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Abstract

Acute pancreatitis (AP) is a common acute abdomen disease of the digestive
system. It has a potentially fatal risk because of its variable severity and various
complications. With the widespread application of the Revised Atlanta Classi-
fication, new requirements for AP imaging reports are introduced. Experts in
abdominal radiology and pancreatology in the United States published the first
structured computed tomography reporting template for AP in 2020. However,
there is no corresponding structured magnetic resonance imaging (MRI) reporting
template globally. Therefore, this article focuses on the structured MRI report of
AP images from our pancreatitis imaging center, which is intended to improve the
systematic understanding of this disease and standardize the writing of MRI
structured reports. In the meantime, we aim to promote the clinical diagnosis and
assessment of MRI efficacy for AP and its multiple complications. It is further
intended to facilitate academic exchanges and scientific research between different
medical centers.

Key Words: Magnetic resonance imaging; Acute pancreatitis; Structured reporting;
Computed tomography
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Core Tip: Acute pancreatitis (AP) is a common digestive disease. Experts in abdominal radiology and
pancreatology in the United States published the first structured computed tomography reporting template
for AP in 2020, but there is no corresponding structured magnetic resonance imaging (MRI) reporting
template internationally. For this reason, this article focuses on the structured MRI report of AP and its
standardization, which is beneficial for clinicians to diagnose and evaluate the MRI efficacy of AP and its
multiple complications. At the same time, it will promote academic exchanges between different medical
centers as well as scientific research and teaching.

Citation: Song LJ, Xiao B. Acute pancreatitis: Structured report template of magnetic resonance imaging. World J
Radiol 2023; 15(6): 157-169

URL: https://www.wjgnet.com/1949-8470/full/v15/i6/157.htm

DOI: https://dx.doi.org/10.4329/wjr.v15.i6.157

INTRODUCTION

Acute pancreatitis (AP) is one of the most common causes of hospitalization due to gastrointestinal
disorders and it requires multidisciplinary treatment[1,2]. AP inflammation can be confined to the
pancreas itself, and can further involve other tissues and remote organs[3]. Approximately 15%-20% of
AP patients will progress to severe acute pancreatitis (SAP)[4], which is potentially lethal and remains
one of the most challenging diseases to date. In China, the majority of AP patients are caused by
cholelithiasis, alcoholism, and hyperlipidemia[5]. With the in-depth study of pathophysiological
mechanisms of AP, traditional terminologies of imaging reports related to AP have been updated in the
Revised Atlanta Consensus[6]. In fact, it is both an opportunity and a challenge for radiologists. In 2020,
American experts in the field of abdominal radiology and pancreatology first released AP's computed
tomography (CT) structured report template[7]. It is designed based on contrast-enhanced CT. But to
the best of our knowledge, magnetic resonance imaging (MRI) has additionally important values in the
AP severity assessment at early-phase and differential diagnosis of AP-related collection complications
[3,8,9]. However, there is a lack of corresponding MRI structured report template in this field. In this
article, therefore, we have combined our clinical practice and previous research data to introduce the
structured MRI report template for AP. Our aim is to facilitate the standardization of MRI report writing
and clinical multidisciplinary team communication for AP patients.

IMAGING INDICATIONS OF ACUTE PANCREATITIS

AP is a dynamically changing disease. In the clinical settings, most AP patients have a typical clinical
course, symptoms and signs, and serum enzyme characteristics[10]. Under normal circumstances,
imaging examination is not the first or mandatory choice. However, AP patients with the following
aspects need to be examined in time: (1) Difficulty in differential diagnosis of other acute abdomen
disorders; (2) serum enzymatic levels do not reach the relevant threshold; (3) confirm the clinical
prediction of SAP; and (4) suspected cholelithiasis and other neoplastic complications[11]. In addition,
the detection of various local complications in the late stage of AP and the evaluation of curative effect
after treatment are also indications for AP repeated imaging examination[6,12].

For radiologists, the first step should be to identify the patient's general information (gender, age,
inducement, previous history, concomitant diseases, etc). It is essential for the diagnosis and treatment
of pancreatic diseases. For instance, men are prone to alcoholic AP due to alcohol abuse, while women
are prone to gallstone AP[13]. The occurrence of AP in adolescents may be related to genetic factors and
biliopancreatic duct anatomical variants. In contrast, AP in the elderly may be severe and complicated
by advanced age factors and the coexistence of multiple underlying diseases. The medical history of
pregnancy, trauma, and endoscopic retrograde cholangiopancreatography (ERCP) is also important in
determining the etiology of AP. Additionally, Sadr-Azodi et al[14] suggest that smoking may be an
independent risk factor for AP. Another study further confirmed that smoking was positively associated
with the development of pancreatitis[15]. Last but most importantly, patients with underlying renal
disease or renal insufficiency need to avoid CT-enhanced examinations[6,16]. Accordingly, the
emergence MRI can make up for the deficiency of CT.

IMAGING TECHNIQUES OF ACUTE PANCREATITIS

Early imaging of AP (within 72 h of onset) is frequently deceptive due to underestimate the true extent
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of parenchymal involvement and the inability to reliably assess early complications[17,18]. However,
revised Atlanta International Consensus still suggests enhanced CT is the primary imaging method for
the initial diagnosis of AP patients. It can clearly diagnose AP and provide a better evaluation of
pancreatic necrosis, local complications, and the severity of AP. Occasionally, the application of contrast
agents has been reported to aggravate the condition of AP[19]. Also, CT examinations have radiation. So
accordingly, many studies at domestic and abroad have used conventional MRI sequences combined
with diffusion-weighted imaging (DWI) to detect AP. Some scholars have confirmed that the diagnostic
value of the DWI technique in AP is equivalent to that of enhanced CT and exceeds the capability of
plain CT[20]. They believe that DWI can be used as a powerful tool for evaluating and following up AP
[20]. In addition, MRI is feasible for patients with a medical history of iodine allergy or acute renal
insufficiency. Moreover, for pregnant women, children, and patients requiring multiple reviews, MRI
can be utilized to evaluate the pancreas and peripancreatic conditions.

Taking our unit as an example, we use the following MRI sequences and parameters for compre-
hensive evaluation of AP (Tables 1 and 2), covering T1-weighted imaging (T1WI) (anatomy, hemo-
rrhage), T2-weighted imaging (T2WI) (effusion, necrosis), DWI (early diffusion restriction), magnetic
resonance cholangiopancreatography (MRCP) (observation of the pancreaticobiliary system, effusion),
and contrast-enhancement scans (blood supply). Since each medical center has different MRI manufac-
turers and different imaging protocols, we recommend the mentioned-above sequences for reference.
On the basis of our clinical practice, most AP patients are able to complete MRI examinations.
Compared to enhanced CT, MRI has the following advantages for AP: (1) MRI is a non-ionizing
radiation-free diagnostic imaging that can be used for patients who require multiple follow-up scans; (2)
The diagnostic ability of MRI plain scan for pancreatic necrosis is comparable to that of contrast-
enhanced CT[20]; (3) Fat-suppressed T1WI is more sensitive than CT for the diagnosis of pancreatic/
peripancreatic hemorrhage[21]; (4) Fat-suppressed T2WI is appropriate for the detection of peripan-
creatic fat necrosis; (5) Fat-suppressed T2WI is significantly better than CT in showing small amounts of
"non-liquid" substances within acute necrotic collection (ANC) and walled-off necrosis (WON); (6)
MRCP is superior to CT in demonstrating morphological changes of main pancreatic duct (MPD) and
the connectivity between the MPD and pseudocyst/ WON; and (7) MRI is a reliable modality for staging
the severity of AP and has predictive value for disease prognosis. Indeed, MRI has some shortcomings.
For example, it is not as good as CT for peripancreatic infection gas findings. MRI needs a long scanning
time, and presents difficulty in completing the examination in some SAP patients, as well as a relatively
high cost. It is worth mentioning that clinicians need to clarify the advantages and disadvantages of
various imaging techniques in order to select the proper examination method for each individual with
AP.

STRUCTURED REPORT TEMPLATE OF MRI FOR ACUTE PANCREATITIS

As for the initial CT examination of AP, the Revised Atlanta Consensus recommends that it is better to
perform CT 3 d after AP onset[6,22]. At this time, the evaluation of the degree of inflammation and the
confirmation of pancreatic necrosis are more reliable, and they may help facilitate the differentiation
between acute peripancreatic fluid collection (APFC) and ANC[17]. Furthermore, some scholars have
found that MRI performed within 3 d is also helpful in determining the severity of AP and evaluating
the prognosis[21].

The MRI structured report for AP should include the description of the pancreas itself, peripancreatic
conditions, related complications, and the severity score. Moreover, changes of the lesions before and
after treatment need to be described, as shown in Table 3[21,23].

INTERPRETATION AND CLINICAL VALUE OF EVALUATION INDEXES OF STRUCTURED
IMAGING REPORT

Pancreatic necrosis

Pancreatic necrosis refers to the pathological accumulation of inactivated pancreatic tissue, which is a
relatively common local complication of AP[24]. The extent of pancreatic necrosis can be subdivided
according to the anatomical region of the organ and the percentage of unenhanced pancreatic
parenchyma, such as < 30%, 31%-50%, and > 50% subcategories[25]. These subcategories are clinically
significant because the volume of glandular necrosis can predict serious complications such as infection
and organ failure. When talking about necrotizing pancreatitis, we previously always thought of the
severity of "pancreas itself" necrosis. This is because of the influence of the scoring system based on the
degree of pancreatic parenchymal necrosis proposed by Balthazar. However, the Revised Atlanta
Consensus reclassified pancreatic necrosis into three subtypes: (1) Pancreatic and peripancreatic necrosis
(mixed type) (Figure 1A and B); (2) peripancreatic necrosis only (Figure 1C and D); and (3) pancreatic
necrosis only (Figure 2). Although the mixed type is the most prevalent in clinical practice, the latter two
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Table 1 Magnetic resonance imaging sequences and parameters (1.5 Tesla) for acute pancreatitis

Sequence Repetition time (ms) Echo time (ms) Slice thickness (mm) Slice space (mm) Matrix Field of view (mm) Flip angle

TIWI 6.19
IP/OP 6.19
T2WI 2000
DWI 3611
MRCP 6500

DCE MRI 6.19

2.86 24 0 143 x 272 300 x 400 15°
4.47 24 0 143 x 272 300 x 400 15°
78.26 5 1 256 x 152 300 x 380 150°
64 6 1.2 114 x 144 300 x 380 90°
1004 60 60 336 x 336 340 x 340 160°
2.86 24 0 143 x 272 300 x 400 15°

IP/OP: In-phase/Out-of-phase; DWI: Diffusion-weighted imaging; MRCP: Magnetic resonance cholangiopancreatography; DCE: Dynamic contrast-

enhancement.

Table 2 Magnetic resonance imaging sequences and parameters (3.0 Tesla) for acute pancreatitis

Sequence Repetition time (ms) Echo time (ms) Slice thickness (mm) Slice space (mm) Matrix  Field of view (mm) Flip angle

TIWI 3.91

T2WI 8963
DWI 3555
MRCP 6000

DCEMRI 391

1.42 45 0 304 x 274 400 x 300 12°
116.16 6 20 256 x 218 380 x 300 90°
63.8 6.0 20 128 x 101 380 x 300 90°
753.6 60 0 368 x 276 300 x 300 180°
1.42 45 0 304 x 274 400 x 300 12°

DWI: Diffusion-weighted imaging; MRCP: Magnetic resonance cholangiopancreatography; DCE: Dynamic contrast-enhancement.

WIR |
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subtypes also require attention. As proposed by Meyrignac et al[26] and Cakar ef al[27] in recent years,
the amount of peripancreatic necrosis was more suitable for AP severity determination and prognostic
analysis than the pancreatic necrosis score proposed by Balthazar. And meanwhile, it could better
predict organ failure and secondary infection. Cucuteanu ef al[28] found that extra-pancreatic necrotic
volume was the best predictor for evaluating severe pancreatitis with an area under the curve of 0.993.
MRI has good soft tissue resolution, so it is accurate to determine the nature of pancreatic necrosis and
the measurement of extra-pancreatic necrotic volume.

Pancreatic divisum

Pancreatic divisum is an anatomical variation of the pancreatic duct system, with an incidence of
approximately 10% in the general population. About 5% of these patients will present with symptoms
[29]. MRI combined with MRCP is the first choice for the diagnosis of pancreatic divisum. It has been
estimated that approximately 20% of AP patients with unknown etiology suffer from pancreatic
divisum[29]. Therefore, MRI structured report template for AP should include the description of
pancreatic divisum.

Peripancreatic changes

As we all known, the term “AP-related hemorrhage” is not mentioned in the Revised Atlanta Classi-
fication. Pathologically, AP is still divided into interstitial edematous pancreatitis and hemorrhagic
necrotizing pancreatitis (necrotic lesions often accompanied by hemorrhagic foci)[30]. Peripancreatic
fatty tissue necrosis is a form of inflammatory extension involving the peripancreatic intra-abdominal
fatty tissue and adipose tissue in the retroperitoneal spaces[31]. MRI might show the intra-abdominal
inflammatory involvement located in the omental or mesenteric fatty tissue regions. In our clinical
practice, we found that peripancreatic fat necrosis combined with hemorrhage could be detected by MRI
(patchy T1-hyperintense on fat suppression TIWI). Although early detection of this pathology condition
may have no effect on patient management, necrosis combined with hemorrhage may be associated
with the prognosis of AP patients. Scholars show that pancreatic/peripancreatic hemorrhage
demonstrated on MR imaging (Figure 3A) has a good correlation with the severity of AP[21], which can
be useful in prognostic determination.

In addition to the corresponding changes in retroperitoneal spaces in AP, changes in subperitoneal
spaces should also be observed. Some scholars have conducted clinical studies on this issue. AP is prone
to involve the transverse colonic mesentery (incidence of 61.9%)[32] (Figure 3B). Moreover, AP also
easily involved the small intestine mesentery (incidence of 67.9%)[33]. Both the transverse-mesocolon
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Table 3 Structured report template of magnetic resonance imaging for acute pancreatitis

Contents

Descriptions

Pancreas itself
Enlargement

Edge

Signal intensity
Enhancement
Pancreatic duct
Pancreatic necrosis
Position

Range'

Peripancreatic changes

Renal fascia and peritoneum

Peripancreatic fat space

Peripancreatic fat necrosis

Peripancreatic collection

Local complication

I Pancreatic/peripancreatic collection (type)

APFC
ANC

Pseudocyst

WON

II Infection of collection

Complicated intestinal fistula

III Pancreatic duct disruption syndrome

IV Vascular complications
Venous thrombosis

Sinistral portal hypertension
Pseudoaneurysm

Organ complications

Liver

Gallbladder and bile duct

Lung
Subcutaneous and intermuscular space

Severity image score (MRSI)

Comparison with previous imaging findings

Diffuse; Focal (head/neck/body/tail)

Clear; blur

Variable owing to internal necrosis and/or hemorrhage
Homogeneous; Heterogeneous

Normal; dilated (mm); stricture (mm); calculi (mm)

Head; neck; body; tail

<30%; 30%-50%; > 50%

Thickening (anterior renal fascia/posterior renal fascia/lateral cone fascia/lateral abdominal wall
peritoneum); Enhanced or not?

Clear; Blur

Site (retroperitoneal space/transverse colonic mesentery/small intestinal mesentery); amount
(patchy/large flake); whether combined with hemorrhage (fat-suppressed T1-hyperintense)[21]

Position’; volume (linear/ patchy/large); encapsulated round/ oval; contents (homogeneous fluid
signal/heterogeneous mixed signal)

Some of the features can be seen in the above peripancreatic collection
Yes or no?
Yes or no?

Yes or no? If yes, thickness of the cyst wall (mm, uniform?); Is adjacent to and pushing out adjacent
organs (stomach/duodenum, etc.)?

Yes or no? If yes, thickness of the lesion wall (mm); Whether the wall is enhanced and the pattern of
enhancement? “Non-liquid substances” within WON (< 10%, 10%-40%, > 40%)[23]; Is WON close to
adjacent organs (stomach/duodenum/AC/DC)?

Suggestive signs [bubble sign, air-fluid level sign]

Relationship between collection and the intestinal fistula canal, and the intestinal segment of intestinal
fistula (duodenum/AC/DC)

Site (head/neck/body); Is MPD dilated on the upstream/caudal side of the interruption (mm)?
Relationship with adjacent pseudocyst/ WON?

SV; SMV; PV, etc.
Establishment of collateral vascular network’

Size (mm) and involvement artery*

Fatty liver (Signal difference of liver in the in-phase and out-of-phase)

Gallbladder stones (sandy/ granular/filled); Common bile duct stones (site, number, size) and
maximum duct diameter (mm)

Extent of pneumonia, pleural effusion
Edema/ effusion
(0-10) score

For AP review, describe the pancreatic/ peripancreatic changes after treatment; for surgical treatment,
describe the site of the external drainage tube and internal covered metal stent

The ratio of the area of pancreatic necrosis in the largest slice to the whole pancreatic area.

Jaishideng®

WJR | https://www.wjgnet.com 161

June 28,2023 | Volume15 | Issue6



Song L] et al. Acute pancreatitis: MRI structured report template

%Sites of effusion include: left/right pararenal anterior spaces, perirenal spaces, posterior pararenal spaces, omental sac, bilateral paracolic sulcus,
transverse colonic mesentery, small intestinal mesentery, greater omentum, other abdominal spaces, pelvic extraperitoneal spaces, pelvis cavity, thoracic
cavity, and mediastinum.

3Such as left/right gastric omental vein, gastrocolic trunk, short gastric vein, submucosal vein of gastric fundus and gastric coronary vein).

#Such as splenic artery, pancreaticoduodenal artery, gastroduodenal artery, superior mesenteric artery, and celiac trunk. APFC: Acute peripancreatic fluid
collection; ANC: Acute necrotic collection; WON: Walled-off necrosis; AC: Ascending colon; DC: Descending colon; MPD: Main pancreatic duct; SV:
Splenic vein; SMV: Superior mesenteric vein; PV: Portal vein; IEP: Interstitial edematous pancreatitis; ANP: Acute necrotizing pancreatitis.

DOI: 10.4329/wijr.v15.i6.157 Copyright ©The Author(s) 2023.

