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Slice Computed Tomography for Peripancreatic Infection in
Elderly With Severe Acute Pancreatitis
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Abstract

Background: This study investigated the diagnostic efficacy of
multi-slice spiral computed tomography (MSCT) perfusion imaging
in evaluating peripancreatic infection in elderly patients with severe
acute pancreatitis (SAP).

Methods: A retrospective analysis was conducted on the clinical
data of 110 elderly SAP patients treated at our hospital from March
2018 to August 2019. The study correlated MSCT perfusion imaging
characteristics with peripancreatic infection in elderly SAP patients.
Additionally, receiver operating characteristic (ROC) curves were
constructed to assess the diagnostic performance of MSCT perfusion
imaging parameters in evaluating peripancreatic infection in elderly
SAP patients.

Results: The results indicated that among all 110 elderly SAP patients,
the incidence rate of peripancreatic infection was 20.91%, with a mor-
tality rate of 0.91%. MSCT perfusion imaging revealed that after peri-
pancreatic infection in elderly SAP patients, there was a decrease in
pancreatic density, local enlargement of the pancreas, blurring of the
pancreatic margins, and associated ascites. Compression/narrowing/
occlusion of the splenic vein was observed in 22 patients, compres-
sion/narrowing/occlusion of the superior mesenteric vein in 17 patients,
thickening/thrombosis of the portal vein in 19 patients, and collateral
circulation in 21 patients. Compared to elderly SAP patients without
peripancreatic infection, those with the infection showed prolonged
peak times, reduced peak heights, and decreased blood flow. ROC
analysis indicated that the combination of the three parameters (peak
time, peak height, and blood flow) had higher specificity and area under
the curve (AUC) than single parameters, with no significant difference
in sensitivity between the combination and single parameters.
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Conclusions: In conclusion, combining the three key MSCT perfu-
sion imaging parameters (peak time, peak height, and blood flow) can
significantly enhance the predictive efficacy for the risk of peripan-
creatic infection in elderly SAP patients.
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Introduction

Severe acute pancreatitis (SAP) is a prevalent and serious med-
ical condition, especially among the elderly, and represents a
significant public health concern [1]. SAP is often complicated
by the relatively high incidence of peripancreatic infections,
which pose a substantial threat to patients’ quality of life and
their chances of survival [2]. Consequently, early detection and
assessment of infections around the pancreas play a pivotal
role. Timely interventions based on accurate diagnoses can
significantly improve the disease’s prognosis and reduce the
risk of patient mortality [3].

Despite these critical clinical needs, traditional imaging
diagnostic methods such as ultrasound, magnetic resonance
imaging (MRI), and computed tomography (CT) scans have
been found to have limitations in the early detection of peri-
pancreatic infections during actual clinical practice [4]. These
modalities often fall short in both sensitivity and specificity,
mainly when dealing with pancreatic lesions, especially those
in their early stages. Additionally, they frequently struggle to
determine the location and extent of such lesions precisely [5].
Consequently, there is a pressing need for an imaging diag-
nostic method to provide accurate, noninvasive, real-time, and
reliable results to meet the clinical demand for early pancreatic
infection diagnosis.

In recent years, the development and application of multi-
slice spiral computed tomography (MSCT) perfusion imaging
technology have offered new prospects [6]. MSCT perfusion
imaging not only reveals the morphological characteristics of
the pancreas but also provides vital hemodynamic information
about pancreatic tissue. This comprehensive approach forms a
robust foundation for diagnosing pancreatic lesions [7, 8]. De-
spite its significant potential for assessing pancreatic diseases
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[9, 10], a notable research gap exists regarding the systematic
and comprehensive evaluation of peripancreatic infections in
elderly SAP patients.

To address this knowledge gap, we undertook this study to
assess and explore the effectiveness of MSCT perfusion imag-
ing in diagnosing peripancreatic infections in elderly SAP pa-
tients. This study involved a retrospective analysis of clinical
and radiographic data from 110 elderly SAP patients to scru-
tinize the relationship between radiographic features observed
through MSCT perfusion imaging and peripancreatic infec-
tions. Additionally, we employed receiver operating character-
istic (ROC) curves to comprehensively evaluate the sensitiv-
ity and specificity of MSCT perfusion imaging parameters for
diagnosing peripancreatic infections in elderly SAP patients.

