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REPRODUCIBILITY IN THE ASSESSMENT OF ACUTE PANCREATITIS
WITH COMPUTED TOMOGRAPHY*

Edison de Oliveira Freire Filho', David Carlos Shigueoka?, Daniel Bekhor®, Renata La Rocca
Vieira', André Fukunishi Yamada', Maxime Figueiredo de Oliveira Freire®, Sergio Ajzen?,
Giuseppe D’Ippolito®

OBJECTIVE: To evaluate the reproducibility of unenhanced and contrast-enhanced computed tomography
in the assessment of patients with acute pancreatitis. MATERIALS AND METHODS: Fifty-one unenhanced
and contrast-enhanced abdominal computed tomography studies of patients with acute pancreatitis were
blindly reviewed by two radiologists (observers 1 and 2). The morphological index was separately calculated
for unenhanced and contrast-enhanced computed tomography and the disease severity index was estab-
lished. Intraobserver and interobserver reproducibility of computed tomography was measured by means of
the kappa index (K). RESULTS: Interobserver agreement was K = 0.666, 0.705, 0.648, 0.547 and 0.631,
respectively for unenhanced and contrast-enhanced morphological index, presence of pancreatic necrosis,
pancreatic necrosis extension, and disease severity index. Intraobserver agreement (observers 1 and 2, re-
spectively) was K = 0.796 and 0.732 for unenhanced morphological index; K = 0.725 and 0.802 for con-
trast-enhanced morphological index; K = 0.674 and 0.849 for presence of pancreatic necrosis; K = 0.606
and 0.770 for pancreatic necrosis extension; and K = 0.801 and 0.687 for disease severity index at com-
puted tomography. CONCLUSION: Computed tomography for determination of morphological index and dis-
ease severity index in the staging of acute pancreatitis is a quite reproducible method. The absence of con-
trast-enhancement does not affect the computed tomography morphological index reproducibility.
Keywords: Pancreatitis; X-ray computed tomography; Disease severity index; Prognosis; Contrast media;
Necrosis.

Avaliacdo da reprodutibilidade da tomografia computadorizada no estadiamento da pancreatite aguda.
OBJETIVO: Medir a reprodutibilidade da tomografia computadorizada sem e com contraste na avaliacdo da
gravidade da pancreatite aguda. MATERIAIS E METODOS: Cingiienta e um exames de tomografia computa-
dorizada abdominal sem e com contraste de pacientes com pancreatite aguda foram analisados por dois
radiologistas (observadores 1 e 2). Calculamos o indice morfolégico pela tomografia computadorizada sem
e com contraste, separadamente, e o indice de gravidade da tomografia computadorizada para pancreatite
aguda. Medimos a reprodutibilidade intra- e interobservador da tomografia computadorizada através do indice
kappa (k). RESULTADOS: Para a concordancia interobservador obtivemos K de 0,666, 0,705, 0,648, 0,547
e 0,631 para indice morfolégico sem e com contraste, presenca de necrose pancreatica, extensdo da necrose
pancreética e indice de gravidade da tomografia computadorizada, respectivamente. Para a concordancia
intra-observador dos observadores 1 e 2 obtivemos, respectivamente, K de 0,796 e 0,732 para o indice
morfolégico sem contraste; 0,725 e 0,802 para o indice morfolégico com contraste; 0,674 e 0,849 para a
presenca de necrose pancreatica; 0,606 e 0,770 para a extensédo da necrose pancredtica; e 0,801 e 0,687
para o indice de gravidade da tomografia computadorizada. CONCLUSAOQ: O estadiamento da pancreatite
aguda pela tomografia computadorizada por meio do indice morfolégico e do indice de gravidade da tomo-
grafia computadorizada é um método bastante reprodutivel. O ndo-uso do contraste ndo afeta a reproduti-
bilidade da tomografia computadorizada para o calculo do indice morfolégico.

