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Abdominal magnetic resonance imaging (MRI) of critically ill patients is often challeng-
ing. Altered mental status and respiratory failure requiring mechanical ventilation 
strongly increase the likelihood of motion artifacts and non-diagnostic imaging, often 

related to the inability to follow commands for adequate breath-holding. 

Technical advances in commercially available MRI techniques offer a potential solution for 
obtaining diagnostic dynamic contrast-enhanced T1-weighted images in critically ill patients. 
The golden radial angle sparse parallel (GRASP) technique is ideally suited for imaging these 
patients.1-3 In a study of non-cooperative patients undergoing liver MRI, 65.6%–80.5% of stud-
ies using GRASP for free-breathing imaging produced acceptable image quality, compared 
with 31.1% of patients using breath-holding imaging.2 

The GRASP technique combines a 3D radial stack-of-stars k-space trajectory and com-
pressed sensing for the free-breath acquisition of contrast-enhanced T1-weighted 3D MRI. 
Imaging takes place over several minutes, during which time data are continuously acquired 
in a semi-random, undersampled fashion. A sparsity transformation alters the k-space data 
such that most of the information is contained within only a few data points. A non-linear iter-
ative reconstruction method is then used to reconstruct denoised images. The retrospectively 
self-gated reconstruction of radially acquired k-space data reduces motion artifact, and the 
use of the compressed sensing technique allows for high-quality reconstructions despite data 
undersampling. The golden angle offset of radially acquired spokes gives the user flexibility 
in defining the temporal resolution of reconstructed time points. In patients with renal fail-
ure and suspected bleeding, avoiding the additional iodinated contrast load from computed 
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ABSTRACT
Obtaining diagnostic-quality magnetic resonance imaging (MRI) of the abdomen in critically ill 
patients can be difficult due to challenges with breath-holding and the inability to follow tech-
nologist instructions. Protocols that harness advances in commercially available MRI techniques 
provide a potential solution, particularly using the golden radial angle sparse parallel (GRASP) tech-
nique for dynamic post-contrast T1-weighted imaging. The GRASP technique uses a combination of 
free-breathing, a stack-of-stars radial acquisition, and compressed sensing reconstruction acquired 
over several minutes to produce motion-free images at time points defined by the user; these in-
clude the non-contrast, arterial, venous, and delayed images, which are typical of abdominal MRI 
protocols. The three cases discussed herein illustrate the use of this technique in providing both 
exquisite image quality and diagnostic value in the care of critically ill patients with hepatopancre-
aticobiliary diseases. Our work aims to raise awareness of this technique and its utility in imaging 
patients who cannot hold their breath for dynamic T1-weighted post-contrast imaging.

KEYWORDS
Aneurysm, biliary tract, free-breathing, intensive care unit, MRI, pancreatitis 
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tomography (CT) angiography makes MRI an 
attractive alternative. Combining this tech-
nique with other motion-resistant sequenc-
es to create an MRI protocol tailored to the 
breathing patient provides a comprehensive 
abdominal evaluation.

This paper describes this technique as 
part of a moving patient protocol used in crit-
ically ill patients to obtain diagnostic-quality 
MRI free of respiratory motion artifact.

Technique

We employed the GRASP dynamic MRI 
sequence as part of a “moving patient” pro-
tocol, either selected by the radiologist pro-
spectively at the time of protocolling a case 
when motion is anticipated or used by the 
technologist when motion or inability to ac-
tively participate in the exam is discovered 
at the time of performing the MRI. In addi-
tion to GRASP, this protocol also used respi-
ratory-navigated free-breathing single-shot 
T2-weighted fast-spin echo, free-breathing 
radial stack-of-stars 3D gradient echo chem-
ical shift, respiratory-navigated free-breath-
ing radial T2 fat-suppressed fast-spin echo, 
free-breathing diffusion-weighted imaging 
(B values of 50, 400, and 800 s/mm2), and 
free-breathing compressed-sensing 3D 
heavily T2-weighted magnetic resonance 
cholangiopancreatography (MRCP) sequenc-
es (Table 1). 

The implementation of the GRASP se-
quence acquired data over 3 minutes of 
free-breathing, with the reconstruction of a 
non-contrast phase, three arterial phases, a 
portal venous phase (approximately 60–70 
seconds post-injection), and a 3-minute 
delay. Automated subtraction images us-
ing the non-contrast phase as a mask were 
generated for each post-contrast time point. 

The sequence output also included a “static” 
sequence, which used every spoke from the 
minutes-long radial acquisition to recon-
struct higher signal-to-noise non-dynamic 
images. 

No informed consent was required for the 
use of this commercially available MRI tech-
nique. 

Case 1
Patient 1 was a 76-year-old man with 

stage 4 chronic kidney disease who under-
went orthotopic liver transplantation 14 
years prior for alcoholic cirrhosis. He initially 
presented for excision of his squamous cell 
skin cancer but was found with elevations 
in liver chemistries [aspartate aminotrans-
ferase 137 U/L (normal 10–50 U/L), alanine 
aminotransferase 340 U/L (normal 7–55 U/L), 
alkaline phosphatase 335 U/L (normal 40–
130 U/L), total bilirubin 1.2 mg/dL (normal 
0.1–1.2 mg/dL)]. Staging positron emission 
tomography with 2-deoxy-2-[fluorine-18]
fluoro-D-glucose integrated with CT (not 
shown) identified incidental biliary dilation 
and choledocholithiasis associated with the 
transplanted liver. MRI/MRCP confirmed ex-
tensive common bile duct and common he-
patic duct stones of up to 5.8 cm diameter, 
involving the confluence of the right and left 
ducts and extending 2.6 cm into the right 
posterior duct (Figure 1a, b). Endoscopic ret-
rograde cholangiopancreatography was per-
formed (Figure 1c); however, due to the ex-
tensive nature of the stone and intrahepatic 
extension, clearance could not be achieved, 
and a plastic biliary pigtail stent was placed 
into the right hepatic duct. 

The patient returned 14 weeks later with 
hematemesis, endoscopic findings of he-
mobilia, and hemorrhagic shock requiring 
mechanical ventilation, vasopressor support, 
and blood transfusion. Imaging was required 
to guide clinical management but was limit-
ed by the patient’s poor renal function [esti-
mated glomerular filtration rate (eGFR) of 17 
mL/min/1.73 m2] and a desire to avoid iodin-
ated contrast. Imaging was also limited by an 
inability to follow instructions for the exam 
due to shock and intubation. Hemobilia was 
thought to be related to a potential pseu-
doaneurysm, which can be associated with 
endoscopic procedural manipulation and 
biliary stone disease, although rare.4-6

Given the patient’s clinical status and in-
ability to hold his breath for conventional 
liver MRI, contrast-enhanced MRI was per-
formed with gadoterate meglumine (Dotar-
em, Guerbet, Princeton, NJ) using the GRASP 

technique. Dynamic enhancement showed a 
4 mm right hepatic artery pseudoaneurysm 
(Figure 1d, Video 1), caused by a combination 
of extensive choledocholithiasis and chronic 
biliary stenting, as the source of hemobilia. 
This was subsequently identified with cone-
beam CT at catheter angiography and treat-
ed with coil embolization, resulting in the 
cessation of bleeding. The patient’s hospital 
course was complicated by bacteremia and 
cholangitis. He ultimately expired 6 months 
later. 

Case 2
Patient 2 was a 35-year-old man who sus-

tained a gunshot wound to the abdomen 
requiring emergent operative intervention 
for a bleeding liver laceration and subse-
quent management in the intensive care 
unit (ICU) with mechanical ventilation. The 
bullet fragment was retained within the T12 
spinal canal, resulting in paraplegia. A bile 
leak protocol MRCP with the hepatobiliary 
contrast agent gadoxetate disodium (Eovist, 
Bayer, Whippany, NJ) was requested to assess 
for bile leak and vascular injury. A thorough 
safety review determined that the bullet was 
likely ferromagnetic,7 but given the suspect-
ed injury, the patient’s documented paraple-
gia, and the potential need for hemihepatec-
tomy, the benefits were deemed to outweigh 
the risks, and the decision was made to pro-
ceed with MRI. Gadoxetate was administered 
in the ICU before the patient was transported 
to the MRI department to minimize his dura-
tion outside of the ICU. Dynamic contrast-en-
hanced MRI was performed after adminis-
tration of gadoterate meglumine using the 
GRASP technique, revealing a ballistic injury 
causing a bile leak from the right posterior 
duct and thrombosis of the posterior division 
of the right portal vein (Figure 2). The patient 
was ultimately managed with biliary stenting 
and did not require further operative inter-
vention. The patient was discharged 2 weeks 
later. 