Our study focuses on three key parameters: pancreatic
peak time, height, and blood flow volume. These parameters
serve as critical indicators for assessing pancreatic blood per-
fusion, and changes in pancreatic blood perfusion are often
closely associated with peripancreatic infections. Through our
in-depth analysis of the relationship between these parameters
and peripancreatic infections, we aimed to identify specific
MSCT perfusion imaging parameters or parameter combina-
tions that can enhance predicting and diagnosing peripancre-
atic infections in elderly SAP patients.

This study aimed to enrich and advance the application of
MSCT perfusion imaging in diagnosing pancreatic diseases,
particularly in improving its efficacy in diagnosing peripan-
creatic infections in elderly SAP patients. By measuring the
peak time, peak height, and blood flow rate of the pancreas
using MSCT perfusion imaging, we ultimately hope to achieve
early and accurate diagnosis and prediction of the risk of peri-
pancreatic infections in elderly SAP patients. This will provide
valuable references and evidence for clinical practice, enabling
timely and effective treatment to improve patient's quality of
life and prognosis.

Materials and Methods

Subjects

This study was approved by the Clinical Ethics Committee
of Ningbo University Affiliated People’s Hospital (approval
number: 201802). A retrospective analysis was conducted on
the clinical data of 110 elderly SAP patients admitted to the
hospital from March 2018 to August 2019. All patients were
admitted within 24 h after the onset of SAP. The inclusion cri-
teria for eligible patients were as follows: 1) Elderly patients
aged 60 years and above; 2) Diagnosed with acute pancreati-
tis according to the “Guidelines for the Diagnosis and Treat-
ment of Acute Pancreatitis”, confirmed by imaging examina-
tions such as abdominal ultrasound and abdominal CT scans,
as well as laboratory tests including blood amylase and serum
lipase, and accompanied by persistent (> 48 h) organ dysfunc-
tion [11]; 3) Patients who underwent MSCT perfusion imaging
examination; 4) Patients with necessary data available. Exclu-
sion criteria included: 1) Patients with trauma; 2) Patients who
had undergone pancreatic surgery; 3) Patients who voluntarily
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gave up diagnosis and treatment; 4) Transferred patients; 5)
Patients with other acute or chronic diseases such as malignant
tumors, cardiovascular diseases.

The study was conducted in full compliance with the ethi-
cal standards of the responsible institution regarding human
subjects and in accordance with the principles of the Declara-
tion of Helsinki. We obtained the necessary approvals from the
Institutional Review Board (IRB) of the institution prior to the
commencement of the study.

SAP management program

According to the “2014 Chinese Guidelines for the Diagnosis
and Treatment of Pancreatitis” and the “Consensus on Multi-
disciplinary Diagnosis and Treatment (MDT) of Acute Pan-
creatitis in China”, treatment is conducted based on the rec-
ommended foundational treatment plan. This plan includes
intensive care, critical care, fasting, bowel examination, fluid
resuscitation, sedation, pancreatic secretion inhibition, acid
suppression, and antimicrobial therapy. Organ support is also
provided to maintain organ function [12, 13].

MSCT perfusion imaging

A total of 110 patients included in this study underwent imme-
diate MSCT examination upon admission, with no patients ex-
cluded due to refusal of MSCT scanning. The GE LightSpeed
128-slice MSCT scanner was utilized for perfusion scanning.
Each patient wore an abdominal strap and received training for
steady breathing. Initially, a routine CT scan was performed to
establish the perfusion layer, followed by a 5-mm-thick perfu-
sion scan in the lesion area. A nonionic contrast agent of 50
mL was administered at a rate of 4.0 mL/s through the median
cubital vein, with a scan delay of 6.0 s and a scan duration of
60 s, using a matrix of 512 x 512. The imaging speed of the
axial scan was one frame per second, with a tube voltage of
120 kV, a tube current of 60 mA, and a field of view of 26
cm. Perfusion analysis was conducted using pancreatic per-
fusion software on a workstation, with efforts made to avoid
selecting vascular regions of interest. The abdominal aorta was
chosen as the arterial site for perfusion, and a deconvolution
model was used to calculate perfusion parameters such as time
to peak, peak height, and blood flow. Each patient underwent
a single MSCT scan.

