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Abstract:

CONTEXT: Acute pancreatitis is an acute inflammatory disease presenting with a wide range of
severity.

AIMS: We investigated the predictive values of the neutrophil-lymphocyte ratio (NLR) as an indicator
for severe acute pancreatitis in the emergency department patients.

SETTINGS AND DESIGN: This retrospective study was conducted on patients with acute pancreatitis
who were diagnosed in the emergency department, from January 2008 to December 2017.
SUBJECTS AND METHODS: Patients were classified into either mild-to-moderate severe group or
severe group according to the Revised Atlanta Classification for Acute Pancreatitis. Clinical features
and laboratory blood test parameters were considered as independent variables.

STATISTICAL ANALYSIS USED: Independent variables were analyzed using the Chi-square test
and Mann-Whitney U-test to determine statistically significant differences between the two groups.
Logistic regression analysis and receiver operating characteristic analysis were performed to evaluate
the predictive values of significantly different variables.

RESULTS: Of the 672 patients, 52 (7.7%) were classified into the severe group. Tachycardia,
fever, prevalence of liver cirrhosis and chronic alcoholism, white blood cell count, NLR, C-reactive
protein (CRP), blood urea nitrogen (BUN), creatinine, aspartate transaminase, and total bilirubin
were significantly higher in the severe group. Among them, NLR (adjusted odds ratio [aOR]J:
1.13; 95% confidence interval [CI]: 1.081-1.181), CRP (aOR: 1.011; 95% CI: 1.004-1.017),
BUN (aOR: 1.036; 95% CI: 1.004-1.069), and creatinine (aOR: 1.703; 95% CI: 1.008-2.877) were
significant in the logistic regression analysis. NLR showed relatively high sensitivity (82.7%) and
specificity (70%) and showed the highest area under the curve (0.821).

CONCLUSIONS: The increase in NLR was associated with severe acute pancreatitis. NLR is
expected to be useful as a prognostic factor in patients with acute pancreatitis who are visiting the
emergency department.

Key words:

Grade approach, pancreatitis, prognosis

gastrointestinal cause of hospitalization.
Symptoms of pancreatitis are severe
abdominal pain, nausea, and vomiting.
Pancreatitis is diagnosed by the presence
of two out of three criteria: acute

Introduction

I )ancreatitis is an inflammatory
process of the pancreas and common
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upper abdominal pain; serum amylase
and/or lipase level elevation >3 times
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upper normal limits; and characteristic findings from
an abdominal imaging study.!"! While the overall
mortality rate of acute pancreatitis is 5%, this increased
up to 17%-30% in the severe form, in contrast with
1.5% in mild pancreatitis.”) Advances in diagnostic
and therapeutic intervention have led to a decrease
in mortality, especially in severe acute pancreatitis.?!
Therefore, early recognition of the severity of the acute
pancreatitis is important and will be beneficial in
identifying patients who need specific interventions
or intensive care support.

There are many scoring systems which have reported
including the Acute Physiology and Chronic Health
Evaluation II (APACHE-II) and an obesity score, Ranson’s
criteria, Glasgow score, Bedside Index of Severity in
Acute Pancreatitis score, harmless acute pancreatitis
score, Balthazar score based on clinical and laboratory
values, and computed tomography (CT) findings.!**!
However, none of these are sensitive or specific enough,
and there has been no definitive consensus as to which
scoring system should be used. In addition, Ranson’s
criteria and Glasgow scores take 48 h to complete,
therefore have limitations in their ability to predict
the severity of acute pancreatitis at the time of initial
diagnosis and treatment.

In recent years, many serum markers have been studied
for the prediction of severity of acute pancreatitis.
C-reactive protein (CRP), especially interval change,
has been associated with the severity of pancreatitis.
Blood urea nitrogen (BUN) can be used for the early
identification of pediatric patients at higher risk of
developing severe acute pancreatitis."! In addition, there
are reports of albumin, total cholesterol, high-density
lipoprotein, creatinine, and cytokines being able to
predict severe acute pancreatitis.'>’) However, these
serum markers also had their limitations and no
definitive consensus as to the prognostic criteria for
acute pancreatitis.

For this reason, we have focused on the
neutrophil-lymphocyte ratio (NLR) as an early indicator
for severe acute pancreatitis. NLR can be calculated
easily from the complete blood counts and can be
acquired before initial diagnosis and treatment. Several
studies have reported on the predictive values of NLR in
colorectal cancer, lung cancer, and pancreatic cancer.*8l
Recently, many studies have reported NLR is not only
a cancer-specific prognostic factor but also a prognostic
factor for systemic inflammatory diseases, such as
bacteremia, the outcome of surgery, and acute kidney
injury.'2! In this study, we evaluated the predictive
values of NLR as an early indicator of severe acute
pancreatitis.