Unitermos: Pancreatite; Tomografia computadorizada por raios-x; indice de gravidade de doenca; Prognds-
tico; Meios de contraste; Necrose.
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Acute pancredtitis is a relatively com-
mon disease whose presentation may range
from mild, self-limited to a sudden-onset
disease resulting in death within few days.
In the last decades, the difficulty in areli-
able prediction of the progression of the
disease has led to the search for objective
methods to evaluate its severity®.
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Oncethe acute pancrestitis diagnosisis
established, theintensity, duration and type
of treatment will depend on an early defi-
nition of the disease severity. Such defini-
tion that is based on objective parameters
isessential for the early prediction of risks
for clinical complications and identifica-
tion of potentially fatal presentations®™.
Up to the seventies, the disease severity
evaluation was performed in a subjective
way, mainly by the presence or absence of
severa clinical parameters such as tachy-
cardia, fever, dyspnea, oliguria, paralytic
ileus, etc.®. Multiple systems based on
clinical-laboratory parameters have been
devised to assess the severity of acute pan-
creatitis. These include Ranson criteria,
original and modified Glasgow criteria,
simplified acute physiology (SAP) score,
and acute physiology and chronic health
evaluation 11 (APACHE I1) score*2357,
Difficulty and complexity of calculation
constitute the major limitations of these
systems, considering their dependence on
numerousclinical and |aboratory variables.

In 1985, Balthazar et a.® developed a
system for assessing the severity of acute
pancreatitis based on peripancregtic find-
ings and aterations in the pancreatic mor-
phology observed on computed tomogra-
phy (CT), and that, in the present study, is
denominated morphological index. In
1990®), these same authors demonstrated,
by means of contrast-enhanced computed
tomography, the correlation between the
pancreatic necrosis extent and acute pan-
creatitisprognosis. Based on an association
between the criteria described in 1985 and
the pancreatic necrosis assessment, the
authors created the severity index for acute
pancredtitis.

The parameters considered in the calcu-
lation of the morphological index and CT
severity index are subjective and therefore
are susceptible to interobserver variations
or even variation by a same observer at
different moments (intraobserver varia-
tions), so they may present different values
depending on the observer, his/her experi-
ence, and themoment of theanalysis. How-
ever, it isimportant to define the method
reproducibility in order to add value to the
results obtained, transmitting confidencein
the conduction of the treatment and
evolutive follow-up. Despite the wide-
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spread utilization of these indices both in
the literature and clinical practice, few
studies have evaluated their reproducibil-
ity and thereisno study analyzing pos-
sible intraobserver disagreements.

Although in the opinion of several au-
thors, unenhanced CT can demonstrate
pancrestic and peripancreatic inflammatory
aterations, being sufficient to define the
prognosisfor acute pancreatitis®” 24 up
to the present moment there is no study
evaluating if unenhanced CT can reproduce
contrast-enhanced CT findings for an ac-
curate morphological index calculation in
cases of acute pancrestitis.

The present study wasaimed at measur-
ing the reproducibility of unenhanced and
contrast-enhanced CT in the evaluation of
the disease severity in patients with acute
pancreatitis.

MATERIALSAND METHODS

In the period between June/2003 and
May/2005, the authors developed a pro-
spective, double-blinded and self-paired
study analyzing abdominal CT images of
51 patients with clinical and laboratory
diagnosis of acute pancreatitis assisted in
the hospital emergency departments of our
institutions.

Inclusion criteria were: patients 18 or
moreyearsold, with clinical and laboratory
diagnosis of acute pancreatitis, and symp-
tomsonset < 72 hoursbeforethe CT exami-
nation.

The diagnosis was based on the pres-
ence of clinical signs of acute pancreatitis
and increase in lipase and/or amylase se-
rum levels (more than three times the nor-
mal values). Indication for CT was defined
by the medical staffsresponsible by the pa-
tients, according to the clinical routine of
the respective hospitals, with no interfer-
ence from the authors of the present study.

