 0.0472 (Figure 1B)]. A statisti-
cally significant difference was found between the NEAA
and CAA group on the 1st day after surgery as well [2.405 £
3.000 vs. -2.10 £ 7.407; p=0.0101 (Figure 1B)].

On the 3rd postoperative day, again, we found the low-
est MPXI values in the UAA group with a very high signifi-
cant difference in comparison with the NEAA group [-6.353
+ 8.329 vs 0.400 + 4.677; p = 0.0006 (Figure 1C)], and a
significantly lower one in comparison with the CAA group-
[(6.353 + 8.329 vs. -3.444 £ 7.125; p = 0.0321 (Figure 2C).
There were no statistically significant differences in the
MPXI values between the NEAA and CAA groups in the
samples taken on the 3rd postoperative day.

The value of neutrophyl myel operoxidase index
determination changes with delayed diagnosis
of acute appendicitis

In 65 out of 117 patients, the surgery was performed within 24
hours from onset of symptoms and in 52 of them after this period of
time. A classification of patients regarding the time duration that
elapsed between the onset of symptoms and surgical intervention,
revealed the marked differences in comparison to the MPXI values
among the NEAA, UAA and CAA groups.

In the patients with the symptoms duration less than 24
hours, in the samples taken before surgery, the lowest MPXI
values in the UAA group were found, which were highly
significantly lower compared to the NEAA group (-2.7 £ 6.7
vs. 4.8 £ 0.8; p = 0.0040) and significantly lower compared
to the CAA group [-2.7 £ 6.7 vs. -0.6 = 6.7; p = 0.0449 (Fig-
ure 2A)]. The MPXI values of the NEAA group were sig-

nificantly higher in comparison with the CAA group [4.8 +
0.8 vs. -0.6 £ 6.7; p = 0.0224 (Figure 2A)]. On the contrary,
in the patients with symptoms duration more than 24 hours,
there was no statistically significant differences in the MPXI
values before surgery when the NEAA, UAA and CAA
groups were compared (Figure 2A).

On the 1st postoperative day, in the patients with symp-
toms duration less than 24 hours, the significantly lower MPXI
values in the UAA group compared to the NEAA group (-5.4 +
7.9 vs. 3.5 £3.6; p=0.0018) and in comparison with the CAA
group was found [-5.4 £ 7.9 vs. -1.8 £ 7.9; p=0.0129 (Figure
2B)]. In the patients with symptoms duration more than 24
hours, the statistically significant differences between the MPXI
values emerged as well, and we found the lowest values in the
CAA group, significantly lower compared to the NEAA group
[-2.5+ 7.0 vs. 1.9 £ 2.7, p=0.0382 (Figures 2B)]. The MPXI
values in the UAA group of patients with the symptoms dura-
tion more than 24 hours were lower in comparison to the NEAA
group with a high statistical significance [-1.6 £ 2.2 vs. 1.9 +
2.7, p=0.0076 (Figure 2B)].

On the 3rd postoperative day, in the patients with symp-
toms duration less than 24 hours, the lowest MPXI values
were again in the UAA group, with a very high statistical
significance in comparison to the NEAA group [-6.2 £ 6.6
vs. 3.8 £ 3.4; p=0.0008 (Figure 2C)] as well as in compari-
son to the CAA group [-6.2 £ 6.6 vs. -2.3 = 7.2; p = 0.0008
(Figure 2C)]. In the patients with the symptoms duration
more than 24 hours, on the 3rd postoperative day, there was
no statistically significant differences in the MPXI values be-
tween the NEAA, UAA and CAA groups (Figure 2C).

The neutrophil myeloperoxidase index do not correlate
with the Pediatric Appendicitis Score before surgery

A significant correlation between the MPXI and PAS
values before surgery was not found, neither with some sin-
gle parameters of this score nor with the absolute number of
leukocytes and the percentage of neutrophils.

The neutrophil myeloperoxidase index correlate
positively with C-reactive protein

In the peripheral blood samples of the total number of
patients (n = 117), taken before surgery, a significant posi-
tive correlation between the MPXI values and the CRP con-
centrations was found [Spearman’s r = 0.3014; p = 0.0082
(Figure 3A)]. In the peripheral blood samples taken on the
Ist postoperative day, no statistical significance was shown.
On the 3rd postoperative day, in the total number of patients,
a significant correlation between MPXI and CRP was present
again [Spearman’s r = 0.2132; p=0.0370 (Figure 3B)].