Subjects and Methods

Study population

The present study was conducted in the emergency
department of a 1020-bed medical college-affiliated
hospital located in Incheon, Republic of Korea.
Incheon is a city in the Seoul metropolitan area and
is the third-largest city in Korea, with a population of
2.91 million. This hospital was a tertiary referral hospital.
In 2018, 60,521 people visited the emergency department
of this hospital, and 9301 (15.4%) were admitted, of
whom 2219 (3.7%) were admitted to the intensive care
unit (ICU).

Study design

This was a retrospective study. The study was conducted
over a period of 10 years, from January 1, 2008, to
December 31, 2017. During the study, adult patients
over the age of 18 years who were diagnosed with acute
pancreatitis in the emergency department were included.
Patients who met the following criteria were excluded:
patients without contrast-enhanced abdominopelvic
CT images; patients who were transferred to another
hospital; patients who were self-discharged against
medical advice; and patients who were admitted to
another hospital with acute pancreatitis before transfer.
Owing to the cross-sectional study design, we included
only data from the first visit for patients who were
admitted multiple times within the study period,
regardless of the number of visits.

Patients were classified based on the Revised Atlanta
Classification for Acute Pancreatitis.”? A mild grade
of acute pancreatitis was classified by the absence
of organ failure and the absence of local or systemic
complications. Severe acute pancreatitis was classified
by the presence of persistent organ failure or local
complication or systemic complication. Others were
classified as moderately severe acute pancreatitis. Organ
failure was defined using laboratory studies and vital
sign records based on the Modified Marshall Scoring
System.”! Local complications were defined as the acute
peripancreatic fluid collection, pancreatic pseudocyst,
acute necrotic collection, walled-off necrosis, gastric
outlet dysfunction, splenic and portal vein thrombosis,
and colonic necrosis. Local complications were confirmed
by the contrast-enhanced abdominopelvic CT images.
A systemic complication was defined as an exacerbation
of preexisting comorbidity.

The independent variables used in the analysis were
age, sex, vital signs, previous medical history, and
first laboratory studies after arrival at the emergency
department. The previous medical history included
hypertension, diabetes, liver cirrhosis, and chronic
alcoholism. First laboratory studies after arrival at the
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emergency department included white blood cell (WBC)
count, NLR, erythrocyte sedimentation rate (ESR),
CRP, amylase, lipase, BUN, creatinine, aspartate
transaminase (AST), alanine transaminase (ALT),
alkaline phosphatase (ALP), and total bilirubin. The
dependent variables other than the severity of acute
pancreatitis included ICU admission, hospital days,
local complication, cardiovascular failure, respiratory
failure, renal failure, multi-organ failure, organ failure
continuing =48 h, and death.

Statistical analysis

All statistical analyses were performed using the
MedCalc (version 9.5; MedCalc Software, Mariakerke,
Belgium). Patients were divided into two groups (mild
and moderately severe acute pancreatitis group vs.
severe acute pancreatitis group). Previously collected
patient data were analyzed using the Chi-square test
and Mann-Whitney U-test to determine statistically
significant differences between the two groups of
independent variables. We performed logistic regression
analyses of characteristics that significantly differed
between groups to identify the independent variables
associated with severe acute pancreatitis.

We evaluated the predictive performance of each serum
biomarker that was significant in logistic regression
analysis using receiver operating characteristic (ROC)
analysis. The area under the curve (AUC) of the serum
biomarker was compared with each other for predicting
severe acute pancreatitis. The sensitivity and specificity
of acute severe pancreatitis were calculated by the
optimal cutoff value. Statistical significance was defined
when the P < 0.05.

Ethics statement

The data collected were used for study purposes only.
This study was approved by the Institutional Review
Board of the Catholic University of Korea Catholic
Medical Center, where the study was conducted. The
approval number was OC18RESI0079.

Results

A total of 702 patients were diagnosed with acute
pancreatitis and admitted through the emergency
department within the study from January 1, 2008,
to December 31, 2017. Of these, a total of 672 patients
were enrolled, except for seven patients without
contrast-enhanced abdominopelvic CT images, two
patients who were admitted to another hospital with
acute pancreatitis before the transfer, and 21 patients who
were self-discharged against medical advice. No patient
was excluded because of transfer to another hospital
or missing data. A total of 672 patients were classified
into three grades according to the Atlanta classification.