Exclusion criteria were the following:
contraindication for intravenous iodinated
contrast agents according to protocols
adopted by therespective CT units, history
of recent blunt abdominal trauma or ab-
dominal surgery (< 30 days).

The present study was analyzed and
approved by the Committees for Ethicsin
Research of therespectiveinstitutions, and
the patients were given information and

instructions about the examinations, and
signed the appropriate term of informed
consent.

Examination technique

CT studies were performed in helical
equipment (Philips, Secural model; Philips,
Tomoscan AV model; Elscint, Helicat Flash
model), with axial, contiguous 5.0 or 7.0
mm-slices, from the diaphragm to the pu-
bic symphysis, before and after intravenous
iodinated contrast agent injection, and af-
ter oral administration of 1000 ml 5% io-
dinated contrast solution.

Contrast-enhanced images acquisition
was started 70 seconds after the beginning
of intravenous bolusinjection of iodinated
contrast agent (portal phase), injection dose
= 2.0 ml/kg up to 150 ml, by means of a
injection pump, at an injection rate of 3.0
mi/s.

All of the studies were recorded on ap-
propriated radiological films.

Analysis of CT images

The CT images were independently
evaluated by two radiologists (observers 1
and 2) specialized in abdominal CT and
with more than five years of experiencein
thisfield. Theimageswereinterpreted with
no previous knowledge on the patients
clinical history or objective prognostic
signs.

Initially, al of the unenhanced CT im-
ages were separately analyzed, and after,
images of unenhanced and contrast-en-
hanced phases were evaluated in conjunc-
tion. For evaluation of the intraobserver
reproducibility, the images were reviewed
by the same observers, utilizing the same
methodol ogy, after at |east 30 daysfromthe
first analysis.

At each phase of analysis, images were
classified according to the morphological
index and peripancreatic findings de-
scribed by Balthazar et al. in 1985 (Chart
1), separately for the unenhanced and con-
trast-enhanced phases, and according to the
degree of pancreatic necrosis described by
the same authors in 1990® (Chart 1) only
for the contrast-enhanced phase.

Pancreatic necrosis was characterized
on contrast-enhanced CT images in the
presence of afocal or diffuse, well-defined
area of hypoperfused pancreatic gland tis-
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Chart 1 CT morphological index and CT severity index for acute pancreatitis.

Inflammatory process — Balthazar’'s morphological index for acute pancreatitis
Grade Tomographic finding Scoring
A Normal pancreas. 0
B Focal or diffuse pancreatic enlargement. 1
C Pancreatic alterations associated with peripancreatic inflammation. 2
D Single fluid collection. 3
E Two or more fluid collections and/or presence of gas within the pan- 4
creas or within peripancreatic inflammation.
Pancreatic necrosis
Tomographic finding Scoring
Absence of necrosis. 0
< 30% necrosis. 2
30% to 50% necrosis. 4
> 50% necrosis. 6

sue (enhancement < 30 UH) (Figure 1)69,
Peripancreatic inflammatory alterations
were characterized by the presence of het-
erogeneity and densification®3"9, Peri-
pancreatic collections were interpreted as
well- or ill-defined areas of fluid attenua-
tion (< 20 UH)@379 Subjective criteria
were adopted for differentiating between
collected fluid and inflammatory fluid col-
lections, considering that, dueto the exami-
nation precociousness (up to 72 hoursfrom
symptoms onset), the fluid collections are
still poorly encapsulated. Also, the number
of fluid collections, presence of focal or
diffuse pancreatic enlargement, parenchy-
mal heterogeneity, and presence or absence
of necrosisaswell asits extent were estab-
lished®3™9 (Figures 1 and 2).

