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INTRODUCTION

Serdar Ozdemir,2

Rohat Ak, ® Tuba Cimilli Ozturk’

ABSTRACT

Objective: The exact parameters that differentiate mild acute pancreatitis (AP) from mod-
erate AP are still unclear. The primary aim of this study was to evaluate the prognostic utility
of recently used inflammatory parameters in AP patients.

Methods: We retrospectively collected the level of inflammatory parameters of patients
who were diagnosed with AP at the onset and remission of the disease. The inflammato-
ry parameters — mean platelet volume (MPV), neutrophil-lymphocyte ratio (NLR), neutro-
phil-monocyte product (NMP), and platelet-lymphocyte ratio (PLR) — were derived from the
electronic patient database. The day of the presentation to the emergency department (ED)
was accepted as the day of the symptom onset, and the day when the patient declared to
be pain free and started to take oral nutrition was accepted as the date of remission. We
also calculated the clinical utility metrics such as positive and negative likelihood ratios at
this threshold.

Results: A total of 217 AP patients were retrieved from the system, and the final study pop-
ulation consisted of 183 AP (84.3%). According to revised Atlanta classification, 142 (77.6%)
patients were mild AP (MAP) and 41 (22.4%) were moderate and severe AP (MSAP-SAP).
Median neutrophil and lymphocyte counts, PLR, NLR, and NMP were all significantly higher,
and lymphocyte-monocyte ratio was significantly lower in MAP group. At remission, the
median MPV level was significantly higher (p=0.0062), and median white blood cell (WBC)
level was significantly lower (p<0.0001). The same trend was observed in MAP group for
both MPV and WBC, but not present for MPV in MSAP-SAP group.

Conclusion: We found that all inflammatory markers and ratios were significantly different
between MAP and MSAP groups. Among those markers, NLR was the most powerful to
discriminate between those groups. During AP from onset to remission, the changes in MPV
had no benefit but the change in WBC was significant regardless of AP severity.

29% to 43%134 Characteristic abdominal pain and elevation
of the plasma levels of pancreatic enzymes are vital points

Acute pancreatitis (AP) is the sudden inflammation of the
pancreas due to activation of its enzymes.!'! The incidence
of the disease varies from 5 to 80/100.000, and overall
mortality ranges from 10% to 15%. In most cases, the
course of the disease is mild and self-limiting. Approxi-
mately 20% of patients have a severe course with systemic
complications, causing a high mortality rate ranging from

for the diagnosis of AP, despite a few reports regarding
normal levels of enzymes in pancreatitis.>¥! Early detection
of disease severity is crucial for a good outcome. Plasma
levels of the pancreatic enzymes reflect the severity of AP
poorly.’] For that reason, several biomarkers and a variety
of scoring systems (Ranson criteria,l”? Bedside index for
severity in acute pancreatitis,’® and computed tomography
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severity index [CTSI]®!) were introduced.!'” Unfortunate-
ly, a variety of laboratory and imaging data are needed for
the calculation of those scores.!'! Therefore, more easily
obtained parameters are continuously investigated for the
prediction of AP severity. The moderately severe and se-
vere AP (MSAP-SAP) patients are mostly admitted to the
hospital because of the possibility of poor progression of
the disease. Nevertheless, it is hard to determine the mild
AP patients who need hospitalization.

An increase in white blood cell (WBC) count is the sim-
plest indicator of acute inflammation in the peripheral
blood and oldest marker to be studied in AP. Recently,
markers derived from differential WBC counts, such as
neutrophil-to-lymphocyte  ratio (NLR),!'*'!  neutro-
phil-monocyte product (NMP),l'! and the platelet-lym-
phocyte ratio (PLR),I'® were introduced, and they were
shown to have variable utilities in prognosis.

Mean platelet volume (MPV) is a measure of platelet size
and can be obtained from the complete blood count (CBC)
analysis.'? In literature, there are many studies in which
MPV has been mentioned as an indicator of platelet func-
tion, especially in thrombotic and inflammatory conditions.
U711 It is hypothesized that MPV reflects disease activity
and inflammatory burden. The likelihood of adhesion and
aggregation of large-sized platelets are more than small
ones.? Radiological imaging, biochemical markers, patho-
logical analysis, and scoring systems are used to predict the
severity and prognosis of AP. However, the role of platelets
in the pathogenesis of AP and the utility of their size for the
prediction of severity have not yet been clearly understood.

