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Factors Predicting the Development of Necrosis in Patients
Presenting With Edematous Acute Pancreatitis
Fatih Acehan, MD,* Mustafa Comoglu, MD,* Fatih Mehmet Kayserili, MD,†
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Objectives: There is no marker that can accurately predict the develop-
ment of pancreatic necrosis in edematous acute pancreatitis (AP). This
study aimed to investigate the factors associatedwith necrosis development
in cases of edematous AP and to create an easy-to-use scoring system.
Methods: We retrospectively reviewed patients diagnosed with edema-
tous AP between 2010 and 2021. Among the patients, those who were
found to have developed necrosis during follow-up were categorized as
the necrotizing group, whereas the others constituted the edematous group.
Results: With multivariate analysis, white blood cell, hematocrit, lactate
dehydrogenase, andC-reactive protein levels at the 48th hourwere revealed
to be independent risk factors for necrosis. Using these 4 independent pre-
dictors, the Necrosis Development Score 48 (NDS-48) was derived. While
the cutoff value was 2.5, the sensitivity and specificity of the NDS-48 for
necrosis were 92.5% and 85.9%, respectively. The area under the curve
value of the NDS-48 for necrosis was 0.949 (95% confidence
interval, 0.920–0.977).
Conclusions: White blood cell, hematocrit, lactate dehydrogenase, and
C-reactive protein levels at the 48th hour are independent predictors of ne-
crosis development. The NDS-48, a new scoring system created with these
4 predictors, satisfactorily predicted the development of necrosis.
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A cute pancreatitis (AP) is an inflammatory disease character-
ized by abdominal pain and elevated levels of pancreatic en-

zymes. Its severity may range from mild self-limited pancreatic
edema to systemic inflammation that causes pancreatic necrosis,
organ failure, and death.1 Although recent studies have shown that
the mortality rate has decreased to 2%, necrotizing pancreatitis
may develop in 15% to 20% of patients, and such a condition is
likely to increase the severity of the disease.

In patients with a decline in their clinical statuses during
follow-up, contrast-enhanced computed tomography (CECT)
scan is needed for the evaluation of pancreatic and extrapancreatic
necrosis and local complications.2 It is important to perform
CECT for the right indications and the right patients because this
modality has some unfavorable effects, such as renal toxic effects
and radiation exposure. Therefore, CECT is planned only for pa-
tients who are thought to have severe pancreatitis.
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A great number of scoring systems have been developed for
the early prediction of the severity of AP. The scoring systems
commonly used in clinics include the Bedside Index for Severity
in Acute Pancreatitis (BISAP), Acute Physiology and Chronic
Health Examination (APACHE) II, the Glasgow criteria, Ranson
score, and the Computed Tomography Severity Index (CTSI).3–7

However, none of these scoring systems provide the necessary
balance between accuracy and simplicity in clinical practice.8 In
addition, these systems have no ability to specifically predict pan-
creatic necrosis. Therefore, clinicians do not often use the cur-
rently available scoring systems to predict necrosis. However,
many studies have revealed that early CECT improves the progno-
sis in selected patients, although not in most patients.9,10 Necrosis
should be detected early in the appropriate cases, necessary treat-
ment procedures should be performed, and necessary interven-
tions should be made, whereas unnecessary radiation exposure,
nephrotoxicity, and high costs are avoided. Therefore, there is a
need for a simple and effective scoring system that can predict
pancreatic necrosis early.

In this study, we aimed to identify the clinical and laboratory
parameters needed for the early prediction of the development of
pancreatic necrosis in patients presenting with edematous AP
and to create an easy-to-use scoring system with these parameters.

MATERIAL AND METHODS
This studywas conducted in accordancewith the Declaration

of Helsinki and was approved by the ethics committee of the
Health Sciences University Ankara City Hospital with decision
number E1-21-1858, dated June 9, 2021.

Study Design and Definition
In this study, patients 18 years or older diagnosed with AP

between 2010 and 2021 were retrospectively reviewed. In the first
72 to 96 hours of their hospital stays, CECT scans were per-
formed, and patients diagnosed with AP were evaluated for eligi-
bility for inclusion in the study. We designed the study to include
only patients who were diagnosed with edematous AP at admis-
sion by CECT. Because of our study design, patients who did
not undergo CECT and who were found to have necrotizing AP
on CECTat the time of admission were excluded from the sample.
In addition, patients who did not accept hospitalization or were
followed for a period of less than 48 hours and whose data were
insufficient were excluded from the study (Fig. 1).