Figure 1. Abdominal CT — unenhanced (A) and contrast-enhanced (B)
compatible with extensive pancreatic necrosis (> 50%).
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Satistical analysis

The kappaindex (k) was utilized to
measure interobserver and intraobserver
agreement, according to Chart 2, compar-
ing, respectively, data from each pair of
observers, and data from each observer for
the same parameters obtained at different
moments. For this purpose, data from pa
tients provided by both observers were di-
vided into three groups according to the
resultsfrom their analysis: mild acute pan-
creatitis (morphological index A or B and/
or CT severity index 0to 3), moderate acute
pancreatitis (Morphologica index C and/
or CT severity index 4to 6), or severe acute
pancreatitis (morphological index D and/
or CT severity index 7 to 10). As regards
the presence of necrosis, the patients were

Chart 2 Kappa index for categorization of inter-
and intraobserver agreement™®®,

Kappa Agreement degree
< 0.00 No agreement
0.00-0.20 Non-significant
0.21-0.40 Median
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost perfect

divided into two groups. one without ne-
crosis, and another with pancreatic necro-
sis. The same groups classification above
described for CT severity index was uti-
lized to evaluate the degree of pancreatic
necrosis (Chart 1).

RESULTS

The sample of 51 patients included 31
men and 20 women in the age range be-
tween 20 and 84 years (mean 49.5 + 16.8
years). The disease etiology could be de-
fined only for 31 patients: 17 of them had
biliary pancreatitis, six had acohol-in-
duced pancrestitis, five had pancreatitis
caused by drugs, two had pancreatitis re-
sulting from endoscopic retrograde cho-
langiopancreatography (ERCP), and one
caused by hyperlipidemia.

The distribution of the tomographic
classification by the observersin their first
analysesis shown on Tables 1 and 2.

The comparison of results from the ob-
servers analyses (interobserver reproduc-

F

images demonstrating diffuse area of hypoperfused pancreatic parenchyma (< 30 HU),

385



Freire Filho EO et al.

-

Figure 2. Fluid collection in anterior pararenal space (arrow) and peripancreatic fat densification (arrow-
heads) demonstrated on this unenhanced CT image.

ibility) demonstrated substantial interob-
server agreement for non-enhanced CT
morphological indices (k = 0.666), con-
trast-enhanced CT morphological indices
(k = 0.705), detection of necrosis (k =
0.648), and for CT severity indices (k =
0.631); moderate interobserver agreement
was found for degree of necrosis (kK =
0.547).

The comparison of resultsfrom observ-
ers analyses (respectively 1 and 2) at dif-
ferent moments (intraobserver reproduc-
ibility) demonstrated substantial intraob-
server agreement for unenhanced CT mor-
phological indices (k = 0.796 and 0.732);
contrast-enhanced CT morphological indi-
ces (k = 0.725 and 0.802); respectively,
substantial and almost perfect intraobserver
agreement for identification of necrosis (k
=0.674 and 0.849); respectively, moderate
and substantial intraohbserver agreement for
degree of necrosis (k = 0.606 and 0.770);
and substantial intraohbserver agreement for
CT severity indices (k = 0.801 and 0.687).

DISCUSSION

The high reproducibility of a prognos-
tic method is essential and desirable, con-
sidering that it allows the comparison be-
tween subsequent follow-up examinations,
clinical tests, and between different clini-
cal centers. Despite their widespread utili-
zation, the parametersfor calculating acute
pancreatitis severity by means of CT are
subjective, and therefore susceptible to
variations between different observers or
even by a same observer at different mo-
ments.

Some authors, such as Lecesne et al.,
in 1999, and Mortele et al.%® in 2004,
evaluated the CT reproducibility by mea-
suring the interobserver agreement. These
studies demonstrated moderate to substan-
tial for calculation of CT severity index.
However they failed to evaluate the intra-
observer reproducibility and arelikely to be
criticized for their incompleteness. Inall of
the other studies evaluating the role of CT

in the prognostic evaluation of acute pan-
creatitis severity, the tomographic scoring
was performed on anindividual basisor by
CONsensus.