The primary aim of this study was to evaluate the pre-
dictive utility of CBC-derived inflammatory parameters in
differentiating mild and MSAP patients.

MATERIALS AND METHODS

Study design

This was a retrospective study conducted at the Fatih Sul-
tan Mehmet Education and Research Hospital emergency
department with an annual patient load of 720.000. The
cohort consisted of 217 patients with AP who presented
to ED between January |, 2013, and December 31, 2014.
The local ethics committee approved this study.

Patient selection

We cross-referenced all adult (age over 18) patients in
Fatih Sultan Mehmet Education and Research Hospital,
who had (International Classification of Diseases, 9% re-
vision clinical modification) diagnosis codes pertaining to
AP in the Healthcare Operation System database of the
hospital. The individual electronic medical records of the
patients who were identified as AP were reviewed manu-
ally and the final diagnosis was determined.

The diagnosis of AP was confirmed by the presence of
two of the three following criteria within the patients’

electronic medical records: (l) Characteristic abdominal
pain, (Il) more than 3 times increase in serum pancreatic
enzymes compared to the upper normal limit; and/or (1l1)
typical findings in radiological imaging as defined by revised
Atlanta classification for AP2'1 Mild AP (MAP) was defined
as the absence of organ failure and local/systemic compli-
cations. MSAP was described as no evidence of persistent
organ failure, but the presence of local or systemic compli-
cations and/or organ failure that resolved within 48 h. SAP
was defined as persistent organ failure over 48 h.

Exclusion criteria

Patients who were diagnosed as traumatic or autoimmune
pancreatitis were not included in the study. Only the first
admission of the patients with recurrent pancreatitis was in-
cluded. Patients with a history of malignancy, end-stage re-
nal or liver disease, diabetes mellitus, platelet disorder, and
any patients with documented/reported inflammatory dis-
eases were excluded from the study. Patients with missing
data or patients who had died due to a disease or compli-
cation of a disease other than pancreatitis (e.g., myocardial
infarction and sepsis) were also excluded from the study.

Demographics, laboratory analysis, and outcome
measures

Demographic and clinical characteristics of all the patients,
including age, sex, medical history, radiologic imaging, and
laboratory findings, were retrieved from Healthcare Infor-
mation System at the onset and remission of the AP. The
day when the patient was presented with abdominal pain
was accepted as the time of onset. The day when the pa-
tient was pain free and started to take oral nutrition was
recognized as the date of remission.

CBC parameters, including WBC count, MPV values (nor-
mal range: 6.0 and 10.0 fL), platelet count, lymphocyte
count, monocyte count, neutrophil count, glucose, blood
urea nitrogen, creatinine, aspartate aminotransferase, ala-
nine aminotransferase, lactate dehydrogenase, amylase,
and lipase, and mental status at the onset and remission
were retrieved and recorded. Findings declared on the ra-
diological imaging reports were recorded.

Data collection was performed by two emergency physi-
cians (EPs) using a structured data abstraction form. Both
EPs verified the completeness and accuracy of each form.

Statistical analysis

The data were presented with medians and interquartile
range for continuous variables, and with counts and per-
centages for categorical variables. Pearson’s %? or Fisher’s
exact tests were used for the comparison of categori-
cal variables. Continuous variables were compared to
the normal distribution with Kolmogorov—Smirnov test.
Then, Student’s t-test or the Mann—Whitney U-test was
performed depending on their distribution. The Bonfer-
roni method was used to adjust for multiple comparisons.
The sensitivity, specificity, and positive (+LR) and negative
likelihood ratios (~LR) were calculated using contingency
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tables. The accepted type | error was 5%. All statistical
analyses were performed using MedCalc Statistical Soft-
ware version |8 (MedCalc Software bvba, Ostend, Bel-
gium; http://www.medcalc.org; 2018).

RESULTS

A total of 217 AP patients were retrieved from the sys-
tem, 34 were excluded for missing data, and the final study
population consisted of 183 AP (84.3%). According to
revised Atlanta classification, 142 (77.6%) patients were
MAP, 39 (21.3%) were MSAP, and 2 (1.1%) were SAP. Both
SAP patients died during the admission period.