Four hundred and seventy-nine patients (71.3%) were
classified to mild grade, 141 patients (21%) were classified
to moderately severe grade, and 52 patients (7.7%) were
classified to severe grade.

Clinical characteristics of patients with acute pancreatitis
by grading of severity were as follows [Table 1]. Systolic
and diastolic blood pressures were significantly higher in
the severe group than in the mild and moderately severe
group. Furthermore, heart rate and body temperature
were significantly higher in the severe group than in the
mild and moderately severe group. The severe group was
more likely to have liver cirrhosis and chronic alcoholism
than the mild and moderately severe group. Other factors
did not significantly differ between groups. Laboratory
studies of patients with acute pancreatitis by grading
of severity were as follows [Table 2]. WBC count, NLR,
CRP, BUN, creatinine, AST, and total bilirubin were
significantly higher in the severe group than in the mild
and moderately severe group. ESR, amylase, lipase, ALT,
and ALP did not significantly differ between groups.

The characteristics related to prognostic factors were
as follows [Table 3]. The proportion of ICU admission
and the duration of hospital days differed significantly
between the mild and moderately severe group and the
severe group. The severe group was more likely to have
organ failure than the mild and moderately severe group.
Multi-organ failure, organ failure continuing 48 h, and
death were observed only in the severe group.

The results of the logistic regression analysis of factors
shown to be as an early indicator for severe acute

Table 1: Comparison of the clinical characteristics
between the mild and moderately severe group and
severe group

Mild and moderately Severe (n=52) P
severe (n=620)

Age (years) 51 (40-62) 54 (47-64) 0.173
Male 408 (65.8) 36 (69.2) 0.616

Systolic blood 132.0 (117.0-149.0) 110.5 (87.0-126.8) <0.001
pressure (mmHg)

Diastolic blood
pressure (mmHg)

Heart rate (/min)

82.0 (69.0-91.8) 67.5 (56.3-77.8) <0.001

88.0 (74.0-103.8) 102.0 (86.0-120.8) <0.001

Respiratory rate 20.0 (18.0-20.0) 20.0 (18.0-20.0) 0.698

(/min)

Body temperature  36.4 (36.0-36.8) 36.6 (36.2-37.1)  0.022

(°C)

Previous medical

history
Hypertension 144 (23.2) 11 (21.2) 0.733
Diabetes 123 (19.8) 13 (25.0) 0.374
Liver cirrhosis 53 (8.5) 10 (19.2) 0.022
Chronic 236 (38.1) 28 (53.8) 0.025
alcoholism

Values are expressed as n (%) or median (IQR). IQR=Interquartile range
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pancreatitis are presented in Table 4. Among the serum
markers, NLR, CRP, BUN, creatinine, and WBC count
were independent prognostic factors for severe acute
pancreatitis. Among clinical characteristics, systolic
blood pressure and heart rate were independent
prognostic factors.

Serum markers with an AUC significantly different from
0.5 were NLR, CRP, creatinine, and WBC count. The
sensitivity and specificity of the prognostic variables
with a significant AUC for severe acute pancreatitis are
listed in Table 5. Among serum markers, NLR showed
a relatively high sensitivity of 82.7% and relatively high
specificity of 70%. According to the ROC comparison

Table 2: Comparison of first laboratory studies after
arrival at the emergency department between the mild
and moderately severe group and severe group
Mild and moderately Severe (n=52) P
severe (n=620)

WBC

Count 10.90 (8.15-13.63) 12.61(8.71-19.05)  0.018

(10%pL)

NLR 5.70 (3.02-9.94) 14.85 (9.18-24.01)  <0.001
ESR 12.00 (5.00-35.00) 17.50 (4.25-47.75)  0.563
CRP (mg/L) 0.80 (0.70-1.00) 71.1 (18.58-149.01) <0.001
Amylase 336.50 462.50 0.662
(lu/L) (112.00-935.50) (113.00-1213.25)

Lipase (U/L) 655.60 423.80 0.156

(112.00-935.50) (84.45-2068.68)

BUN (mg/dL) 13.90 (10.60-18.08) 22.20 (12.80-36.70) <0.001
Creatinine 0.80 (0.70-1.00) 1.30 (0.80-2.58)  <0.001
(mg/dL)