Main parameters susceptible to varia-
tion in the interpretation of the CT sever-
ity index are the definition of the number
of fluid collections and the pancreatic ne-
crosisextent. Inan attempt to minimizethis
variability, Mortele et a."'? have devised
amodified CT severity index, based on a
different classification of inflammatory
aterations and necrosis extent, disregard-
ing the number of fluid collections and
considering the necrosis extent as smaller
or larger than 30%. Better resultshave been
achieved in the prediction of acute pancre-
atitis severity by the modified CT severity
index, but, contrarily to the expected re-
sults, the level of agreement was similar to
the traditional CT severity index.

The data of the present study demon-
strated a substantial agreement for defini-
tion of unenhanced and contrast-enhanced
CT morphological index, presence or ab-
sence of necrosis, and CT severity index.
The only parameter presenting alittle less
consistent agreement (moderate) was the
definition of pancreatic necrosis extent,
although it has not affected the results of
agreement in CT severity index. In the
present study, the interobserver agreement
comparable to or even higher than the
interobserver agreement in the other three
studies ®Y previously developed for de-
fining the CT severity index (the only pa-
rameter analyzed by these studies), since
they have achieved a moderate to substan-
tial agreement.

As regards the intraobserver reproduc-
ibility, substantial to almost-perfect agree-
ment was observed for al the parameters,

Table 1 Frequency of staging by unenhanced and contrast-enhanced CT morphological index and CT severity index for acute pancreatitis by the observers at

their first analyses.

Unenhanced CT morphological index Contrast-enhanced CT morphological index CT severity index
Observer 1 Observer 2 Observer 1 Observer 2 Observer 1 Observer 2
n % n % n % n % n % n %
Mild 18 35.3% 18 35.% 17 33.3% 15  29.4% 24 47.0% 33 64.7%
Moderate 6 11.8% 14 27.% 6 11.8% 10  19.6% 21 41.2% 12 23.5%
Severe 27  52.9% 19 37.% 28 54.9% 26 51.0% 6 11.8% 6 11.8%
Total 51  100% 51  100% 51  100% 51  100% 51  100% 51  100%

>

, humber of patients.
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Table 2 Frequency of pancreatic necrosis degrees
detected on CT images by the observers at their first
analyses.

Observer 1 Observer 2

Necrosis

percentage n % n %
Absence

of necrosis 38 745% | 37 72.5%
< 30% 6 11.8% | 8 15.7%
30-50% 5 9.8% | 3 5.9%
> 50% 2 3.9% | 3 5.9%
Total 51 100% | 51  100%

n, number of patients.

except for necrosis extent by one of the
observers (observer 1) who obtained a
moderate agreement for this parameter.

Intheliteraturereview, the authorshave
not found any study evaluating the repro-
ducibility of definition of both unenhanced
and contrast-enhanced CT morphological
indices, and definition of presence of pan-
creatic necrosis extent. Also, no study was
found on the intraobserver reproducibility
for all of these parametersand CT severity
index.

The results from the present study indi-
cate that unenhanced or contrast-enhanced
CT constitute quite reproducible method,
provided they are in the hands of experi-
enced radiologists.

Some limitations of the present study
should be highlighted: the number of pa-
tients could be higher, but the size of
sample evaluated is similar to the average
sample in other studies. The correlation

Radiol Bras 2007;40(6):383-387

between acute pancrestitis staging, labora-
tory tests results and clinical progression
was not established, considering that this
correlation had been aready demonstrated
by other authors®3®). Finally, the present
study measured the method reproducibility
utilizing only experienced observers.

CONCLUSIONS

Computed tomography is a highly re-
producible method in the determination of
morphological index and disease severity
index for staging of acute pancrestitis.

The absence of contrast-enhancement
does not affect the computed tomography
morphological and severity indices repro-
ducibility that remains high.

A lower reproducibility is observed for
definition of pancreatic necrosis which,
however, does not affect the reproducibil-
ity of the CT severity index calculation.
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