Patients were grouped as MAP versus MSAP-SAP for con-
venience. MSAP-SAP patients were older (p<0.0001) with
a male predominance (63.4%). Median WBC, neutrophil
and lymphocyte counts, PLR, NLR, and NMP were all sig-
nificantly higher; and lymphocyte-monocyte ratio (LMR)

was substantially lower in MSAP group. Demographics,
laboratory values, and outcome measures of the study
population are presented in Table I.

The comparison of median MPV and WBC levels at on-
set and remission is shown in Table 2. At remission, the
median MPV level was significantly higher (p=0.0062), and
median WBC level was significantly lower (p<0.0001). The
same trend was observed for both MPV and WBC in MAP
group (Table 2).

The prognostic utility of inflammatory markers; NLR,
WBC, PLR, NMP, LMR, and MPV according to revised At-
lanta severity classification is presented in Table 3.

DISCUSSION

AP is a disease of pancreatic inflammation, and this inflam-
mation spreads with the severity of the disease process. In

Table I. Demographics and laboratory findings in patients with acute pancreatitis

Variables All patients (n=183) MAP (n=142) MSAP (n=41) p

Age (years) 58.0 (47.0-72.0) 53.0 (45.0-65.0) 77.0 (70.0-83.0) <0.0001

Male (%) 87 (47.5%) 61 (42.9%) 26 (63.4%) 0.0219

Onset
GCS 15.0 (15.0-15.0) 15.0 (15.0-15.0) 15.0 (15.0-15.0) 1.0000
HR (bpm) 80.0 (75.0-90.0), n=182 80.0 (74.0-89.0) 84.5 (78.0-105.5), n=40 0.0160
RR (/min) 14.0 (13.0-15.0) 14.0 (13.0-15.0) 14.0 (13.0-15.0) 0.3690
Temperature (C) 36.3 (36.0-36.8) 36.2 (36.0-36.8) 36.4 (36.0-36.9) 0.2994
Glucose (mg/dl) 133.0 (113.0-163.0) 130.5 (111.0-158.0) 141.0 (121.8-178.0) 0.0926
Amylase (U/L) 973.0 (408.5-2159.3) 968.5 (389.0-2270.0) 1031.0 (425.5-1626.8) 0.3879
Lipase (U/L) 632.0 (500.0-2414.5) 610 (500.0-2522.0) 654.0 (500.0-2457.5) 0.7487
AST (U/L) 124.0 (34.0-254.0), n=182  129.0 (31.8-258.3), n=141 91.0 (47.0-215.8) 0.8982
BUN (mg/dl) 15.0 (12.0-20.0) 14.0 (11.0-17.0) 27.0 (19.0-32.3) <0.0001
LDH (U/L) 262.5 (193.0-380.0), n=174 257.0 (189.3-381.5), n=135 283.0 (207.5-376.3), n=39  0.2846
Platelet count (x|0%L) 240.0 (205.0-285.0) 238.0 (205.0-283.0) 254.0 (208.3-307.0) 0.3600
MPV (fL) 7.9 (7.3-8.7) 8.0 (7.4-8.9) 7.8 (7.2-84) 0.0620
CRP (mg/L) 8.0 (2.5-12.0), n=157 6.0 (1.7-11.0), n=118 11.0 (7.3-17.8), n=39 0.0013
WBC (x10°/L) 1.7 (9.4-15.6) 10.9 (9.2-14.2) 15.6 (11.6—19.6) <0.0001
Neutrophile count (x10°/L) 9.0 (6.2-12.5) 8.0 (5.8-10.8) 13.0 (9.6-16.4) <0.0001
Lymphocyte count (x10°/L) 2.0 (1.4-2.7) 2.2 (1.6-2.8) 1.5 (1.0-2.1) 0.001 |
Monocyte count (x107/L) 0.7 (0.4-0.8) 0.7 (0.5-0.8) 0.7 (0.4-0.9) 0.8983
PLR 123.2 (86.0-194.8) 115.1 (84.4-170.0) 160.0 (101.0-280.5) 0.0014
LMR 3.39 (2.27-4.95), n=179 3.67 (2.50—4.95), n=139 2.61 (1.69-4.75), n=40 0.0245
NLR 4.84 (2.63-7.97) 4.04 (2.42-6.05) 8.40 (5.52-12.91) <0.0001
NMP (/10°) 5.16 (3.21-9.20) 4.71 (3.18-7.80) 7.0 (4.65-12.93) 0.0066