By classifying the patients into three groups, a positive
correlation between the MPXI and CRP before surgery was
found only in the NEAA group of patients [Spearman’s r =
0.4667; 1 = 0.0440 (Figure 3C)]. In the peripheral blood
samples taken on the 1st and the 3rd postoperative days in
the NEAA, as well as in all samples from the UAA and CAA
groups, a statistical significance could not be reached.

Stankovi¢ N, et al. Vojnosanit Pregl 2019; 76(9): 898-905.



Page 901

VOIJNOSANITETSKI PREGLED

* T o[qe], JOpUN 393§ SUOHLIAAMQQE 0]
00070 > 9= 555 S10°0 > d — x» €070 > d — » (POI1E) 04y ‘pauredun) 3593 LoWIYAN -UURy oY,
sdnoas yy) pue VVIN Y3 Pim paredwod uoym dnoas vy ) oY) ur sonfea Joamof A[[ednsne)s oy suimoys Lep sapesddojsod
Pa¢ uo IX JIAL Jo uostredwo) (D ‘dnoad vy N oY) Ypm uostiedwod ur 1omo] APuediusis aae dnoas yy) Jo sonfea IXJIA YL sdnoas yv) pue VVIAN oY)
Pis pareduiod woya dnoas vy oY) ul sonfea 3soamo] 9Y) suimoys Aep sanerddoysod 3sT oy uo [XJA J0 uostredwo)) ( ‘dnoas vy oy pis pareduwod uoysm
dnoas vy oy ul son[eA J9M0[ APUBIYIUSIS oY) SUIMoYs ‘A198ans a10Joq syudned (vv) sppipuddde synde jo sdnoas ssayy Suomre [XJIA Jo uostredwo) (v — | S

VvD vvin VVIN VvO vvn VVIN VVvO vvn VVIN
o° ror Fol- ° . . FOI-
8o o® °© oo, o
o o tg- L Lg- ° o° -
3 . ° owo S0
% 3
kN N E g  #% —
i 0 = 5 . 4 0 = 0
°%° ¢ B 13 N ] = =i
0° - 0® @ H = °,
% %o 00%00 . ’” owo o
o * ° s % 0°8g F¢ M 020 s
°
o ° 2 °
3 \ °° 2 | | Lot =
f } — i Lol _ —— Lol
I B |
Kep piag o} 9 Kep sy oy q K1981ns 210J9q

IXdN

v

‘uoneIAdp paepue)s — (s ‘syipuddde anoe pajedrdmod — yv)
‘sppipuddde aynde pajedijdwodun — vy (spypipuddde noe Aped/euiou — YN ‘urdoad 3andoeds-) — D foned Ldoyduwspydoagnou — N ‘sLdoydwA] — &
‘sprqdoagnou — AN [[99 PooLq YM — DG AA Xopul aseprxoaddopsmn — [XJIA 21095 sppipuaddy suyerpag — S ‘uoneanp swopduwiss sanerddosad — qsq

Vol. 76, No 9

90°19 ¥ ST 98 CCEFEV Y [ B 0] BE e ol LOTL F €699 L9 FTHOL Cl'LFPre Aep “dojsod pig
OF'LF0L'LEL S6'68 F 61’8 vTOFITEL LS'LF6E8L 0S°6 F9¢€°€l P8 S F01C Aep “dojpsod 351 (1s=w
OV vL F9E6 STl F0TTL AaTrF19'8 L9 FO0I'¢8 669 F80°61 ELSFI0T- 91 F20'8 [E€TFE81 A1o31ns 210J0q \AYe
€9°€EFIO°LE SH1F6ST 1001 ¥90°8C 86°01 ¥80°6S 9ETFOLL CEGFCEY- Aep -dojsod pig
2995 F 66'99 $SEFOTY 86'S ¥ 1€ST S9'L ¥ 989L e TS8S Il TILF6htr Aep -dojsodIsT  (¢p_w
68°€¢ F8C9C PL'L F€801 96’8 F €TTL SO'IL FLTO8 19°¢ F9L91 LO'9F €8T 9L'1 F68'9 L90FCTT A1o31ns 210J0q vvQn
LEEE F8LBE CLOFEET IL'SF8ELT 9¢€'¢ F €0°09 IT'CTFOTLL 89v F 00 Aep -dojsod pig
L6TV F08°LS L9V FIL9 TE9FToOVTL 98'LFICLL 06CFSSII 00°€F 1T Aep dopsod 351 (Ig=w
S6r ¥ 168y 8I'v F88V 676 F T 0T S0l F 5069 vy F o'l 8¢S F0T0- SOTFILY LPTFIFE  AIdBIns 210§aq VVHN
(IS = ueaur
(IS F ueow (IS F ueow (IS Fuedw (IS F Ueow syuarjed
(1/3w) 4D YIN AM\% m% A%mﬁv IXdN SVd seepyasa PS50 dnorg
L138ans wioay syurod swyy JudadyyIp oy uo spypipuddde noe YPim syudned jo sdnoas oy ur sadjowvIRg
1 21q9%L

