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A practical means of evaluating the prognosis of acute pancreatitis, as
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Abstract

Backgroung and study aims: Factors such as age, obesity,
diabetes mellitus and hyperlipidemia that cause adverse prognosis
in acute pancreatitis also cause an increase in carotid intima-media
thickness. In this study, we aimed to investigate the usability of the
measurement of carotid intima-media thickness, which is an easy to
apply, cost-effective means of measurement applied to the patients,
in predicting AP prognosis, apart from the criteria currently
utilized to predict AP prognosis.

Patient and methods: 101 patients diagnosed with acute
pancreatitis were prospectively enrolled into the study. Right and
left common carotid artery intima-media thickness, right and left
internal carotid artery intima-media thickness were measured with
ultrasonographic images performed within the first 24 hours of
hospitalization. local or systemic complications and organ failure
development were monitored in the follow-up of the patients.

Results: After the ROC analysis was performed and the
threshold value was determined. The patients with main and
internal carotid artery intima-media thickness above 0.775 mm
were seen to have a more severe AP (p = 0.000). Local and systemic
complications and organ failure were also more common in these
patients.

Conclusions: Measurement of carotid intima-media thickness is
a non-invasive method that can be used to predict the prognosis in
patients with acute pancreatitis at presentation. (Acta gastroenterol.
belg., 2021, 84, 437-442).

Key words: Acute pancreatitis, severity, carotid intima-media
thickness

Introduction

Acute pancreatitis (AP) is a disease characterized
by inflammation of the pancreas due to the activation
of pancreatic enzymes. The incidence of the disease is
considered to be 13-45/100,000; however, the incidence
rate increases over time (1). While the disease may
have a good prognosis if affecting only the pancreas, it
can also result in multiple organ failure and mortality.
Mortality rates have been determined as 3% in mildly
edematous form, while 15% in acute necrotizing form (2).
Therefore, early diagnosis of necrosis is very important
in determining the severity and prognosis of the disease.

Age, obesity, alcohol, diabetes mellitus and hyper-
lipidemia, listed among the risk factors in acute
pancreatitis severity, are also risk factors in the etiology
of atherosclerosis (3). Atherosclerosis is a multifactorial,
chronic inflammatory disease characterized by impaired
blood flow to organs and limbs as a result of narrowing
of the lumen (4). It occurs in the intima and media layers
of the arterial wall and emerges mainly in response to

endogenously modified structures, particularly oxidized
lipoproteins, which stimulate both innate and adaptive
immune responses (5). Studies have shown that increased
intima-media thickness is an important indicator of
atherosclerosis, which plays an important role in the
development of cerebrovascular and cardiovascular
disease (6). Carotid arteries are the most widely used
vessels in the measurement of intima-media thickness
(IMT) due to their size, easy visibility, superficiality
and immobility (7-9). The mean value of intima-media
thickness in the population ranges between 0.4-1 mm and
anannual increase 0f0.01-0.03 mm s observed. Ithas been
reported that increased carotid intima-media thickness
(CIMT) values are also associated with increased risk of
heart attack and stroke in elderly and middle-aged adults
without a previous history of cardiovascular disease
(10). Various scoring systems and predictive parameters,
including clinical, laboratory and radiological criteria,
have been defined for the early diagnosis of severe AP. In
our study, we aimed to investigate the usability of CIMT
measurement in early evaluation of patients in order to
get preliminary information about AP prognosis.