Discharge
DoA (days) 4.0 (3.0-6.0), n=182 3.0 (2.0-5.0) 5.0 (3.5-10.0), n=40 0.0001
MPV (fL) 8.1 (7.3-9.4), n=179 8.3 (7.3-9.4), n=138 7.7 (7.2-8.6) 0.1029
CRP (mg/L) 7.0 (3.0-11.0), n=166 6.0 (2.4-10.0), n=127 10.0 (5.9-14.0), n=39 0.0026
WBC (x10°/L) 8.4 (6.5-10.3), n=179 8.3 (6.5-10.0), n=138 9.3 (6.9-12.9) 0.0774
Mortality (%) 2 (1.1%) 0 (0%) 2 (4.9%) 0.0492

Continuous variables are presented as median (IQR). P values with statistically significant differences between groups are shown in bold. All comparisons between

subgroups were tested with Mann-Whitney U except sex and mortality, where Fischer’s exact test was used. GCS: Glasgow Coma Score; HR: Heart Rate; RR: Re-

spiratory Rate; WBC: White blood cell count; CRP: C-reactive protein; PLR: Platelet-lymphocyte ratio; LMR: Lymphocyte-monocyte ratio; NLR: Neutrophil-lym-

phocyte ratio; NMP: Neutrophil-monocyte product; MAP: Mild acute pancreatitis; MSAP: Moderate and severe acute pancreatitis; DoA: Duration of admission.
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Table 2.

Comparison of MPV and WBC levels at onset and remission of acute pancreatitis patients

Variables All patients

MAP

MSAP

MPYV (fL), Onset

MPV (fL), Discharge
p-value

WBC (x10°/L), Onset
WBC (x10°/L), Discharge
p-value

7.9 (7.3-8.7), n=183
8.1 (7.3-9.4), n=179
0.0062, n=179
11.7 (9.4-15.6), n=183
8.4 (6.6-103),n=179
<0.0001, n=179

8.0 (7.4-8.9), n=142
8.3 (7.3-9.4), n=138
0.0355, n=138
10.9 (9.2-14.2), n=142
8.3 (6.5-10.0), n=138
<0.0001, n=138

7.8 (7.2-8.4), n=4
7.7 (7.2-8.6), n=41
0.0551, n=4
15.6 (11.6-19.6), n=41
9.3 (6.9-12.9), n=41
<0.0001, n=41

Comparisons were made by Wilcoxon rank sum test for paired samples. Statistically significant changes were shown as bold. MPV: Mean platelet volume; WBC:

White blood cell count; MAP: Mild acute pancreatitis; MSAP: Moderate and severe acute pancreatitis.

Table 3. Prognostic utility of inflammatory markers according to revised Atlanta Severity Classification
AUC (95% CI) p Threshold Sensitivity Specificity +LR -LR

NLR 0.788 (0.721-0.844)  <0.0001 5.11 80.5 (65.1-91.2) 67.6 (59.2-75.2) 2.48 (1.9-3.3) 0.29 (0.2-0.5)
WBC (xI0°/L) 0.713 (0.642-0.777)  <0.0001 14 63.4 (46.9-779) 73.9 (65.9-80.9) 2.43 (1.7-3.5) 0.49 (0.3-0.7)
PLR 0.664 (0.590-0.732)  0.0007 132.7 65.9 (49.4-79.9) 648 (56.3-72.6) 1.87 (1.4-2.4) 0.53 (0.3-0.8)
NMP (/109 0.639 (0.565-0.709)  0.0086 4.77 75.6 (59.7-87.6) 51.4 (42.9-59.9) 1.56 (1.2-2.0) 0.47 (0.3-0.8)
LMR 0.617 (0.541-0.688)  0.0402 2.25 47.5 (31.5-63.9) 81.3 (73.8-87.4) 254 (1.6-4.1) 0.65 (0.5-0.9)
MPV (fL) 0.596 (0.521-0.668)  0.0412 8.1 73.2 (57.1-85.8) 45.1 (36.7-53.6) 1.33 (1.1-1.7) 0.60 (0.3-1.0)