Among the patients diagnosed with edematous AP at the
time of admission, those whowere found by CECT to have devel-
oped necrosis during follow-up were categorized as the necrotiz-
ing group, whereas the others who did not have necrosis in the
control CECTor were discharged without a control CECT consti-
tuted the edematous group. It was aimed to identify the predictors
associated with necrosis development and to use those predictors
to develop a scoring system that predicts necrosis development.
The predictive role of this newly developed scoring system in ne-
crosis detection was then investigated.
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FIGURE 1. A flow chart showing patient selection and study design.
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For all clinical conditions related to AP, the 2012 revised
Atlanta classification was taken as a basis. For the diagnosis of
AP, at least 2 of the following 3 criteria needed to be met: (1) epi-
gastric pain radiating to the back, (2) amylase and/or lipase values
at least 3 times higher than the upper limit, and (3) radiological ap-
pearance compatible with AP.11 The absence of contrast enhance-
ment in the pancreatic parenchyma and/or peripancreatic area af-
ter intravenous contrast agent administration in CECT scan was
taken as evidence of necrotizing pancreatitis. The time that
elapsed from hospital admission to the moment when necrosis
was detected by CECTwas taken as the time of necrosis develop-
ment. Local complications were entered into the record-keeping
system as acute peripancreatic fluid collection, pseudocyst, acute
necrotic collection, and walled-off necrosis; systemic complica-
tions as exacerbation of an underlying comorbid disease; and vas-
cular complications related to AP as splanchnic venous thrombo-
sis.11 Organ failure was defined with a minimum score of 2 ac-
cording to the modified Marshall scoring system.11
Clinical, Laboratory, and Radiological Parameters
Data including age, sex, etiology, length of hospital stay, in-

tensive care unit (ICU) admission, organ failure, severity, and
mortality were collected clinically from the electronic patient files.

Many biochemical parameters were recorded at admission. In
addition, white blood cell (WBC), hematocrit (HTC), blood urea ni-
trogen, creatinine, lactate dehydrogenase (LDH), C-reactive protein
(CRP), calcium, and albumin levels at the 48th hour were also
collected.
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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For the BISAP and APACHE II scoring systems, scores were
calculated based on the clinical and laboratory findings in the first
24 hours of hospital stay, whereas, for the Ranson and Glasgow
scoring systems, they were calculated based on the clinical and
laboratory findings in the first 48 hours of hospital stay.3–6 The
CTSI scores were calculated according to a total possible score
of 10 comprising an inflammation score of 0 to 4 based on
noncontrast tomography findings and a necrosis score of 0 to 6
based on the CECT findings.7 The CTSI scores were calculated
by 2 radiologists, whowere blinded to the patient outcomes, based
on CECT imaging performed in the first 72 to 96 hours in the
edematous group and the most severe CECT imaging results dur-
ing follow-up in the necrotizing group. In addition, peripancreatic
local and vascular complications were reviewed by CECT scan.
The presence of pleural effusion in the first 48 hours was investi-
gated based on CECT or x-ray images.
Statistical Analysis
Statistical analysis was conducted using IBM SPSS Statistics

version 26.0 for Windows (IBM Corp, Armonk, NY). The data
were evaluated for normality by performing the Shapiro-Wilk test.
Comparisons of continuous variables with normal distribution
were made with Student t tests, whereas comparisons of those with
nonnormal distribution were made with Mann-Whitney U tests,
and categorical variables were compared with Pearson χ2 tests.
Univariate logistic regression analysis was performed for the devel-
opment of necrosis; parameters found to be significant (P < 0.05)
in the univariate analysis were subsequently included in multivariate
www.pancreasjournal.com 1301
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stepwise logistic regression analysis, and independent predictors
of necrosis development were identified. In the univariate and
multivariate analyses, the odds ratiowas calculated with 95% con-
fidence intervals (CIs) for these parameters. Appropriate cutoff
values for independent predictors were identified by receiver op-
erating characteristic curve analysis based on Youden index
method. At different cutoff values, the sensitivity, specificity, pos-
itive predictive value (PPV), and negative predictive value (NPV)
of the new scoring system created with independent predictors
were calculated, and risk analysis was performed. The area under
the curve (AUC) values were calculated by receiver operating
characteristic curve analysis with 95%CIs to evaluate their perfor-
mances in distinguishing necrosis. Values of P < 0.05 were con-
sidered to be significant in the statistical analyses.