AST (U/L) 54.00 (26.00-188.00) 92.00 (33.00-303.25) 0.039
ALT (U/L) 44.50 (21.00-110.00) 41.00 (16.50-128.25) 0.848
ALP (U/L) 123.00 (80.00-225.75) 132.50 (88.00-222.00) 0.824
Total bilirubin 1.10 (0.70-1.90) 1.55 (0.90-2.65) 0.002
(mg/dL)

Values are expressed as median (IQR). IQR=Interquartile range, WBC=White
blood cell, ESR=Erythrocyte sedimentation rate, CRP=C-reactive protein,
BUN=Blood urea nitrogen, AST=Aspartate transaminase, ALT=Alanine
transaminase, ALP=Alkaline phosphatase, NLR=Neutrophil-lymphocyte ratio

Table 3: Comparison of the prognostic factors
between the mild and moderately severe group and
severe group

Mild and moderately Severe (2
severe (n=620) (n=52)
ICU admission 35 (5.6) 23 (44.2) <0.001
Hospital days 7 (5.0-10.0) 12 (6.0-21.8) <0.001
Local complication 132 (21.3) 37 (71.2) 0.206

Organ failure

Cardiovascular failure 5(0.8) 21(40.4) <0.001
Respiratory failure 0 29 (55.8) <0.001
Renal failure 0 29 (565.8) <0.001
Multi-organ failure 0 24 (46.2) <0.001
Organ failure >48 h 0 52 (100.0) <0.001
Expired 0 4(7.7)  <0.001

analysis, the AUC of NLR was higher than other serum
markers. The ROC results of serum markers are shown
in Figure 1.

Discussion

We observed that increases in NLR, CRP, BUN,
creatinine, and WBC count were associated with severe
acute pancreatitis. Furthermore, we observed that

100 -
80 —

60 -
—— Neutrophil-lymphocyte ratio
------ C-reactive protein

- Creatinine

- Blood urea nitrogen

- White blood cell

Sensitivity

40 —

20 —

T —TT
0 20 40 60 80 100
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Figure 1: Receiver operating characteristic curve of serum biomarkers
for distinguishing severe acute pancreatitis. These results suggest that
neutrophil-lymphocyte ratio has high predictive values as an early indicator for
severe acute pancreatitis

Table 4 Results of logistic regression analysis

aOR (95% ClI) P
NLR 1.143 (1.091-1.197)  <0.001
CRP (mg/L) 1.011 (1.004-1.017)  0.001
Systolic blood pressure (mmHg) 0.966 (0.94-0.994) 0.017
BUN (mg/dL) 1.036 (1.004-1.069)  0.029
Heart rate (/min) 1.023 (1.001-1.047) 0.043
WBC count (10%pL) 1.094 (1.002-1.196)  0.046
Creatinine (mg/dL) 1.703 (1.008-2.877) 0.046
Diastolic blood pressure (mmHg)  0.998 (0.959-1.038) 0.905
Body temperature (°C) 1.115 (0.676-1.84) 0.671
Liver cirrhosis 1.858 (0.554-6.236) 0.316
Chronic alcoholics 1.688 (0.708-4.023)  0.237
AST (U/L) 1 (0.999-1.001) 0.712
Total bilirubin (mg/dL) 0.925 (0.76-1.126) 0.438

Cl=Confidence interval, aOR=Adjusted odds ratio,
NLR=Neutrophil-lymphocyte ratio, CRP=C-reactive protein, BUN=Blood urea
nitrogen, AST=Aspartate transaminase, WBC=White blood cell

Table 5: Predictive performance of serum markers as
an early indicator for severe acute pancreatitis; the
results from receiver operating characteristic analysis

Variables Cutoff AUC P  Sensitivity Specificity
(%) (%)
NLR 8.59 0.821 <0.001 82.7 70.0
CRP (mg/L) 7.22 0.796 <0.001 941 56.5
Creatinine (mg/dL) 1.10 0.759 <0.001 57.7 89.5
BUN (mg/dL) 26.00 0.705 <0.001 48.1 93.2
WBC (10%/uL) 14.54 0.599 0.039 442 81.1

Values are expressed as n (%) or median (IQR). ICU=Intensive care unit,
IQR=Interquartile range

AUC=The area under the curve, NLR=Neutrophil-lymphocyte ratio,
CRP=C-reactive protein, BUN=Blood urea nitrogen, WBC=White blood cell
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changes in some vital signs (systolic blood pressure and
heart rate) were associated with severe acute pancreatitis.
Among them, NLR showed the highest association with
severe acute pancreatitis. This suggests that NLR can be
an early indicator to predict severe acute pancreatitis.