AUC: Area Under Curve; NLR: Neutrophil-lymphocyte ratio; WBC: White blood cell count; CRP: C-reactive protein; PLR: Platelet-lymhocyte ratio; LMR: Lym-
phocyte-monocyte ratio; NMP: Neutrophile-monocyte product; MPV: Mean platelet volume.

this study, we investigated and compared the prognostic
utility of WBC, NLR, PLR, NMP, LMR, and MPV in AP.
All inflammatory markers were statistically significantly
different between MAP and MSAP-SAP groups. Among
those, NLR was the best to discriminate between MAP
and MSAP-SAP with an accuracy higher than WBC. We
also investigated the change in MPV and WBC during AP
from onset to remission and found that the shift in MPV
was clinically insignificant regardless of AP severity. On
the contrary, WBC was a valuable marker in the clinical
course of AP patients.

The rationale behinds the use of platelet, neutrophil,
monocyte, and lymphocyte counts and their various ra-
tios/products lie in the mechanisms related to systemic
inflammation. However, the number of comparative stud-
ies on their prognostic utility is negligible. In AP, tissue
destruction occurs through the activation of cytokines,
proteolytic enzymes, and radicals.l'l Neutrophils, leuko-
cytes, and monocytes are activated at different levels to
fight with inflammation. Neutrophils attack necrotic tis-
sue and help the development of systemic complications.
Thus, their increased levels are linked to worse prognosis,
and depletion of neutrophils was shown to be related with
improved prognosis.? Lymphopenia is another finding
in severe pancreatitis'**%! and was linked to apoptotic
cell death.?! Monocytes recruit other inflammatory cells
into the pancreas,' and their depletion was shown to
have a protective effect. Therefore, the opposite effects
of neutrophil and monocytes with lymphocytes led to the
evolution of new parameters such as NLR, LMR, and NMP.

We found that the NLR (0.79) has the highest prognostic
accuracy compared to other inflammatory parameters and
ratios. This finding is similar to the previous research.!'¥
Despite the theoretical utility, the accuracy of NMP (0.64)
and LMR (0.62) was moderate and far from being clinically
useful. In a recent retrospective cohort study conducted
by Li et al.l'"® in China, they compared the utility of red
cell distribution width, NLR, CRP, LMR, and prognostic
nutritional index and reported NLR as the most powerful
marker for the prediction of survival in AP patients with an
AUC of 0.82. Those findings need to be verified in other
races, as well.

MPV is another marker decreasing with the severity of
inflammation.?” Although several studies have shown that
larger MPV values and severities of inflammatory process-
es are highly correlated, a survey among patients with
acute familial Mediterranean fever reported lower MPV
values compared to patients with inactive disease.?® Gas-
paryan et al.l'® interpreted this difference by hypothesiz-
ing that small-sized platelets are mostly observed in high-
grade inflammatory conditions, and the disease remission
is characterized by large platelets.

Several cytokines play an essential role in the pathogen-
esis of AP and may affect MPV. However, it is unclear if
MPV increases or decreases with inflammation. Mimidis
et al,® in a study of 54 AP patients, reported that MPV
levels were decreased at the onset of AP. Lei et al.,””) in
a study of |17 AP patients, found that serum MPV levels
were significantly lower in AP patients when compared to
control group. However, in contrast, Akbal et al.*% have
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reported an increase in MPV levels in the early phase of
AP compared with controls, and MPV levels were still
elevated in remission. No difference was found between
the onset (8.6 fL) and remission (8.5 fL) MPV values, and
both were higher compared to controls. They suggested
that the increase in MPV levels may reflect the thrombotic
process in AP, not inflammation. The relationship between
the level of MPV and AP severity is also uncertain. Mimidis
et al.?’! used APACHE |l score to predict the severity of
AP, and they found a good correlation between the level
of MPV and severity. However, according to a study by
Beyazit et al.!'” no correlation between CTSI and MPV
level is present. Lei et al.?”] used the modified Glasgow
prognostic score to predict the severity of AP, and they
found the MPV levels in patients with persistent organ fail-
ure after admission to be lower. The accuracy of MPV in
our study was also low (0.60). PLR performed slightly bet-
ter compared to MPV with an accuracy of 0.66, but both
parameters were far from being clinically useful.