Stankovi¢ N, et al. Vojnosanit Pregl 2019; 76(9): 898-905.



Page 902 VOIJNOSANITETSKI PREGLED Vol. 76, No 9

A before surgery B the 1st day & the 3rd day
t<24h t>24h t<24h t>24h t<24h t>24h
'—* Lk g kg L * | |—*{

10— % % ns 10- I ] 1 I o I: 10- | skafok | dkokk . ns .
5 : ° 54 % o °§° e 54 ‘}} . .
2ol I W : wl E ol 8? o* ;7? NSNS oi R .
= % Jg%z %%z @%ﬁf
104 ° S . -104 -104 o

éf'y“ Qv:@vg' F é@vvévv Qv:@w? F éfyv Qvi&v“ F

Fig. 2 — A) Comparison of MPXI values among the NEAA, UAA and CAA groups before surgery, showing the
statistically significant differences between all tested groups in the patients who undergone surgery within 24 hours
of symptoms’ onset (t < 24h), with the lowest values in the UAA group. On the contrary, in the patients with surgical
intervention after more than 24 hours of symptoms’ onset (t > 24), the differences were insignificant before surgery;
B) On the first postoperative day, among the patients who undergone surgery within 24 hours of symptoms’ onset, the
MPXI values are lowest in the UAA group, with a statistical significance in comparison with the NEAA and the CAA
groups. In the group of patients who undergone surgery after more than 24 hours, the MPXI values are highest in the
NEAA group, a significantly higher in comparison to the UAA and the CAA groups, with the lowest values in the CAA
group; C) On the third postoperative day, in the patients who undergone surgery within 24 hours of symptoms’ onset,
the MPXI values in the UAA group are lower in comparison with the NEAA and CAA groups with a very high
statistical significance. As in measurements before surgery, the MPXI values of NEAA group are significantly higher
in comparison to the CAA group on the third postoperative day among the patients with surgery within 24 hours of
symptoms’ onset. On the contrary, in the patients which undergone surgery after more than 24 hours, the statistically
significant differences between all tested groups are lost on the third postoperative day.

The Mann-Whitney test (unpaired, two-tailed): * - p < 0.05; ** - p<0.01; *** - p <0.0001; ns — not significant.

For abbreviations see under Table 1.
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Fig. 3 — A) Correlation between MPXI and CRP before surgery in the total AA patients regardless of intraoperative
finding, showing a highly significant positive relationship; B) On the 3rd day after surgery, a statistically positive
significance is present again in the total AA patients regardless of intraoperative finding; C) A statistically significant
correlation between the MPXI and CRP before surgery in the NEAA group.

For abbreviations see under Table 1.
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Fig. 4 — A) Correlation between the MPXI and IL-6 in the total acute appendicitis (AA) patients before surgery,
showing a statistically significant positive relationship; B) Comparison between the patients with the positive and the
patients with the negative MPXI in the total AA patients, showing a significantly higher IL-6 values in the patients with
the positive MPXI, before surgery; C) Correlation between the MPXI and IL-6 in the AA patients with the positive MPXI
values, showing a statistically significant positive relationship in the samples taken on 3rd postoperative day.

For abbreviations see under Table 1.