Figure 1 Pancreatic and peripancreatic necrosis. A: Schematic diagram of pancreatic and peripancreatic necrosis (mixed type): pancreatic body necrosis
(N) accompanied by peripancreatic fatty tissue debris (FD); B: A 61-year-old male with acute necrotizing pancreatitis (both pancreatic and peripancreatic necrosis).
Fat-suppressed axial T1-weighted imaging shows a wide range of necrosis of the head and body of the pancreas (arrowheads), as well as peripancreatic collections
containing large amounts of fat necrotic debris (arrows); C: Schematic diagram of necrotizing pancreatitis (peripancreatic necrosis alone): FD and absence of
necrosis of pancreatic parenchyma; D: A 65-year-old woman with acute necrotizing pancreatitis (peripancreatic necrosis alone). Magnetic resonance imaging T2WI
shows multiple patchy fatty fragments (hypointensity areas) (arrows) surrounding the pancreas.

involvement score and the mesenteric involvement score correlated well with the MRSI score[32,33].
These signs of subperitoneal space invasion can contribute to the prognostic assessment of the disease.

Local complications

The Revised Atlanta Consensus renamed four local fluid collections following AP. Of note, the exact
time from the onset of the patient's initial symptoms to the imaging examination needs to be clarified.
For radiologists, it is important for the correct nomenclature of peripancreatic fluid collections[2].
Typically, an imaging diagnosis of a pseudocyst or WON is reported equivalent to 4 wk after the onset
of APFC (Figure 3C) or ANC (Figure 1). In particular, while characterizing the contents of a WON
(Figure 3D), the percentage of solid debris within the overall fluid collection needs to be identified. That
can be valuable in the choice of patient treatment decision-making. Rana et al[23] performed endoscopic
ultrasound-guided treatment in 43 patients with symptomatic WON. When the solid necrotic debris in
WON is less than 10%, only one endoscopic drainage is required. Then, at least two endoscopic
drainages are required to cure patients if the necrotic debris is between 10% and 40%. If the solid
necrotic debris is more than 40%, either endoscopic removal of necrotic tissue under ultrasound or
surgical removal of necrotic tissue is additionally required[23]. In other words, with the increase of the
amount of solid fragments, the number of transendoscopic operations will increase significantly[23].
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Figure 2 Peripancreatic necrosis only. A: Schematic diagram of necrotizing pancreatitis (pancreatic necrosis alone): Scattered necrotic lesions (N) within the
pancreatic parenchyma; B: A 40-year-old man with necrotizing pancreatitis (pancreatic necrosis alone). Magnetic resonance imaging fat-suppressed T1-weighted
imaging shows hypointensity area (arrow) in the pancreatic body, as well as absence of peripancreatic fat involvement.

JBaishideng®

DWI technology has a good ability to distinguish between aseptic, infected or necrotic components in
WON]3,9,34]. Therefore, MRI is also a powerful tool for the qualitative and quantitative analysis of solid
necrotic debris in WON.

Complications of infection

If peripancreatic fluid collection is complicated with infection, the mortality of AP patients will be
significantly increased[6,35]. When gas-bubble or gas-fluid level signs appear in the APFC/ANC or
pseudocyst/ WON, radiologists need to describe in the MRI report and suggest infectious collections
(Figure 3E). Besides, long-term fluid collections in the peripancreatic areas may erode the adjacent
digestive tract and cause a secondary intestinal fistula[35]. Therefore, we need to report the segment of
the intestinal canal that may be complicated by intestinal fistula. Patients with combined intestinal
fistulas are indications for surgical procedures[36].

Disconnected pancreatic duct syndrome

If an encapsulated fluid collection of the pancreas/peripancreatic zones involves the entire length of a
pancreas (transmural necrosis), the collection lesion can often disrupt the MPD (Figure 3F and G). That
is to say, it can lead to "disconnected pancreatic duct syndrome (DPDS)"[37], which is commonly seen in
acute necrotizing pancreatitis. A recent prospective study shows that about 46.2% of patients with
necrotizing pancreatitis will develop DPDS[38]. In addition, Maatman et al[39] have confirmed that an
increased degree of pancreatic glandular necrosis is associated with the development of DPDS. Most
importantly, the presence of such complications often requires surgical management. ERCP is the gold
standard for diagnosing DPDS with 100% sensitivity, but it is invasive[40]. Magnetic resonance cholan-
giopancreatography (MRCP) is a non-invasive magnetic resonance technique. A recent study reported
92% sensitivity of combined MRCP and secretin MRCP in diagnosing DPDS[40]. That it can be seen that
MRCP technology in MRI plays an irreplaceable role in the diagnosis of DPDS.

Vascular complications

Sinistral portal hypertension: Although chronic pancreatitis and pancreatic cancer are the main causes
of sinistral portal hypertension (SPH), AP-related SPH also requires attention[41]. One study[42] found
a 3.3% prevalence of SPH in 633 AP patients who underwent MRI. According to MRSI scores, the
prevalence of SPH in mild, moderate, and severe AP increased progressively with 0.6%, 2.9%, and
47.8%, respectively[42]. This complication may be associated with late-phase gastrointestinal bleeding in
AP patients and is therefore described in the MR structured report.

Pseudoaneurysm: Pseudoaneurysm is a rare but potentially fatal complication of AP, which is caused
by reactive local arteritis following pancreatic proteolytic enzyme erosion[43]. The lesion most
frequently involves the splenic, gastroduodenal, or pancreaticoduodenal arteries. If a pseudoaneurysm
ruptures and bleeds, it may constitute a life-threatening emergency[24]. MRI can directly show the
pseudoaneurysm lumen connected to the adjacent artery and the mural thrombus in the pseudoan-
eurysm lumen. On the enhanced MRI, the enhancement of the pseudoaneurysm lumen corresponds to
that of an adjacent artery, while the non-enhanced area shows mural thrombus formation.

Venous thrombosis: Venous thrombosis is the most common vascular complication of AP[24]. The
splenic vein is the most frequent vein invaded by inflammatory extension of the pancreas because of its
proximity to the pancreas. Furthermore, the portal and superior mesenteric veins may also be involved.
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Figure 3 Pancreatic necrosis only. A: A 47-year-old male with acute necrotizing pancreatitis complicated by hemorrhage. Magnetic resonance imaging (MRI)
fat-suppressed T1WI depicts a large area of hyperintensity in the pancreatic body (arrow) and peripancreatic areas (), indicating the presence of pancreatic and
peripancreatic fat necrosis with hemorrhage; B: A 73-year-old man with acute necrotizing pancreatitis complicated with transverse mesenteric effusion. MRI T1-
weighted imaging (T1WI) demonstrates peripancreatic inflammation spreading from the root of mesentery to the transverse colon along the involved transverse
mesentery (). P: pancreas; C: A 63-year-old woman with acute interstitial pancreatitis with acute peripancreatic fluid collection. MR fat-suppressed T2WI reveals the
uniformly hyperintense fluid collections (arrows) around the pancreas; D: A 53-year-old woman with walled-off necrosis secondary to acute necrotizing pancreatitis
(pancreatic and peripancreatic necrosis type). MRI fat-suppressed T2WI shows an enveloped necrotic collection involving the body and tail of the pancreas, with solid
necrotic debris (arrows) accounting for more than 40%; E: A 45-year-old man with acute necrotizing pancreatitis accompanied by walled-off necrosis and secondary
infection. MRI fat-suppressed T2WI shows extensive walled-off necrosis in the omental sac, as well as a gas-fluid level sign (arrow). Thereafter, the open surgery and
drainage for infectious collections was performed; F: A 55-year-old woman with pancreatic duct disruption syndrome secondary to acute necrotizing pancreatitis with
walled-off necrosis. MRI T2WI shows an enveloped necrosis lesion () in the pancreatic head, and a cut-off sign (arrow) of the main pancreatic duct (MPD) traveling

into this lesion (*). G: MRCP reveals that the MPD of the pancreatic body and tail directly enters into the lesion () in a right-angle, concomitant with the interrupted
MPD.

Dorffel et al[44] assessed this issue by color Doppler ultrasonography and found the incidence of venous
thrombosis was 30% in acute non-necrotizing pancreatitis and 57% in necrotizing pancreatitis, similar to
the conclusion of Jeffrey et al[45]. When there is venous thrombosis, MRI shows a loss of the normal
vascular flow effect in the involved venous segment. After administration of contrast agent, intravenous
filling defects can be seen on the enhanced venous phase images.

Organ complications/comorbidities

It is well known that three-quarters of the hepatic blood are supplied by the portal system. When AP
occurs, many inflammatory factors and free fatty acids could be gathered in the liver during a short
period of time, thereafter, MRI manifestations of fatty liver can be seen. Xiao et al[46] found that 66% of
AP patients could be detected with signs of fatty liver on MRI. And the liver signal difference quantified
by in-phase and out-of-phase images was positively correlated with MRSI. With the reduction of plasma
triglyceride levels, the performance of the fatty liver on MRI can gradually return to normal[46].

The diagnosis of biliary stones, especially common bile duct stones, is suggestive for the choice of
clinical treatment modality[47]. Thus, the MRI report description needs to be focused on gallstone
pancreatitis (Figure 4). Furthermore, AP inflammatory exudate has a great impact on the gastro-
intestinal tract. It often causes damage to the intestinal barrier[48], followed by incomplete intestinal
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Figure 4 The magnetic resonance imaging report description needs to be focused on gallstone pancreatitis. A 56-year-old woman with acute
gallstone pancreatitis. A: Magnetic resonance imaging T2WI coronal imaging shows multiple hypointensity stones (arrowheads) in the gallbladder and gallbladder
duct, and another hypointensity stone (arrow) in the lower level of the common bile duct. The patient was underwent an endoscopic retrograde
cholangiopancreatography (ERCP) procedure; B: ERCP shows a stone in the lower part of the common bile duct with suppurative conditions (arrow). P: Pancreas.

DOI: 10.4329/wjr.v15.i6.157 Copyright ©The Author(s) 2023.

Figure 5 Acute pancreatitis can also cause subcutaneous edema and fluid collection changes in the abdominal walls. A 25-year-old man with
acute necrotizing pancreatitis and acute necrotic collection accompanied by conspicuous subcutaneous edema. Magnetic resonance imaging fat-suppressed T1-
weighted imaging shows a majority of hyperintense fluid collections () in the left pararenal anterior space, and large flaps of hyperintense changes (arrows) in
subcutaneous tissues of bilateral flanks and abdominal walls. P: Pancreas.

Jaishideng®

obstruction. This is associated with abdominal distention and increased intra-abdominal pressure in AP
patients.

As far as chest CT is concerned, AP is mostly combined with pleural effusion and signs of
compressive atelectasis[49]. Some scholars have suggested that this may be related to the presence of
respiratory insufficiency (such as acute respiratory distress syndrome) in AP patients[50].

AP can also cause subcutaneous edema and fluid collection changes in the abdominal walls
(Figure 5). Yang et al[51] found that 53.8% of AP patients showed abdominal wall edema on MRI. The
abdominal wall edema score was positively correlated with the MRSI score[51]. Also, the degree of
abdominal wall edema could indirectly reflect the severity of AP.

Comparison before and after treatment

The radiological changes in pancreatic/peripancreatic fluid collections before and after treatment
should be described emphatically (Figure 6) in order to guide the adjustment of clinical treatment. In the
cases of surgical drainage or built-in metal stents[52], the relationship between the site of the placement
and the surrounding tissues and organs should be observed.

CONCLUSION

In summary, AP is a systemic and complex disease. The radiologists need to assist the clinicians in
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Figure 6 The radiological changes in pancreatic/peripancreatic fluid. A 49-year-old woman with acute necrotizing pancreatitis and pancreatic walled-off
necrosis, performed by endoscopic ultrasound drainage. A: Magnetic resonance imaging fat-suppressed T1-weighted imaging shows a walled-off necrosis (WON)
with a diameter of 10 cm x 9 cm in the omental sac and pancreatic body and tail, as well as numerous necrotic fragments (arrowheads) within the WON. The WON is
adjacent to the gastric body; B: Thereafter, under the guidance of endoscopic ultrasonography, a fully coated mushroom metal stent (arrow) was placed through the
stomach for internal drainage; C: Postoperative computed tomography image shows that the WON was apparently decreased, with a large amount of gas and a high-
density stent (arrow) in place. St: Stomach, P: Pancreas, GB: Gallbladder.

selecting a reasonable imaging modality. Although enhanced CT is considered to be the main imaging
method for the first diagnosis of AP patients, MRI has good soft tissue resolution and various sequence
techniques. Thus, it can be better evaluated and follow up the condition of AP patients. In the writing of
MR structured imaging report, we need to take into account the systematic description of the pancreas
itself, peripancreatic changes, local complications, organ complications, and the dynamic changes after
treatment. If the patient's condition is tolerated and the hospital equipment permits, we recommend that
the patient be examined by MRI. The MRI structured report template of AP recommended in this paper
could be used as a reference for different centers. Indeed, multi-center validation of MR structured
report template at domestic and abroad is needed in order to constantly improve and update in the
future clinical practice.
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Abstract

Preoperative prediction of the postoperative pancreatic fistula risk is critical in the
current era of minimally invasive pancreatic surgeries to tailor perioperative
management, thereby minimizing postoperative morbidity. Pancreatic duct
diameter can be readily measured by any routine imaging used to diagnose
pancreatic disease. However, radiological evaluation of pancreatic texture, an
important determinant of pancreatic fistula, has not been widely used to predict
the risk of postoperative pancreatic fistula. Qualitative and quantitative
assessment of pancreatic fibrosis and fat fraction provides the basis for predicting
pancreatic texture. Traditionally computed tomography has been utilized in
identifying and characterizing pancreatic lesions and background parenchymal
pathologies. With the increasing utilisation of endoscopic ultrasound and
magnetic resonance imaging for evaluating pancreatic pathologies, elastography
is emerging as a promising tool for predicting pancreatic texture. Also, recent
studies have shown that early surgery for chronic pancreatitis is associated with
better pain relief and preservation of pancreatic function. Pancreatic texture
assessment can allow early diagnosis of chronic pancreatitis, facilitating early
intervention. The present review outlines the current evidence in utilizing various
imaging modalities for determining the pancreatic texture based on different
parameters and image sequences. However, multidisciplinary investigations
using strong radiologic-pathologic correlation are needed to standardize and
establish the role of these non-invasive diagnostic tools in predicting pancreatic
texture.

Key Words: Pancreatic fistula; Minimally invasive; Pancreaticoduodenectomy; Pancreatic
cancer; Neoplasms; Computed tomography; Endoscopic ultrasound; Ultrasonography;
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Core Tip: Preoperative prediction of pancreatic texture and pancreatic fistula risk can guide selecting
patients who could derive maximum benefit from minimally invasive pancreatoduodenectomy. Also,
pancreatic texture evaluation could facilitate early diagnosis of chronic pancreatitis. Endoscopic
ultrasound and magnetic resonance imaging-based elastography has improved the diagnostic accuracy of
pancreatic fibrosis. Future studies should focus on combining different radiological modalities and
correlating with histological parameters to standardize the radiological evaluation of pancreatic texture.
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INTRODUCTION

Pancreatoduodenectomy (PD) is the primary treatment for periampullary and pancreatic malignancies.
Advancements in surgical techniques and perioperative management reduced the mortality after PD to
less than 5% in high-volume centers[1]. However, PD-related morbidity remains high at 30%-50%[2,3].
Postoperative pancreatic fistula (POPF) is the primary determinant of morbidity and mortality after PD.
Hence it is crucial to identify patients at high risk of POPF. Previous studies have identified pancreatic
texture, pancreatic duct diameter, pancreatic stump ischemia, and operative blood loss as significant
risk factors for POPF[4-8].

Pancreatic texture has been reported as an important predictor of POPF[6,7]. Soft pancreas is
associated with increased risk of POPF and a firm pancreas is protective against POPF. The higher the
fat fraction in the pancreas, the softer the pancreas is, however it becomes harder with the increasing
grade of fibrosis. Traditionally assessment of the pancreatic texture is done by intraoperative palpation
or histological evaluation of the operative specimen[7]. However, these assessment techniques cannot be
used for the preoperative prediction of POPF. Also, intraoperative assessment of pancreatic texture
during minimally invasive surgeries, especially the robotic approach, is challenging. With
advancements in surgical techniques and instrumentation, a minimally invasive approach has been
increasingly used to perform PD. However, multicenter randomized controlled trials (RCTs), including
the recent Chinese trial, have failed to show short-term clinical benefits with minimally invasive PD
compared to the open approach[9,10]. The results of these RCTs underscore that in PD, morbidity
related to the procedure rather than access determines the short-term outcomes. As most of the
morbidity in PD is related to POPF, preoperative prediction of patients with high risk of POPF can
guide in adopting the intraoperative and postoperative management to reduce the POPF-related
morbidity and thereby reducing the overall morbidity of PD. It also helps select patients at low risk of
POPF who will benefit from minimally invasive PD. Hence, attempts have been made to correlate
preoperative radiological parameters with pancreatic texture[11-16].

Another application of pancreatic texture evaluation is in patients with chronic pancreatitis. Recent
studies have shown that early intervention for patients with chronic pancreatitis is associated with
better outcomes than delayed intervention[17,18]. Pancreatic texture evaluation could facilitate the early
identification of pancreatic fibrosis. The commonly employed diagnostic modalities for the assessment
of pancreatic lesions are ultrasonography (USG), computed tomography (CT), magnetic resonance
imaging (MRI), and endoscopic US (EUS). The present review aims to provide an overview of various
parameters that can be assessed with each radiological investigation to detect the presence of fatty or
fibrotic pancreas and predict the pancreatic texture.