Material and method

This study was carried out prospectively and obser-
vationally in Adana City Training and Research
Hospital. The ethics committee approval was obtained
on 14.09.2018. (Decision no : 272) Following this date,
the patients who were hospitalized in Internal Medicine,
Gastroenterology and Internal Medicine Intensive Care
clinics who were diagnosed with acute pancreatitis
over the age of 18 were included in the study. Informed
consents were obtained from the patients enrolled in the
study, after they were informed about the study. Patients
who did not consent to participate in the study, those
with chronic pancreatitis, the pregnant ones, and those
with any malignancy were excluded from the study. The
patients included in the study were evaluated at three
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Table 1. — Marshall scoring system

K. Kurkcu et al.

Score
Organ Systems 0 1 2 3 7
Respiratory (PaO2/Fi02) >400 301-400 201-300 101-200 | <101
Renal (serum creatinine mg/dl) <1,4 1,4-1,8 1,8-3,2 3,2-4,5 >4,5
. . >90 <90 <90 <90 <90
Cardiovascular (systolic blood pressure mmHg) Response to fluid replacement | No response to fluid replacement | Ph<7,3 | Ph<7,2

Pa02 / FiO2 : Partial oxygen pressure / Oxygen ratio in exhaled air.

monthly follow-up controls for a period of six months.
They were followed up in terms of the development
of complications. The demographic characteristics
of the patients, the local and systemic complications,
organ failure status, and accompanying diseases were
recorded in the data form. They were followed up for
the development of complications. The disease severity
was divided into three according to the modified Atlanta
Criteria used in the classification of acute pancreatitis
(11). The patients were classified as mild AP (There are
no organ failure and local or systemic complications),
moderate AP (There are transient organ failure that
resolves within 48 hours and / or local or systemic
complications without permanent organ failure.) and
severe AP (There is permanent organ failure in one or
more organs.) according to the Modified Atlanta Criteria.
Respiratory, cardiovascular and kidney functions are
evaluated to define organ failure. Organ failure is defined
as an obtained score of 2 or more for one of these three
organ systems using the modified Marshall scoring system
(11). (Table 1) When it comes to local complications,
they were defined as acute peripancreatic fluid collection
(extrapancreatic fluid associated with interstitial edema-
tous pancreatitis, seen in the first 4 weeks), acute
necrotic collection (collection containing necrotizing
pancreatitis-associated fluid and necrosis, seen within
the first 4 weeks.), pancreatic pseudocyst (encapsulated
fluid collection without necrosis after pancreatitis with
interstitial edema) and organized necrosis (encapsulated
collection in necrotizing pancreatitis, seen after 4 weeks)
(12). Systemic complications in acute pancreatitis
occur more frequently in severe cases and necrotizing
pancreatitis attacks. Systemic complications can be
classified as pulmonary complications, cardiovascular
system complications, renal disorders, coagulation
disorders, hypocalcemia, hyperglycemia, hyperlipidemia,
encephalopathy (12).

When power analysis was performed for the research,
the sample size was calculated as 102 patients for the
alpha significance level of 0.05, 95% power, assuming
that the mean effect size (effect size: 0.4) would be
accepted as a difference in the mean of the parameters in
which the carotid intima-media thickness was examined.
However, since our study was conducted prospectively
and informed consent was obtained, a total of 101 patients
could be included in the study. During the course of the
study, 273 patients with acute pancreatitis were observed,
but the intended number of patients could not be reached
as 57 patients who presented with mild pancreatitis, 26
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patients with moderate pancreatitis and 18 patients who
presented with severe pancreatitis agreed to participate
in the study.

CIMT was evaluated by an experienced unblind
radiologist within 24 hours of hospitalization. The
patients were screened in the supine position. The parti-
cipants were made sure to turn their heads 45 degrees
from the direction of the screened carotid artery. CIMT
was measured over two-dimensional ultrasound images
from the distant walls of the right or left carotid artery 10
mm before (main carotid) or later (internal carotid) parts
of the bifurcation. The right and left common carotid
arteries were screened with a high resolution ultrasound
Doppler system (Philips EPIQ 7) equipped with an 8-12
Mhz high resolution linear transducer (Philips Health
Care, Bothell, WA, USA). All arteries were examined in
both longitudinal and transverse axes. All arteries were
examined longitudinally in order to view the CIMT on
the posterior or distal wall of the artery. All measurements
were made over frozen images. Two images of the best
quality were selected for analysis of each participant.
CIMT was determined as the distance from the anterior
line of the first echogenic line to the anterior edge of the
second line. The first line indicates the intima-lumen
interface, and the second line indicates the upper layer
of adventitia containing collagen. Vascular CIMT was
measured by an independent and blinded observer using
ultrasonic calipers. All CIMT values were taken as the
average of six measurements.