The neutrophil myel operoxidase index correlate
positively with serum interleukin-6 values

The MPXI showed a significant positive correlation
with the serum IL-6 values in the total of AA patients in sim-
ilar manner as with the CRP values. Namely, the MPXI
showed a significant positive relationship with the serum IL-
6 values in the total of AA patients in the samples taken be-
fore surgery [Spearman’s r = 0.2336; p = 0.0409 (Figure
4A)]. Next, regarding the MPXI, we stratified the patients in-
to two groups: the group of patients with the positive MPXI
and the group of patients with the negative MPXI values.
When compared, the group of patients with the positive
MPXI showed the significantly higher IL-6 values than the
group of patients with the negative MPXI values [2041 +
2563 vs. 917.5£1842; p = 0.0088 (Figure 4B)]. When we
tested the samples obtained on the 1st as well as on the 3rd
postoperative day, we did not find neither a significant corre-
lation between the MPXI and serum IL-6 nor the statistical
differences of IL-6 mean values between the MPXI positive
and MPXI negative groups. However, when we analyzed the
patients with the positive and negative MPXI separately, we
found a significant positive correlation between the MPXI
and IL-6 values in the samples taken on the 3" postoperative
day [Spearman’s r =0.4370; p=0.0140 (Figure 4C)].

Discussion

In this prospective study, which included a total of 117 of
AA patients, the MPXI values were analyzed in regard to both,
the intraoperative finding and that from the time elapsed since
the onset of symptoms to surgical intervention. The correlations
of MPXI values with the PAS, CRP and IL-6 were evaluated as
well. Consecutive measurements were performed at three time
points: the baseline measurement (before surgery), at the 1st and
at the 3rd day after surgery. In regard to the intraoperative find-
ing and subsequent stratification of patients into the three men-
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tioned groups, the lowest MPXI values were recorded in the
UAA group at all three time points of measurement. Further
stratification of patients in regard to the duration of symptoms
before surgery, revealed a very interesting observation. Namely,
in the group of patients with the symptoms duration less than
24h, in the samples taken before surgery the MPXI values were
lowest in the UAA group again, and that trend was maintained
in the subsequent measurements. On the contrary, when the
symptoms lasted longer than 24 hours, the differences between
the groups were lost in samples taken before surgery as well as
in the samples on the 3™ postoperative day. The study also
showed the significant positive correlation of MPXI with both,
CRP and IL-6, but not with the PAS.

In the diagnosis of AA, different biomarkers are used
together with clinical examination and clinical history data,
especially in case of diffucult diagnosis, as in children®. No
sufficiently specific and sensitive biomarker for the AA has
been found so far *'°. The present study aimed to investigate
a possible relationship of MPXI — a parameter that can be
quickly and inexpensively assesed — with the diagnosis and
clinical course of AA, as well as with some of accepted AA
biomarkers and scoring systems, such as the CRP and PAS
respectively.

MPO is synthesized during the myeloblast and promye-
locyte stage of neutrophils maturation and its production
ceases at the promyelocyte to myelocyte stage.

Degranulation decreases intracellular MPO content and
activated neutrophils have lower level of MPO in compari-
son with non-activated or immature ones ' . Some specific
patterns of MPXI change were reported, such as MPXI in-
crease in myeloid leukemia'* ", megaloblastic anemia '®"’
and some bacterial infections, the low MPXI in bacterial sep-
sis and unchanged in viral infection and tuberculosis '®. In
addition, the MPXI is useful as independent biomarker for
diagnosis and follow-up of ischemic heart diseases . How-
ever, there are limited data in the literature regarding the
MPXI changes in the AA patients. In the study which in-
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cluded 105 patients with the AA, Kim et al. > did not find a
significant difference in the MPXI values between the com-
plicated and uncomplicated AA . Our data showed the sig-
nificantly lower MPXI values in the patients with the un-
complicated AA when compared with the patients with com-
plicated and the patients without and/or the early AA. In ad-
dition, the significant differences in the MPXI values re-
corded between the groups in the first 24 hours of onset of
symptoms, may suggest a greater usefulness of MPXI as a
biomarker in the early established suspicion of AA. In our
patients, the lower MPXI values in the uncomplicated ap-
pendicitis were interpreted as a greater rate of activation and
degranulation of mature neutrophils (Iless MPO content). Ab-
sence of gangrene and perforation in these cases could be
explained by and effective inflammatory process still kept
under control by the immune system.

The PAS is sensitive and specific in the clinical assess-
ment of AA *'. However, in our study, there was no signifi-
cant correlation between the MPXI and PAS. We did not
find a significant correlation of MPXI neither with the over-
all PAS nor with the single parameters of this score, includ-
ing the absolute number of leukocytes and the percentage of
neutrophils. Additionaly, in our previous article we showed
the lack of significant correlation between the MPXI and
neutrophil-to-lymphocyte ratio (NLR) *.