PANCREATIC TEXTURE AND POSTOPERATIVE PANCREATIC FISTULA

The association between pancreatic texture and POPF risk has been documented in multiple
retrospective and prospective studies. Kawai et al[4] in a multicenter study analyzed the risk factors for
POPF in 1239 patients who underwent pancreatoduodenectomy. The authors concluded that soft
pancreas was one of the significant risk factors for clinical pancreatic fistula. Patients with soft
pancreatic texture are at 2.7 times more risk of developing POPF. Ansorge et al[5], in a single-center
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prospective study of 164 patients reported that softer pancreatic texture is associated with a significantly
higher incidence of POPF (P < 0.001) and a higher incidence of symptomatic postoperative peripan-
creatic collections (P = 0.071) compared to those with firm pancreatic texture. Ridolfi et al[6] evaluated
the morpho histological features of pancreatic stump after pancreatoduodenectomy in 143 patients and
found them to be the primary determinant of pancreatic fistula after pancreatoduodenectomy. A soft
pancreas was strongly associated with POPF development and with high-grade POPF. In their study
42% of patients with soft pancreas developed a high-grade fistula, compared to 4% of patients with firm
pancreatic texture (P < 0.001). In their study pancreatic texture was confirmed with histological
correlation using fibrosis and inflammation scores. Hu et al[7] retrospectively analysed 539 patients who
underwent pancreatoduodenectomy and found a significant correlation between pancreatic texture and
POPF by univariate and multivariate analysis.

However similar correlation could not be established between pancreatic texture and POPF after
distal pancreatectomy. This could be because of a different mechanism for leak and fistula formation
from the pancreatic remnant after distal pancreatectomy compared to pancreaticoduodenectomy, which
includes pancreatoenteric anastomosis. Chong et al[8], in a meta-analysis that included 43 studies with
8864 patients, found no difference in clinically relevant POPF rate between soft pancreas (25.3%, 373/
1477) and hard pancreas (13.5%, 72/535) (P = 0.46). Pancreatic gland texture and duct size are not
associated with the development of pancreatic fistula following distal pancreatectomy, unlike that of
pancreatoduodenectomy. Hence, assessment of pancreatic texture is more useful in patients undergoing
pancreatoduodenenctomy compared to those undergoing distal pancreatectomy.

ULTRASONOGRAPHY ABDOMEN

Transabdominal USG is the commonly used initial investigation to evaluate pancreatic pathology. The
grayscale B- mode USG can evaluate the echotexture of the pancreas. The echotexture of the normal
pancreas is isoechoic or slightly hyperechoic compared to the normal liver and shows a granular
appearance with a smooth or minimally lobulated outline (Figure 1). With age, the echogenicity of the
pancreas increases due to atrophy with fatty replacement. A fatty pancreas often occurs at the same time
as fatty liver, which makes diagnosis more challenging. The most common limitations in scanning the
pancreas by transabdominal approach are abdominal fat in obese patients and bowel air. As predicting
pancreatic texture by routine B-mode USG is challenging, USG elastography has recently been used to
measure the elasticity of different tissues[19,20].

Elastography

Elastography measures the stiffness of various organs and has been used to evaluate liver fibrosis and
breast lesions[19,20]. Elastography of the pancreas can be performed using transabdominal USG, EUS,
or MRI[21]. The techniques of USG elastography include strain elastography and shear wave
elastography (SWE)[21]. The stiffness of tissue in the strain elastography is estimated by measuring the
grade of strain generated by external pressure: the greater the strain, the softer the stiffness of the target
tissue. The SWE relies on the principle of acoustic radiation force impulse (ARFI) using a USG probe
which propagates through the tissue, and stiffness is estimated by measuring the propagation speed of
the shear wave (Figure 1). The shear wave velocity (SWV) depends on the stiffness of the tissue: the
higher the SWV, the harder the target tissue[22,23]. As SWE is less operator-dependent, it is preferred
over strain elastography. Strain elastography is challenging to measure when the ultrasound probe, the
pancreas, and the aorta are not in line. Hence it is easy to get a fine elastogram in the pancreatic body
but not in the pancreatic head and tail regions. However, SWE can be easily performed anywhere in the
pancreas because ARFI can be emitted wherever desired. Over the last few years, there has been
increasing interest in assessing the role of elastography in evaluating pancreatic texture, differentiating
benign and malignant pancreatic lesions, and diagnosing chronic pancreatitis[24-28].

Yashima et al[27] used ARFI elastography of the pancreas and reported high elasticity in patients with
chronic pancreatitis compared to normal patients. SWV in patients with chronic pancreatitis was
significantly higher than that in healthy volunteers in each part of the pancreas (Figure 2). However, the
measurement was difficult in the tail of the pancreas (Table 1). Harada et al[29] reported a good
correlation between SWV and the histological grade of fibrosis. Pancreatic SWV, measured by
preoperative ARFI imaging, was shown to have significant correlations with the grade of pathologic
fibrosis, influencing the risk of POPF.

Llamoza-Torres et al[30], in their study of 33 patients, established the diagnostic accuracy of trans-
abdominal USG-guided elastography in evaluating patients with suspected chronic pancreatitis.
Patients included in the study were initially evaluated by EUS and/or MRI to establish their chronic
pancreatitis status. Also, none of the included patients were found to have advanced-stage pancreatitis.
The study results underscore the role of trans-abdominal USG elastography in assessing patients with
early-stage chronic pancreatitis. However, the correlation with histological fibrosis was not evaluated.
Further multicenter trials would be crucial to establish the role of transabdominal USG elastography in
evaluating pancreatic texture and diagnosing early-stage chronic pancreatitis.
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Table 1 Summary of studies evaluating the role of transabdominal ultrasonography in assessing pancreatic texture

Number of . . Histological
Ref. . Aim Results Conclusion g
patients correlation
Yashima et al 98 Efficacy of elastography to  SWV cut off - 1.40 m/s; SWYV in chronic pancreatitis patients ~ Not evaluated
[27], 2012 diagnose chronic pancre-  Sensitivity 75%; Specificity 72%; higher than healthy volunteers
atitis PPV 69%; NPV 78%
Harada etal 68 Correlation of SWV with SWV cut off - 1.54 m/s; SWV significantly correlated with Good
[29], 2016 pathological degree of Sensitivity 91%; Specificity 75%; grade of fibrosis and postoperative
fibrosis PPV 67%; NPV 93% pancreatic fistula
Llamoza-Torres 33 Accuracy of elastography ~ SWV cut off - 1.4 m/s; SWV significantly correlated with Not evaluated
et al[30], 2016 to diagnose chronic pancre- Sensitivity 58%; Specificity 81%; EUS findings
atitis PPV 76%; NPV 65%

SWV: Shear wave velocity; PPV: Positive predictive value; NPV: Negative predictive value; EUS: Endoscopic ultrasonography.

- \

DOI: 10.4329/wjr.v15.i6.170 Copyright ©The Author(s) 2023.

Figure 1 Transabdominal ultrasonography. A: Grayscale appearance of the normal pancreas (LL- Left lobe of liver, H- Head of pancreas, N- neck of
pancreas, B-Body of pancreas). The pancreas is isoechoic compared to normal liver and shows a granular appearance and smooth outline; B: 2D Shear wave
elastography measurement from the normal pancreas-neck region (3.84 + 0.45 kPa).

DOI: 10.4329/wjr.v15.i6.170 Copyright ©The Author(s) 2023.

Figure 2 Shear wave velocity in patients with chronic pancreatitis was significantly higher than that in healthy volunteers in each part of
the pancreas. A: Grayscale appearance of the pancreas in chronic calcific pancreatitis. (LL- Left lobe of liver, H- Head of pancreas, N- neck of pancreas, B-Body of
pancreas). It shows a focal hyperechoic signal compared to normal liver and a mildly lobulated outline, a focus of calcification in the head region with posterior
acoustic shadowing; B: 2D Shear wave elastography measurement of the pancreas in chronic calcific pancreatitis - head region (15.55 + 2.64 kPa); C: 2D Shear
wave elastography measurement of the pancreas in chronic calcific pancreatitis - region (11 + 2.07 kPa).
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COMPUTED TOMOGRAPHY ABDOMEN

Pancreatic texture on CT abdomen can be predicted based on the patterns of attenuation and
enhancement of its parenchyma on various phases. They were evaluated as preoperative predictors of
POPF in several studies[11-15]. While pancreatic attenuation index (PAI) like Liver Attenuation Index
can measure pancreatic fat, pancreatic enhancement ratio (PER) can be measured to grade the pancreatic
fibrosis (Figure 3). The higher the PER, the firmer the gland is. The presence of a higher PER and lower
PAI can be considered to be associated with the low risk of development of POPF after PD.

Pancreatic attenuation index

PAI has been proposed as a simple tool by Yardimci et al[31] to assess pancreatic fat fraction by
evaluating 76 patients who underwent PD. PAI was calculated with non-enhanced computed
tomography by dividing the pancreas density measured in Household Units by the spleen density. They
reported that higher PAI was associated with a high POPF rate and determined the value of 0.67 as an
optimum cut-off value for predicting POPF. PAI has been reported to be useful in assessing pancreatic
fat fraction by few other studies as well[11,12]. However, Gnanasekaran ef al[32] reported that PAI was
not helpful in predicting CR-POPFE. Also, in their study, PAI did not correlate with histological
estimation of pancreatic fat fraction. It might be due to the use of a region of interest-based assessment.
In future studies, area-based assessment for the pancreatic fat fraction should be correlated with
histopathological fat fraction.

Pancreatic enhancement ratio

An increase in the fibrosis of the pancreas makes the pancreatic texture hard. A fibrotic pancreas shows
delayed enhancement in the pancreatic phase and nearly normal enhancement in the hepatic phase on
dual-phase CT[33]. In contrast, the normal pancreas shows maximum enhancement in the pancreatic
phase and washout in the hepatic phase[33]. Thus, predicting the degree of pancreatic fibrosis may be
possible on analysis of enhancement patterns on pancreatic protocol CT done routinely to evaluate
pancreatic tumors.

Kang et al[15] determined a PER cut-off of 1.10 as a useful predictor for POPF based on their
retrospective analysis of 146 patients. PER on the equilibrium phase was significantly higher in the
patients without POPF compared to patients with POPF (2.26 + 3.63 vs 1.04 £ 0.51, P = 0.001). In the
logistic regression analyses, PER was an independent predictor for the development of POPF (odds ratio
= 0.243, P = 0.002). Maehira et al[13] retrospectively analysed 115 patients and concluded the pancreatic
enhancement pattern as a reliable predictor for the development of POPF. Gnanasekaran et al[32]
showed a positive correlation of PER with pancreatic fibrosis. Their study utilised a PER cut-off value of
0.661 which was 78% sensitive and 55 % specific in predicting POPF (Table 2). In the same study, PAI is
reported to have negative correlation with PER, indicating that the pancreatic fat content and fibrosis
are inversely related. However, the estimation of PER depends on the perfusion of organs with injected
contrast which relies upon the hemodynamic status of the subjects. In comparison, PAI is independent
of contrast injection.

MAGNETIC RESONANCE IMAGING

MRI allows the detection of fibrotic change of pancreatic parenchyma and hence can predict the risk of
POPF. A normal pancreas shows hyperintensity on T1-weighted images irrespective of fat saturation.
The fibrosis makes the pancreatic parenchyma to lose its high signal intensity (SI) owing to the
replacement of the high protein content of the pancreas by fibrosis.

Winston et al[34] reported that the SI of pancreatic parenchyma, compared to that of the liver,
decreases on fat-saturated T1-weighted images in patients with type 2 diabetes. Noda et al[35] found
that the pancreatic fibrosis grade was negatively correlated with the SI ratio on in-phase T1-weighted
images (r = -0.67, P = -0.0002). Another retrospective study by Watanabe et al[36] on 29 patients
demonstrated that the SI ratio on T1-weighted images constantly decreased as the pancreatic fibrosis
progressed. The higher risk of POPF is associated with a high SI ratio. Multiple regression analysis
showed that pancreas-to-muscle SI ratios on T1-weighted images and apparent diffusion coefficient
(ADC) values were independently associated with pancreatic fibrosis (r(2) = 0.66, P < 0.001) and with
activated pancreatic stellate cell expression (r(2) = 0.67, P < 0.001). The mean pancreas-to-muscle SI ratio
(£ standard deviation) on T1-weighted images was higher (P = 0.0029) for patients with POPF (1.6 £ 0.2)
than for those without (1.2 + 0.2), and the odds ratio for POPF was 21.3 in patients with an SI ratio of
1.41 and higher[36].

Kim et al[16], in their pilot study, studied the correlation of pancreatic fibrosis with POPF after PD
with the use of breath-hold unenhanced fat-suppressed T1 weighted images. The pancreas-to-liver SI
ratio between the fistula and no fistula groups was -0.0009 + 0.2 and -0.1297 + 0.2, respectively (P =
0.0004). Each group's pancreas-to-spleen SI ratio was 0.423 + 0.25 and 0.288 + 0.32, respectively (P =
0.014). Using qualitative analysis where the pancreas SI was qualitatively assessed relative to liver and
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Table 2 Summary of studies evaluating the role of computed tomography abdomen in assessing pancreatic texture

Number of . Histological
Ref. \ PER calculation Results R
patients correlation
Kang et al[15], 146 1 Equilibrium phase -Pre contrast/ Pre contrast ~Mean PER was significantly higher in patients =~ Not evaluated
2017 (EP- Pre/Pre); 2 Equilibrium phase -Pre without POPF than in patients with POPF. PER
contrast/ Arterial phase - Pre contrast (EP- cut off: EP- Pre/Pre -1.10; Pre/ AP-Pre - 0.60
Pre/ AP-Pre)
Maehira et al[13], 115 1 Arterial phase/Portal phase (A/P); 2 Portal Enhancement ratio is significantly higher in Not evaluated
2019 phase/Late phase (P/L) POPF group. PER cut off: A/P -1.19; P/L -
117
Gnanasekaran Set 61 Equilibrium phase -Pre contrast/ Arterial phase PER was significantly higher in patients PER correlated
al[32], 2022 - Pre contrast (EP-Pre/ AP-Pre) without POPF than in patients with POPF, PER  well with fibrosis

cut off - 0.673

PER: Pancreatic enhancement ratio; POPF: Postoperative pancreatic fistula.
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Figure 3 Calculation of pancreatic attenuation index and pancreatic enhancement ratio. A: Hounsfield unit (HU) of the pancreatic neck in the plain
phase; B: HU of the spleen in plain phase; C: HU of the pancreatic neck in the arterial phase; D: HU of the pancreatic neck in the equilibrium phase. ROI: Region of
interest.

spleen SI using a five-point scale (-2, -1, 0, 1, 2), the SI ratios were 1.27 and 0.66 in each group (P = 0.013).
The diagnostic performance for preoperative predictions of POPF was better with the qualitative
analysis (Az = 0.653) than with the pancreas-to-liver SI ratio (Az = 0.640) and pancreas-spleen SI ratio
(Az = 0.613); although, statistically significant difference was not found in each MRI parameter.

Yoon et al[37] reported that multiparametric MR imaging of the pancreas, including imaging with the
T2%-corrected Dixon technique and intravoxel incoherent motion diffusion-weighted imaging (DWI),
may yield quantitative information regarding pancreatic steatosis and fibrosis. The mean pancreas-to-
muscle SI ratio on T1-weighted MRI values for FO, F1, and the cut-off value for predicting POPF was
1.51, 1.48, and 1.40, respectively (Table 3). Fukada et al[38], in their single-center retrospective study
comprising 117 patients, reported 1.37 as the cut-off value for the pancreas-to-muscle SI ratio for
predicting POPF.
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Table 3 Summary of studies evaluating the role of magnetic resonance imaging abdomen signal intensity in assessing pancreatic

texture
Number . Parameter . Histological
Ref. of Aim . Results Conclusion .
: studied correlation
patients
Winston et 89 Correlation of pancreatic SI ~ PLSI Accuracy -86%; PPV-88  Pancreatic SI less than that of ~ Not evaluated
al[34], 1995 to predict the presence of liver correlates highly with
pancreatic disease pancreatic disease, especially
in younger patients
Kim et al 43 Accuracy of non-enhanced ~ PLSI, PSSI PLSI cut off -0.12097 PLSI, PSSI significantly Good
[16], 2009 fat-suppressed TIW MRI in (sensitivity -36%, differed between POPF group
predicting POPF specificity - 89%); PSSI cut and non POPF group, hence,
off -0.29979 (sensitivity-  can be useful in predicting
79%, specificity-45%) POPF
Watanabe 29 Efficacy of MRI in assessing  PMSI in Odds ratio of PMSIin T1 ~ T1W Sl ratio and ADC Good
et al[36], degrees of pancreatic unenhanced TIW W for POPF was 21.3 in measurements useful to detect
2014 fibrosis and predicting and T2 Wimages  patients with an SIratio ~ advanced pancreatic fibrosis
POPF of 1.41 and higher and occurrence of POPF
Nodaetal 29 Evaluate the noncontrast- PMSI on in- and The pancreatic fibrosis PMSI could be a potential Good
[35], 2016 enhanced MRI to grade opposed-phase grade and HbAlc value  biomarker for pancreatic
pancreatic fibrosis and T1W images were negatively fibrosis and elevated HbAlc
correlate with HbAlc values correlated with the SI values
ratio on opposed-phase
T1W images
Yoonetal 165 Evaluate the multipara- PMSI on in- and Mean Sl ratio for fibrosis; Multiparametric MR imaging ~ Good
[37], 2016 metric pancreatic MRI in the opposed-phase T1, FO0 - 1.51; F1 - 1.48; SI of the pancreas may quantify
quantification of pancreatic = IVIM DW imaging; ratio cutoff for POPF - pancreatic steatosis and
fibrosis and determine Perfusion fraction ~ 1.40; Odds of developing fibrosis, and f was
relation with POPF (0] POPF for a 1% increase in  significantly associated with
fwere1.17 POPF
Fukadaet 117 Predictive ability of SIratio =~ PMSI on TIW Sl ratio cutoff for POPF -  PMSI is a quantitative Good
al[38], 2022 on TIW MRI for POPF after 1.37; Sensitivity- 96.3% biomarker for pancreatic
distal pancreatectomy Specificity- 52.0% characteristics

TIW: T1 weighted; T2W: T2 Weighted; MRI: Magnetic resonance imaging; POPF: Postoperative pancreatic fistula; PLSI: Pancreas-to-liver signal intensity

ratio; PSSI: Pancreas-to-spleen signal intensity ratio; PMSI: Pancreas-to-muscle signal intensity ratio; SI: Signal intensity; IVIM: Intravoxel incoherent

motion.
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Diffusion-weighted imaging

DWI is used to evaluate fibrosis using ADC values. In the fibrotic pancreas, diffusion is restricted
because of the replacement of normal pancreatic parenchyma with fibrous tissue. ADC values can be
used to identify the presence of fibrosis and to grade its extent. Studies have reported lower ADC values
in chronic pancreatitis patients[39]. Bieliuniene et al[40] identified a significant negative correlation
between ADC value and histologically determined pancreatic fibrosis (PF) (r = —0.752, P < 0.001). In
addition, a significant negative correlation was observed between T1SI and histologically determined
pancreatic fibrosis (r = —0.631, P < 0.001). Also, by combining the ADC and T1SI measurements, PF can
be detected with greater sensitivity and specificity during the early stages of the disease when other
clinical signs are absent.