Statistical Analysis

We used SPSS 23.0 package program for the statistical
analysis of the data. Categorical measurements were
summarized as numbers and percentages, while the
continuous measurements were categorized as mean,
deviation, and minimum-maximum. The conformity of
the variables to normal distribution was examined using
visual (histogram and probability graphs) and analytical
methods (Kolmogorov-Smirnov / Shapiro-Wilk Tests).
Chi-square test and Fischer’s Precision Test were used
in the comparisons of categorical variables. One-way
ANOVA was used for parameters conforming to normal
distribution and Kruskal Wallis tests were used for those
which did not. The sensitivity (sensitivity) and specificity
(specificity) values of the right and left main carotid
artery (CCA) and internal carotid artery (ICA) findings of
the patients included in the study were calculated based
on the revised Atlanta variable, also the cut-off value was
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determined by examining the area under the ROC curve.
Statistical significance level was taken as 0.05 in all tests.

Results

The demographic characteristics and clinical findings
of all patients are summarized in Table 2. The mean,
standard deviation, minimum and maximum age
values, right CCAIMT, left CCAIMT, right ICAIMT,
left ICAIMT, laboratory test values were examined
for each group (Table 3). The differences between
the etiological distribution and gender of the patients
and the revised Atlanta score groups were not found
to be statistically significant (p> 0.05). We could not
find evidence of etiology in 16 patients identified as
idiopathic. The differences between the values of HB,
AST, ALT, Creatinine, Glucose, CRP and LDH and the
revised Atlanta score findings of the patients were not
statistically significant (p> 0.05). The patients classified
as moderate and severe according to revised Atlanta
score were of older ages (p <0.05). The incidence
of local complications was found to be statistically
significantly higher in patients classified as moderate and
severe based on their revised Atlanta scores compared

Table 2. — Demographic and clinical features of patients

Measurements Number of | Percent
Patients(n) (%)
Local No 71 70,3
Complications | peripancreatic collection 27 26,7
Pseudocyst 2 2,0
Acute necrotic collection 1 1,0
Systemic No 74 73,3
Complications | yeg 27 26,7
Co-morbidity | No 57 56,4
HT* 30 30,0
DM* 17 16,9
Coroner artery disease 15 14,9
COPD*/Astma 19 18,9
RF* 7 6,9
Etiologies Biliary 79 78,2
Idiopathic 16 15,8
Alcohol 2 2,0
Hypertriglyceridemia 4 4,0
Modified Mild 57 56,4
Atlanta Moderately Severe 26 25,7
Classification Severe 18 17.8
Organ Failure | No 71 70,3
Cardiac 16 15,9
Respiratory 25 25,0
RF 7 6,9
Duration of No organ failure 71 70,3
organ failure | <48 hours 14 13,9
>48 hours 16 15,8
Sex Male 42 41,6
Female 59 58,4
Total 101 100,0

YHT : hypertension, DM : diabetes mellitus, 'RF : renal failure, “COPD :
cronic obstructive pulmonary disease.
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Figure 1. — Roc curve analysis of CCACIA (median)
parameters according to the revised Atlanta variable.