Case 3
Patient 3 was a 21-year-old female univer-

sity student hospitalized with severe acute 
pancreatitis. She developed new hypoxia 
requiring supplemental oxygen, fever, and 
hyponatremia, necessitating transfer to the 
ICU. The patient underwent MRI at 2 a.m. 
for evaluation of potential pancreatitis-re-
lated complications. The patient could not 
comply with breath-hold instructions during 
the exam, which prompted the MRI technol-
ogist to use the “moving patient” protocol.  

Main points

• Critically ill patients are frequently unable 
to hold their breath for abdominal mag-
netic resonance imaging (MRI), potentially 
limiting the diagnostic value of breath-hold 
post-contrast dynamic imaging.

• Compressed sensing golden radial angle 
sparse parallel MRI offers the ability to ob-
tain diagnostic-quality dynamic post-con-
trast imaging in such patients.

• This technique ideally supplements com-
prehensive abdominal MRI protocols but 
requires awareness on the part of the radiol-
ogist/technologist for appropriate incorpo-
ration, and specialized MRI scanner hard-
ware to perform computationally intensive 
reconstructions for image acquisition.
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GRASP MRI revealed non-enhancement of 
the distal body and proximal tail of the pan-
creas, indicating acute necrosis (Figure 3). 
The patient subsequently developed walled-
off necrosis secondary to a disconnected 
duct in the pancreatic tail that was managed 
with cystogastrostomy drainage. 

Discussion 
The aforementioned cases illustrate the 

value of the GRASP technique for prob-
lem-solving in complex clinical situations 
that can arise in hospitalized patients.2

Figure 1. Seventy six-year-old man with right hepatic artery pseudoaneurysm related to choledocholithiasis 
and biliary stent placement. (a) Axial T2 single-shot fast-spin echo magnetic resonance imaging (MRI) 
shows a large volume of choledocholithiasis (arrow) filling the right hepatic duct. (b) Axial T1-weighted 
fat-suppressed 3D spoiled gradient echo MRI shows the extent of T1 hyperintense stone burden within the 
right hepatic ductal system (arrow). (c) Endoscopic retrograde cholangiopancreatography performed after 
the MRI shows a large volume of stone disease (arrows), which could not be adequately cleared and was 
managed with the placement of a plastic stent into the right hepatic duct. (d) T1-weighted fat-suppressed 
3D gradient echo arterial phase MRI obtained during free-breathing using a compressed-sensing golden 
radial angle sparse parallel technique shows a right hepatic artery pseudoaneurysm (arrow) adjacent to a 
large T1 hyperintense right hepatic duct stone (arrowhead). Despite the patient freely breathing, there is no 
motion artifact, enabling detection of the subtle abnormality.

c

a

d

b

Figure 2. Thirty five-year-old man with ballistic liver 
injuries from a gunshot wound. Axial T1-weighted 
fat-suppressed 3D gradient echo arterial phase 
magnetic resonance imaging obtained during 
free-breathing using a compressed-sensing golden 
radial angle sparse parallel technique shows a large 
bile leak from the right hepatic duct (arrow) and 
traumatic occlusion of the posterior division of the 
right portal vein (arrowhead) in close proximity. 
Despite the patient freely breathing, there is no 
motion artifact, enabling clear delineation of these 
abnormalities.

Table 1. “Moving patient” abdominal magnetic resonance imaging protocol

Sequence name Slice thickness 
(mm)

Matrix 
(pixels)

TR (ms) TE (ms) NSA Notes

T2W single-shot FSE coronal 6 320 × 320 1,000 100 1 Free-breathing respiratory-navigated

T1W 3D spoiled GRE Dixon axial 3 260 × 320 6.68 2.39, 4.77 1
Free-breathing radial acquisition; acquire 
in-phase and opposed-phase, reconstruct 
fat-only and water-only Dixon

T2W single-shot FSE axial 4 320 × 320 1,000 100 1 Free-breathing respiratory-navigated

T2W FSE fat-suppressed axial 6 260 × 320 3,000 93 1 Free-breathing respiratory-navigated radial 
acquisition

DWI single-shot axial 6 256 × 268 9,500 56 2, 4, 10 Free-breathing; obtain B values of 50, 400, 
800; reconstruct ADC map

T1W 3D spoiled GRE axial GRASP 3 260 × 320 4.3 2.35 1

Compressed sensing free-breathing 3-minute 
radial acquisition; reconstruct non-contrast, 
3 arterial phases, portal venous phase, 
3-minute delay, and subtractions for each 
post-contrast phase

Coronal 3D MRCP 1 288 × 384 5,520 701 2 Compressed sensing free-breathing 
respiratory-navigated

TR, repetition time; TE, echo time; NSA, number of signal averages; T1W, T1-weighted; T2W, T2-weighted; 3D, three-dimensional; GRE, gradient-recalled echo; FSE, fast spin echo; 
DWI, diffusion-weighted imaging; GRASP, golden radial angle sparse parallel; MRCP, magnetic resonance cholangiopancreatography; ADC, apparent diffusion coefficient.
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For patient 1, a CT angiography would 
normally be the first-line diagnostic imaging 
test for a patient with this clinical scenario; 
however, the patient’s chronic kidney disease 
and the expected need for additional iodin-
ated contrast for catheter angiography led to 
MRI, which secured the diagnosis. Although 
patients with chronic kidney disease are at 
increased risk of nephrogenic systemic fibro-
sis (NSF), this patient had an eGFR >15 mL/
min/1.73 m2, meeting institutional criteria 
for administration of a macrocyclic ionic ex-
tracellular gadolinium contrast agent (gad-
oterate meglumine in this example), with 
benefits outweighing the low risk of NSF.8 
Breath-holding and timing normally pose a 
challenge in the MRI of critically ill ventilat-
ed patients. Arterial phase-timing and lack of 
respiratory motion are critical for distinguish-
ing a dynamic contrast-enhanced hepatic 
pseudoaneurysm from adjacent tissues with 
similar enhancement.  If a longer, non-dy-
namic, free-breathing radial acquisition had 
been performed without the compressed 
sensing technique, the high temporal res-
olution would not have been achievable. 

The potential streak artifact on CT from the 
adjoining, indwelling biliary stent was also 
avoided with MRI.

Patient 2 presented a complex challenge 
as he required mechanical ventilation and 
carried the additional risk of a ferromagnet-
ic bullet near the spine. A moving patient 
protocol using GRASP MRI is ideally suited 
for imaging such a patient and maximizing 
the likelihood of obtaining diagnostic-qual-
ity imaging, a key factor to consider when 
weighing the risk of MRI causing further in-
jury, as GRASP may prevent the need for re-
imaging.

Patient 3 proved the value of GRASP MRI 
in imaging critically ill patients when the 
technologist is faced with a dyspneic pa-
tient. The rate of non-diagnostic abdominal 
MRI performed overnight can be reduced by 
the judicious application of moving patient 
protocols utilizing the GRASP technique, as 
in this case.

Although GRASP has been available for 
several years, the radiologist and/or tech-
nologist must know that this technique ex-
ists and can be used either routinely or for 
problem-solving, as we did in the provided 
cases. The GRASP technique also requires a 
high-end computing platform to perform 
complex imaging reconstruction. GRASP 
packages are available as an additional ex-
pense at the time of scanner purchase or as 
an upgrade. Limitations of the GRASP tech-
nique include radial “streak” artifacts and the 
inability to currently match the overall im-
age quality of a good breath-hold standard 
acquisition, which is why we do not use this 
technique on every examination. In our an-
ecdotal experience as a high-volume center 
for quaternary hepatopancreaticobiliary clin-
ical referrals, we observe that this technique 
is underutilized in patients who present for 
second-opinion MRI consultation with out-
side imaging. 