Tirkes et al[41] conducted a multi institutional, prospective study to evaluate the diagnostic value of
four quantitative MRI parameters in chronic pancreatitis: T1 relaxation time, extracellular fraction, fat
signal fraction and ADC. Except ADC, all the parameters were reported to be significantly higher in the
patients with chronic pancreatitis and also were showed to have moderately high diagnostic value after
adjustment for covariates. A Q-MRI score has been proposed by combining these three MR parameters
which was shown to have improved diagnostic performance. However, ADC values were reported to
be not helpful for diagnosing chronic pancreatitis.

Magnetic resonance elastography
Magnetic resonance elastography (MRE) can also be used to estimate pancreatic stiffness. The technique
of MRE involves three steps similar to transabdominal and EUS elastography: Generation of shear
waves in the tissue, acquisition of MR images depicting the propagation of the induced shear waves,
and generation of elastograms, the quantitative maps of tissue stiffness by processing the acquired
images of the shear waves.

Patients with chronic pancreatitis were reported to have significantly higher stiffness values than
normal people (1.53 vs 1.11 kPa)[42]. Wang et al[43] reported the usefulness of MRE for the assessment

176 June 28,2023 | Volume15 | Issue6 |



Jaishideng®

Kalayarasan R et al. Radiological evaluation of pancreatic texture

of the severity of chronic pancreatitis and showed that the pancreatic stiffness was significantly low in
healthy controls (mean -1.21 kPa), when compared to patients with a mild degree of chronic pancreatitis
(mean - 1.50 kPa), and also those with a moderate/severe degree of chronic pancreatitis (mean - 1.90
kPa).

ENDOSCOPIC ULTRASONOGRAPHY ELASTOGRAPHY

EUS elastography is a novel diagnostic tool to assess pancreatic fibrosis. Like transabdominal
ultrasound, EUS elastography can be strain elastography or SWE.

Strain elastography

In strain elastography, the target tissue is compressed with a EUS probe to create a stain, which is
reflected on ultrasound images. Softer tissue has a larger strain when compared to harder tissues.
However, this gives only qualitative estimation of tissue elasticity. Second-generation EUS elastography
has been developed, giving two semi-quantitative tissue stiffness measures[28]. The strain ratio (SR),
one of two semi quantitative measure is based on comparing stiffness between specific regions of
interest in two tissue areas and is expressed as a relative ratio. The strain histogram (SH) is another
semi-quantitative parameter representing the selected area's mean strain value.

Six articles reported the diagnostic performance of EUS strain elastography for chronic pancreatitis;
three reported SR, and three used SH (Table 4)[28,44-48]. Of them two SR articles reported that EUS
elastography is helpful for differentiating the normal pancreas from chronic pancreatitis[28,47]. Two of
the SH articles also reported the usefulness of EUS elastography in differentiating between normal
pancreas and chronic pancreatitis[44,48]. One report showed that the SH elastography values sig-
nificantly correlated with the degree of fibrosis assessed on histology of the surgical specimens[45].

Shear wave elastography
Acoustic radiation force is sent to the region of interest, and this push pulse generates a shear wave at
the edge. The shear wave propagates faster in harder tissues. EUS-SWE is has better diagnostic value in
chronic pancreatitis than strain elastography by providing the absolute values of pancreatic hardness.
Since it is a novel investigation, only two articles report the utility of EUS-SWE[49,50]. For diagnosis
of chronic pancreatitis, a SWV cut-off value of 2.19 (Rosemont criteria) and 1.96 (Japan Pancreatic
Society criteria) had a sensitivity of 100% and 83%, respectively, and specificity of 94% and 100%. EUS-
SWE values correlate well with the stage of chronic pancreatitis and predicted exocrine dysfunction
compared to transabdominal ultrasound. EUS-SWE data are better than those published using transab-
dominal ultrasound[30]. However, EUS is an invasive technique compared to trans-abdominal
ultrasound.

FUTURE PERSPECTIVES

Identifying potential preoperative predictors for POPF is a critical step in our journey to improve
perioperative outcomes after PD. Also, early diagnosis of chronic pancreatitis is essential to improve
long-term outcomes of patients undergoing surgery for chronic pancreatitis. Recent studies have shown
that pancreatic texture parameters like mean positive pixel before initiating neoadjuvant therapy,
kurtosis and changes in kurtosis during neoadjuvant therapy can be used in predicting response to
neoadjuvant therapy[51,52]. While the current evidence suggests the promising role of radiological
parameters in predicting pancreatic texture, it is essential to understand the limitations of available
evidence. Most of the studies had a smaller sample size. Hence, studies with larger sample sizes and
multicentric studies are required for all the radiological modalities to determine the reference values for
the normal and diseased pancreas. Also, socio-demographic variables need to be correlated with the
pancreatic texture in all age groups to determine appropriate reference standards for all the available
radiological modalities.

Most studies have assessed individual radiological parameter's role in predicting pancreatic texture.
However, studies comparing different radiological parameters are not available. Hence future studies
are required to study the efficacy of one imaging modality over the other and the effectiveness of
combining several radiological modalities to devise a quantitative variable such as fistula risk score
based on texture.

The accepted gold standard to find the pancreatic texture is histology. Since there can be an uneven
distribution of pancreatic fatty infiltration or fibrosis, using the same focal area of the pancreas in
imaging modalities and histology in future studies will provide a better correlation of pancreatic
texture. Also, it is essential to understand that multiple factors influence POPF. Hence, a homogenous
patient population and standardized surgical techniques are prerequisites for future studies. However,
it isn't easy to achieve and reproduce that in complex procedures like PD. Nevertheless, identifying
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Table 4 Summary of studies evaluating the role of endoscopic ultrasonography strain elastography in assessing pancreatic texture

Parameter
Ref. Inference
used
Machado et al[44], 2012 SH EUS is useful in differentiating normal pancreas and chronic pancreatitis
Iglesias-Garcia et al[28], SR EUS is useful in differentiating normal pancreas and chronic pancreatitis; SR EUS elastography correlated
2013 with number of Rosemont criteria ratio
Itoh et al[45], 2014 SH SH EUS elastography values significantly correlated with fibrosis on histology
Dominguez-Muiioz et al SR SR EUS elastography values significantly correlated with exocrine dysfunction
[46], 2015
Kim et al[47], 2017 SR EUS is useful in differentiating normal pancreas and chronic pancreatitis
Kuwahara et al[48], 2017 SH EUS is useful in differentiating normal pancreas and chronic pancreatitis; SH EUS elastography correlated

with number of Rosemont criteria ratio

SR: Strain ratio; SH: Strain histogram; EUS: Endoscopic ultrasonography.

potential preoperative predictors for POPF is vital in decreasing the morbidity associated with PD.

CONCLUSION

Pancreatic texture can be assessed using radiological parameters derived from preoperative imaging
modalities. With advancements in imaging techniques, the accuracy of preoperative prediction of the
fatty or fibrotic pancreas has improved. However, more studies are required comparing different
imaging modalities to standardize their measurement. Also, the correlation of radiological parameters
with histological findings is required to improve predictive accuracy.
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Abstract

BACKGROUND

The course and variations of thyroid arteries must be understood by surgeons to
prevent bleeding during operative procedures of the thyroid gland. There is
limited scientific literature regarding the radiological anatomy of thyroid arteries
in this geographical area, the Garhwal region of Sub-Himalayan belt, which is
considered to be the endemic belt of goiter. Computed tomography angiography
provides a three-dimensional orientation of the vascular and surgical anatomy of
the entire cervical region.

AIM

To estimate the proportion of variation in origin of thyroid arteries using
Computed Tomography Angiography.

METHODS

Using Computed Tomography Angiography, the presence and origin of the
superior thyroid artery, inferior thyroid artery, and thyroid ima artery were
observed and assessed.

RESULTS

Out of total 210 subjects, superior thyroid artery was seen to be emerging from
external carotid artery in 77.1% cases. The artery was found to be originating at
the level of bifurcation of common carotid artery in 14.3% cases, whereas in 8.6%
cases, it emerged as a direct branch of the common carotid artery. Similarly, the
inferior thyroid artery was observed to be emerging from thyrocervical trunk,
subclavian artery and vertebral artery in 95.7% cases, 3.3% and 1% cases,
respectively. Thyroid ima artery was also reported in a subject, arising from the
brachiocephalic trunk.
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CONCLUSION
To avoid vascular injuries, excessive and uncontrollable bleeding, intra-operative difficulties, and
post-operative issues, it is imperative for surgeons to be aware of the course and variations of
thyroid arteries

Key Words: Thyroid arteries; Computed tomography angiography; Origin; Variation
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Core Tip: To avoid vascular injuries, excessive and uncontrollable bleeding, intra-operative difficulties,
and post-operative issues, it is imperative for surgeons to be aware of the course and variations of thyroid
arteries. The current study will assist the surgeons in understanding the variation in thyroid arteries among
people of Garhwal and west Uttar Pradesh region in a non-invasive manner using computed tomography

angiography.
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INTRODUCTION

The thyroid gland is an endocrine gland, which is essential for the normal metabolism and growth of an
individual. Conditions affecting the thyroid gland range from simple goiter to malignant thyroid nodule
and thyroid carcinoma. Thyroidectomy or hemithyroidectomy is occasionally indicated to remove a
malignant thyroid tumor. The neck is also explored for surgical procedures, such as lobectomy, selective
embolization of the thyroid, emergency cricothyroidotomy, radical neck dissection, diagnostic and
therapeutic catheterization, reconstruction of the aneurysm, and carotid endarterectomy[1]. Bleeding
during the operative procedure of the thyroid gland may compress the trachea causing difficulty in
breathing[2].

Thyroid is a richly vascularized gland, which is supplied by superior thyroid artery (STA), inferior
thyroid artery (ITA) and thyroid ima artery (TIA). The superior thyroid artery usually arises from
external carotid artery and runs in close proximity to external branch of superior laryngeal nerve, before
entering the fascia of thyroid and giving anterior and posterior branch.

Inferior thyroid artery usually commences from thyrocervical trunk[3]. Occasionally there is presence
of a single minor artery, thyroid ima artery in 10% of the individuals[4].

The course and variations of the thyroid arteries must be understood by surgeons to prevent bleeding
during the operative procedure of the thyroid gland.

There is limited scientific literature regarding the radiological anatomy of thyroid arteries in this
geographical area, the Garhwal region of Sub-Himalayan belt, which is considered to be the endemic
belt of goiter[5]. Computed tomography (CT) angiography provides a three-dimensional orientation of
the vascular and surgical anatomy of the entire cervical region. For vascular mapping, radiography is a
non-invasive multiplanar imaging method[6]. The present study investigated the origin and variation of
thyroid arteries with the help of CT angiography.

MATERIALS AND METHODS

The proposed study was done in the Department of Anatomy in collaboration with the Department of
Radiodiagnosis over a period of 18 months. A total of 210 samples were included as per inclusion and
exclusion criteria. Patients above 18 years who underwent CT angiography were included. Patients who
had undergone previous common carotid occlusions or known vascular abnormalities (carotid
hypoplasia, plaque in the carotid bifurcation, aneurysms) were excluded. Following the approval of
Institutional Ethics Committee, with ethical clearance number AIIMS/IEC/21/323, CT angiographic
data from 64-slice CT scanner and 128-slice CT scanner were collected from the Department of Radiod-
iagnosis. Reconstruction of the three-dimensional views of the images were done using RadiAnt
DICOM Viewer (RadiAnt ©), a software installed in the MSI laptop PC. The images, thus obtained, were
observed and evaluated for variations. The images were analyzed as per the general anatomical course
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and branches of vessels and variations, if present, were noted. The statistical analysis was done using
the chi square test and the Stuart-Maxwell test.

Study sample size

The sample size for the proposed study was 208, considering our primary objective, which was to study
variation in origin of superior thyroid artery. Previous studies have shown that the percentage of
variation in the superior thyroid artery ranged from 6.5%-18.5%. We selected 6.5% to calculate our
sample size with 10% (65) of relative procedure and finite population correction factor as 216 with 95%
of confidence level and alpha error as 5%. The calculated sample size was 208. We used Open Epi,
Version 3, open source calculator for the calculation of same.

RESULTS

We collected 210 samples; however, the calculated sample size for the present study was 208. Out of
total 210 participants, 162 (77.1%) participants had the superior thyroid artery originating from the
external carotid artery. Participants with superior thyroid artery originating from level of bifurcation of
common carotid artery were 30 (14.3%), whereas participants who had origin of superior thyroid artery
from common carotid artery were 18 (8.6%). Figure 1 represents the CT angiographic image of various
origin of superior thyroid artery in the axial plane.

Participants who had origin of inferior thyroid artery from thyrocervical trunk, subclavian artery, and
vertebral artery were 201 (95.7%), 7 (3.3%), and 2 (1.0%), respectively. Figure 2 represent the origin of
inferior thyroid artery from left & right subclavian arteries and thyrocervical trunk respectively.

Out of total 210 cases, we observed one case that had origin of thyroid ima artery from brachio-
cephalic trunk (Figure 3).

The overall difference in the origin of superior thyroid artery was statistically significant
(Stuart-Maxwell test: y* = 11.632, P = 0.003) (Table 1).

The overall difference in the origin of inferior thyroid artery was not statistically significant
(Stuart-Maxwell test: y> = 5.000, P = 0.082) (Table 2).

The following variables were significantly associated (P < 0.05) with the variable 'Gender":

The association between “gender” and the “origin of STA” was investigated using the ¥* test

Table 3).
( Regazding the distribution of the origin of the STA, there was no discernible difference between the
various groups (y* = 1.409, P = 0.494).

Cramer’s V value for the strength of association between the two variables is 0.08, which is
considered to have little or no association in this study.

The distribution of the origin of ITA did not significantly differ across the different groups (x> = 2.059,
P =0.545) (Table 4).

The connection of the two variables for Cramer’s V strength was 0.1, which is considered to be little
or no association in this study.

DISCUSSION

The STA is considered to be a branch of external carotid artery (ECA) in normal anatomy. The STA can
also originate from common carotid artery or bifurcation of common carotid artery, according to studies
that have investigated the variability in the origin site of the superior thyroid artery from the carotid
arteries. The inferior thyroid artery is generally considered a branch of the thyrocervical trunk, while it
can also originate from subclavian artery, vertebral artery and common carotid artery according to
previous research[7]. Although thyroid ima artery is considered to originate from brachiocephalic trunk,
in some cases it originates directly from arch of aorta[8].

In the present study, we have observed that the STA originated from ECA, common carotid artery
(CCA) and bifurcation of common carotid artery (CCB) in 77%, 14.3% and 8.6% of the cases,
respectively. However, in the case of ITA the variation in origin was seen only in 3.3% of cases from
subclavian artery (SA) and in 1% case from vertebral artery (VA) with varying level of origin of
thyrocervical trunk (TCT).

Sreedharan et al[7] in 2018 did a cadaveric study depending on the frequency of origin of STA coming
from ECA, CCB, or CCA. With an incidence of 88.33%, the STA originated from ECA in 53 of the 60
hemi-neck specimens. A total of 5 out of 60 hemi-necks showed that STA appeared at the CCB in 8.33%
of cases. The STA developed from the CCA in 2 of the 60 patients, with an incidence of 3.33%. In the
present study the overall difference in the origin of STA was statistically significant (Stuart-Maxwell
test: y> =11.632, P = 0.003) on right and left sides, which is shown in Table 1.

Anagnostopoulou et al[9] in 2014 conducted a study on 68 formalin-embalmed adult cadavers
regarding superior thyroid artery only and categorized their result in three major groups. Type A
consisted of cases in which the STA originates from ECA, Type B includes cases in which STA originates
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Table 1 Comparison between the origin of superior thyroid arteries on right and left side (n = 105), n (%)

. . ) Category Chi-squared test
Origin of superior thyroid artery -
Right Left Total X P value
Bifurcation of common carotid artery 7 (6.7) 23 (21.9) 30 (14.3) 10.756 0.005
Common carotid artery 8 (7.6) 10 (9.5) 18 (8.6)
External carotid artery 90 (85.7) 72 (68.6) 162 (77.1)
Total 105 (100.0) 105 (100.0) 210 (100.0)

Table 2 Comparison between the origin of inferior thyroid arteries on right and left side (n = 105), n (%)

Category Fisher's exact test
Origin of inferior thyroid artery

Right Left Total X P value
Subclavian artery 1(1.0) 6 (5.7) 7 (3.3) 3.696 0.119
Thyrocervical trunk 103 (98.1) 98 (93.3) 201 (95.7)
Vertebral artery 1(1.0) 1(1.0) 2 (1.0)
Total 105 (100.0) 105 (100.0) 210 (100.0)

Table 3 Association between gender and the origin of superior thyroid artery (n = 210), n (%)

. Gender Chi-squared test
Origin of STA
Male Female Total X P value
External carotid Artery 89 (79.5) 73 (74.5) 162 (77.1) 1.409 0.494
Bifurcation of CCA 13 (11.6) 17 (17.3) 30 (14.3)
CCA 10 (8.9) 8(8.2) 18 (8.6)
Total 112 (100.0) 98 (100.0) 210 (100.0)

CCA: Common carotid artery; STA: Superior thyroid artery.