In this study, we evaluated several inexpensive and readily
available markers. We confirmed the findings of a recent
study of a Chinese cohort, on a Mediterranean cohort.
However, the retrospective nature, one-centered design,
and percentage of patients excluded due to missing data
(15.7%) are the main limitations of our study. Prospective
studies in larger cohorts are needed to support our find-
ings.

CONCLUSION

We found that all inflammatory markers and ratios were
significantly different between mild and moderate-severe
AP groups. Among those markers, NLR was the most
powerful to discriminate between those groups. During
AP from onset to remission, the changes in MPV were
useless, but the difference in WBC was significant regard-
less of AP severity. WBC and NLR are cheap, quick, and
helpful parameters in the assessment of disease activity,
especially in the ED.
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Ve

Hafif ile Orta Siddetli Akut Pankreatit Hastalarinda Enflamatuvar Belirteclerin
Ayirt Ettirici GUcU: Ortalama Trombosit Hacmi, Notrofil-Lenfosit Orann,

Lenfosit-Monosit Orani, Notrofil-Monosit Orani

Amag: Hafif akut pankreatiti (AP) orta diizey AP’den ayiran kesin parametreler hala belirsizdir. Bu galigmanin birincil amaci, hafif ila orta-agir
AP hastalarinda enflamatuvar belirteglerinin ayirt ettirici giiciinii degerlendirmektir.

Gereg ve Yontem: AP tanisi alan hastalarin klinik bilgileri ve hastalik bagi ile remisyon anindaki enflamatuvar belirteg diizeyleri geriye déniik
tek merkezli olarak toplandi. Enflamatuvar parametreler — Ortalama trombosit hacmi (MPV), nétrofil-lenfosit orani (NLR), nétrofil-monosit
trtinii (NMP), trombosit-lenfosit orani (PLR) — elektronik veritabanindan elde edildi. Acil servise bagvuru giinii belirti baslangici olarak kabul
edildi ve hastanin agrisiz oldugu ve oral beslenmeye bagladigi giin remisyon tarihi olarak kabul edildi. Hasta gruplarinin klinik degerlik 6lgutleri
(duyarlihk, 6zgiilliik, pozitif ve negatif olabilirlik olasiliklarr) hesapland.

Bulgular: Toplam 217 AP hastasi belirlendi, 34’ (%15.7) veri eksigi nedeniyle dislandi ve galisma popiilasyonu 183 AP hastasindan (%84.3)
olustu. Gézden gegirilmis Atlanta Siniflamasina gére, 142 (%77.6) hasta hafif AP (MAP) ve 39 (%21.3) hasta orta-agir AP (MSAP) idi. MAP
grubunda ortanca nétrofil ve lenfosit sayilari, PLR, NLR, NMP, anlamli olarak yiiksek, LMR ise istatistiksel olarak anlamli diizeyde diisiik ola-
rak belirlendi. Remisyon aninda, ortanca MPV diizeyi anlaml olarak daha yiiksek iken (p=0.0062) ortanca beyaz kiire sayisi (WBC) anlamli
derecede daha diisiiktii (p<0.0001). Ayni egilim, MPV ve WBC igin de MAP grubunda gézlendi, ancak MSAP-SAP grubunda MPV igin mevcut
degildi.

Sonug: Tim enflamatuvar belirteglerin ve oranlarin hafif ve orta-siddetli AP gruplari arasinda anlamli derecede farkli oldugunu bulduk. NLR
gruplar arasinda ayrim yapma yoniinden en giiglii belirtegti. Baglangigtan remisyona kadar, MPV degisimi anlaml degilken, WBC’de degisimi,
AP ciddiyetine bakilmaksizin, anlamli ve 6nemliydi.

Anahtar Sézciikler: Akut pankreatit; enflamatuvar parametreler; skorlama sistemleri.
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