CRP is very reliable biomarker for cytokine-mediated
response in AA *. A significantly positive correlation be-
tween the MPXI and CRP, which was demonstrated in this
study, implied an observation which was contradictory to a
certain extent — meaning that the patients with the lowest
MPXI (presumably, the patients with the highest degree of
neutrophils degranulation), at the same time had the lowest
CRP values (considered as a reliable marker of inflamation).
The synthesis of CRP was under control of IL-6, secreted
mainly by mononuclear phagocytes, vascular endothelium or
T-lymphocytes >*. When we tested the relationship between
the MPXI and IL-6, we found a significant, positive correla-
tion between them as well as the significantly higher values

of IL-6 in the patients with the positive MPXI. Taken to-
gether, we speculate that the appropriate neutrophil’s de-
granulation had efficiently controlled and limited local in-
flammation, and prevented early systemic response in the
AA patients (i.e., the secretion of IL-6 and subsequent syn-
thesis of CRP). In addition, the lowest MPXI values in the
UAA group with a statistical significance in comparison with
the NEAA and CAA groups, could suggest, on the one hand,
that the unnecesary neutrophils degranulation did not hap-
pend without need (the NEAA group), and, on the other
hand, that the appropriate neutrophil’s reaction gave rise to
the favorable clinical course (in comparison with the CAA
group). There are the data which suggest that the gangrenous
and phlegmonous appendicitis are different entities with di-
vergent immune regulation and that skewing of the immune
response toward Th-17 type could result in the development
of gangrenous — complicated AA*. Possible influence of
MPO on the immune response skewing should be tested in
the AA patients, since the immunomodulatory properties of
this enzyme was described *°.

Conclusion

In this study, the statistically significant differences in
the MPXI values between uncomplicated and complicated
AA before and after surgery were found, suggesting that the
MPXI may be used as an informative biomarker in the fol-
low-up of AA in children, especially in the early phase of
AA. However, a wide reference range for the MPXI and in-
dividual differences in the values of MPXI in the healthy
children, generate difficulties for its use for the initial diag-
nosis. The described relationship between the MPXI, CRP
and IL-6 speaks in favor of tight and balanced connection be-
tween the local inflamation and systemic acute phase re-
sponse in AA. The evaluation of MPXI in a combination
with other parameters for assessing the development and
immune response during AA, should be tested by further in-
vestigations.

REFERENCES

1. Cheong LH, Emil §. Outcomes of Pediatric AppendicitisAn In-
ternational Comparison of the United States and Canada. JA-
MA Surg 2014; 149(1): 50-5.

2. Flum DR, Morris A, Koepsell T, Dellinger EP. Has Misdiagnosis
of Appendicitis Decreased Over Time? A population-based
analysis. JAMA 2001; 286(14): 1748-53.

3. Mariadason ], Wang W, Wallack M, Belmonte A, Matari H. Nega-
tive appendicectomy rate as a quality metric in the manage-
ment of appendicitis: impact of computed tomography, Alva-
rado score and the definition of negative appendicectomy.
Ann R Coll Surg Engl 2012; 94(6): 395-401.

4. Larsson PG, Henriksson G, Olsson M, Boris |, Stroberg P, Tronstad
SE, et al. Laparoscopy reduces unnecessary appendicectomies
and improves diagnosis in fertile women: A randomized study.
Surg Endosc 2001; 15(2): 200-2.

5. Livingston EH, Woodward WA, Sarosi GA, Haley RW. Discon-
nect Between Incidence of Nonperforated and Perforated Ap-
pendicitis: implications for pathophysiology and management.
Ann Surg 2007; 245(6): 886-92.

6. Velanovich 1V, Satava R. Balancing the normal appendectomy
rate with the perforated appendicitis rate: Implications for
quality assurance. Am Surg 1992 58(4): 264-9.

7. Bononi A, Lanza F, Dabusti M, Gusella M, Gilli G, Menon D, et
al. Increased myeloperoxidase index and large unstained cell
values can predict the neutropenia phase of cancer patients
treated with standard dose chemotherapy. Cytometry 2001;
46(2): 92-7.

8. Bhangn A, Soreide K, Di Saverio S, Assarsson JH, Drake FI. Acute
appendicitis: modern understanding of pathogenesis, diagno-
sis, and management. Lancet 2015; 386(10000): 1278-87.