Table 4 Association between gender and the origin of inferior thyroid artery (n = 210), n (%)

Gender Fisher’s exact test
Origin of ITA

Male Female Total X P value
Thyrocervical Trunk 107 (95.5) 94 (95.9) 201 (95.7) 2.059 0.545
SA 3(27) 4 (4.1) 7 (3.3)
VA 2(1.8) 0 (0.0) 2(1.0)
Total 112 (100.0) 98 (100.0) 210 (100.0)

ITA: Inferior thyroid artery; SA: Subclavian artery; VA: Vertebral artery.

from CCA and Type C constitutes cases in which STA originates from the level of CCB. In 36.8% (25/68)
of the patients, Type A was found on the right side, and in 42.6% (29/68) of the cases, on the left. In
32.4% (22/68) and 38.2% (26/68) of the individuals, type B was seen on the right and left side,
respectively. In 19.1% (13/68) and 30.9% (21/68) of cases, Type C variation was noted on the right and
left sides. In our study, superior thyroid artery originated from ECA in majority of cases followed by
level of CCB and then CCA, on left side with 72 (68.6%), 23 (21.9%) and 10 (9.5%) cases, respectively and
on the right side the order of frequency of origin of superior thyroid artery is from ECA, CCA and then
CCB contrary to study done by Anagnostopoulou et al[9].
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Figure 1 Computed tomography angiographic image (axial section). A: Showing the origin of the right superior thyroid artery from the external carotid
artery; B: Bifurcation of the common carotid artery; C: Common carotid artery. STA: Superior thyroid artery; ECA: External carotid artery; ICA: Internal carotid artery;
VAA: Vertebral artery; CCB: Bifurcation of common carotid artery.
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Shankar et al[10] in 2017 did a cadaveric study on 80 superior thyroid arteries with 40 right and 40
Left arteries, and found that it originated from the external carotid artery in 43 (53.75%), from CCB in 12
(15%), and the CCA in 25 (31.265%) cases[6]. The results of this study are similar to that of the present
study as in the present study STA arose from ECA in 90 (85.7%) and 72 (68.6%) cases, on the right and
left sides respectively, as the most common site of origin on both sides.

Esen et al[11] in 2017 did an angiographic study on 640 patients in which on the right (64.5%) and left
(39.7%) sides, the STA was frequently originated from the ECA. In their study, there were 608 (95%) and
578 (90.3%) right and left ITAs emerging from the thyrocervical trunk, respectively. A single root from
the SA gave rise to 18 (2.8%) right and 13 (2.0%) left ITAs. The VA was the origin of four left ITAs. In 15
patients (2.3%), the TIA was identified. A total of 12 of these were brachiocephalic arteries, 2 were right
CCAs, and 1 was an aortic arch[7]. In present study the right and left STA arises from ECA in 90 (85.7%)
and 72 (68.6%) cases respectively, whereas in the remaining 30 (14.3%) and 18 (8.6%) cases the STA
originates from the level of CCB and main trunk of CCA respectively. However, ITA arise from TCT in
103 (98.1%) cases on right and 98 (93.3%) cases on left and among remaining cases 7 (3.3%) arise from
SA and 2 (1.0%) arise from VA. We found TIA in 1 case originating from BT.

Tsegay et al[12] performed a cadaveric study in 2019 and observed that, the ECA was identified as the
most frequent location of STA origin. The TCT gave rise to the ITA in each case, while in the present
study the result for STA corresponds with the given study as in majority of cases the STA arises from
ECA on both the sides, whereas in the case of ITA present study does not correspond with given study
as in present study the ITA takes origin from thyrocervical trunk, SA, and VA in 201 (95.7%), 7 (3.3%)
and 2 (1.0%) cases, respectively.

Gupta et al[13] performed an angiographic study in 2020, on 15 Indian patients indigenously from
New Delhi region who were examined with a total of 25 selective STA angiograms. ECA was the
primary source of STA on both sides. Ten patients (71.5%) had right STAs with ECA origins, while eight
(72.5%) had left STAs with ECA origins. The bifurcation of the CCA accounted for 3 (21%) right STA
and 2 (18.5%) left STA, making it the second most frequent site of STA genesis. CCA (right STA) and
internal carotid artery (left STA) were the least frequent sites of origin, each accounting for one instance.
In the present study, we considered a sample size of 210 patients from population of Uttarakhand,
India. Gupta el al[13] in their study used DSA technique and also noted the branching patterns of STA
only but in our study we observed the CT angiographic data and evaluated STA, ITA as well as TIA.
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Figure 2 Computed tomography. A: Origin of inferior thyroid artery from left subclavian artery; B: Right subclavian artery; C: Right thyrocervical trunk. ITA:
Inferior thyroid artery; VA: Vertebral artery; CCA: Common carotid artery.
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Figure 3 Showing origin of thyroid ima artery from the brachiocephalic trunk. TIA: Thyroid ima artery; BT: Brachiocephalic trunk.

Dhindsa et al[14] in 2014 found during a routine cadaveric dissection on male cadaver that STA on left
side was arising from CCA, while on right it was originating from ECA only[10]. In the present study,
we evaluated the data of 112 male patients and found that in 89 (79.5%) cases the STA arose from ECA,
in 13 (11.6%) cases STA originated from level of CCB and in 10 (8.9%) cases the STA originated from
CCA main trunk.

Vazquez et al[15] performed a cadaveric study and indicated that there are four different types of
origin of STA. In type 1 STA originated from the level of CCB in 102 (49%) of cases. Type 2 was when
STA originated from CCA in 55 (27%) of cases. There is a statistically significant difference between the
frequency of type 2 origins on the left and right. On the other hand, there was no statistically significant
distinction between male and female Type 2 origins. In Type 3, the STA arose from ECA in 48 (23%)
cases. In our study we did not categorize the types, but we found that STA arose 120 from CCA, level of
CCB and ECA in 18 (8.6%), 30 (14.3%), and 162 (77.1%) cases, respectively and in our study the overall
difference in the origin of STA was statistically significant (Stuart-Maxwell test: y* = 11.632, P = 0.003)
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on right and left sides which is shown in Table 1.
In the present study the measurement of the thyroid arteries was not done.

CONCLUSION

In our study, 77% of the cases had ECA as the source of STA and in more than 22% of cases variation
were seen in the origin of STA, from CCA and CCB. Variation in the level of bifurcation of CCA was
also seen, which greatly changes the course of STA. The present study reveals the variation in origin of
ITA is 4%, while its course varied with varying level of origin of TCT. We found that thyroid ima artery
is not frequently present, but was present in only one case and can lead to severe hemorrhagic condition
if remains unnoticed.

ARTICLE HIGHLIGHTS

Research background

An individual's normal growth and metabolism depend on the thyroid gland, an endocrine organ.
Simple goiter, thyroid cancer, and malignant thyroid nodules are just a few of the conditions that can
affect the thyroid gland. Sometimes it is necessary to perform a thyroidectomy or hemithyroidectomy in
order to remove a malignant thyroid tumor. Additionally, the neck is examined for surgical treatments
such as lobectomy, carotid endarterectomy, emergency cricothyroidotomy, radical neck dissection,
diagnostic and therapeutic catheterization, and selective thyroid embolization. Breathing difficulties
may result from tracheal compression brought on by bleeding during the thyroid gland surgery.

Research motivation

To avoid complications during thyroid surgeries, surgeons must be aware of the path and variations of
the thyroid arteries. The Garhwal region of the Sub-Himalayan belt, which is thought to be the endemic
zone of goitre, has little scientific literature on the radiological anatomy of thyroid arteries. A three-
dimensional orientation of the vascular and surgical anatomy of the entire cervical region is provided by
computed tomography angiography.

Research objectives

Radiography is a non-invasive multiplanar imaging technique for vascular mapping. The objective of
the current research was to examine the origin and variation of thyroid arteries, with the aid of
Computed Tomography angiography, Surgeons must be familiar with the course and variations of the
thyroid arteries to prevent difficulties during thyroid operations.

Research methods

Patients with known vascular anomalies (carotid hypoplasia, plaque in the carotid bifurcation,
aneurysms) or past common carotid occlusions were excluded. Following the Institutional Ethics
Committee's consent, the Department of Radiodiagnosis obtained computed tomography (CT)
angiographic data from 64-slice and 128-slice CT scanners. RadiAnt DICOM Viewer (RadiAnt), a
programme installed on the MSI laptop PC, was used to reconstruct the three-dimensional views of the
photos. The Stuart-Maxwell test and the chi square test were employed in the statistical study.

Research results

Out of 210 individuals, 77.1% of the time the superior thyroid artery was observed to be arising from the
external carotid artery. In 14.3% of cases, the artery was shown to originate at the point where the
common carotid artery splits, whereas in 8.6% of cases, it was discovered to be a direct branch of the
common carotid artery. Similar to this, in 95.7%, 3.3%, and 1% of cases, respectively, the inferior thyroid
artery was seen to be arising from the thyrocervical trunk, subclavian artery, and vertebral artery.
Another person was found to have a thyroid ima artery that emerged from the brachiocephalic trunk.

Research conclusions

In our study, superior thyroid artery (STA) originated from external carotid artery in 77% of instances,
and the common carotid artery (CCA) and common carotid bifurcation were the sources of STA in more
than 22% of cases. Variation in the degree of CCA bifurcation was also observed, which significantly
alters the path of STA. The current study shows that there is a 4% variance in inferior thyroid artery
origin, whereas its course varies depending on the level of thyrocervical trunk origin. We discovered
that the thyroid ima artery is only occasionally present in a small number of cases—it was only present
in one case—and that if it goes unnoticed, it can cause serious hemorrhagic disease.
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Research perspectives

The Garhwal region of the Sub-Himalayan belt, which is thought to be the endemic zone of goitre, has
little scientific literature on the radiological anatomy of thyroid arteries. A three-dimensional orientation
of the vascular and surgical anatomy of the entire cervical region is provided by computed tomography
angiography. The objective of the current research was to examine the origin and variation of thyroid
arteries, with the aid of Computed Tomography angiography, Surgeons must be familiar with the
course and variations of the thyroid arteries to prevent difficulties during thyroid operations.
Additional research in this area using even better methods can further add to the existing knowledge on
thyroid arteries.
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Abstract

BACKGROUND

Many imaging methods such as ultrasonography, computed tomography (CT),
magnetic resonance imaging, and endoscopy are used to identify the problems or
complications that occur in the perioperative period and to determine the
appropriate therapeutic approach. Specialists at surgical clinics and intensive care
units sometimes need diagnostic procedures that can give quick results or reveal
unexpected results. In particular, rapid on-site evaluation of patients followed
under intensive care conditions has several advantages.

AIM

To determine the problems developing in patients in the perioperative period by
contrast-enhanced abdominal X-ray (CE-AXR), revealing their current status or
defining the effectiveness of CE-AXR.

METHODS

The files of the patients who underwent hepatopancreatobiliary or upper gas-
trointestinal surgery, whose CE-AXR film was taken, were reviewed
retrospectively. Abdominal X-ray radiographs taken after ingestion of a water-
soluble contrast agent (iohexol, 300 mg, 50 cc vial) and its application in a drain,
nasogastric tube, or stent were evaluated. The contribution of the data obtained in
patients who underwent CE-AXR to the diagnosis, follow-up, and treatment
processes and the effectiveness of the application were investigated.
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RESULTS

CE-AXR was applied to 131 patients in our clinic, most of whom underwent hepatopancreato-
biliary or upper gastrointestinal surgery. It was determined that the data obtained from CE-AXR
films taken in 98 (74.8%) of the patients contributed to the diagnosis, treatment, and follow-up
expectations and positively affected the clinical processes.

CONCLUSION

CE-AXR is a simple procedure that can be applied anywhere, especially in intensive care patients
and at bedside, with a portable X-ray device. The simplicity of the procedure, less radiation
exposure for the patients, less time wastage, reduction in the CT and endoscopy procedure burden
and costs, quick results, rapid assessment of the situation, and enabling the monitoring of
processes with repetitive procedures are important advantages. X-rays taken will be useful in
terms of being a reference value during the follow-up period of the patient and determining the
situation in medicolegal processes.

Key Words: Abdominal X-rays; Contrast medium; Diagnosis; Complication; Leakage; Radiation exposure

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Specialists at surgical clinics and and intensive care units sometimes need diagnostic procedures
that can give quick results or reveal unexpected results. In this study, contrast-enhanced abdominal X-ray
(CE-AXR) was used to evaluate diagnosis and treatment efficacy in 131 patients. We sought to determine
the problems developing in patients in the perioperative period, revealing their current condition or
defining the effectiveness of CE-AXR. It was found that CE-AXR accelerated and facilitated decision-
making processes in selected patient groups and did not require further investigation. It was determined
that the data obtained from CE-AXR contributed to the diagnosis, treatment, and follow-up expectations in
98 patients (74.8%) and also had a positive impact on clinical processes. CE-AXR is a procedure that can
be performed almost anywhere with a portable X-ray machine, particularly at bedside, and in intensive
care units and clinics.

Citation: Dilek ON, Atay A, Gunes O, Karahan F, Karasu S. Role of contrast-enhanced serial/spot abdominal X-
rays in perioperative follow-up of patients undergoing abdominal surgery: An observational clinical study. World J
Radiol 2023; 15(6): 191-200

URL: https://www.wjgnet.com/1949-8470/full/v15/i6/191.htm

DOI: https://dx.doi.org/10.4329/wjr.v15.i6.191

INTRODUCTION

A wide variety of imaging methods is used to identify the problems encountered during the follow-up
of patients in surgery. Ultrasonography (USG), magnetic resonance imaging (MRI), computed
tomography (CT), and endoscopic interventions are the most commonly used methods. It has been
reported that interpretations in diagnostic procedures can be very variable and erroneous reporting
(diagnosis) is made in 2%-20% of cases in the literature[1]. On the other hand, most diagnostic devices,
except USG and mobile X-ray devices, can be used with limitations of place, time, device, and technical
staff.

Direct abdominal X-ray (AXR) radiographs are one of the diagnostic devices that can be used almost
everywhere in hospitals with the use of mobile X-ray devices, especially in emergency services[2]. It has
also been frequently used to control subclavian, jugular, percutaneous endoscopic gastrostomy,
nasogastric tube, or peritoneal dialysis catheter positions. It has been reported that while AXR detects
foreign bodies with a sensitivity of 90%, it shows intestinal obstructions with a sensitivity of 49%][3]. It
has been reported that the data obtained from approximately half of the patients who underwent AXR
in the emergency department have no relation with the definitive diagnosis[4]. The use of mobile X-ray
devices can play a vital role in the identification and decision-making of developing pathologies,
especially in patients followed in intensive care units.

There are no enough studies in the literature on the use of direct/spot contrast-enhanced AXR (CE-
AXR) following contrast agent administration. In this observational clinical study, we aimed to examine
our CE-AXR application results in the definition and follow-up of clinical manifestations in patients
hospitalized in intensive care units and clinics, mostly with hepatopancreatobiliary and upper
abdominal surgery, in the light of the literature.
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MATERIALS AND METHODS

Study population and data collection

The data was obtained by retrospectively examining the files of the patients who had CE-AXR films in
the surgical clinic (125 beds) of our university hospital (1100 beds) between 2017 and 2021. Since hepato-
pancreatobiliary (HPB) and upper gastrointestinal surgeries are mainly performed in our clinic, the
patients participating in the study manily underwent pancreatic, liver, biliary tract, esophagus, and
stomach surgeries. Most of the patients who underwent major surgery were followed in the intensive
care unit in the early postoperative period (1-5 d). Those who were followed in the clinic or the
outpatient clinic or who applied to the emergency department with serious complications were also
followed in the intensive care unit. Along with conventional diagnostic tools in our hospital, mobile
ultrasound and mobile X-ray devices are constantly used.

Study assessment and criteria

CE-AXR scans were performed on selected patients to control and confirm the efficacy of surgeries or to
evaluate unexpected results. Outpatient X-ray devices were used in stable patients and mobile X-ray
devices were used in patients hospitalized in the clinic. CE-AXR images were taken with mobile X-ray
machines at bedside for patients who were thought to be evaluated in the intensive care unit. More
complicated patients were transported to the radiology service with their beds and mobile life support
units for conventional CT or MRI examination. In case of insufficient data obtained with CE-AXR or in
patients with an unexpected pathological condition (anastomotic leakage, stricture, etc.), it was decided
to perform MRI, magnetic resonance cholangiopancreatography (MRCP), or CT first. Data on conven-
tional cholangiography and other conventional contrast-enhanced imaging methods were not included
in the study.

Techniques

AXR radiographs taken following the ingestion of a water-soluble contrast agent (iohexol, 300 mg, 50 cc
vial) in the preoperative or postoperative period and its application in a drain or stent were evaluated.
CE-AXRs were taken in the early or late periods following the application according to the character-
istics of the case and expectations. In patients with percutaneous transhepatic biliary drainage (PTBD),
AXR imaging was performed by administering the contrast material through the catheter on
postoperative 5th-10th days. While a single spot AXR radiography may be sufficient in most cases, in
some of the cases, 2-3 spot AXRs were taken intermittently to monitor the intestinal passage.

In the evaluation of the results, statistical analysis methods were not used, except for numerical and
proportional data for the evaluation of whether the procedure contributed to the diagnosis and
treatment process.

The study was carried out in accordance with the principles of the Helsinki Declaration. As a routine
procedure, written informed consent was obtained from each patient for all procedures and public-
ations. Ethics committee approval was received for this study (2022/ GOKAE/0542) from the Clinical
Trials Ethics Committee.

RESULTS

CE-AXR images of 131 cases included in the study were evaluated retrospectively (Table 1). CE-AXR
images taken to evaluate the patency of anastomoses, which were initially performed in our clinic only
in selected patients with PTBD and have started to be applied in more patients in the last two years. CE-
AXR was taken at bedside in 67 patients in the intensive care unit during their follow-up. Patients who
could not be evaluated with the obtained CE-AXR images were sent to the relevant units for endoscopy,
CT, or other diagnostic examinations.

Anastomosis could be evaluated in 29 (80%) patients in CE-AXR radiographs taken with the contrast
medium given through the PTBD catheter among 36 patients who underwent hepaticojejunostomy or
portoenterostomy (Figure 1). Anastomotic leakage was detected in two patients, while stricture
developed in two patients. It was decided to perform MRCP in seven patients who developed complic-
ations and could not be evaluated due to insufficient images.