In conclusion, a moving-patient abdom-
inal MRI protocol utilizing the GRASP tech-

nique for dynamic post-contrast imaging 
can provide value in the imaging and man-
agement of critically ill patients.
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Association of body composition and systemic inflammation for 
patients with locally advanced cervical cancer following concurrent 
chemoradiotherapy

PURPOSE
Systemic inflammation and body composition are associated with survival outcomes of cancer pa-
tients. This study aimed to examine the combined prognostic value of systemic inflammatory mark-
ers and body composition parameters in patients with locally advanced cervical cancer (LACC). 

METHODS
Patients who underwent concurrent chemoradiotherapy (CCRT) for LACC at a tertiary referral teach-
ing hospital between January 2010 and January 2018 were enrolled. A predictive model was es-
tablished based on systemic immune-inflammation index (SII) and computer tomography-derived 
visceral fat-to-muscle ratio (vFMR). Overall survival (OS) and progression-free survival (PFS) were 
assessed using the Kaplan–Meier method and Cox regression models. The model performance was 
assessed using discrimination, calibration, and clinical usefulness.

RESULTS
In total, 212 patients were enrolled. The SII and vFMR were closely related, and both independently 
predicted survival (P < 0.05). A predictive model was established based on the above biomarkers 
and included three subgroups: high-risk [both high SII (>828) and high vFMR (>1.1)], middle-risk 
(either high SII or high vFMR), and low-risk (neither high SII nor high vFMR). The 3-year OS (PFS) rates 
for low-, middle-, and high-risk patients were 90.5% (86.0%), 73.9% (58.4%), and 46.8% (36.1%), 
respectively (P < 0.05). This model demonstrated satisfactory predictive accuracy (area under the 
curve values for predicting 3-year OS and PFS were 0.704 and 0.718, respectively), good fit (Hos-
mer–Lemeshow tests: P > 0.05), and clinical usefulness.

CONCLUSION
Systemic inflammatory markers combined with body composition parameters could independent-
ly predict the prognosis of patients with LACC, highlighting the utilization of commonly collected 
indicators in decision-making processes.

CLINICAL SIGNIFICANCE
The SII and vFMR, as well as their composite indices, were promising prognostic factors in patients 
with LACC who received definitive CCRT. Future studies are needed to explore novel therapies to 
improve the outcomes in high-risk patients.
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nosis
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Cervical cancer is the fourth most 
frequently diagnosed malignancy 
in women, causing an estimated 

342,000 deaths worldwide in 2020.1 Pa-
tients with early stage disease generally 
have a favorable prognosis, whereas those 
with locally advanced disease experience a 
high risk of treatment failure.2 Concurrent 
chemoradiotherapy (CCRT) remains the 
cornerstone of treatment for patients with 
locally advanced cervical cancer (LACC). 
However, even with the same tumor stage 
and similar treatments, there is significant 
heterogeneity in prognosis.3 Great efforts 
have been made to improve survival, and 
the identification of factors affecting pa-
tient prognosis is crucial for ensuring proper 
treatment.

Cumulative evidence has demonstrated 
that systemic inflammation and sarcopenia 
are closely associated with poor prognosis 
in various malignant tumors.4-6 Activation of 
the systemic inflammatory response plays a 
vital role in tumorigenesis, progression, and 
metastasis.7 Pretreatment blood biomarkers 
[e.g., systemic immune-inflammation in-
dex (SII)] are commonly used to predict the 
prognosis of patients with cervical cancer.8 
Sarcopenia is characterized by the progres-
sive loss of skeletal muscle mass and is asso-
ciated with poor outcomes in patients with 
LACC.9-11 A deeper understanding of systemic 
inflammation and sarcopenia, as well as their 
interplay, may facilitate more accurate prog-
nostic stratification.

Visceral obesity has been associated with 
a poor prognosis in several gynecologic 
malignancies, including cervical cancer.12,13 
Visceral fat-to-muscle ratio (vFMR), which 
is based on body composition, has been 
reported to be associated with the progno-
sis of patients with ovarian cancer.14 In this 
study, we examine the prognostic signifi-

cance of vFMR and its association with the SII 
in patients with LACC.

Methods

Patients and treatment

This retrospective study identified 234 pa-
tients with biopsy-confirmed LACC [IB2-IVA 
disease according to the 2009 International 
Federation of Gynecology and Obstetrics 
(FIGO) staging criteria] who underwent de-
finitive radiotherapy (RT) or CCRT with cura-
tive intent at Xingtai Third Hospital between 
January 2010 and January 2018. Among 
them, 22 patients were excluded from the 
analysis because of concurrent malignant 
tumors of other organs (n = 2), incomplete 
clinical data (n = 5), absence of abdominal 
enhanced computed tomography (CT) im-
ages obtained before treatment (n = 13), or 
inflammatory conditions before treatment 
(e.g., acute infections) (n = 2). A total of 212 
patients were included in the final analysis 
(Figure 1). This study was conducted in ac-
cordance with the Declaration of Helsinki 
and approved by the Ethics Committee of 
Xingtai Third Hospital (approval number: 
2023Y0668, date: 12/8/2023). Informed con-
sent was not required due to the retrospec-
tive and observational nature of this study.

All patients underwent external beam 
radiotherapy (EBRT) of the pelvis and 
brachytherapy. The clinical target volume 
(CTV) covered the gross tumor, uterus, cer-
vix, parametrium, upper half of the vagina, 
uterosacral ligaments, and pelvic lymph 

node region. The para-aortic region was also 
covered in the CTV when there was evidence 
of para-aortic lymph node involvement 
or enough of a risk of microscopic disease 
(e.g., common iliac node involvement).15 In-
tensity-modulated RT was used for external 
irradiation, which was planned using the RT 
treatment planning system (Varian Eclipse 
software; Varian Medical Systems Inc., Palo 
Alto, CA, USA). The EBRT was administered 
with a fraction of 1.8 Gy for a total dose of 
45–50.4 Gy. Intracavitary brachytherapy was 
prescribed to point A with a fraction of 6 Gy 
for a total dose of 30–36 Gy. Cisplatin-based 
chemotherapy was administered concurrent-
ly with RT (40 mg/m2 intravenously weekly). 
After treatment, all patients were followed 
up every 3 months for the first 2 years and 
every 6 months for the next 3 years. The final 
follow-up evaluation was conducted in Jan-
uary 2021.

Definitions

The primary outcomes of this study in-
cluded overall survival (OS) and progres-
sion-free survival (PFS), with the former 
defined as the time interval from the date 
of diagnosis to death from any cause or last 
follow-up, and the latter as the interval from 
the date of diagnosis to the date of disease 
progression or recurrence. 

Laboratory parameters were obtained 
within 1 week prior to treatment. The SII was 
calculated as neutrophil count × platelet 
count/lymphocyte count.16 Pre-treatment 
CT images were used for body composition 

Main points

• Both the systemic immune-inflammation 
index (SII) and computed tomography-de-
rived visceral fat-to-muscle ratio (vFMR) 
were independent prognostic factors in pa-
tients with locally advanced cervical cancer 
who underwent concurrent chemoradio-
therapy.

• The SII and vFMR were closely related; a 
higher SII was significantly associated with 
a higher vFMR and vice versa.

• The composite indices of SII and vFMR en-
abled accurate prognostic stratification and 
could serve as a complement to the Inter-
national Federation of Gynecology and Ob-
stetrics staging.