to the patients classified as mild (p <0.05). The presence
of a comorbid disease was statistically significant in
patients with a mild revised Atlanta score than the
patients in the moderate and severe group (p <0.05).
Another statistically significant point to dwell on was the
incidence of organ failure, which was higher in patients
with the revised Atlanta score of moderate and severe
compared to patients with a mild revized Atlanta score
(p <0.05). In patients classified according to the revised
Atlanta criteria, while no comorbid disease was found
in any of the patients classified as mild pancreatitis,
there was a comorbid disease in 17 of 26 (66%) patients
classified as moderate pancreatitis. All patients (100%)
with severe pancreatitis were seen to have a comorbid
disease. It was determined that the left CCA (p = 0.000)
and WBC (p = 0.003) values of the patients with a mild
revised Atlanta score were statistically significantly
lower than those classified in the other groups (p <0.05).
The differences between the length of hospitalization
and the revised Atlanta score groups were statistically
significant (p <0.05). According to the Post Hoc
Bonferrino analysis conducted to determine the source of
the difference between the groups, it was found that the
mean length of hospitalization of the patients with severe
AP was significantly higher than the patients with a mild
(p = 0.000) and moderate (p = 0.000) revised Atlanta
scores. In addition, the mean length of hospitalization
was statistically significant in patients with a moderate
revised Atlanta score compared to patients with a mild
score (p <0.05).

In order to establish a cut-off value for the main and
internal carotid artery intima-media thickness (CCACIA)
median value, ROC analysis was performed with revised
Atlanta variable and a ROC curve was created for the
CCACIA median value. As a result of the ROC analysis,
the area under the ROC curve was calculated as 91.9%,
which means that the cut off value obtained gives the
correct answer at the rate of 91.9%. According to the
cut off value we obtained, if the CCACIA median value
is above 0.775 mm, it contributes to the prediction of
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Table 3. — Characteristics of the groups according to the severity of pancreatitis

Mild Moderate Severe P
(n: 72) (n: 18) (n: 11)
Orttss Ort+ss+17,21 Orttss
Age 50,76+18,93 60,78+17,21 65,45+19,50 0,016*
Right CCA (mm) 0,65+0,20 0,75+0,19 1,0+0,10 0,000*
Right ICA (mm) 0,60+0,28 0,69+0,27 0,94+0,23 0,000*
Left CCA (mm) 0,66+0,22 0,80+0,18 0,99+0,12 0,000*
Left ICA (mm) 0,59+0,29 0,67+0,40 0,90+0,16 0,001*
WBC /mm3 9685,35+4283,3 12762,1+5283,5 14518,1+5539,8 0,003*
HB mg/dl 13,12+1,65 13,234+2,31 12,07+2,01 0,184
AST u/l 174,42+214,5 210,2+292,9 266,0+267,6 0,645
ALT w/l 175,8+210,6 187,24213.9 202,1+259.,4 0,964
UREA mg /dl 36,01+30,19 50,77+35,06 57,26+61,13 0,006*
Creatinine mg / dl 0,95+1,15 1,17+£1,25 1,24+1,31 0,135
Glucose mg / dl 142,03+76,51 161,44+80,25 178,09+77,99 0,083
CRP mg/1 3,89+5,72 4,70+5,85 7,70+6,15 0,064
LDH w1 392,454+350,03 676,0£1212,33 436,6+257,09 0,151
Lenght of Hospitalization 2,92+1,25 5,17+£2,28 9,91+6,22 0,000*
CCAICA Median 0,61+0,22 0,72+0,20 0,95+0,09 0,000*
Prevelance of Comorbidity %0 %0606 %100 0,000*

* Statistical significance (p) level was taken as 0.05 in all tests.

Table 4. — Interpretation of CCACIA (median) parameters
according to ROC curve analysis based on the revised
atlanta variable

CCACIA Median

AUC 0,919
Cut-off <0,775
Sensitive (%) 76,67
95%-Cl1 (%) 66,6-84,9
Spesitive 100,0
95%-Cl (%) 71,5-100
PPV 100

NPV 34,4

p <0,001

the severity of the disease with 76.67% sensitivity and
100.00% specificity (Figure-1, Table 4).

Discussion

Acute pancreatitis (AP) is an inflammatory disease
with a variety of clinical features ranging from mild cases
presenting with only transient abdominal symptoms to
severe fatal ones. (2) Therefore, early recognition of
necrosis is of big importance in determining the severity
and prognosis of the disease. Various scoring systems
have been developed to determine the severity of the
disease in patients with increased morbidity and mortality
which offer the chance to determine whether the patient
will be treated in the intensive care unit or the ward (13).