WBC count is widely used as a biomarker of infection and
inflammation. WBC count is included in some scoring
systems that predict the prognosis of acute pancreatitis
such as APACHE-II and Ranson’s criteria.*?! NLR is a
value obtained from the differential count of the WBC
counts previously used. Therefore, further investigation
isnot necessary, and it can be applied to the management
of acute pancreatitis easily.

There were several previous studies that analyzed
the association between NLR and prognosis of acute
pancreatitis. In 2011, Azab et al. analyzed the association
between NLR, ICU admission, and length of stay in
the hospital and suggested that NLR can be usefully
used as a prognostic predictor of acute pancreatitis.**
In 2017, as in this study, Jeon and Park suggested that
the increase in NLR was associated with the severity
classification of acute pancreatitis performed according
to the Atlanta Classification for Acute Pancreatitis.®!
However, the above research was a study comparing
NLR between the mild and moderately severe group to
the severe group. It was not a study that analyzed the
association between NLR and severe acute pancreatitis,
and a regression analysis was not performed with other
serum biomarkers. As a result, there were very few
references using NLR for the prediction of severe acute
pancreatitis.

In this study, among patients who were diagnosed
and admitted with acute pancreatitis, the proportion
of severe grade of pancreatitis was 7.7%. This result is
not significantly different from the 7% reported in the
previous study conducted in the department of internal
medicine of a tertiary referral hospital.”®! This indicates
that most patients with severe acute pancreatitis are
admitted through the emergency department. Therefore,
early prediction of severe acute pancreatitis in the
emergency department can be clinically important and
may benefit the prognosis of the patients.

Among clinical characteristics, systolic blood pressure,
diastolic blood pressure, heart rate, and body temperature
were significantly different between the two groups.
These results were consistent with those of previous
studies, which indicated that abnormal vital signs
were associated with a higher risk of severe acute
pancreatitis.**! However, vital signs fluctuate and
are difficult to generalize, there is a limitation in using
only vital signs as an early indicator for severe acute
pancreatitis in the emergency department patients.

Among serum biomarkers, WBC count, NLR, CRP, BUN,
creatinine, AST, and total bilirubin were significantly
higher in the severe group. These results were consistent
with those of previous studies showing that WBC count,
NLR, CRP, BUN, and creatinine were associated with
the severity of acute pancreatitis.[*>10115 The above
serum biomarkers showed a significant difference also in
the logistic regression analysis of this study. In contrast,
previous studies related to AST and total bilirubin were
not found. In addition, AST and total bilirubin were not
significantly different in the logistic regression analysis
of this study. This difference is expected to be a result
caused by confounders.

In the logistic regression analysis, WBC count, NLR,
CRP, BUN, and creatinine were significant variables.
Among significant variables, the odds ratios of NLR were
the highest, and P value of NLR was the lowest. In the
ROC analysis, using the variables that were significant
in the logistic regression analysis, NLR exhibited
more desirable results than other serum biomarkers.
Compared to other serum biomarkers, both sensitivity
and specificity were relatively high, and AUC was
the highest. These results suggest that NLR has high
predictive values as an early indicator for severe acute
pancreatitis in the emergency department patients.

This study had several limitations. First, it is possible that
small populations of patients with severe pancreatitis in
this study have caused statistical errors. Due to the low
prevalence of severe pancreatitis, the number of patients
with severe pancreatitis was only 52, despite having
collected data for 10 years. Therefore, to evaluate more
accurate predictive values of NLR for severe pancreatitis, a
prospective multi-center trial study should be performed
additionally. Second, as the data were collected from the
emergency department of a tertiary referral hospital, it
is possible that progression to severe acute pancreatitis
has been underestimated, and this possibility may have
affected the results of this study. Third, the analysis of the
prognosis of severe acute pancreatitis was not sufficient.
For some serum biomarkers to be clinically easy to use
for the management of acute pancreatitis, the biomarker
must be able to predict the prognosis of acute pancreatitis.
However, since the proportion of patients with poor
prognosis represented by ICU admission, permanent
disability, and expire had been low, we had to perform the
study of indicator for the prediction of the severe grade
of acute pancreatitis. Finally, this was a retrospective
study based on medical records. In retrospective studies,
experimental design and statistical analysis cannot
always completely control for confounders.

Conclusions

Increased NLR was associated with severe acute
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pancreatitis. We would like to suggest that NLR used
as a prognostic biomarker in patients admitted to the
emergency department with acute pancreatitis.
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