Figure 1. Diagram of study population.
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measurements. A single CT slice of the third 
lumbar vertebra was selected to quantify the 
fat and muscle compartments. These images 
were analyzed by an experienced radiologist 
who was blinded to patient information us-
ing the sliceOmatic software (TomoVision). 
According to the standard density thresh-
olds, skeletal muscle area was identified with 
a radiation density ranging from −29 to 150 
Hounsfield units (HU), and visceral adipose 
area was identified with a radiation density 
ranging from −150 to −50 HU (Supplementa-
ry Figure 1). Both of the areas (in centimeters 
squared) were converted into indexes (skele-
tal muscle index and visceral adipose index) 
after dividing by height in meters squared. 
The vFMR was calculated by dividing the 
visceral adipose area by the skeletal muscle 
area.14

Statistical analysis

Data were described as frequencies 
(percentages) for categorical variables and 
means [standard deviation (SD)] or medians 
[interquartile range (IQR)] for continuous 
variables. The Shapiro–Wilk test was used to 
verify the normality of variable distribution. 
Inter-group differences were evaluated us-
ing the chi-square test or t-test. The optimal 
cut-off values of the SII and vFMR for OS were 
determined by selecting the minimum P val-
ue with the maximum chi-square value in all 
possible subdivisions of the populations us-
ing X-tile software.17 Spearman’s coefficient 
was calculated to evaluate the correlation 
between SII and vFMR. Moreover, OS and 
PFS were evaluated using the Kaplan–Meier 
method, and differences were compared us-
ing the log-rank test. Multivariate Cox regres-
sion models were used to identify the inde-
pendent risk factors for OS and PFS. Variables 
with a P value of <0.1 in the univariate analy-
sis were included in the multivariate analysis. 
Receiver operating characteristic curves were 
used to evaluate the predictive accuracy by 
calculating the area under the curve (AUC). 
The Hosmer–Lemeshow test was used to 
evaluate the goodness of fit, and a P value 
of >0.05 was considered a good fit. Decision 
curve analysis was used to evaluate clinical 
usefulness by calculating the net benefit of 
prediction models at different threshold lev-
els.18 This allowed for the comparison of net 
benefits between different models to select 
the optimal model.

Statistical significance was set at two-
tailed P < 0.05. All statistical analyses were 
performed using R software, version 4.1.2 (R 
Foundation for Statistical Computing, Vienna, 
Austria).

Results

Clinicopathological characteristics

The clinicopathological characteristics of 
the study cohort (n = 212) are summarized 
in Table 1. The mean (SD) age of the patients 
was 58.8 (10.6) years, and the mean (SD) 
body mass index was 23.1 (3.1) kg/m2. Most 
of the patients (85.8%) underwent CCRT.

Overall survival and progression-free sur-
vival

The median (IQR) follow-up duration 
was 47 (40–63) months. The 3-year OS and 
PFS rates for all the patients were 82.1% 
and 73.6%, respectively. The optimal cutoff 
values of SII and vFMR were calculated to 
be 828 and 1.1, respectively (Supplementa-
ry Figure 2). A higher SII (>828) was signifi-
cantly associated with poorer OS [88.3% vs. 

62.1%; hazard ratio (HR): 3.399, 95% confi-
dence interval (CI): 1.924–6.003, P < 0.001] 
and PFS (80.8% vs. 49.3%; HR: 3.347, 95% CI: 
2.005–5.587, P < 0.001). Patients with a high-
er vFMR (>1.1) also exhibited significantly 
poorer OS (86.2% vs. 65.4%; HR: 3.443, 95% 
CI: 1.944–6.095, P < 0.001) and PFS (80.4% 
vs. 48.3%; HR: 3.398, 95% CI: 2.025–5.701, P 
< 0.001). Factors significantly associated with 
survival also included histology, FIGO stage, 
pelvic lymph node, squamous cell carcino-
ma antigen level, and CCRT (P < 0.05). In the 
multivariate analysis, SII and vFMR were both 
independent risk factors for OS and PFS (P < 
0.05) (Table 2).

Correlation between systemic immune-in-
flammation and visceral fat-to-muscle ratio 

There was a significant linear association 
between the SII and vFMR (Spearman r = 
0.198, P = 0.004) (Figure 2). A higher SII was 

Table 1. Clinicopathological variables

Characteristics Overall 
(n = 212)

Age, mean ± SD, yrs 58.8 ± 10.6

BMI, mean ± SD, kg/m2 23.1 ± 3.1

ECOG performance status, n (%)

  0 139 (65.6)

  1 73 (34.4)

Histology, n (%)

  Squamous cell carcinoma 193 (91.0)

  Adenocarcinoma 19 (9.0)

FIGO stage, n (%)

  IB-II 158 (74.5)

  III-IVA 54 (25.5)

Pelvic lymph node, n (%)

  Negative 106 (50.0)

  Positive 106 (50.0)

SCC-Ag level, n (%)

  <10 ng/mL 146 (68.9)

  >10 ng/mL 66 (31.1)

Concurrent chemotherapy, n (%)

  No 30 (14.2)

  Yes 182 (85.8)

SII level, median (IQR) 518.5 (358.2–835.1)

SMI, median (IQR), cm2/m2 46.7 (39.1–54.0)

VAI, median (IQR), cm2/m2 32.7 (13.4–53.9)

vFMR level, median (IQR) 0.68 (0.34–1.10)

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation 
of Gynecology and Obstetrics; SCC-Ag, squamous cell carcinoma antigen; SII, systemic immune-
inflammation index; SMI, skeletal muscle index; VAI, visceral adipose index; vFMR, visceral fat-to-
muscle ratio; SD, standard deviation; IQR, interquartile range.
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significantly associated with a higher vFMR 
(35.2% vs. 17.7%, P = 0.008); however, there 
were no significant associations between SII 
and other clinicopathological characteristics 
(P > 0.05) (Supplementary Table 1). Patients 
with a higher vFMR were more likely to be 
older (mean: 63.5 vs. 57.4 years, P < 0.001), 
and have a more advanced FIGO stage (36.2% 
vs. 22.4%, P = 0.056), pelvic lymph node in-
volvement (61.7% vs. 46.7%, P = 0.069), and 
a higher SII score (40.4% vs. 21.2%, P = 0.008) 
(Supplementary Table 2).

Establishment of the systemic immune-in-
flammation and fat-to-muscle ratio score

The SII and vFMR were combined and four 
subgroups were generated. Patients with 
a higher SII and vFMR exhibited the worst 
survival, whereas those with a lower SII and 
vFMR survived the longest (P < 0.001). The 
OS and PFS of patients with a higher SII and 
lower vFMR were similar to those of patients 

Table 2. Univariate and multivariate analysis of clinicopathologic variables in relation to overall survival and progression-free survival

Variables Overall survival Progression-free survival

Univariate Multivariate Multivariate

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age, per 1 year 1.008 (0.981–1.036) 0.550 

Histology 0.028 0.579 0.134

  Squamous cell carcinoma Reference Reference Reference

  Adenocarcinoma 2.235 (1.097–5.015) 1.259 (0.558–2.845) 1.722 (0.846–3.506)

FIGO stage <0.001 0.001 0.001 

  IB-II Reference Reference Reference

  III-IVA 5.019 (2.820–8.931) 2.985 (1.534–5.809) 2.810 (1.546–5.107)

Pelvic lymph node 0.005 0.158 0.062

  Negative Reference Reference Reference

  Positive 2.398 (1.302–4.416) 1.621 (0.829–3.169) 1.762 (0.973–3.190)

SCC-Ag level 0.017 0.210 0.848 

  <10 ng/mL Reference Reference Reference

  >10 ng/mL 2.004 (1.135–3.536) 1.468 (0.806–2.673) 1.055 (0.608–1.833)

Concurrent chemotherapy 0.027 0.293 0.548 

  No Reference Reference Reference

  Yes 0.467 (0.238–0.918) 0.672 (0.320–1.410) 0.813 (0.414–1.597)

SII level <0.001 <0.001 <0.001

  <828 Reference Reference Reference

  >828 3.399 (1.924–6.003) 2.976 (1.647–5.378) 2.776 (1.629–4.728)

vFMR level <0.001 0.049 0.031

  <1.1 Reference Reference Reference

  >1.1 3.443 (1.944–6.095) 2.803 (1.005–7.817) 2.689 (1.093–6.616)

SMI, per 1 cm2/m2 0.985 (0.956–1.015) 0.327

VAI, per 1 cm2/m2 1.015 (1.004–1.026) 0.008 0.996 (0.976–1.015) 0.660 0.996 (0.979–1.014) 0.663

FIGO, International Federation of Gynecology and Obstetrics; SCC-Ag, squamous cell carcinoma antigen; SII, systemic immune-inflammation index; vFMR, 
visceral fat-to-muscle ratio; SMI, skeletal muscle index; VAI, visceral adipose index; HR, hazard ratio; CI, confidence interval.