Diagnosis and treatment of peripancreatic infection

In order to facilitate early diagnosis and prevention of peri-
pancreatic infection, as well as to provide timely treatment,
we performed percutaneous punctures on suspicious lesions
around the pancreas under ultrasound or CT guidance, fol-
lowed by drainage and continuous irrigation. The location and
size of the abscess were identified through ultrasound or CT
scans, and the optimal puncture angle, plane, and needle en-
try point were selected. The needle position was observed and
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adjusted under the guidance of ultrasound or CT, and then the
needle tip was withdrawn from the abscess and placed with a
drainage tube. If the fluid obtained after drainage or irrigation
tested positive for bacterial cultures, it confirmed the presence
of peripancreatic infection. All patients received nutritional
support, gastrointestinal decompression, fasting, oxygen ther-
apy, anti-inflammatory treatment, and continuous fluid protein
infusion. If symptoms did not improve, additional treatments
such as percutaneous drainage under CT guidance, laparo-
scopic cholecystectomy, common bile duct incision drainage,
and surgical debridement for peripancreatic infection were
performed promptly.

Clinical outcomes

This study compared the MSCT perfusion imaging parameters
between elderly SAP patients with and without peripancreatic
infection. It analyzed the value of MSCT perfusion imaging
parameters in assessing the risk of peripancreatic infection.
The optimal cut-off value for evaluating peripancreatic in-
fection was recorded for each parameter, and the sensitivity,
specificity, area under the curve (AUC), and 95% confidence
interval (95% CI) for evaluating peripancreatic infection were
calculated for each parameter.

Statistical analysis

This study utilized SPSS 25.0 software for data statistical anal-
ysis. The measured data followed a normal distribution with
equal variances. It was described using the mean plus or minus
the standard deviation, and a group-based #-test is performed.
Count data were described using percentages and subjected
to a Chi-square test. To assess the value of MSCT perfusion
imaging parameters in evaluating the risk of peripancreatic in-
fection in elderly SAP patients, ROC curve analysis was per-
formed, and the AUC was compared using a nonparametric
rank-sum test. When the P value is less than 0.05, the differ-
ence is statistically significant.

Results

The incidence and prognosis of pancreatic/peripancreatic in-
fection in 110 elderly patients with systemic inflammatory re-
sponse syndrome (SIRS)

This study included a total of 110 elderly patients with
SAP, including 69 males and 41 females, with a mean age of
74.52 £+ 5.16 years (ranging from 60 to 86 years). The average
length of hospital stay was 15.60 + 4.10 days (ranging from §
to 20 days). The mean Acute Physiology and Chronic Health
Evaluation (APACHE II) score was 15.56 + 2.60. Among the
110 elderly SAP patients, the incidence of peripancreatic in-
fection was 20.91% (23/110), and the case fatality rate was
0.91% (1/110). Of the 23 elderly SAP patients with concomi-
tant peripancreatic infection, 11 received conservative treat-
ment, seven underwent percutaneous drainage guided by CT,
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four underwent laparoscopic cholecystectomy and drainage,
and one received a combination of percutaneous drainage and
laparoscopic cholecystectomy guided by CT. These patients
showed improvement in symptoms and signs after treatment,
with gradual reduction of abdominal pain, normalization of
serum amylase and C-reactive protein (CRP) levels, and de-
creased peripancreatic exudate observed on CT scans, indicat-
ing resolution of peripancreatic infection. Only one patient
died due to disease progression and multi-organ dysfunction.

In 87 elderly SAP patients with no pancreatic infection,
44 received conservative treatment, 29 received percutaneous
catheter drainage under CT guidance, 11 underwent laparo-
scopic cholecystectomy + gallbladder drainage, and three re-
ceived percutanecous catheter drainage under CT guidance +
laparoscopic cholecystectomy. These patients have all been
discharged after their condition improved due to symptomatic
treatment.