Oral fluid-food intake is started after the routine evaluation of CE-AXR radiographs taken on the 3+
or 4" postoperative days of our patients who underwent esophagectomy (+ gastric pull-up) or total
gastrectomy (+ Roux-n-Y reconstruction) (Figure 2). A descriptive image was obtained in 27 of 34
patients (79%) who underwent CE-AXR, and anastomotic leakage was detected in two of the cases
(Table 1) (Figure 3). Adequate radiological imaging (Figure 4) was obtained in 15 of 18 patients (78%)
with sleeve gastrectomy in our series, no complications were detected in any of them, and the patients
were discharged with full recovery.

CE-AXR examinations were performed (Figure 5) to describe the continuity of the gastrointestinal
transition in patients (n = 43) receiving chemotherapy or developing acute abdomen (intestinal
obstruction), or postoperative patients. Definitive diagnosis was made in 27 cases (62%), and additional
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Table 1 Characteristics of patients with contrast-enhanced abdominal X-ray (n = 131)

Procedure n Positive results (Success) n, %
Patency of hepaticojejunostomy (stricture? leakage?) 21 17
Patency of portoenterostomy (stricture? leakage?) 15 12
Esophagiectomy + Gastric pull-up 9 7
Total proximal gastrectomies 14 11
Bariatric surgery 18 15
Gastrointestinal anastomosis 11 9
Intestinal obstruction (etiology? levels?) 9 7
Acute abdomen? Etiology? (Perforation? leakage?) 8 4
Dysfunctional ostomies 2 -
Postoperative vomiting 13 7
Persistent vomiting (chemotherapy /follow-up period) 11 9

Total

131 98 (74.8)

DOI: 10.4329/wjr.v15.66.191 Copyright ©The Author(s) 2023.

Figure 1 Postoperative contrast-enhanced abdominal X-ray images following hepaticojejunostomy for the reconstruction of the biliary
tract. A: Postoperative 14th day contrast-enhanced abdominal X-ray in a 42-year-old man with major bile duct trauma (Strasberg Bismuth E1) who underwent T-tube
reconstruction; the biliary tract and anastomosis was normal; B: The anastomosis and bile flow patency was normal in a 47-year-old woman who underwent
hepaticojejunostomy for major bile duct trauma (Strasberg Bismuth E2); C: The stricture (arrow) in the common hepatic duct was detected in a 38-year-old woman
who developed jaundice after biliary tract trauma (Strasberg Bismuth E2) and underwent percutaneous transhepatic biliary drainage.

Jaishideng®

radiological imaging was required for a definitive diagnosis in 16 cases (Table 1). For patients who were
consulted to our clinic with the suspicion of intestinal obstruction, in addition to the routine procedures
applied, the passage was evaluated objectively by taking 2-3 spot images with CE-AXR. Medical
treatment protocols were applied to cases with the open passage with CE-AXR, and surgical treatment
for patients with CE-AXR obstruction (Figure 6). Twenty-two patients were followed with suspected
nausea and vomiting (n = 13) or intestinal obstruction (n = 9); 12 of them were radiologically normal,
and intestinal obstruction was found in two patients (Figure 7). Additional examinations (CT,
gastroscopy, and colonoscopy) were performed on other patients for whom sufficient information could
not be obtained with CE-AXR.

The most common causes of failure in imaging on X-rays taken to detect the presence of anastomotic
stenosis or leakage were found to be lack of contrast material (amount or concentration) and timing
problems (early-late). It was calculated that imaging data contributed positively to the diagnosis, follow-
up, and treatment processes in 98 (74.8%) of the patients with CE-AXR.

Allergic or renal problems or technical problems related to the administration of contrast material
were not encountered.
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Figure 2 Contrast-enhanced abdominal X-ray images following gastrointestinal reconstruction for stomach/esophagus tumors. A: A 67-
year-old man and a 78-year-old woman who underwent esophagectomy + gastric pull-up for distal esophageal tumor. The esophagogastric passage was normal
without any findings of fistula or leakage at the sites of anastomoses on the postoperative 4th day; C: The position of the jejunal loop/stump and the passage was
normal in a 72-year-old woman who underwent total gastrectomy and Roux-n-Y anastomosis for cardia tumor.

DOI: 10.4329/er.v15.i6.19‘1 Copyright ©The Author(s) 2023.

Figure 3 Contrast-enhanced abdominal X-ray images showing anastomotic leakage. A: Anastomotic leakage in a 77-year-old man with total gastric
resection and Roux-n-Y anastomosis (arrows) for gastric cancer on the 6th postoperative day; B: Anastomotic leakage detected in a 63-year-old man on the
postoperative 4th day who underwent esophagectomy + gastric pull-up for distal esophagus tumor; C: Repeated control contrast-enhanced abdominal X-ray showed
healing in the same patient on postoperative 30th day.

DISCUSSION

Specialists at surgical clinics and intensive care units sometimes need diagnostic procedures that can
give quick results or reveal unexpected results. Radiological examinations are the most widely used and
accessible diagnostic tools today[5]. Endoscopists and surgeons often make use of scope imaging during
their procedures.

Direct/spot AXRs are mostly used in emergency departments to elucidate the etiology of pain[1,2,6].

AXRs are typically taken in about half of patients suffering from abdominal pain[4,5]. It has also been
reported that most AXRs in emergency departments are unnecessary. It has been reported in the
literature that positive X-ray results are detectable in 15.8% to 25% of patients undergoing AXRs[2-4].
Today, a wide variety of contrast agents is also used to eliminate the disadvantages of direct imaging, to
obtain better images with modern imaging devices, and to make more accurate interpretations. The use
of contrast media has become a common procedure in CT, MR, and USG examinations to better define
organ and tissue limits. Positive results were obtained in most of the cases (n = 98, 74.8%) with CE-AXR
in our series (Table 1).

CE-AXRs were originally made to understand the status (patency, stenosis, or leak) of hepaticojejun-
ostomy or portoenterostomies performed only in selected patients undergoing HPB surgery (Figure 1).
It has also been used later to describe the current state of patients and when quick decision-making is
required.

The major cause of morbidity and mortality after esophagectomy or total gastric resection is
asymptomatic anastomotic leakage. Although routine radiological follow-up is not performed in the
early postoperative period, it has been reported that anastomotic leakage can be overlooked even in
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Figure 4 Functionality of the gastrointestinal passage and patency of anastomosis on contrast-enhanced abdominal X-rays. A: A 57-year-
old woman whose esophagojejunal anastomosis functionality and passage continuity were investigated and evaluated as normal on the 4th postoperative day; B: The
gastric remnant, position, and functionality were normal in a 37-year-old woman (BMI-47.2) on the 3rd postoperative day after sleeve gastrectomy; C: Zenker's
diverticulum that was unexpectedly detected in a 44-year-old man with gastric resection for gastric cancer, who presented with dysphagia in the postoperative follow-
up period.

v. A
DOI: 10.4329/wjr.v15.i6.191 Copyright ©The Author(s) 2023.

Figure 5 Leakage and perforation on contrast-enhanced abdominal X-rays. A: Contrast material leakage into the abdominal cavity (arrows) due to the
peptic ulcer perforation seen on contrast-enhanced abdominal X-ray (CE-AXR) in a 76-year-old woman who cannot be diagnosed by clinical findings; B: CE-AXR in a
57-year-old woman who underwent laparoscopic stromal tumor resection and developed unexpected abdominal pain on the 5th postoperative day showed an
opening at the suture line and contrast material leakage (arrows); C: In a 68-year-old woman who underwent hilar resection and portoenterostomy for Klatskin tumor,
CE-AXR obtained by administering contrast material through the drain showed the biliary fistula tract and subhepatic pouch (arrows).

routine detailed scans[7]. CE-AXR examinations, which we previously performed in selected patients,
have recently begun to be routinely performed (Figures 2-4). In patients with fistula, CE-AXR can guide
the location, depth, dimensions, and treatment planning of the fistula.

Intraoperative methylene blue injection through the nasogastric tube is a widely used method[8,9] for
checking the tightness of the staple line (leakage) in bariatric and gastrointestinal surgery. Recently,
intraoperative indocyanine green has been used for the same purpose[9]. Studies also report a high rate
of false negativity in postoperative routine endoscopy or anastomotic leakage screening with methylene
blue[10]. In our clinic, methylene blue is routinely used in surgery for the control of tightness in patients
undergoing bariatric surgery. While patients were previously given methylene blue on the 3* or 4*
postoperative day, they have recently been evaluated with CE-AXR taken with oral contrast (Figure 4).
We believe that it is a more objective method than evaluation with methylene blue. CE-AXR taken on
the 3™ or 4™ postoperative day also gives information about the resection margins (leakage), stomach
balance, and passage status at the patient’s discharge time. It also has advantages such as documenting
the final status of the patient with the CE-AXR taken and having reference data in the controls to be
made.

The continuity of the passage and the presence of perforation can be questioned with a water-soluble
radiopaque contrast material to be drunk or administered through a nasogastric tube in patients who
are elderly, have cooperation problems, have faint physical examination findings, and whose etiology of
the acute abdomen cannot be adequately evaluated. We had cases diagnosed with peptic ulcer

Guiewidege WIR | https://www.wijgnet.com 196 June 28,2023 | Volume15 | Issue6 |



Dilek ON et al. CE-AXR and abdominal surgery

DOI: 10.4329/wjr.v15.i6.191 Copyright ©The Author(s) 2023.

Figure 6 Contrast-enhanced abdominal X-rays showing intestinal obstruction. A: Lateral contrast-enhanced abdominal X-ray (CE-AXR) showed
gastric dilation due to gastric outlet obstruction (Arrow) in a 48-year-old woman with persistent nausea and vomiting after pylorus-preserving
pancreatoduodenectomy; B: Abdominal cocoon was detected on CE-AXR in a 67-year-old woman who suffered from acute abdomen; C: CE-AXR showed a 74-year-
old man who was thought to develop intestinal obstruction due to adhesions (arrow).

DOI: 10.4329/wjr.v15.i6.191 Copyright ©The Author(s) 2023.

Figure 7 Non-surgical patients’ contrast-enhanced abdominal X-rays for evaluations of intestinal passage continuity. A: A 69-year-old man
underwent pancreatoduodenectomy for a pancreas tumor in the 6th postoperative year and presented with persistent nausea and vomiting due to incarcerated
intestinal loops collected in a giant incisional hernia; B: It was seen in the right lower quadrant of the abdomen and the intestinal passage was evaluated as normal; C:
Normal passage of the contrast material was seen on contrast-enhanced abdominal X-ray in a 59-year-old woman who was treated with chemotherapy and
presented with persistent nausea and vomiting.

perforation by administering an oral contrast agent in drinking water in patients followed up with the
diagnosis of acute abdomen and the cause of which could not be identified. Unexpected fistula cases
were also detected (Figure 5). CE-AXR may contribute to the reduction of unnecessary laparotomy. On
the other hand, it can prevent complications due to delays in diagnosis and treatment.

Gastric emptying difficulty is a serious problem in patients who have undergone major surgery,
especially after pancreatoduodenectomy[11-13]. Patients receiving adjuvant chemotherapy may also
experience severe nausea and vomiting from time to time. The underlying cause should be studied in
certain patients receiving chemotherapy at the oncology clinic who have treatment-resistant nausea and
vomiting. Delayed healing of wounds may occur because of wide incisions, high risk of infection, and
chemotherapy, and patients with pancreatoduodenectomy may have more incisional hernias that can
reach large sizes. Continuity of transition may be assessed with CE-AXR in patients with giant incisional
hernias (Figure 7) and complaints of nausea and vomiting. CE-AXR can also prevent unnecessary
surveys, procedures, and laparotomies. There may be evidence to show that the patient has recovered or
improved after surgery.

Nowadays, the largest source of radiation exposure is X-ray imaging equipment used in diagnostic
and therapeutic procedures. According to the global calculations, the average amount of natural
radiation or exposure to Radon per person is calculated as 2.4 mSv/year (Table 2)[14-19]. More than 500
million radiological imaging examinations are performed annually in the United States. It is calculated
that radiation exposure will increase progressively[14,20]. According to BEIR reports, it has been
calculated that abdominal sarcoma/ carcinoma may develop in one of 550-600 patients who received 20
mSv of radiation in conventional computed tomography scans[15,21]. The amount of radiation exposure
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Table 2 Effective doses of radiation for various radiological procedures and activities

Form of exposure to radiation

Effective dose (mSv)

Natural background radiation for 1 yr

1.3-4.1 (mean 2.4)

Airline passenger with Subsonic flight at 36.000 feet from New York to Istanbul 0.04
Abdominal/pelvic X-ray 0.7
Barium meal/enema 3-10
Hiroshima (measured from the jawbone, 1997) 9460
Average personal dose received by Turkish people due to the Chernobyl accident 0.5
Mammogram 0.4
Chest X-ray 0.02
Intravenous pyelography-IVP 6
Abdominal CT (+ contrast) 10-30
Chest/cardiac CT 7.8/16
Pelvic CT 10
Angiography/venography 11-33
CT-guided intervention 11-17
Nuclear stress test with Tc-99m/ thallium 11-22
Ultrasonography 0
Abdominal MRI 0

Figures are average data compiled from different reports and may vary according to country, age, gender, devices, and other variables. 1 Gy = 1 Sv = 1000
mSv =100 Rem. CT: Computed tomography; MRI: Magnetic resonance imaging.

caused by AXR (0.7 mSv) is higher than that by chest X-ray (0.02 mSv)[5,21,22]. The amount of radiation
exposure with CE-AXR is significantly lower than that with fluoroscopy and CT (Table 2). It has been
determined that CE-AXR can be taken with mobile X-ray devices at bedside and in intensive care units.
It also accelerates and facilitates decision-making processes and requires no further review.

CONCLUSION

Simple and mobile devices can also play a significant role in managing medical and surgical processes.
Important data can be obtained using CE-AXR to confirm clinical results, determine status, or rule out a
diagnosis or event. In selected cases and series, CE-AXR has many clinical benefits and contributions.
These are: (1) Very handy and quick results are available; (2) It is possible to determine whether the
entities in question are present or not; (3) It is more appropriate in intensive care units and at bedside;
(4) The workload in radiology (CT/MRI) and endoscopy units is reduced; (5) Exposure to irradiation is
reduced; (6) The use of radiopaque substances, which have toxic effects on the kidneys and have allergic
properties, will decrease; and (7) It may be a benchmark for future medical follow-ups and medicolegal
proceedings.

ARTICLE HIGHLIGHTS

Research background
Although abdominal X-rays are one of the most frequently used imaging methods in emergencies, they
are not as reliable as expected.

Research motivation
The desire to quickly evaluate and know the developments in patients being followed in the surgery
clinic and intensive care units prompted us to conduct this study.
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Research objectives
It has been designed especially for imaging at bedside in order to learn the result of the procedure or the
existence and dimensions of undesirable situations in a short time.

Research methods

Initially, contrast-enhanced abdominal X ray (CE-AXR) was performed to evaluate only biliary tract
anastomoses (cholangiography). Evaluation of images (CE-AXR) obtained by the application of
catheters, drains, nasogastric tube, or oral contrast agent (iohexol, 300 mg, 50 cc vial) mixed with saline
or water in very different clinical situations with satisfactory results (stenosis, patency, functionality,
fistula, obstruction, etc.) was performed. File data of patients who underwent CE-AXR in the
retrospective observational study were evaluated.

Research results

As a result of examining the data of a total of 131 patients, it was determined that CE-AXR, which was
performed after liver, biliary tract, pancreas, esophagus, and stomach operations, provided adequate
imaging in 74.8% of the cases and contributed to the diagnosis and treatment process. No complications
related to the procedure were observed.

Research conclusions

CE-AXR is a very simple imaging method that has no side effects. It can be very useful in clinics and
intensive care units because it can be done with mobile X-ray devices at bedside and give fast results. It
also has advantages such as reducing the burden of the radiology unit and exposure to radiation.

Research perspectives

CE-AXR can contribute to the diagnosis and treatment process in patients with upper gastrointestinal
(esophagus and stomach) and hepatopancratobiliary surgeries, chemotherapy patients, and cases with
persistent nausea-vomiting complaints and suspected intestinal obstruction. Prospective clinical studies
are needed to better understand the effectiveness of CE-AXR.
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Abstract

BACKGROUND

Aneurysmal subarachnoid hemorrhage is an emergency that can lead to a high
mortality rate and many severe complications. It is critical to make a rapid
radiological evaluation of ruptured intracranial aneurysms (RIAs) to determine
the appropriate surgical treatment.

AIM

To assess the reliability of computed tomography angiography (CTA) in assessing
different features of ruptured intracranial aneurysm and its impact on patient
management.

METHODS

The final cohort of this study consisted of 146 patients with RIAs (75 male and 71
female) who underwent cerebral CTA. Their age ranged from 25 to 80, and the
mean age + SD was 57 = 8.95 years. Two readers were asked to assess different
features related to the aneurysm and perianeurysmal environment. Inter-observer
agreement was measured using kappa statistics. Imaging data extracted from
non-contrast computed tomography and CTA were considered to categorize the
study population into two groups according to the recommended therapeutic
approach.

RESULTS
The inter-observer agreement of both reviewers was excellent for the detection of
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aneurysms (K = 0.95, P = 0.001), aneurysm location (K = 0.98, P = 0.001), and (K = 0.98, P = 0.001),
morphology (K =0.92, P = 0.001) and margins (K = 0.95, P = 0.001). There was an excellent interob-
server agreement for the measurement of aneurysm size (K = 0.89, P = 0.001), neck (K =0.85, P =
0.001), and dome-to-neck ratio (K = 0.98, P = 0.001). There was an excellent inter-observer
agreement for the detection of other aneurysm-related features such as thrombosis (K = 0.82, P =
0.001), calcification (K = 1.0, P = 0.001), bony landmark (K = 0.89, P = 0.001) and branch
incorporation (K = 0.91, P = 0.001) as well as perianeurysmal findings including vasospasm (K =
0.91, P = 0.001), perianeurysmal cyst (K = 1.0, P = 0.001) and associated vascular lesions (K = 0.83,
P = 0.001). Based on imaging features, 87 patients were recommended to have endovascular
treatment, while surgery was recommended in 59 patients. 71.2% of the study population
underwent the recommended therapy.

CONCLUSION
CTA is a reproducible promising diagnostic imaging modality for detecting and characterizing
cerebral aneurysms.