Figure 2. Scatter plot between systemic immune-inflammation and visceral fat-to-muscle ratio. Both 
parameters were normalized by natural logarithmic (ln) transformation.
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with a lower SII and higher vFMR (Figure 3a, 
c). Based on the above results, we defined 
three risk groups according to the SII and 
vFMR [systemic immune-inflammation and 
fat-to-muscle ratio (SFMR)]: patients with 
both lower SII and vFMR were regarded as 
low-risk, patients with either a higher SII or 
vFMR were regarded as middle-risk, and pa-
tients with both higher SII and vFMR were 
regarded as high-risk. Patients with a higher 
risk according to SFMR score were more likely 
to be older (P = 0.013) and obese (P = 0.065), 
and have a more advanced FIGO stage (P = 
0.081) (Supplementary Table 3).

Prognostic value of systemic immune-in-
flammation and fat-to-muscle ratio

The 3-year OS rates for low-, middle-, and 
high-risk patients were 90.5%, 73.9%, and 
46.8%, respectively (P < 0.05); the 3-year PFS 
rates for low-, middle-, and high-risk patients 
were 86.0%, 58.4%, and 36.1%, respectively 
(P < 0.05) (Figure 3b, d). After adjusting for 
FIGO stage and lymph node status, SFMR 
was found to be an independent risk factor 
for both OS and PFS (middle-risk vs. low-risk: 
HR: 3.783, 95% CI: 2.095–6.829; high-risk vs. 

low-risk: HR: 6.062, 95% CI: 2.888–12.723; P < 
0.001) (Table 3). 

The AUC values of SFMR for predicting 
1-year, 3-year, and 5-year OS were 0.847, 
0.704, and 0.730, respectively. The AUC val-
ues of SFMR for predicting 1-year, 3-year, 
and 5-year PFS were 0.723, 0.718, and 0.728, 
respectively (Figure 4). Hosmer–Lemeshow 
tests showed that SFMR was a good fit for 
predicting OS and PFS (P = 0.975 and 0.432, 
respectively). As depicted in Figure 5, the 
curve corresponding to the SFMR combined 
with FIGO stages was above, and the area 
under the decision curve it formed with the 
“treat none” and “treat all” lines was larger 
than that of the FIGO stages alone. Therefore, 
the clinical model consisting of the SFMR and 
FIGO stages has a higher net benefit com-
pared with the FIGO stages, making it the 
superior model.

Discussion
This is the first study to demonstrate the 

prognostic value of vFMR and its combined 
effect with the SII in patients with LACC 
undergoing definitive CCRT. Moreover, we 

found that the co-occurrence of a high SII 
and vFMR (SFMR: high-risk) was related to a 
six-fold risk of death or progression in these 
patients. Our results suggest that these two 
easily identifiable biomarkers have great po-
tential for prognostic stratification.

Excessive or persistent systemic inflam-
mation, represented by the ratio of circulat-
ing blood cell counts, plays a significant role 
in cancer development and progression.19 
Calculated using peripheral neutrophil, lym-
phocyte, and platelet counts, SII has been 
demonstrated to be a powerful prognostic 
factor for various human malignancies.20 
Cumulative evidence has indicated a signifi-
cant association between the SII and surviv-
al in cervical cancer.16,21,22 In this study, it was 
found that a higher SII was independently 
associated with poorer OS and PFS. These 
findings can be attributed to the prognostic 
value of each SII component. Lymphocytes 
play a vital role in cell-mediated immune 
responses and secrete antitumor cytokines. 
Therefore, lymphocytopenia can lead to 
an unfavorable prognosis.23 Second, neu-
trophils may promote a tumor-favorable 
environment by promoting neovascular-

Figure 3. Kaplan–Meier curves for overall survival (a+b) and progression-free survival (c+d) according to the combination of systemic immune-inflammation (SII) 
and visceral fat-to-muscle ratio (vFMR) (a+c) and systemic immune-inflammation and fat-to-muscle ratio (SFMR) (b+d). The P values were calculated using the log-
rank test.

a

c

b

d
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ization and suppressing lymphocyte-me-
diated cytolysis.24 Third, an increase in the 
number of platelets can directly promote 
tumor growth, invasion, and angiogenesis.25 
Hence, the SII, which is based on the three 
aforementioned types of blood cells, can 
more effectively demonstrate the equilibri-
um between antitumor and pro-tumor im-
mune statuses.

Sarcopenia is an early manifestation of 
cancer and cachexia. Cumulative studies 

have demonstrated that pretreatment sarco-
penia is significantly associated with survival 
outcomes in patients with gastrointestinal26 
and gynecological tumors.27 The prognostic 
value of pretreatment sarcopenia has also 
been extensively investigated in LACC, but 
with mostly negative results.9,28,29 In addition, 
previous studies have reported the prog-
nostic significance of the visceral fat area in 
various cancers.30-32 Similarly, the prognostic 
value of adiposity in patients with LACC re-

mains controversial.9,22 We speculated that 
considering individual muscle or fat param-
eters alone might not accurately describe 
the distribution of body composition, which 
could weaken the prognostic prediction abil-
ity. Therefore, we investigated the combined 
index of muscle and fat areas, vFMR, and con-
firmed its prognostic value. A feasible expla-
nation is that patients with sarcopenia and/or 
visceral obesity are more likely to experience 
treatment-related adverse events, leading to 
low compliance with planned treatments.33-35 
The association between vFMR and CCRT re-
sponse should be investigated further.

Systemic inflammation is the basis of and 
is intensified by sarcopenic obesity, forming 
a mutually reinforcing cycle that supports 
cancer progression. For instance, several cy-
tokines released by inflammatory cells (e.g., 
interleukin 6) can regulate skeletal muscle 
metabolism, leading to protein degradation 
and decreased synthesis.36 Excess adipose 
tissue is closely associated with low-grade 
systemic inflammation, which is character-
ized by abnormal cytokine production and 
muscle degradation.37,38 Moreover, skeletal 
muscle wasting can drive local inflammation, 
systemic inflammation, and muscle degra-
dation.39 Our results also showed that higher 
vFMR was significantly associated with higher 
SII. The combination of the vFMR and SII bet-
ter reflects the synergistic effect of systemic 
inflammation and sarcopenic obesity and ex-
hibits promising prognostic significance.

This study has some limitations that need 
to be considered. First, as this was a retro-
spective, single-center study, selection bias 
and confounding factors were inevitable. 
Second, because all patients were Asian, 
the generalizability of our findings should 
be further confirmed. Third, although SII 
can possibly be influenced by various med-

Table 3. Multivariate analysis of clinical variables in relation to overall survival and progression-free survival

Variables Progression-free Survival

HR (95% CI) HR (95% CI) P value

FIGO stage <0.001

  IB-II Reference Reference

  III-IVA 3.653 (1.983–6.730) 3.457 (1.996–5.989)

Pelvic lymph node 0.114 

  Negative Reference Reference

  Positive 1.593 (0.839–3.026) 1.594 (0.893–2.844)

SFMR <0.001

  Low-risk Reference Reference

  Middle-risk 3.158 (1.633–6.108) 3.783 (2.095–6.829)

  High-risk 6.341 (2.873–13.996) 6.062 (2.888–12.723)

FIGO, International Federation of Gynecology and Obstetrics; HR, hazard ratio; CI, confidence interval; SFMR, systemic immune-inflammation and fat-to-muscle ratio.

Figure 4. Time-dependent receiver-operating characteristic curves and area under the curves (AUCs) for 
predicting overall survival (a) and progression-free survival (b) by systemic immune-inflammation and fat-
to-muscle ratio.