The primary cause of early mortality in AP stems
from the excessive inflammatory response and multi-
organ failure. The first sign of multiple organ failure
in patients with AP is lung dysfunction, usually caused
by acute respiratory distress syndrome. Systemic
inflammation also affects the cardiovascular system,
kidneys, and liver (14). Early and permanent organ
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failure is reliable predictor of increased hospitalization
and mortality. It has been reported that the occurrence of
organ failure within 72 hours is associated with extensive
pancreatic necrosis and also with a mortality rate of 42%.
The clinical course of organ failure is a more accurate
predictor of adverse consequences. (15) The clinical
decision based on clinical and laboratory data at the
time of admission is insufficient to define the severity
of acute pancreatitis (16). Although the Balthazar Score
has been shown to be a better predictor of AP severity
than Ranson or APACHE II scores, it has not yet been
significantly associated with the development of organ
failure (17). Recently, Raghuwanshi et al. found that the
modified Atlanta classification provides more accurate
assessment of patient mortality and of organ failure than
the Balthazar and Mortele indices (18). The modified
Atlanta classification system provides a more accurate
assessment of patient mortality and organ failure than
the Balthazar and Mortele indices, but cannot distinguish
between moderately severe and severe AP cases within
48 hours from baseline (19). Although there are many
scoring systems developed for AP severity classification,
none are ideal means of prediction for mortality. Such
issues as high predictive value, easy applicability and
total cost to be incured to the patient and universal health
insurance are of big importance even in the early stages
of the disease (20). However, there is no scoring system
that will fully meet these criteria. In our study, we found
the intima-media thickness of both the common carotid
artery and the internal carotid artery over the threshold
value determined in severe and moderate AP groups
and in those with local and systemic complications
and in those needing more prolonged hospitalization
than others. Based on these results, we can make the
following conclusion: The presence of factors that
increase carotid intima-media thickness also adversely
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affects the prognosis of acute pancreatitis. There are
studies in the literature suggesting that carotid intima-
media thickness in the presence of atherosclerosis
increases and that carotid intima-media thickness can
be used as an indicator of atherosclerosis (21,22). CIMT
is an independent predictor of coronary events such as
myocardial infarction, stroke, and transient ischemic
attack (23). Atherosclerosis is a systemic and progressive
disease occuring at an early age which affects the middle
and large arteries (24). While atherosclerosis occurs in
the intima media, the main reason for the thickening
of the media layer is smooth muscle hypertrophy.
Endothelial dysfunction or disruption of the intima-
media layers are early signs of atherosclerosis (25,26). As
is known, comorbidities such as aging, diabetes mellitus,
obesity, and hyperlipidemia resulting in atherosclerosis
and an increase in carotid intima-media thickness also
negatively affect the prognosis of pancreatitis (27-29). In
our study, comorbid DM, coronary artery disease and HT
were encountered more frequently in patients presenting
with more severe pancreatitis, and the severity of the
disease was in parallel with the advanced age. Acute
pancreatitis prognosis was worse in patients with carotid
intima-media thickness above the specified thresholds
than those below.

Our study had some limitations. Since the study was
conducted prospectively, the consent was obtained from
the patients who participated in the study, however,
162 of the patients who presented to our hospital with
acute pancreatitis did not consent to participate in the
study, thus making a larger sample group impossible.
Diagnoses of pancreatitis caused by hypercalcemia and
toxic pancreatitis, which are among the etiology of acute
pancreatitis, were not available in our sample. For this
reason, we cannot generalize our findings for all acute
pancreatitis etiology. The fact that there is no previous
study similar to our study can also be considered as a
limitation, as it makes comparison impossible.

Conclusion

We demonstrated that measurement of common
carotid artery intima-media thickness applied in AP
patients can be used as a method to predict prognosis.
Measurement of carotid artery intima-media thickness by
ultrasonography is a method that has not been studied
in patients with acute pancreatitis, which is a fast,
inexpensive, non-invasive test that can be used to predict
the prognosis of acute pancreatitis.
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