RESULTS

Comparative Baseline Clinical and
Laboratory Findings

The mean age of the overall population was 57.64 years (SD,
17.40 years). Of the patients, 55.2% were men, and 44.8% were
TABLE 1. Comparative Baseline Clinical and Imaging Findings

Parameter
Overa
N = 5

Clinical findings
Age, mean (SD), y 57.64 (17
Sex, male, n (%) 255 (55
Length of hospital stay, median (range), d 7 (2–
Etiology, n (%)
Idiopathic 93 (18
Biliary (including microlithiasis) 328 (64
Alcohol 30 (5.
Hypertriglyceridemia 22 (4.
Other 35 (6.

Necrosis development time, median (range), d 3 (1–
Area of necrosis, n (%)
Pancreatic 20 (3.
Peripancreatic 5 (1.
Pancreatic and peripancreatic 28 (5.

Infected pancreatic necrosis/peripancreatic abscess, n (%) 20 (3.
Serious clinical events, n (%)
Systemic complication 48 (9.
ICU admission 76 (15
Persistent organ failure (>48 h) 50 (9.
Mortality 25 (4.

Imaging findings (during follow-up)
CTSI, mean (SD) 2.61 (2.
Inflammation score 2.21 (1.
Necrosis score 0.4 (1.

Pleural effusion, n (%) 132 (26
Local complications, n (%)
None 177 (34
Acute peripancreatic fluid collection 259 (51
Acute necrotic collection 20 (3.
Pseudocyst 20 (3.
Walled-off necrosis 32 (6.
Splanchnic venous thrombosis 13 (2.
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women. Of the total of 508 patients, 53 (10.4%) were in the nec-
rotizing group, whereas 455 (89.6%) were in the edematous
group. Systemic complication, ICU admission, persistent organ
failure, and mortality rates were 26.4%, 49.1%, 41.5%, and
18.9%, respectively, in the necrotizing group, whereas they were
7.5%, 11.0%, 6.2%, and 3.3%, respectively, in the edematous
group (P < 0.001 for all). The comparative clinical and imaging
findings of the patients are shown in Table 1.
Independent Risk Factors for Necrosis
Univariate logistic regression analysis was performed for the

development of necrosis, and parameters found to be significant
(P < 0.05) in the univariate analysis were subsequently included in
multivariate stepwise logistic regression analysis. Among the pa-
rameters included in the stepwise multivariate logistic regression
model, WBC, HTC, LDH, and CRP levels at the 48th hour were
found to be independent risk factors for necrosis development
(Table 2). The appropriate cutoff values for WBC, HTC, LDH,
and CRP levels, which are the 4 independent predictors of necro-
sis development, were 169.5 mg/L, 366 U/L, 15.25 � 109/L, and
39.35%, respectively. Using these 4 parameters, dichotomous
ll
08

Necrotizing Group
n = 53

Edematous Group
n = 455 P

.40) 55.36 (15.05) 57.90 (17.65) 0.257

.2) 33 (62.3) 222 (48.8) 0.063
112) 29 (7–112) 7 (2–105) <0.001

.3) 9 (17) 84 (18.5) 0.792

.6) 35 (66.0) 293 (64.4) 0.813
9) 6 (11.3) 24 (5.3) 0.113
3) 1 (1.9) 21 (4.6) 0.717
9) 2 (3.8) 33 (7.3) 0.564
15) 3 (1–15) — —

9) 20 (37.7) — —
0) 5 (9.4) — —
5) 28 (52.8) — —
9) 16 (30.2) 4 (0.9) <0.001

4) 14 (26.4) 34 (7.5) <0.001
.0) 26 (49.1) 50 (11.0) <0.001
8) 22 (41.5) 28 (6.2) <0.001
9) 10 (18.9) 15 (3.3) <0.001