Figure 5. Decision curve analysis for overall survival (a) and progression-free survival (b).

a

a

b

b
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ical conditions, this inflammatory marker 
was calculated through routine laboratory 
test results. Other markers of systemic in-
flammation (e.g., C-reactive protein) were 
available for few patients and therefore not 
used. Fourth, laboratory blood and CT-de-
rived body composition parameters were 
obtained from a single time point at the 
initial diagnosis. In future studies, data from 
subsequent CT scans should be incorporat-
ed to explore the prognostic significance of 
the changes in these markers. Finally, all pa-
tients received point A-based brachytherapy 
in this study. As image-guided brachythera-
py is the current standard of treatment, fur-
ther validation of our findings is needed in 
patients undergoing this procedure.

In conclusion, despite the above limita-
tions, our study demonstrated that the SII 
and vFMR, as well as their composite indi-
ces, were independent prognostic factors in 
patients with LACC who received definitive 
CCRT. Future studies are needed to explore 
novel therapies to improve the outcomes in 
high-risk patients.
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Supplementary Figure 1. Example of body composition analysis for measurement of tissue areas. The blue area represents subcutaneous adipose, the red area 
represents skeletal muscle, and the yellow area represents visceral adipose.

Supplementary Figure 2. X-tile software analysis to determine the optimal cut-off values for systemic immune-inflammation index (left) and visceral fat-to-muscle 
ratio (right). (a) The histogram of the both parameters. (b) Kaplan-Meier analysis for overall survival.
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 Supplementary Table 1. The relationship between systemic immune-inflammation and clinicopathological parameters

Characteristics SII ≤828 
(n = 158)

SII >828 
(n = 54)

P value

Age, mean ± SD, yrs 58.6 ± 10.4 59.4 ± 11.1 0.607 

BMI, mean ± SD, kg/m2 22.9 ± 3.1 23.7 ± 3.0 0.116 

ECOG performance status, n (%) 0.144 

  0 108 (68.4) 31 (57.4)

  1 50 (31.6) 23 (42.6)

Histology, n (%) 0.522 

  Squamous cell carcinoma 145 (91.8) 48 (88.9)

  Adenocarcinoma 13 (8.2) 6 (11.1)

FIGO stage, n (%) 0.417 

  IB-II 120 (75.9) 38 (70.4)

  III-IVA 38 (24.1) 16 (29.6)

Pelvic lymph node, n (%) 1.000 

  Negative 79 (50.0) 27 (50.0)

  Positive 79 (50.0) 27 (50.0)

SCC-Ag level, n (%) 0.949 

  ≤10 ng/mL 109 (69.0) 37 (68.5)

  >10 ng/mL 49 (31.0) 17 (31.5)

vFMR level, n (%) 0.008 

  ≤1.1 130 (82.3) 35 (64.8)

  >1.1 28 (17.7) 19 (35.2)

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology and Obstetrics; SCC-Ag, squamous cell carcinoma antigen; 
vFMR, visceral fat-to-muscle ratio; SD, standard deviation; SII, systemic immune-inflammation.
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 Supplementary Table 2. The relationship between visceral fat-to-muscle ratio and clinicopathological parameters

Characteristics vFMR ≤ 1.1 
(n = 165)

vFMR > 1.1 
(n = 47)

P value

Age, mean ± SD, yrs 57.4 ± 10.9 63.5 ± 7.9 <0.001

BMI, mean ± SD, kg/m2 22.1 ± 2.9 22.1 ± 3.7 0.989 

ECOG performance status, n (%) 0.949 

  0 108 (65.5) 31 (66.0)

  1 57 (34.5) 16 (34.0)

Histology, n (%) 0.648 

  Squamous cell carcinoma 151 (91.5) 42 (89.4)

  Adenocarcinoma 14 (8.5) 5 (10.6)

FIGO stage, n (%) 0.056 

  IB-II 128 (77.6) 30 (63.8)

  III-IVA 37 (22.4) 17 (36.2)

Pelvic lymph node, n (%) 0.069 

  Negative 88 (53.3) 18 (38.3)

  Positive 77 (46.7) 29 (61.7)

SCC-Ag level, n (%) 0.625 

  ≤10 ng/mL 115 (69.7) 31 (66.0)

  >10 ng/mL 50 (30.3) 16 (34.0)

SII level, n (%) 0.008 

  ≤550.1 130 (78.8) 28 (59.6)

  >550.1 35 (21.2) 19 (40.4)

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology and Obstetrics; SCC-Ag, squamous cell carcinoma antigen; SII, 
systemic immune-inflammation index; SD, standard deviation; vFMR, visceral fat-to-muscle ratio.
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 Supplementary Table 3. The relationship between the combination of systemic immune-inflammation and visceral fat-to-muscle ratio and 
clinicopathological parameters

Characteristics SFMR Plinear value

Low-risk (n = 130) Middle-risk (n = 63) High-risk (n = 19)

Age, n (%) 0.013 

  <65 yrs 95 (73.1) 33 (52.4) 11 (57.9)

  ≥65 yrs 35 (26.9) 30 (47.6) 8 (42.1)

BMI, n (%) 0.065 

  <25 kg/m2 99 (76.2) 43 (68.3) 11 (57.9)

  ≥25 kg/m2 31 (23.8) 20 (31.7) 8 (42.1)

ECOG performance status, n (%) 0.352 

  0 89 (68.5) 38 (60.3) 12 (63.2)

  1 41 (31.5) 25 (39.7) 7 (36.8)

Histology, n (%) 0.475 

  Squamous cell carcinoma 119 (91.5) 58 (92.1) 16 (84.2)

  Adenocarcinoma 11 (8.5) 5 (7.9) 3 (15.8)

FIGO stage, n (%) 0.081 

  IB-II 102 (78.5) 44 (69.8) 12 (63.2)

  III-IVA 28 (21.5) 19 (30.2) 7 (36.8)

Pelvic lymph node, n (%) 0.250 

  Negative 69 (53.1) 29 (46.0) 8 (42.1)

  Positive 61 (46.9) 34 (54.0) 11 (57.9)

SCC-Ag level, n (%) 0.725 

  ≤10 ng/mL 90 (69.2) 44 (69.8) 12 (63.2)

  >10 ng/mL 40 (30.8) 19 (30.2) 7 (36.8)

BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynecology and Obstetrics; SCC-Ag, squamous cell 
carcinoma antigen; SFMR, systemic immune-inflammation and fat-to-muscle ratio
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Meta-research on reporting guidelines for artificial intelligence: are 
authors and reviewers encouraged enough in radiology, nuclear 
medicine, and medical imaging journals?

PURPOSE
To determine how radiology, nuclear medicine, and medical imaging journals encourage and 
mandate the use of reporting guidelines for artificial intelligence (AI) in their author and reviewer 
instructions.

METHODS
The primary source of journal information and associated citation data used was the Journal Cita-
tion Reports (June 2023 release for 2022 citation data; Clarivate Analytics, UK). The first- and sec-
ond-quartile journals indexed in the Science Citation Index Expanded and the Emerging Sources 
Citation Index were included. The author and reviewer instructions were evaluated by two inde-
pendent readers, followed by an additional reader for consensus, with the assistance of automatic 
annotation. Encouragement and submission requirements were systematically analyzed. The re-
porting guidelines were grouped as AI-specific, related to modeling, and unrelated to modeling.

RESULTS
Out of 102 journals, 98 were included in this study, and all of them had author instructions. Only 
five journals (5%) encouraged the authors to follow AI-specific reporting guidelines. Among these, 
three required a filled-out checklist. Reviewer instructions were found in 16 journals (16%), among 
which one journal (6%) encouraged the reviewers to follow AI-specific reporting guidelines without 
submission requirements. The proportions of author and reviewer encouragement for AI-specific 
reporting guidelines were statistically significantly lower compared with those for other types of 
guidelines (P < 0.05 for all).

CONCLUSION
The findings indicate that AI-specific guidelines are not commonly encouraged and mandated (i.e., 
requiring a filled-out checklist) by these journals, compared with guidelines related to modeling 
and unrelated to modeling, leaving vast space for improvement. This meta-research study hopes 
to contribute to the awareness of the imaging community for AI reporting guidelines and ignite 
large-scale group efforts by all stakeholders, making AI research less wasteful.