Comparison of MSCT perfusion imaging parameters in
elderly SAP patients with combined peripancreatic infection
and without peripancreatic infection

MSCT perfusion imaging shows that after peripancreatic
infection in 23 elderly SAP patients, the pancreatic density de-
creases, the pancreatic region enlarges, the pancreatic margins
become blurred, and the presence of abdominal fluid. Among
them, 22 patients experienced splenic vein compression/nar-
rowing/occlusion, 17 experienced superior mesenteric vein
compression/narrowing/occlusion, 19 had portal vein dilata-
tion/thrombosis, and 21 had collateral circulation. Figure 1
shows the perfusion CT images of an elderly SAP patient with
a combined pancreatic infection and another without a pancre-
atic infection.

As shown in Table 1, compared with elderly patients with
SAP without peripancreatic infection, elderly SAP patients
with concomitant peripancreatic infection had a prolonged
time to peak and decreased peak height, and reduced blood
flow (all P <0.05).

Efficiency analysis of MSCT perfusion imaging param-
eters for evaluating the risk of peripancreatic infection in el-
derly patients with SAP

As shown in Figure 2 and Table 2, the results of ROC anal-
ysis indicated that when evaluating the risk of peripancreatic
infection in elderly SAP patients, the specificity and AUC of
the combination of three parameters (peak time, peak height,
and blood flow) were higher than those of a single parameter
(all P <0.05). There was no significant difference in sensitiv-
ity between the combination of three parameters and a single
parameter (all P> 0.05).

Discussion

SAP is a complex condition with various etiological factors,
including obstruction, alcohol-induced inflammation, vascu-
lar embolisms, metabolic disorders (e.g., hypercalcemia and
hyperlipidemia), and trauma. These factors can trigger in-
flammatory exudation and infection in the pancreatic tissues,
significantly increasing mortality risk [14]. Currently, clinical
diagnosis of SAP in elderly individuals primarily relies on im-
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Figure 1. Representative MSCT perfusion imaging of elderly SAP patients. (a) MSCT perfusion imaging of a 67-year-old male
SAP patient without peripancreatic infection. (b) MSCT perfusion imaging of a 65-year-old male SAP patient with concurrent
peripancreatic infection. SAP: severe acute pancreatitis; MSCT: multi-slice spiral computed tomography.

Table 1. Comparison of MSCT Perfusion Imaging Parameters Between Elderly SAP Patients with and Without Peripancreatic Infection

Peripancreatic infection Peak time (s) Peak height (HU) Blood flow (mL/g/min)
With (n = 23) 25.75+4.01 55.69 +£10.25 810.73 £ 95.66

Without (n = 87) 23.05+3.98 67.85+11.32 1085.69 + 128.95

t 2.889 4.668 9.542

P 0.005 <0.001 <0.001

HU: Hounsfield units; SAP: severe acute pancreatitis; MSCT: multi-slice spiral computed tomography.
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Figure 2. ROC curves for evaluating the risk of peripancreatic infection in elderly SAP patients using MSCT perfusion imaging pa-
rameters. SAP: severe acute pancreatitis; MSCT: multi-slice spiral computed tomography; ROC: receiver operating characteristic.

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™ www.gastrores.org 85



Diagnostic MSCT in SAP

Gastroenterol Res. 2024;17(2):82-89

Table 2. Evaluation of the Efficacy of Predicting the Risk of Peripancreatic Infection in Elderly SAP Patients Using Time to Peak,
Peak Height, and Blood Flow Volume, Either Individually or in Combination, From MSCT Perfusion Imaging

Parameter (cut-off value) Sensitivity (%) Specificity (%) AUC 95%CI

Peak time (24.15 s) 82.61 (19/23) 74.71 (65/87) 0.804 0.717 - 0.873
Peak height (62.03 HU) 78.26 (18/23) 77.01 (67/87) 0.787 0.698 - 0.859
Blood flow (916.82 mL/g/min) 86.96 (20/23) 72.41 (63/87) 0.719 0.625 - 0.801
Combined 78.26 (18/23) 100.00 (87/87) 0.813 0.727 - 0.881

HU: Hounsfield units; SAP: severe acute pancreatitis; MSCT: multi-slice spiral computed tomography; AUC: area under the curve; Cl: confidence

interval.