26) 7.72 (1.95) 2.02 (1.37) <0.001
42) 3.87 (0.39) 2.02 (1.37) <0.001
31) 3.85 (1.79) — —
.0) 31 (58.5) 101 (22.2) <0.001

.8) 1 (1.9) 176 (38.7) <0.001

.0) — 259 (56.9) —
9) 20 (37.7) — —
9) — 20 (4.4) —
3) 32 (60.4) — —
6) 13 (24.5) 0 (0.0) <0.001
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TABLE 2. Laboratory Parameters Predicting the Development of Necrosis

Parameter

Univariate Analysis Multivariate Analysis

OR (95% CI) P OR (95% CI) P

At admission
WBC 1.142 (1.086–1.202) <0.001
HTC 1.164 (1.100–1.231) <0.001
Platelet 1.002 (0.999–1.005) 0.167
Blood glucose 1.007 (1.003–1.010) <0.001
Blood urea nitrogen 1.034 (1.006–1.063) 0.018
Creatinine 1.110 (0.785–1.568) 0.555
Alanine aminotransferase 0.999 (0.998–1.001) 0.362
Aspartate aminotransferase 0.999 (0.998–1.000) 0.166
Alkaline phosphatase 0.996 (0.992–1.000) 0.035
γ-Glutamyl transpeptidase 1.000 (0.998–1.001) 0.371
LDH 1.000 (0.999–1.001) 0.534
Total bilirubin 0.914 (0.776–1.077) 0.283
Amylase 1.000 (1.000–1.000) 0.011
Albumin 1.775 (0.919–3.429) 0.087
Calcium 0.789 (0.542–1.149) 0.216

48th hour
WBC 1.247 (1.177–1.321) <0.001 1.146 (1.062–1.235) <0.001
HTC 1.213 (1.144–1.286) <0.001 1.087 (1.006–1.174) 0.035
Blood urea nitrogen 1.081 (1.056–1.106) <0.001
Creatinine 1.367 (1.061–1.760) 0.015
LDH 1.004 (1.003–1.006) <0.001 1.001 (1.000–1.003) 0.023
Albumin 0.361 (0.198–0.655) 0.001
Calcium 0.354 (0.244–0.513) <0.001
CRP 1.013 (1.010–1.016) <0.001 1.010 (1.007–1.014) <0.001

OR indicates odds ratio.

Pancreas • Volume 51, Number 10, November/December 2022 Predictors of Necrosis in AP
variables were created according to the appropriate cutoff values,
and multivariate regression analysis was repeated (Table 3).
Stages of Derivation of the New Scoring System
White blood cell, HTC, LDH, and CRP levels as indepen-

dent predictors of necrosis development were included in the scor-
ing system. In the scoring model, the integer part of the B coeffi-
cient in the multivariate analysis performedwith dichotomous var-
iables was assigned as the score of the variable (Table 4), based on
some studies in which scoring systems were derived.12,13 Because
the scoring system included values of parameters at the 48th hour,
it was named Necrosis Development Score 48 (NDS-48).
TABLE 3. Multivariate Regression Analysis for Necrosis With Dichot

Parameter Cutoff Value β Coefficient

WBC, 48th h >15.25 109/L 1.252
HTC, 48th h >39.35% 1.002
LDH, 48th h >366 U/L 2.422
CRP, 48th h >169.5 mg/L 2.580

OR indicates odds ratio.

© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Predictive Values of the NDS-48 Score at
Different Cutoffs

The predictive values of the NDS-48 score at different cutoffs
were evaluated (Table 5). Accordingly, when the Youden index
method was taken as a basis, the most appropriate cutoff was
2.5, and the sensitivity, specificity, PPV, and NPV of the
NDS-48 scoring system at this cutoff were 92.5%, 85.9%,
43.4%, and 99.0%, respectively. Patients with an NDS-48 score
of ≥3 were at 74.8 times higher risk of developing necrosis than
others (odds ratio, 74.8; 95% CI, 26.1–214.5). None of the pa-
tients with an NDS-48 score of 0 developed necrosis (NPV
100% for NDS-48 of <1).
omous Variables of Independent Predictors