CLINICAL SIGNIFICANCE
This meta-research highlights the need for improved encouragement of AI-specific guidelines in ra-
diology, nuclear medicine, and medical imaging journals. This can potentially foster greater aware-
ness among the AI community and motivate various stakeholders to collaborate to promote more 
efficient and responsible AI research reporting practices.
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Poor or suboptimal reporting of medi-
cal research is regarded as a significant 
and widespread issue that contributes 

to the waste of scarce and valuable resourc-
es invested in research projects.1-5 For such 
studies, readers cannot assess the validity of 
the method relative to existing knowledge, 
and thus the reliability and reproducibility of 
the findings.6 This hinders the clinical trans-
lation of promising research findings7 and 
their comparability with other publications 
for evidence synthesis or meta-analysis.8 
The adherence to consensus-based report-
ing standards (i.e., reporting guidelines) is 
one of the principal methods for reducing 
the risk of poor reporting. To promote this, 
vast projects, like Enhancing the QUAlity and 
Transparency Of health Research (EQUATOR) 
network, were started, and several reporting 
guidelines were developed and published in 
the literature.9,10 Typically, these guidelines 
take the form of online or offline checklists, 
flowcharts, or explicit texts that instruct au-
thors on how to report their research. Sev-
eral studies researched the effectiveness of 
adhering to reporting guidelines in various 
study types. They found that adherence is 
associated with improved manuscript qual-
ity in peer review,11 favorable reviewer rat-
ings and editorial decisions,12 higher citation 
counts and opportunity to be published in 
journals with a higher impact factor,13 and 
improved completeness and quality of the 
research.14-22

Similar to healthcare literature, medi-
cal artificial intelligence (AI) research faces 
poor or suboptimal reporting issues. With 
the massive growth of healthcare literature 
using AI, including medical imaging,23 the 
need for complete and structured reporting 
of prognostic and diagnostic studies that use 
machine learning algorithms or models has 

increased. An expanding body of research 
indicates that AI studies frequently fall short 
of expected reporting standards,24,25 lacking 
sufficient details on modeling and its evalu-
ation, and failing to adequately address po-
tential sources of bias.26-32 Multiple specific 
guidelines relevant to AI studies have been 
developed to address these issues.25,33-41 Ex-
amples of these guidelines include Checklist 
for AI in Medical Imaging (CLAIM),42,43 Fair-
ness, Universality, Traceability, Usability, Ro-
bustness, and Explainability-AI (FUTURE-AI),44 
Minimum Information about Clinical AI Mod-
elling (MI-CLAIM),45 CheckList for EvaluAtion 
of Radiomics research (CLEAR),46 and METh-
odological RadiomICs Score (METRICS).47 
In addition, as a continuation of previous 
efforts, several guidelines are currently un-
der development, such as Standards for the 
Reporting of Diagnostic Accuracy Studies-AI 
(STARD-AI) for AI-centered diagnostic test 
accuracy studies and Transparent Reporting 
of a Multivariable Prediction Model for Indi-
vidual Prognosis or Diagnosis-AI (TRIPOD-AI) 
for those related to diagnostic models.48,49 
The most widely recognized AI guidelines 
and ones currently under development can 
be found in the following seminal papers.50,51 

The availability of reporting guidelines 
and checklists has not yet resolved the prob-
lem of inadequate reporting. While editorial 
guidance advocating for transparent report-
ing is widespread and well-intentioned, au-
thors frequently overlook or fail to adhere to 
these guidelines.52-57 In a very recent citation 
analysis of an AI checklist on medical imag-
ing and a meta-research on radiomics, claims 
regarding the use of checklists and quality 
scoring tools for self-reporting (i.e., reporting 
with filling checklists by study authors) have 
been supported.26,32 Journals can significant-
ly impact the quality of reporting by encour-
aging or mandating responsible reporting 
practices, such as the use of reporting guide-
lines and checklists in their author and re-
viewer instructions.58,59 However, research on 
the encouragement of AI reporting guide-
lines by journals specialized in radiology, 
nuclear medicine, and medical imaging is 
scarce.60 Investigating this issue could yield 
valuable insights to foster higher-quality re-
search within these journals.

This meta-research study aims to deter-
mine how these journals encourage and 
mandate (i.e., requiring a filled-out checklist) 
the use of AI reporting guidelines in their au-
thor and reviewer instructions by comparing 
reporting guidelines that are specific to AI, 
related to modeling, and unrelated to mod-
eling.

Methods
Figure 1 presents the key study steps of 

this meta-research.

Dataset

The primary source of journals and associ-
ated citation data used was the Journal Cita-
tion Reports (June 2023 release for 2022 cita-
tion data; Clarivate Analytics, UK). This report 
was based on data obtained from the Web of 
Science (WoS) (Clarivate Analytics, UK). 

Journals indexed in the WoS category, 
radiology, nuclear medicine, and medical im-
aging, that met the following criteria were in-
cluded in this study: inclusion in the Science 
Citation Index Expanded (SCIE) or Emerging 
Sources Citation Index (ESCI) and placement 
within the first quartile (Q1; top 25% of jour-
nals in the list) or second quartile (Q2; jour-
nals in the top 25%–50% group) based on 
the 2022 Journal Impact Factor. This analysis 
excluded journals that had a limited scope, 
specifically those that focused solely on re-
view articles (i.e., not publishing original re-
search articles), as these journals were not 
expected to publish articles using AI report-
ing guidelines.

Two readers, each in their third year of ra-
diology residency and with prior experience 
conducting systematic reviews on reporting 
quality in AI or radiomics, accessed the au-
thor and reviewer instructions from the jour-
nals’ websites and saved them as PDF files. 
The task was distributed evenly among the 
readers, and they also reviewed each other’s 
resulting files. All author and reviewer in-
structions were accessed between Septem-
ber 4 and 7, 2023. In the case of multiple in-
structions, the most up-to-date version was 
selected.

To mitigate errors during the assessment 
of instructions, a custom Python script based 
on the PyMuPDF package was used to auto-
matically annotate certain terms within the 
PDF documents. The terms covered AI, ma-
chine learning, reporting, guidelines, check-
lists, and their specific names or acronyms. 
The code and exact terms can be accessed at 
https://github.com/radiomic/PDFhighlighter.

Evaluation of author and reviewer instruc-
tions

The author and reviewer instructions that 
were automatically annotated by the script 
were evaluated by the same readers who 
downloaded the instructions. All evaluations 
underwent a meticulous review process 
overseen by an additional reader possessing 

Main points

• Based on author and reviewer instructions, 
artificial intelligence (AI)-specific guidelines 
are not commonly encouraged, and they 
are not mandated for submission as filled-
out checklists by radiology, nuclear medi-
cine, and medical imaging journals.

• The proportions of author and reviewer 
encouragements for AI-specific reporting 
guidelines were statistically significantly 
lower compared with those for other types 
of guidelines.

• The collaboration of all stakeholders, in-
cluding guideline developers, journal 
managers, editors, reviewers, authors, and 
funders, is needed to further encourage 
these guidelines to make AI research less 
wasteful.
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8 years of expertise as a radiology specialist, 
complemented by over 5 years of research 
experience in machine learning, radiomics, 
and systematic reviews. Final decisions were 
reached by consensus among all readers.

The collected data primarily fell into two 
categories: encouragement of authors or 
reviewers and the presence of submission 
requirements for filled-out checklists in case 
of encouragement. When evaluating the en-
couragement, to elicit a positive evaluation 
from readers, it was imperative to explicitly 
state the name of the reporting guideline 
or make a direct reference to it. In addition, 
encouragement was defined as any sort of 
mention of specific guidelines. For instance, 
if authors and reviewers are recommend-
ed for adherence, referral, or usage of the 
guidelines, even if not explicitly intended 
for integration into their workflow, it was 
considered encouragement. The inclusion 
of general references to the central source or 
hub of guidelines or checklists, such as the 
EQUATOR network website, was not regard-
ed as a specific encouragement in this work. 
To fulfill the submission requirement (i.e., 
mandating), this study sought a clear indi-
cation that the filled-out checklist would be 

uploaded to the submission system as an in-
tegral part of both the manuscript and peer 
review processes. The submission systems 
were only investigated when the submission 
requirements were unclear in the instruc-
tions. Checklists without an associated pub-
lication in a journal (i.e., checklists as part of 
journal instructions without a digital object 
identifier) were not considered as a reporting 
guideline.