aging modalities, notably CT and MRI [15]. CT utilizes pre-
cise collimated X-ray beams, gamma rays, and ultrasound for
rapid, slice-by-slice scans of specific body areas, offering clear
images and immediate results [16]. Conversely, MRI employs
external magnetic field gradients to detect emitted electromag-
netic waves, enabling precise lesion detection and assessment
of lesion extent and edema [17]. In cases of severe pancreatitis,
CT typically reveals diffuse or localized pancreatic enlarge-
ment with reduced density and thickening of the surrounding
fascial area, often accompanied by localized exudation. In
contrast, MRI predominantly shows localized or widespread
pancreatic enlargement with indistinct contours, accompanied
by peripancreatic features such as exudation, bleeding, and
mixed long T1 and T2 signal intensities [18]. However, the di-
agnostic accuracy of CT and MRI may be compromised by the
presence of typical symptoms in severe pancreatitis, including
bleeding and exudation, as well as anatomical complexities
such as the pseudo-pancreatic head and tail [19]. Consequent-
ly, CT and MRI may have limited utility in diagnosing severe
pancreatitis and providing guidance for clinical treatment [19].
Additionally, the Ranson score and APACHE 11 score are com-
monly used in clinical practice to diagnose the condition of
patients with SAP. However, these scoring systems require a
prolonged time of 48 h or more, lacking practicality in early
diagnosis. Furthermore, elderly SAP patients are at increased
risk of developing complications, notably pancreatic infection,
which can be life-threatening [20]. Thus, exploring innovative
techniques to enhance the assessment accuracy of pancreatic/
peripancreatic infection in elderly SAP patients is essential
[20]. Currently, MSCT is not a widely used diagnostic or man-
agement method for SAP. However, a considerable body of
research has shown that MSCT perfusion imaging can clearly
visualize the characteristics of lesions and vascular changes
in cases of pancreatitis. MSCT has a certain value in assess-
ing the severity of SAP and diagnosing complications such as
acute kidney injury [21].

In our study, we utilized MSCT perfusion imaging to as-
sess its diagnostic potential. The elderly SAP patients in our
study exhibited typical radiological features during the MSCT
perfusion imaging process, consistent with prior reports from
domestic and international sources [22]. In our study, the inci-
dence of peripancreatic infection was 20.91%, with one patient
succumbing to it, resulting in a mortality rate of 0.91%. Earlier
studies have reported peripancreatic infection incidence rates
of approximately 30% in SAP patients, with mortality rates
around 8% [23]. Our study’s lower incidence and mortality
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rates of pancreatic infection in elderly SAP patients could be
attributed to variations in baseline patient characteristics, treat-
ment strategies, and intervention measures.

MSCT perfusion imaging is an advanced technique that
relies on contrast agent diffusion principles and mathemati-
cal modeling to calculate perfusion parameters [22]. It as-
sesses tissue perfusion by quantifying the difference between
arterial inflow and venous outflow rates in terms of contrast
agent accumulation in tissues and organs [24]. This principle
can be utilized to measure perfusion parameters of tissues, ef-
fectively and quantitatively reflecting changes in local tissue
blood perfusion, particularly in pancreatic and liver tissues.
Consequently, it can be employed to evaluate tissue pathologi-
cal changes and inflammatory infiltration [25]. Prior studies
have indicated significant inflammatory exudate presence in
patients with SAP-related pancreatic infection, affecting tissue
perfusion, blood supply, and increasing the risk of pancreatic
necrosis [26]. In our study, elderly SAP patients with concur-
rent peripancreatic infection exhibited prolonged time to peak,
reduced peak height, and decreased blood flow compared
to those without infection during MSCT perfusion imaging.
These findings suggest that these three MSCT perfusion imag-
ing parameters could serve as valuable indicators for assessing
the risk of pancreatic/peripancreatic infection in elderly SAP
patients.

Additionally, in our study, we determined specific thresh-
old values for peak time, peak height, and critical blood flow
in elderly SAP patients with peripancreatic infection, measur-
ing at 24.15 s, 62.03 Hounsfield units, and 916.82 mL/min/g,
respectively. These parameters demonstrated excellent pre-
dictive value, with respective AUC values of 0.804, 0.787,
and 0.719. Importantly, peak time primarily reflects the time
elapsed from the initiation of dynamic contrast agent injection
to the point at which the signal reaches its zenith, offering in-
sights into vascular resistance, blood volume, and blood flow
[27]. Peak height, on the other hand, represents the maximal
enhancement value within the lesion, aiding in characterizing
the lesion’s nature [28]. Blood flow provides critical informa-
tion about blood supply to pathological tissues and serves as
a key parameter for assessing the lesion’s condition [29]. In
elderly SAP patients with concurrent peripancreatic infection,
the severity of tissue damage due to infection likely increases
vascular resistance, reduces peak enhancement, and compro-
mises blood flow [20].