Standard Error OR (95% CI) P

0.434 3.499 (1.496–8.184) 0.004
0.443 2.725 (1.143–6.496) 0.024
0.443 11.265 (4.729–26.837) <0.001
0.533 13.198 (4.646–37.493) <0.001
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TABLE 4. Components of the NDS-48 Score

Parameter

Score

0 Points 1 Point 2 Points

WBC, 48th h <15.25 109/L >15.25 109/L
HTC, 48th h <39.35% >39.35%
LDH, 48th h <366 U/L >366 U/L
CRP, 48th h <169.5 mg/L >169.5 mg/L

Minimum score, 0; maximum score, 6.
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Comparison of Necrosis Discrimination Abilities of
the NDS-48 and Other Scoring Systems

The diagnostic ability of the NDS-48 score in predicting ne-
crosis development was identified and compared with those of the
4 conventional scoring systems. The AUC value of the NDS-48
for necrosis was 0.949 (95% CI, 0.920–0.977), and this scoring
system had a significantly better ability to distinguish necrosis
compared with other scoring systems. Figure 2 illustrates the abil-
ity of scoring systems to distinguish necrosis.

DISCUSSION
In this study, our main aimwas to create a scoring system that

could predict or exclude the development of pancreatic necrosis at
an early stage in patients presenting with edematous AP, which
would primarily help to avoid the harmful effects and high cost
of CECT. Therefore, patients diagnosed with necrotizing AP at
admission were excluded from the study, whereas patients diag-
nosed with edematous AP at admission were included to deter-
mine the factors associated with pancreatic necrosis developing
in the days after admission. Accordingly, WBC, HTC, LDH,
and CRP at 48 hours were identified as independent predictors
for the development of pancreatic necrosis. Based on these find-
ings, a simple and usable scoring system was derived from these
routinely checked laboratory parameters, namely, NDS-48. The
NDS-48 score had high NPVs but relatively low PPVs associated
with a low incidence of necrosis. When the NDS-48 score was 2
or less, the probability of developing necrosis was ruled out as
high as 99%. Furthermore, the NDS-48 had an AUC of 0.949
for development of necrosis, and it distinguished the development
of pancreatic necrosis significantly better than existing scoring
systems, which are complex and time-consuming.

Many systemic complications causing mortality and morbidity
can develop during the course of AP. Such systemic complications
TABLE 5. The Ability of the NDS-48 Scoring System to Predict Necr

Cutoff Value No. Patients Over the Cutoff, n (%) OR (95% C

0.5 Point 295 (58.1) Noncalculate
1.5 Points 186 (36.6) 39.1 (11.9–12
2.5 Points† 113 (22.2) 74.8 (26.1–21
3.5 Points 78 (15.3) 44.4 (21.1–9
4.5 Points 52 (10.2) 94.7 (41.6–21
5.5 Points 32 (6.3) 126.3 (41.1–3

*When the NDS-48 score was below 1, OR could not be calculated because
†Optimal cutoff based on Youden index.

OR indicates odds ratio.
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are rare, and they are observed in cases of necrotizing AP rather
than edematous AP. Studies have proved that the mortality rate
of necrotizing AP is significantly higher than that of edematous
AP.14,15 Tenner et al16 suggested an increase of up to 50% in mor-
tality rate among patients with necrotizing AP. Likewise, in our
study, 18.9% of patients with necrotizing AP died compared with
just 3.3% of patients with edematous AP. In addition, the rates of
systemic complications, ICU admission, and persistent organ fail-
ure were significantly higher in patients with necrotizing AP.

Acute pancreatitis is characterized by noninfected inflamma-
tion of the pancreatic tissue. In general, there is a close relation-
ship between the extent of inflammation and the severity of the
disease and necrosis development.17,18 Because the inflammatory
response is expected to be more severe in necrotizing pancreatitis,
higher values of markers indicating inflammation are expected, as
well. White blood cell and CRP levels are 2 of the parameters in-
dicating systemic inflammation. In the study conducted by
Khanna et al,19 the sensitivity and specificity for necrosis develop-
ment were 100% and 81.4%, respectively, when the CRP cutoff
was considered as 150 mg/L. In another study, WBC and CRP
levels were found to be independent predictors for pancreatic ne-
crosis development.20 We identified WBC and CRP levels as in-
dependent predictors of necrosis development. White blood cell
count of >15.25 � 109/L and CRP level of >169.5 mg/L at the
48th hour were associated with 3.5 and 13.1 times higher risks
of developing necrosis, respectively.