9. Yu CW, Juan LI, Wu MH, Shen CJ, Wu JY, Lee CC. Systematic
review and meta-analysis of the diagnostic accuracy of procal-
citonin, C-reactive protein and white blood cell count for sus-
pected acute appendicitis. Br ] Surg 2013; 100(3): 322-9.

10. Andersson M, Rubér M, Ekerfelt C, Hallgren HB, Olaison G,
Abndersson RE. Can New Inflammatory Markers Improve the
Diagnosis of Acute Appendicitis? World J Surg 2014; 38(11):
2777-83.

Stankovi¢ N, et al. Vojnosanit Pregl 2019; 76(9): 898-905.



Vol. 76, No 9

VOJNOSANITETSKI PREGLED

Page 905

11.

12.

13.

14.

15.

16.

17.

18.

19.

Hampton MB, Kettle A], Winterbourn CC. Inside the Neutrophil
Phagosome: Oxidants, Myeloperoxidase, and Bacterial Killing.
Blood 1998; 92(9): 3007-17.

Kiebanoff S]. Myeloperoxidase: friend and foe. | Leukoc Biol
2005; 77(5): 598—625.

Dale DC, Boxer 1, Liles WC. The phagocytes: neutrophils and
monocytes. Blood 2008; 112(4): 935-45.

Krause R, Costello RT, Krause |, Penchansky 1. Use of the Tech-
nicon H-1 in the characterization of leukemias. Arch Pathol
Lab Med 1988; 112(9): 889-94.

Ross DW, Bentley SA. Evaluation of an automated hematology
system (Technicon H-1). Arch Pathol Lab Med 1986; 110:
803-8.

Gulley ML, Bentley SA, Ross DWV. Neutrophil myeloperoxidase
measurement uncovers masked megaloblastic anemia. Blood
1990; 76(5): 1004-7.

Eivazi-Ziaei |, Dastgiri S, Sanaat ZR. Estimation of the diagnos-
tic value of myeloperoxidase index and lactate dehydrogenase
in megaloblastic anemia. | Clin Diagn Res 2007; 1: 380—4.
Yonezawa K, Horie O, Yoshioka A, Matsuki S, Tenjin T, Tsuka-
mura Y, et al. Association between the neutrophil myeloper-
oxidase index and subsets of bacterial infections. Int ] Lab
Hematol 2010; 32(6 Pt 2): 598—605.

Yonezawa K, Morimoto N, Matsui K, Tenjin T, Yoneda M, Emoto T,
et al. Significance of the Neutrophil Myeloperoxidase Index in
Patients with Atherosclerotic Diseases. Kobe ] Med Sci 2013;
58(5): E128-37.

Stankovi¢ N, et al. Vojnosanit Pregl 2019; 76(9): 898-905.

20.

21.

22.

23.

24.

25.

26.

Kim OH, Cha YS, Hwang SO, Jang JY, Choi EH, Kim HI, et al.
The Use of Delta Neutrophil Index and Myeloperoxidase In-
dex for Predicting Acute Complicated Appendicitis in Chil-
dren. PLoS ONE 2016; 11(2): ¢0148799.

Samunel M. Pediatric appendicitis score. ] Pediatr Surg 2002;
37(6): 877-81.

Stankovic N, Stanojevic 1, Djordjevic D, Kostic Z, Udovicic I, Milick-
ovic M, et al. Neutrophil-to-lymphocyte ratio in pediatric acute
appendicitis. Vojnosanit Pregl 2018; 75(1): 46-55.

Kwan KY, Nager AL. Diagnosing pediatric appendicitis: useful-
ness of laboratory markers. Am ] Emerg Med 2010; 28(9):
1009-15.

Black S, Kushner 1, Samols D. C-reactive Protein. ] Biol Chem
2004; 279(47): 48487-90.

Rubér M, Andersson M, Petersson BF, Olaison G, Andersson RE,
Ekerfelt C. Systemic Th17-like cytokine pattern in gangrenous
appendicitis but not in phlegmonous appendicitis. Surgery
2010; 147(3): 366-72.

Odobasic D, Kitching AR, Holdsworth SR. Neutrophil-Mediated
Regulation of Innate and Adaptive Immunity: The Role of
Myeloperoxidase. ] Immunol Res 2016; 2016: 2349817.

Received on December 18, 2017.
Accepted on January 08, 2018.
Online First January, 2018.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'GoranCMYK2400'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