Key Words: Computed tomography angiography; Intracranial aneurysm; Subarachnoid hemorrhage;
Intracranial hemorrhage; Observer variation

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study evaluated the interobserver reliability of computed tomography angiography (CTA) in
the assessment of ruptured intracranial aneurysm features among 146 patients. Our results showed good to
an excellent inter-observer agreement in imaging features related to the aneurysm, aneurysm characters,
measurements, and perianeurysmal information. Imaging data extracted from non-contrast computed
tomography and CTA guided the multidisciplinary neurovascular team to better treatment approach
selection.

Citation: Elmokadem AH, Elged BA, Abdel Razek A, El-Serougy LG, Kasem MA, EL-Adalany MA. Interobserver
reliability of computed tomography angiography in the assessment of ruptured intracranial aneurysm and impact
on patient management. World J Radiol 2023; 15(6): 201-215

URL: https://www.wjgnet.com/1949-8470/full/v15/i6/201.htm

DOI: https://dx.doi.org/10.4329/wjr.v15.i6.201

INTRODUCTION

Acute subarachnoid hemorrhage (SAH) is a medical emergency that can lead to a high mortality rate
and many severe complications. The most frequent cause of non-traumatic SAH is a ruptured
aneurysm. Ruptured aneurysms not only cause subarachnoid bleeding but can also cause subdural or
intracerebral hematomas. It is critical to make a rapid radiological evaluation of ruptured intracranial
aneurysms (RIAs) to determine the appropriate surgical treatment of SAH[1]. Different imaging
modalities are used or have been used to assess intracranial vascular lesions. Digital subtraction
angiography (DSA) has been considered the “gold standard” for detecting intracranial aneurysms and
therapeutic decision-making. Additionally, intra-arterial cone beam computed tomography
angiography (CTA) using a flat panel detector incorporates the high spatial vascular resolution of three-
dimensional (3D) rotational angiography with computed tomography (CT) postprocessing techniques to
increase the contrast resolution[2]. Nevertheless, it is an invasive and time-consuming technique with a
reported 0.5% risk of neurological complications[3]. Magnetic resonance (MR) angiography enables
visualization of intra-cranial arteries without ionizing radiation or intravenous contrast material. The
performance of MR angiography in evaluating acute SAH also has been compared favorably with that
of DSA. However, MR angiography can be technically challenging for acutely ill patients. Additionally,
aneurysms less than 5 mm in diameter might be missed in MR angiography studies[4].

Compared to DSA, CTA is a safe, relatively inexpensive, and noninvasive imaging. CT angiography
is not associated with significant patient risks other than those related to administering iodinated
contrast media. Images can be relatively safely obtained without the need for arterial puncture or
catheter manipulation that carries the possibility of acquiring a permanent neurologic deficit[5]. For
these reasons, helical cerebral CT angiography has been widely used in detecting intracranial
aneurysms, with a reported sensitivity of 70%-96%[6]. Currently, multidetector CT angiography has the
ability to detect most intracranial aneurysms of 5 mm or larger. Multidetector row CT scanners provide
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increased spatial resolution and decreased scanning time, which should increase the sensitivity of the
technique in depicting aneurysms of less than 5 mm in diameter. Currently, CT angiography is accepted
as a first-line diagnostic imaging modality for evaluating intracranial aneurysms. Nevertheless, using
CT angiography to depict intracranial aneurysms showed variable sensitivity. The reported sensitivity
of CTA in detections of small intracranial aneurysms (< 3 mm) varied from 28%-43% in a study that
included 99 small aneurysms[7] to 83%-92% in another study had 579 small aneurysms|[8].

Deciding whether to perform surgical clipping or endovascular therapy for an intracranial aneurysm
is vital. Treatment of intracranial aneurysms depends on clinical features, including age, Hunt and Hess
grade, neurological or medical comorbidity, and characters of the aneurysm itself. Advances in imaging
technologies have improved our comprehension of the 3D geometry of cerebral aneurysms, which has
further affected treatment procedures, and helps neurosurgeons in the diagnosis, planning, and
assessment of the therapeutic modalities. Exact information must be obtained preoperatively regarding
the location, size, and morphology of the aneurysm and the property of the aneurysmal wall, its
relationship with the parent vessel and adjacent branches, vessel incorporation, presence of calcification
or thrombus[9]. Perianeurysmal information such as associated vasospasm, vascular variants, presence
of vascular malformations, and the relationship of the aneurysm to the bony skull base is also crucial for
proper treatment method selection.

This work aims to assess the inter-observer reliability of CTA in assessing different features of RIAs
and their impact on patient management.

MATERIALS AND METHODS
Study population

The Institutional review board approved this single-center prospective study. One hundred sixty-one
consecutive patients with clinically suspected intracranial aneurysms were recruited. Inclusion criteria
were adult patients with imaging signs of SAH by non-enhanced CT. The exclusion criteria were
patients with renal insufficiency (n = 6), pregnant or lactating females (n = 2), and non-diagnostic
examinations (1 = 7). The final cohort of our study included 146 patients (75 male and 71 female). Their
age ranged from 25 to 80 years, with a mean age was 57 + 8.9 years. Once enrolled, all patients were
submitted to a contrast-enhanced CTA scan for diagnosis of intracranial aneurysm. The commonest
clinical presentation was a headache, neck pain, and depressed consciousness in 130 patients,
hemiparesis in 12 patients, cranial nerve palsies, and blurring of vision being less common presenting
symptoms in 3 patients. One patient presented in an accident. The flow chart of our study is illustrated
in (Figure 1).

CTA Technique

All examinations were carried out with 160-slice computed tomography (Toshiba Aquilion Prime 160,
Tochigi, Japan). Examinations were performed in a supine position with the arms of the patients beside
the body. We first performed a non-contrast CT (NCCT) scan of the whole brain in an axial plane tilted
along the orbitomeatal line using the following parameters: tube voltage 100 kVp, field of view (FOV)
220 mm, collimation 0.75 mm, matrix size 512 x 512, slice thickness 3.0 mm, and rotation time 1.0 s. CTA
examinations were achieved using the bolus triggering technique for the timing of contrast medium
injection. A region of interest (ROI) was centered at the upper end of the common carotid artery and
sized to include only the lumen of the artery. The bolus triggering technique started automatically after
contrast-medium injection when an attenuation value of 100 HU was reached in ROIL Non-ionic contrast
medium Ultravist 370 (370 mgl/mL, Bayer Healthcare Ltd, Guangzhou, China) at a dose of 1 mL/Kg
and rate of 4mL/s followed by a 50 mL saline flush administered via automatic injector (Medrad
Stellent, Warrendale, PA) through a 20 G intravenous cannula in the antecubital fossa of either upper
extremity. The following parameters were used: Tube voltage 120 kVp, automatic tube current
modulation, FOV 250 mm, collimation 0.75 mm, matrix size 512 x 512, slice thickness 1.5 mm, rotation
time 0.3 s. Scanning was performed in the caudocranial direction and started at the level of the aortic
arch up to the vertex. Axial images were stored and transferred into the workstation as source images
after reconstruction at 0.625-mm intervals. Multiplanar reformats (MPR), maximum intensity projection
(MIP), and 3D volume-rendered images were used for further analysis.

Image analysis

Image analysis was conducted on the PACS system (GE Healthcare, Waukesha, WI). All CTA examin-
ations were revised and interpreted by two experienced neuroradiologists with 14 and 8 years of
experience in neurovascular imaging (AHE, BE). They independently reviewed the images blinded to
patient data and final diagnosis. The following features obtained at NCCT were individually evaluated
for each patient: The degree of SAH using the Fisher scale, associated parenchymal hemorrhage,
hydrocephalus, and ischemic changes. Both readers were asked to predict the location of the aneurysm
based on the distribution of SAH and Intraparenchymal hematoma (IPH). At CTA, both readers were
asked to evaluate the following aneurysm features’: (1) Number; (2) Size; (3) Location (anterior vs
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Figure 1 Flow chart of the study.
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posterior circulation, parent artery, and affected segment); (4) Shape (saccular, fusiform, serpentine or
blister); (5) Margin (sharp, irregular/daughter sacs); (6) Presence of calcification and/or thrombus; (7)
The presence of branch incorporation; and (8) The orientation of the aneurysm in relation to the parent
vessel (e.g., pointing superior/inferior, medial/Lateral, anterior/ posterior). Aneurysm size was defined
by the maximum measurement of aneurysm width, neck width (the largest cross-sectional diameter of
the aneurysm neck), depth (the longest diameter between the neck and dome), and aneurysm neck-to-
dome length. According to size, aneurysms were classified into: (1) Small aneurysms are less than 5 mm;
(2) Medium-sized aneurysms are 6-15 mm; (3) Large aneurysms are 16-25 mm; and (4) Giant
aneurysms are > 25 mm. The following features related to the perianeurysmal environment were
evaluated by both readers: (1) Associated vasospasm; (2) Perianeurysmal cysts; (3) Associated vascular
malformations (type and classification based on relation to aneurysm); (4) Vascular variants; and (5) The
relationship of the aneurysm to the bony landmarks or related osseous changes (remodeling or
fractures).

Management selection

Imaging data extracted from NCCT and CTA were considered to categorize the study population into
two groups according to the recommended therapeutic approach. The first group was recommended to
proceed to endovascular therapy, and the second group was advised to undergo surgical management

(clipping).

Features in favor of endovascular therapy (coiling) were: (1) Absence of parenchymal hematoma; (2)
Posterior circulation aneurysm; (3) Small aneurysm neck < 4 mm; (4) Aneurysm diameter < 15 mm; (5)
Unilobar shape; (6) Multiple aneurysms; (7) Calcification located at the aneurysm neck that might
interfere with clipping; and (8) Presence of vasospasm. Coiling using balloon remolding technique or
stent-assisted coiling was recommended with wide-neck aneurysms.

Features favored surgical management (clipping) Were (1) Presence of intra-parenchymal hematoma;
(2) Middle cerebral and pericallosal arteries aneurysm; (3) Wide neck of the aneurysm > 4 mm; (4)
Aneurysm diameter > 15 mm; (5) Abnormal configuration unsuitable for endovascular therapy; (6)
Aneurysmal sac incorporating arterial branches; (7) Presence of intraluminal thrombus; and (8) Vascular

variant interferes with endovascular management. Features considered in managing RIAs are listed in
Table 1.

Statistical analysis:

All statistical analyses were performed with software (SPSS, version 16.0; SPSS, Chicago, IlI). The
Kolmogorov-Smirnov Z-test was used to test the normality of the continuous variable groups. The CTA
image quality scores were ranked and listed as a mean and standard deviation. The kappa statistic (K),
including a 95%CI with an intra-class correlation (r), was used to estimate the proportion of interob-
server agreement beyond that expected by chance for the image quality grading and depiction of the
aneurysm, its neck, parent artery, and associated anomalies. A P value less than 0.05 was considered to
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Table 1 Imaging features considered in the management of ruptured intracranial aneurysms

Endovascular therapy Surgical management
Non-contrast computed tomography Absence of parenchymal hematoma Presence of intra-parenchymal hematoma
Aneurysm characters Posterior circulation aneurysms Middle cerebral and pericallosal arteries aneurysm
Small aneurysm neck <4 mm Aneurysm diameter > 15 mm Wide neck aneurysm >4 mm
Aneurysm diameter <15 mm Abnormal configuration
Unilobar configuration Aneurysmal sac incorporating arterial branches
Multiple aneurysms Presence of intraluminal thrombus

Calcification located at the aneurysm neck

Perianeurysmal findings Presence of vasospasm Vascular variants interfere with endovascular management

Jaishideng®

indicate a statistically significant difference. The K values were interpreted as follows: K values between
0.61 and 0.80 represented good; K values between 0.81 and 1.00 represented excellent agreement.

RESULTS

NCCT findings

Both readers used the Fisher scale to assess SAH. The means scores were (3.47 = 0.6 and 3.33 + 0.4) with
a good interobserver agreement (K = 0.79, P = 0.001). Excellent interobserver agreement between both
readers in the detection of IPH (K = 0.1, P = 0.001) as well as in the detection of hydrocephalus (K = 0.92,
P =0.001). A statistically significant strong positive correlation was found between the location of SAH
and IPH on NCCT scan and the eventual location of a ruptured cerebral aneurysm in single ones and as
a differentiating point of culprit aneurysm in multiple aneurysms confirmed by CTA and surgical or
endovascular intervention. The sensitivity of NCCT predicting aneurysms depends on blood distri-
bution of more than 85% in our study. Table 2 shows the inter-observer results of CT and CTA findings.

Aneurysm characters:

Detection: The first reader detected 166 aneurysms [126 single aneurysms (75.9%) and 40 multiple
aneurysms (24.1%)], while 2nd reader detected 169 aneurysms [127 single aneurysms (75.1%) and 42
multiple aneurysms (24.9%)]. An excellent interobserver agreement was found between both readers in
detecting an aneurysm [98.8% (K = 0.95, P = 0.001)]. Among multiple aneurysms, 14 were mirror image
aneurysms (MA), and the remaining were non-mirror image (NMA). The commonest location of MA in
our series was the M1 segment or at the middle cerebral artery (MCA) bifurcation (n = 3), followed by
the cavernous portion of internal carotid artery (ICA) (n = 2) (Figure 2), the posterior communicating
artery (PCOM) (n = 1), and ICA terminus (n = 1). The sensitivity of CTA compared to DSA in the
detection of intracranial aneurysms was 98.8%. DSA identified 89 aneurysms in 80 patients. Among
these aneurysms, CTA failed to detect one in a patient with three other aneurysms. The missed
aneurysm was located in posterior cerebral artery (PCA) with diameters of 3 mm. In two cases, CTA
depicted aneurysms, which DSA missed. An ICA blister and a distal MCA mycotic aneurysm were the
two missed aneurysms.

Location: For most of the study, the population was harboring anterior circulation aneurysms (94%).
Excellent interobserver agreement was found between both readers in the detection of aneurysms in the
anterior and posterior circulation (K = 0.95, P = 0.001) as well as its site in parent artery and segment (K
=0.98, P =0.001), and (K =0.98, P = 0.001). In this study, Acom was the most affected artery, and Acom-
left anterior cerebral artery (ACA) complex was the most affected segment. Both readers successfully
detected intracranial aneurysms in relatively rare locations such as basilar perforators (2/L46), distal
ACA (4/146), pericallosal artery (2/L46), and azygous ACA (2/L46). Inter-observer results of the CTA
location of the aneurysm are summarized in Table 3.

Morphology: Among the assessed aneurysms, (96.4%) were saccular, (2.4%) were fusiform, and (1.1%)
were serpentine (Figure 3). Excellent interobserver agreement was found between both readers in the
detection of aneurysm shape (K = 0.92, P = 0.001) and for margins (K = 0.95, P = 0.001). Other features
such as calcification or thrombus, branch incorporation, and aneurysm orientation also show excellent
inter-observer agreement. Calcification and thrombosis were detected in large and giant aneurysms
(Figure 4). Branch incorporation was found in association with 55 aneurysms, one of them showed 3™
A2 segment incorporated Acom aneurysm dome (ACA trifurcation), to the best of the author’s
knowledge this association is not reported before in the literature (Figure 5).
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Table 2 Inter-observer agreement of computed tomography and computed tomography angiography features of aneurysm

Signs Reader 1 Reader 2 K 95% CI Pvalue Agreement, %
NCCT findings
SAH Fisher scale 3.47+0.6 3.33+04 0.84 0.78-0.85 <0.001 89.50
Hydrocephalus (HCP) Negative (N) 93 95 0.91 0.85-0.97 <0.001 95.90
Positive (p) 53 51
Intraparenchymal hematoma (IPH) Negative (N) 105 105 1 1.0-1.0 <0.001 100.00
Positive (p) 41 41
Aneurysm features
Number Total 166 169 0.95 0.89-1.0 <0.001 98.80
Single 126 127
Multiple 40 42
Size Small 55 57 0.89 0.83-0.96 <0.001 94.70
Medium 101 102
Large 5 5
Giant 5 5
Site Anterior 156 157 0.94 0.83-1.0 <0.001 99.40
Posterior 10 12
Shape Saccular 160 162 0.92 0.76-1.0 <0.001 99.40
Fusiform 4 4
Serpentine 2 2
Blister 0 1
Margin Sharp 71 75 0.95 0.90-0.99 <0.001 97.60
Lobulated 95 94
Thrombus 6 9 0.82 0.65-0.99 <0.001 97.60
Calcification 9 9 1 1.0-1.0 <0.001 100.00
Branch incorporation 50 55 0.9 0.83-0.97 <0.001 95.90
Orientation 0.95 0.91-0.97 <0.001 96.50

Perianeurysmal findings

Vasospasm 21 25 0.9 0.81-0.99 <0.001 97.60
Perianeurysmal cyst 1 1 1 1.0-1.0 <0.001 100.0
Other vascular lesions 2 4 0.82 0.59-1.0 <0.001 98.80
Bony relations 23 26 0.88 0.78-0.98 <0.001 97.00
Bone fracture 1 1

Vascular variant 84 88 0.89 0.83-0.96 <0.001 94.90
Overall agreement 0.95 0.94-0.96 <0.001 97.80

NCCT: Non-contrast computed tomography; SAH: Subarachnoid hemorrhage; IPH: Intraparenchymal hematoma.

Measurements: Most cases were medium-sized aneurysms (60.8%), followed by small-sized (30.1%).
Both readers measured aneurysm size, neck, and dome-to-neck ratio with an excellent interobserver
agreement (K = 0.89, P = 0.001), (K = 0.85, P = 0.001), and (K = 0.98, P = 0.001). Inter-observer results of
CTA measurements of an aneurysm are summarized in Table 4.