Adequate fluid resuscitation in the initial period of AP is as-
sociated with decreased mortality and morbidity.21 If any fluid
leakage into the extravascular space is not compensated by ade-
quate hydration, it is likely to cause hypovolemia and, subse-
quently, hypotension. Necrotizing pancreatitis results in vascular
leak syndrome, which leads to increased third-space fluid losses
and worsens pancreatic perfusion.22 Hemoconcentration secondary
to third-space fluid losses is an indirect indicator of hypovolemia in pa-
tients with AP. In a study investigating the role of hemoconcentration
in predicting pancreatic necrosis, the HTC at admission and at 24
hours was found to be significantly higher in patients with necrotizing
AP than in patients with interstitial AP.23 Likewise, another study
revealed that persistent hemoconcentration at 24 hours was asso-
ciated with the development of necrotizing AP.24 Lankisch et al25

argued that CECT may be unnecessary in the absence of
hemoconcentration at admission (NPV was 88%). Similarly,
Gardner et al26 showed that the absence of hemoconcentration at
admission had a strong NPV for necrosis (NPV was more than
90%), whereas another study demonstrated that the presence of
hemoconcentration was the most accurate compared with other
parameters in predicting pancreatic necrosis.27 If we make an in-
ference from these studies, in which the HTC at the 48th hour
osis at Different Cutoffs

I) Sensitivity, % Specificity, % PPV, % NPV, %

d* 100.0 46.8 18.0 100.0
7.5) 94.3 70.1 26.9 99.1
4.5) 92.5 85.9 43.4 99.0
3.7) 79.2 92.1 53.8 97.4
5.7) 73.6 97.1 75.0 96.9
87.9) 52.8 99.1 87.5 94.7

no patient developed necrosis.
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FIGURE 2. Ability of NDS-48 and other scoring systems to discriminate necrotizing AP from edematous AP. ROC, receiver operating
characteristic.

Pancreas • Volume 51, Number 10, November/December 2022 Predictors of Necrosis in AP
was not evaluated, the HTC at the 48th hour is expected to be higher
in patients with necrotizing AP than in patients with interstitial AP,
similar to that at admission and at the 24th hour. Consistent with
this expectation, we showed that high hemoconcentration at the
48th hour after the time of admission was associated with necrosis
development in AP.

Lactate dehydrogenase is a marker associated with cell dam-
age and subsequent cell death. Because necrosis development is
associated with cell death, an increase in the LDH values of pa-
tients during follow-up may predict necrosis development. In a
systematic review, LDH values higher than 290 U/L at the 5th
day were found to have 87% sensitivity and 100% specificity
for necrosis.28 In another study, LDH values higher than 270
U/Lwere found to have high accuracy of 82% in detecting pancre-
atic necrosis.29 In our study, LDH at the 48th hour after the time of
hospital admission was an independent predictor of necrosis, and
LDH increased the risk of necrosis development 11.2 times at
values above 366 U/L.

Many studies have shown that CECT scans performed with-
out adequate patient selection do not change the prognosis in
AP,30,31 but many other studies have argued that computed tomog-
raphy (CT) scans performed at the appropriate time and for se-
lected patients improve mortality and clinical outcomes.9,10 It is
considered very important to predict pancreatic necrosis early
and reveal it with abdominal CT in appropriate cases. Therefore,
the predictive role of the existing conventional scoring systems
in predicting necrosis development in AP has been investigated
by many researchers. In a prospective study, the Ranson, BISAP,
and APACHE II scoring systems predicted severity, organ failure,
and mortality well, but they could not significantly predict necro-
sis development.32 In another prospective study, the role of the
Ranson, BISAP, APACHE II, and Glasgow scores in predicting
necrosis was found to be considerably limited.19 In a comparative
study, the Ranson score was proven to predict pancreatic necrosis
better than BISAPor APACHE II.33 Thismay be related to the fact
that the Ranson score is evaluated with parameters at the 48th
hour, whereas BISAP and APACHE II are evaluated with param-
eters measured in the first 24 hours. Because pancreatic necrosis
and peripancreatic necrosis usually appear not earlier than 72
© 2023 Wolters Kluwer Health, Inc. All rights reserved.
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hours after the onset of AP, there may be no clinical or laboratory
findings indicating the development of necrosis in the first
24 hours.