Furthermore, in our study, we evaluated the sensitivity of
combined parameters for assessing peripancreatic infection
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in elderly SAP patients, which was found to be equivalent to
that of single parameters. However, the specificity and AUC
of combined parameters, namely peak time, peak height, and
blood flow rate, were significantly higher than those of single
parameters. These results underscore the diagnostic efficacy
of combining these parameters derived from MSCT perfusion
imaging in assessing the risk of peripancreatic infection in el-
derly SAP patients [30].

The scientific significance of our study lies in its explora-
tion of the diagnostic potential of MSCT perfusion imaging
for evaluating peripancreatic infection in elderly SAP patients.
While peripancreatic infection is a common complication in
SAP, conventional imaging approaches often fall short of ena-
bling early diagnosis. By harnessing MSCT perfusion imag-
ing, our study identified characteristic features of peripancreat-
ic infection, including decreased pancreatic density, pancreatic
enlargement, blurred pancreatic contours, and the presence of
ascites. Moreover, we established correlations between MSCT
perfusion imaging parameters and the occurrence of peripan-
creatic infection. Through ROC analysis, we demonstrated
that combining the parameters of peak time, peak height, and
blood flow significantly improves predictive accuracy for the
risk of peripancreatic infection.

From a clinical standpoint, the findings of our study hold
substantial clinical value in enhancing the precision of diagno-
sis and intervention outcomes for elderly SAP patients. Early
detection of peripancreatic infection enables the timely imple-
mentation of interventions, including antibiotic therapy, drain-
age procedures, and surgical interventions, thereby reducing
the risk of infection spread and associated complications. With
its noninvasive and reproducible nature, MSCT perfusion im-
aging offers an effective means to diagnose peripancreatic in-
fection accurately. It provides a foundation for personalized
treatment strategies by evaluating the perfusion kinetic param-
eters of the pancreas.

However, this study has several limitations. Firstly, it
is a single-center retrospective study with a relatively small
sample size. Further multicenter, large-scale prospective stud-
ies are still needed to validate the results of this study. Sec-
ondly, this study focused only on elderly patients with SAP,
and whether the findings are applicable to patients in other age
groups requires further investigation. Furthermore, although
MSCT perfusion imaging has demonstrated good efficacy in
the diagnosis of peripancreatic infection, the widespread ap-
plication of this technique needs to consider factors such as
cost-effectiveness, radiation dose, and technical difficulty.
Additionally, this study only included patients who received
MSCT perfusion imaging, which may introduce some selec-
tion bias. Therefore, before implementing this technique in
clinical practice, further evaluation of the balance between
risks and benefits is necessary.

Future research endeavors should delve deeper into the po-
tential of MSCT perfusion imaging in assessing peripancreatic
infection in elderly SAP patients. Comparative assessments with
alternative imaging methods, including ultrasound and MRI,
could substantiate its accuracy and feasibility. Additionally, ex-
ploring the integration of MSCT perfusion imaging with clini-
cal markers and other diagnostic modalities, such as inflamma-
tory biomarkers, could further enhance the comprehensiveness

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

and accuracy of peripancreatic infection diagnosis. Moreover,
efforts should be directed toward standardizing MSCT perfu-
sion imaging parameters and establishing universally accepted
thresholds, thereby facilitating its widespread adoption across
diverse healthcare institutions and clinical contexts.

In conclusion, our study findings strongly suggest that
MSCT perfusion imaging harbors significant diagnostic po-
tential for evaluating peripancreatic infection in elderly SAP
patients (Fig. 3). However, continued research is indispensable
to validate and optimize its practical utility while addressing
pertinent limitations and challenges. Through ongoing endeav-
ors, we anticipate that MSCT perfusion imaging will emerge
as a valuable tool, providing enhanced support for the diagno-
sis and management of elderly SAP patients, thereby improv-
ing patient prognosis and enhancing their quality of life.
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