Peri-aneurysm findings: Excellent interobserver agreement was found between both readers in
detecting vasospasm in the nearby arterial segment (K = 0.91, P = 0.001) and detection of the perian-
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Table 3 Inter-observer agreement of computed tomography angiography locations of aneurysm

Parent artery Reader 1 Reader 2

ACOM 73 73

ACA 5 6

RTICA 20 20

LTICA 16 16

RT MCA 21 22

LT MCA 20 20

Basilar 8 9

LT PCA 1 1

RT Vertebral 1 1

LT SCA 0 1

K 95%CI P value

0.97 0.87-1.0 <0.001

Arterial segment Reader 1 Reader 2

ACOM- Lt ACA complex 36 36

ACOM- Rt ACA complex 34 34

ACOM proper 3 3

Al 1 1

RT A2 1 1

LT A2 0 1

Azygous A2 2 2

A3 1 1

RT MCA bifurcation 14 14

LT MCA bifurcation 15 15

RT M1 4 4

LT M1 3 3]

RT M2 3 3

LT M2 2 2

M4 0 1

RT PCOM 12 12

LT PCOM 9 9

RT ICA Terminus 4 4

LT ICA Terminus 2 2

RT Cavernous ICA 4 4

LT Cavernous ICA 5 5

Basilar tip 4 4

Mid Basilar 2 3

Basilar Perforators 2 2

Rt V4 1 1

LT SCA 0 1

Lt P1 1 1

K 95%CI P value
Gishidenge VIR | https://www.wjgnet.com 207 June 28,2023 | Volume15 | Issue6 |
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0.97 0.87-1.0 <0.001

ACA: Anterior cerebral artery; RT: Right; ICA: Internal carotid artery; LT: Left; MCA: Middle cerebral artery; PCA: Posterior cerebral artery; SCA: Superior

cerebellar artery; PCOM: Posterior communicating artery.

Table 4 Inter-observer agreement of computed tomography angiography measurements of aneurysm

Size Dome Neck Dome/neck ratio

Reader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2 Reader 1 Reader 2

Mean 74 7.4 3.7 3.6 2.7 2.7 1.3 1.3
Median 6 6 3 3 2.3 2.3 1.2 1.2
SD 5.44 5.47 3.2 3.1 21 21 0.8 0.8
Minimum 1.8 1.8 1 1 1 1 0.2 0.2
Maximum 40 42 22 22 20 20 47 5.6
ICC 0.97 0.97 0.96 0.98

95%Cl (0.96-0.98) (0.96-0.97) (0.95-0.97) (0.97-0.98)

ICC: Interclass correlation.

DOI: 10.4329/wjr.v15.i6.201 Copyright ©The Author(s) 2023.

Figure 2 Mirror image intracranial aneurysms. A: Axial computed tomography angiography (CTA) in maximum intensity projection; B: Three-dimensional
CTA for mirror image internal carotid artery aneurysm.

eurysmal cyst (K = 1.0, P = 0.001). Associated vascular lesions, including arterio-venous malformation
(AVM) and developmental venous anomalies (DVA) (Figure 6), were detected by both readers with an
excellent interobserver agreement (K = 0.83, P = 0.001). Vascular variations commonly affected the Al
segment, followed by PCA and MCA. Both readers detected an important bony variant in a case
presented with a PCOM aneurysm in the form of a bridging sella turcica which was managed surgically
by clitoridectomy (Figure 7).

Management: Based on imaging features, 87 patients were recommended to have endovascular
treatment, while surgery was recommended in 59 patients. 71.2% of the study population underwent
the recommended therapy, as 19 patients did not receive any therapy for the culprit, 66 underwent
endovascular treatment, and 61 underwent surgical clipping. Only 15% of the study population needed
external ventricular drain (EVD) to manage associated hydrocephalus.
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Figure 3 Morphology of intracranial aneurysms. A: Three-dimensional (3D)-computed tomography angiography (3D-CTA) for saccular aneurysm at middle
cerebral artery (MCA) bifurcation with smooth margins; B: 3D-CTA for saccular aneurysm at MCA bifurcation with daughter sac; C: 3D-CTA for Acom saccular
aneurysm with multiple blebs.

~

DOI: 10.4329/er.v15.i6.501 Copyright ©The Author(s) 2023.

Figure 4 Giant intracranial aneurysms. A: Axial computed tomography angiography (CTA) in maximum intensity projection (MIP); B and C: Three-dimensional
(3D)-CTA for giant saccular aneurysm arising from right internal carotid artery and incorporating the origin of anterior cerebral artery and middle cerebral artery
(MCA); D: non-contrast computed tomography for another patient shows a well defined lobulated lesion of mixed density in the left temporal lobe with foci of
peripheral calcification; E: MIP-CTA axial image shows giant partially thrombosed saccular aneurysm of left MCA; F: 3D-CTA image shows a patent portion of left
MCA aneurysm.

DISCUSSION

This study evaluated the interobserver reliability of CTA in the assessment of ruptured intracranial
aneurysm features among 146 patients. Our results showed good to an excellent inter-observer
agreement in imaging features related to the aneurysm, aneurysm characters, measurements, and
perianeurysmal information. Imaging data extracted from NCCT and CTA guided the multidisciplinary
neurovascular team to better treatment approach selection.

Our results showed high sensitivity of NCCT (85%) in predicting aneurysms’ location depending on
blood distribution with a good inter-observer agreement regarding the Fischer scale scores for SAH. The
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Figure 5 Anatomical variants with intracranial aneurysms. A: Sagittal reformatted maximum intensity projection-computed tomography angiography
(CTA); B: Three-dimensional-CTA for a saccular aneurysm at anterior cerebral artery trifurcation.

@)

Figure 6 Vascular malformation with intracranial aneurysms. A: Axial maximum intensity projection (MIP)-computed tomography angiography (CTA)
shows a small saccular aneurysm that arises from the left basilar artery perforators; B: Coronal reformatted MIP-CTA shows left cerebellar developmental venous
anomalies (DVA) drains into the left sigmoid sinus; C: Three-dimensional-CTA shows the basilar perforator aneurysms and the left cerebellar DVA.

DOI: 10.4329/wijr.v15.i6.201 Copyright ©The Author(s) 2023.

DOI: 10.4329/wjr.v15.i6.201 Copyright ©The Authc;r(s) 2023.

Figure 7 Bony landmarks related to the aneurysm. A: Three-dimensional (3D)-computed tomography angiography shows a posterior communicating artery
aneurysm close to the anterior clinoid process; B: 3D-computed tomography (CT) for the skull base shows bridging sella and bony fusion; C: Post-operative 3D-CT
shows partial clionoidectomy and metallic clip.

combination of NCCT images and CTA is a valuable tool for detecting intracranial aneurysms and
predicting outcomes. Aneurysm detection could be expected by assessing the distribution of SAH, the
site of the largest clot, the difference in attenuation, and the presence of mural calcification. A recent
study performed on patients with SAH and multiple cerebral aneurysms found that NCCT can identify
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the source of bleeding with high accuracy for ACA, ACom, and MCA aneurysms, especially with the
presence of intracranial hemorrhage (ICH)[10]. Our results showed excellent inter-observer agreement
for detecting acute hydrocephalus with a variable degree of acute ventricular dilation, yet only 15% of
our cases need management by EVD. Our results were close to those of the study performed on 389
patients with aneurysm-associated SAH[11].

We found that CTA has a high sensitivity for detecting intracranial aneurysms and avoids false-
negative results. In a meta-analysis of extracted data from 8 studies, CTA had a pooled sensitivity of
99% and specificity of 94% for detecting and ruling out cerebral aneurysms[12]. Our study had an
excellent interobserver agreement for detecting the aneurysms; the first reader detected 166 aneurysms,
while the second reader detected 169 aneurysms. Yang et al[8] revealed a similar discrepancy in number
detection by two observers, as one reviewer missed three aneurysms[8]. The inter-observer discrepancy
usually occurs in a set of multiple small aneurysms in uncommon locations, such as the distal MCA. In
this study, we detected mirror MA in 7 patients. Our results concord with the data obtained by a recent
study by Rajagopal et al[13].

In our study, the anterior cerebral circulation aneurysms remained the predominant location of all
aneurysms detected by CTA, constituting about 94% of the anterior and 6% of the posterior circulation.
Acom aneurysm is the most common location of aneurysm in our results followed by ICA and MCA
aneurysms, respectively. A similar distribution was reported by previous studies that assessed CTA vs
DSA in the detection of intracranial aneurysms[14,15]. Imaging is vitally important to determine the
location of the aneurysm and its relationship to the surrounding anatomy. Data from many studies
suggest that surgical clipping may be superior in managing anterior circulation aneurysms with low
recurrent rates. In contrast, posterior circulation aneurysms may be better treated through an
endovascular approach[16]. Both readers successfully detected intracranial aneurysms in relatively rare
locations, such as basilar perforators and azygous ACA. These findings aligned with prior studiesstating
that basilar perforator aneurysms are sporadic lesions often not recognized on initial imaging[17,18].
Similarly, azygos ACA aneurysm has a low incidence among intracranial aneurysms in literature
ranging from 0.38 to 3.7%[19].

In this study, non-saccular intracranial aneurysms were less frequent. The margins were sharp
(42.7%), and the rest were lobulated. These results partially agree with Rai et al[15], who reported 91% of
saccular aneurysms, with only 22% having lobulated margins[15]. An irregular margin or lobulation
along the margin of an aneurysm suggests rupture. It is an important observation in the setting of
diffuse SAH and multiple intracranial aneurysms when treatment is directed at the culprit aneurysm
[20]. Excellent inter-observer agreement was found in the assessment of branch incorporation and
aneurysm orientation. The location of a branch to the aneurysm is a critical finding, as inadvertent
occlusion of this branch during aneurysm treatment could have devastating consequences[21].
Therefore, it is essential to have a basic understanding of cerebral circulation and anatomical variants
when interpreting CTA studies. Aneurysm orientation, especially Acom aneurysm, is a crucial element
in selecting surgical vs endovascular management. Aneurysms with a more complex surgical approach
are often assessed for endovascular therapy rather than surgical management[22].

Excellent agreement was found in this study between both readers regarding aneurysm mea-
surements, including size, neck diameter, and dome-to-neck ratio. As the size of the aneurysm is the
most significant predictor of SAH risk, accurate measurement of the aneurysm (s) is imperative for
proper management. Aneurysms larger than 12 mm had a 2.6 relative risk of poor outcomes[23]. Kim et
al[24] stated that intra-observer and interobserver variability in CTA were considerable in aneurysmal
size measurements ranging from 12 to 18%. Therefore, follow-up size changes exceeding 20% in the
aneurysm dimension should be considered a true change rather than a measurement error[24]. In
contrast to these results, another study reported a poor ability of CTA to identify aneurysm enlargement
accurately in assessing an in-vitro model. However, they recommended further human studies to
confirm their findings[25]. CTA in this study detected the neck of all saccular aneurysms by both
readers. Neck dimension and neck-to-dome ratio are crucial to deciding between surgical or
endovascular treatment and simple coiling or adjunctive techniques to facilitate coil embolization
through wide neck, such as neck remodeling using balloons or stent-assisted embolization[26].

The majority of our cases were medium-sized aneurysms (60.8%). This finding was in line with
results reported by previous studies, which noted that medium-sized aneurysms were the majority of
intracranial aneurysms[14,15]. We also observed that the presence of thrombosis and calcification was
strongly tied to aneurysm size in large-sized and giant aneurysms compared to the corresponding intra-
operative details of each case. Spontaneous thrombosis of intracranial aneurysms may occur in up to
40% of giant aneurysms, eventually becoming symptomatic due to mass effect or stroke. On the
contrary, spontaneous thrombosis of a non-giant aneurysm (< 25 mm) is rarer[27]. Calcification appears
to be an important pre-operative indicator of poor outcomes[28] and should be considered when
deciding treatment options for a patient with a calcified aneurysm.

Perianeurysmal findings such as vasospasm, perianeurysmal cyst, associated vascular lesions or
variants, and bony landmarks or pathologic changes are essential factors that might change the
treatment decision. Cerebral vasospasm and resultant delayed cerebral ischemia consider a significant
etiology of morbidity and mortality in patients with aneurysmal SAH (DCI)[29]. CTA is a fast and
reliable tool for detecting decreases in vessel caliber, as demonstrated by excellent interobserver
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agreement in this study.

The rarity of a perianeurysmal cyst may lead to a false diagnosis of cystic neoplasm and missing the
possibility of a ruptured cerebral aneurysm. Interestingly, a perianeurysmal cyst was described in one
out of 146 patients in our study. Pedro and Sih[30] reported a case of a sizeable pontine cyst associated
with an enhancing mural nodule that was misdiagnosed as a cystic neoplasm. During surgery, an
aneurysm of the left PCA was identified and clipped successfully[30].

Our work included four patients with associated vascular anomalies, including AVMs and DVA. The
risk of intracranial hemorrhage in patients with coexisted AVM and aneurysm has been reported to be
7% annually, compared with 2%-4% annually for those with AVM alone or isolated intracranial
aneurysm[31,32]. To our knowledge, the association between intracranial aneurysms and DVA is
infrequent, and few case reports have been published[33].

In our study, both observers noted a sphenoid bone fracture and a nearby aneurysm of paraclinoid
ICA secondary to head trauma. It is in agreement with results done on 5532 patients with cerebral
aneurysms over 30 years by Jung ef al[34], who state that traumatic intracranial aneurysm (TIA) after
blunt brain trauma is rare and represents (0.23%)[34]. Osseous landmarks such as the optic strut and the
tuberculum sellae are considered the anatomical boundary between the intradural and extradural
segments of the ICA in the paraclinoid region, which is an important factor in determining treatment
strategy[35].

We recommended surgical clipping or endovascular management for the culprit aneurysms based on
data extracted from NCCT and CTA. 71.2% of the study population underwent the recommended
therapy. The ideal therapeutic approach for RIAs is still controversial. In general, the decision on
whether to clip or coil depends on several factors related to the patient, such as age and comorbidities,
burden, and location of hemorrhage, aneurysm characteristics such as size, number, location, and
morphology, or related procedure such as competence, technical skills and availability[36]. En-
dovascular treatment has been associated with shorter recovery but with higher retreatment rates and
slightly higher rebleeding events[16]. An endovascular approach is indicated in a ruptured intracranial
aneurysm with comorbidity, old age, narrow neck, and a posterior circulation aneurysm. Surgery is
warranted if the patient is young with an MCA aneurysm and interested in durability.

There are a few limitations to this study. First, there is no correlation with conventional angiography
in all cases. Second, the general drawbacks of CT include patient exposure to ionizing radiation and the
risks of iodinated contrast medium. Further studies with applications of low-dose CTA, such as the use
of automatic tube current modulation and a small amount of contrast medium, are recommended.
Additionally, future studies using advanced CT techniques such as higher 320 slices CT scan[37], dual-
energy[38] or source CTA, and time-resolved 4D CTA will improve temporal and spatial resolution and
the image quality CTA. Also, applications of advanced vascular post-processing packages for analyzing
CTA images will give comprehensive image interpretation in different planes and angles. We
recommend further studies assessing the inter-observer agreement between neuroradiologists,
neurologists, neurosurgeons, and neuro-interventionist.

CONCLUSION

We concluded that CTA is a promising diagnostic imaging modality for assessing intracranial aneurysm
features that impact management and patient outcomes.

ARTICLE HIGHLIGHTS

Research background

Aneurysmal subarachnoid hemorrhage (SAH) is an emergency that can lead to a high mortality rate and
many severe complications. It is critical to make a rapid radiological evaluation of ruptured intracranial
aneurysms (RIAs) to determine the appropriate surgical treatment.

Research motivation

The high morbidity and mortality of RIAs nicissitate rapid diagnosis and management decision.
Compared to Digital subtraction angiography, computed tomography angiography (CTA) is a safe,
relatively inexpensive, and noninvasive imaging. Computed tomography (CT) angiography is not
associated with significant patient risks other than those related to administering iodinated contrast
media. Images can be relatively safely obtained without the need for arterial puncture or catheter
manipulation that carries the possibility of acquiring a permanent neurologic deficit. Our motivation is
to assess the reliability of CTA in assessing different features of ruptured intracranial aneurysm and its
impact on patient management.
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Research objectives

To assess the reliability of CTA in assessing different features of ruptured intracranial aneurysm and its
impact on patient management. We found out that CTA is a promising diagnostic imaging modality for
assessing intracranial aneurysm features and help in management decision and patient outcomes. We
recommend further studies assessing the inter-observer agreement between neuroradiologists,
neurologists, neurosurgeons, and neuro-interventionist.

Research methods

Helical cerebral CT angiography has been widely used in detecting intracranial aneurysms, with a
reported sensitivity of 70%-96%. Currently, multidetector CT angiography has the ability to detect most
intracranial aneurysms of 5 mm or larger. Multidetector row CT scanners provide increased spatial
resolution and decreased scanning time, which should increase the sensitivity of the technique in
depicting aneurysms of less than 5 mm in diameter. Currently, CT angiography is accepted as a first-
line diagnostic imaging modality for evaluating intracranial aneurysms. Nevertheless, using CT
angiography to depict intracranial aneurysms showed variable sensitivity. The reported sensitivity of
CTA in detections of small intracranial aneurysms (< 3 mm) varied from 28%-43% in a study that
included 99 small aneurysms to 83%-92% in another study had 579 small aneurysms. CTA examinations
for 146 patients in the current study were revised and interpreted by two experienced neuroradiologists
to assess the inter-observer agreement of CTA findings related to intracranial aneurysms. Data extracted
from CT was considered in patient management decision.

Research results

This study evaluated the interobserver reliability of CTA in the assessment of ruptured intracranial
aneurysm features among 146 patients. Our results showed good to an excellent inter-observer
agreement in imaging features related to the aneurysm, aneurysm characters, measurements, and
perianeurysmal information. Imaging data extracted from NCCT and CTA guided the multidisciplinary
neurovascular team to better treatment approach selection. There are a few limitations to this study.
First, there is no correlation with conventional angiography in all cases. Second, the general drawbacks
of CT include patient exposure to ionizing radiation and the risks of iodinated contrast medium.

Research conclusions
We concluded that CTA is a promising diagnostic imaging modality for assessing intracranial aneurysm
features that impact management and patient outcomes. We recommend endovascular approach in a
ruptured intracranial aneurysm with comorbidity, old age, narrow neck, and a posterior circulation
aneurysm, and surgical clipping is warranted if the patient is young with an MCA aneurysm and
interested in durability.

Research perspectives

Further studies with applications of low-dose CTA, such as the use of automatic tube current
modulation and a small amount of contrast medium, are recommended. Additionally, future studies
using advanced CT techniques such as higher 320 slices CT scan, dual-energy or source CTA, and time-
resolved 4D CTA will improve temporal and spatial resolution and the image quality CTA. Also, applic-
ations of advanced vascular post-processing packages for analyzing CTA images will give compre-
hensive image interpretation in different planes and angles.
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