The NDS-48, created with simple laboratory parameters
measured at the 48th hour after admission to the hospital, pre-
dicted necrosis development significantly better than the other 4
scoring systems. Considering that necrosis and peripancreatic
complications develop less often in the early stages of the disease,
it would be appropriate to evaluate patients for necrosis develop-
ment at the 48th hour after hospitalization. Necrosis development
was predicted with considerably high accuracy by the NDS-48, a
very simple and inexpensive method consisting of 4 laboratory
parameters commonly used in routine procedures. When the cut-
off value is 2.5, the sensitivity and specificity of the NDS-48 are
92.5% and 85.9%, respectively. Those with NDS-48 scores of
≥3 were seen to have approximately 75 times higher risk of devel-
oping necrosis compared with other patients. In addition, no pa-
tient developed necrosis when the NDS-48 score was <1 (NPV,
100%), and the probability of developing necrosis became
87.5% (PPV, 87.5%) when a maximum score of 6 was reached.
Considering that necrotizing AP causes significantly higher mor-
tality and morbidity rates than edematous AP, evaluations should
be made by CECT scan to reveal necrosis, and more attention
should be paid to possible complications, poor prognosis, and
higher mortality in patients found to be at higher risk of develop-
ing necrosis according to the NDS-48 scoring system (NDS-48
score of≥3). In contrary cases, because the probability of necrosis
development is quite low when the NDS-48 score is 0, no CECT
scans should be performed unnecessarily, and the patients can be
discharged safely. Computed tomography scans performed at the
appropriate time favorably affect prognosis,9,10 whereas unneces-
sary scans lead to many problems. The first of such problems is
the unnecessary exposure of patients to high doses of radiation
and nephrotoxic ionized contrast media. A second problem is that
abdominal CT is an expensive examination method. A third prob-
lem is that unnecessary advanced imaging tests create diagnostic
confusion, far from providing benefits. For these reasons, the con-
ditions of patients with complicated courses should be identified
quickly by applying the simple and easy-to-use NDS-48 scoring
www.pancreasjournal.com 1305
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system, and necessary therapeutic interventions can be made ear-
lier. Unnecessary further imaging tests can be avoided for patients
not expected to follow a complicated course.

This study has some limitations. The first is that it was a
single-center study conducted with a retrospective design. Second,
control CECT scans were not performed for most of the patients
whowere considered not to have developed necrosis, and patients
with possible necrosis were considered to be in the edematous pa-
tient group of the study. However, necrosis, a clinically significant
condition, was taken into account in the design of this study. Be-
cause the current guidelines do not recommend control CECT
scans unless clinical worsening occurs, patients for whom control
scans were not performed and whowere discharged after recovery
were considered to have edematous AP. Finally, the fact that we
excluded a large number of patients because they did not have
CECT in the first 96 hours can be considered as another limita-
tion. Many patients with a high probability of developing necrosis
may not have undergone CECT because of conditions such as kid-
ney failure and contrast allergy, or on the other hand, many pa-
tients with possible edematous AP may not have undergone
CECT because of their mild course. For this reason, many patients
from both groups may have been missing in a way that we do not
know at what rate. This may have caused a selection bias and par-
tially influenced the results. In this study, however, because we
aimed to examine a specific group of patients who were initially
diagnosed with edematous AP and turned into necrotizing AP
during follow-up, we wanted clear findings rather than assump-
tions, and we designed the study in this way.

In this study, the parameters associated with necrosis devel-
opment were evaluated in patients followed with the diagnosis of
edematous APwith the goal of creating a simple, easy-to-use scor-
ing system with appropriate parameters. White blood cell, HTC,
LDH, and CRP levels at the 48th hour are independent predictors
of necrosis development. The new scoring system presented here,
NDS-48, was created using these 4 predictors, and it predicted the
development of necrosis quite well in patients presenting with
edematous AP. However, this scoring system needs to be validated
in more comprehensive prospective and multicenter studies.
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