Three types of reporting guidelines were 
analyzed as follows: i) AI-specific reporting 
guidelines; ii) those related to modeling (e.g., 
diagnostic or prognostic modeling; may or 
may not be associated with AI or machine 
learning); and iii) those unrelated to mod-
eling. AI-specific reporting guidelines and 
those related to modeling included those 
specified in two recent seminal articles.50,51 
For AI-specific guidelines (e.g., CLAIM, Con-
solidated Standards of Reporting Trials for AI 
(CONSORT-AI), Standard Protocol Items: Rec-
ommendations for Interventional Trials for AI 
(SPIRIT-AI), FUTURE-AI, MI-CLAIM), this study 
referred to the publication of Klontzas et al.50, 
which did not limit its scope to a specific data 
type. For guidelines related to modeling, in-
cluding AI-specific ones (e.g. TRIPOD), this 

study referred to the paper of Klement and 
El Emam51, which primarily focused on struc-
tured data. Due to the potential omission of 
relevant reporting guidelines in these pa-
pers, this study refrained from confining its 
criteria to those listed in the aforementioned 
articles.

Statistical analysis

Statistical analysis was performed using 
Jamovi (version 2.2.5). The majority of the 
findings were presented through descriptive 
statistics, wherein percentages were rounded 
to the nearest whole number. The inter-read-
er agreement analysis of the first two readers 
was conducted using Cohen’s kappa or per-
centage agreement, as appropriate. The fol-
lowing grading system was used to interpret 
Cohen’s kappa: kappa ≤0.00, no; 0.00< kappa 
≤0.20, slight; 0.20< kappa ≤0.40, fair; 0.40< 
kappa ≤0.60, moderate; 0.60< kappa ≤0.80, 
substantial; 0.80< kappa ≤1, almost perfect 
agreement. Comparison of the distribution 
of quantitative variables was conducted us-
ing either the Student’s t-test or the Mann–
Whitney U test, depending on the statistical 
normality of the data. The chi-square test or 
Fisher’s exact test was employed to assess 
differences in the distribution of categorical 
variables across various citation variables 
between subjects. Furthermore, McNemar’s 
test was used for the same purpose within 
subjects, and the continuity correction was 
also applied. A P value of <0.05 was consid-
ered statistically significant.

Results

Baseline characteristics of journals

Out of 102 Q1 and Q2 radiology, nuclear 
medicine, and medical imaging journals in-
dexed in SCIE and ESCI databases, 98 were 
included in this study. Four journals were ex-
cluded because they published only review 
articles. Of the journals included, 66 were 
from SCIE (Q1/Q2, 32/34), with a median 2022 
impact factor of 3.9 (interquartile range: 2.4). 
The remaining 32 journals were from ESCI 
(Q1/Q2, 16/16), with a median 2022 impact 
factor of 2.25 (interquartile range: 1.9).

For all 98 journals, instructions specific 
to authors were found. However, specific 
instructions for reviewers or referees were 
found for 16 journals only (16%).

Analysis of author instructions

Table 1 summarizes the encouragement 
of authors to use reporting guidelines that 
are specific to AI, related to modeling, and 

Figure 1. Key study steps. WoS, Web of Science; RNMMI, Radiology, Nuclear Medicine, and Medical Imaging; 
SCIE, Science Citation Index Expanded; ESCI, Emerging Sources Citation Index; Q1, first quartile; Q2, second 
quartile; PDF, portable document format; AI, artificial intelligence.
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unrelated to modeling, as well as the re-
quirement of submission for these reporting 
guidelines.

Considering all 98 journals, only five jour-
nals (5%) encouraged the authors to follow 
AI-specific reporting guidelines. Table 2 pres-
ents the AI-specific guidelines recommended 
in these journals: CLAIM (n = 3), Proposed Re-
quirements for Cardiovascular Imaging-Re-
lated Machine Learning Evaluation (PRIME) 
(n = 1), and Checklist for AI in Medical Physics 
(CLAMP) (n = 1).42,61,62 Of these, three (60%) 
required a filled-out checklist along with the 
submission.

In total, 30 journals (31% of 98) endorsed 
at least one reporting guideline related to 
modeling, including both general modeling 
guidelines and AI-specific ones: TRIPOD (n = 
26), along with the three aforementioned AI 
reporting guidelines, namely CLAIM, PRIME, 
and CLAMP.42,61-63 One journal encouraged 
two modeling-related guidelines (TRIPOD 
and CLAIM). Of the 30 journals, only four 
(13%) required a filled-out checklist along 
with the submission. Furthermore, only one 
of the journals, Ultrasound in Obstetrics and 
Gynecology, encouraged TRIPOD and man-
dated a filled-out checklist.

A total of 75 journals (77% of 98) encour-
aged at least one guideline unrelated to mod-
eling. The frequency of the most well-known 
guidelines in these categories is as follows: 
CONSORT (n = 61), Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) (n = 51), Animal Research: Report-
ing of In Vivo Experiments (ARRIVE) (n = 45), 
STARD (n = 44), and Strengthening the Re-
porting of Observational Studies in Epidemi-
ology (STROBE) (n = 42).64-68 Of these journals, 
36 (48%) required a filled-out checklist along 
with the submission.

The level of encouragement for authors, 
both with and without submission require-
ments, regarding the naming of reporting 
guidelines, is summarized in Figure 2, along-
side a comparison with that of reviewers. 

Statistically significant differences were 
observed in the proportions of author en-
couragement among pairwise comparisons 
of AI-specific reporting guidelines, those 
related to modeling, and those unrelated to 
modeling (P < 0.001 for all). Notably, the en-
couragement level for guidelines unrelated 
to modeling was consistently higher across 
all pairs. 

There were no statistically significant dif-
ferences in the distribution of author encour-
agement status concerning the journal index 
(i.e., SCIE vs. ESCI) and quartile (i.e., Q1 vs. Q2) 
(P > 0.05 for all).

Regarding the encouragement of report-
ing guidelines related to modeling in gen-
eral, including AI-specific ones, as well as 
those unrelated to modeling, the inter-rater 
reliability analysis yielded almost perfect 
agreement, with Cohen’s kappa values rang-
ing between 0.916 and 0.950.

Analysis of reviewer instructions

Table 1 summarizes the encouragement 
of reviewers to use reporting guidelines 
that are specific to AI, related to modeling, 
and unrelated to modeling, as well as the re-
quirement of submission for these reporting 
guidelines.

Of the 16 journals that had instructions 
for reviewers, only one (6%), European Ra-
diology, encouraged the reviewers to follow 
an AI-specific reporting guideline (CLAIM), 
which can also be regarded as a modeling-re-
lated guideline, without a filled-out checklist 
along with the submission of peer review.42 
The primary purpose was, however, to check 
whether the authors provided the checklist.

Regarding the guidelines that are not re-
lated to modeling, six journals (38% of 16) 
encouraged the reviewers to follow at least 
one of those. The journals most frequently 
recommended CONSORT (n = 4) and PRISMA 
(n = 4) without a filled-out checklist along 
with the submission of peer review.67,68

The summary of reviewer encouragement, 
both with and without submission require-
ments, regarding the naming of reporting 
guidelines, is depicted in Figure 2, alongside 
a comparison with that of the authors.

There was a statistically significant dif-
ference in the proportion of reviewer en-
couragement between AI-specific or mod-
eling-related reporting guidelines and those 
unrelated to modeling (P < 0.025), with the 
latter being the higher. 

There were no statistically significant 
differences in the distribution of reviewer 
encouragement status against the journal 
index (i.e., SCIE vs. ESCI) and quartile (i.e., Q1 
vs. Q2) (P > 0.05 for all).

For reviewers, the encouragement of re-
porting guidelines related to modeling in 
general, including AI-specific ones, as well 
as those not related to modeling, resulted in 
high inter-rater reliability, with percentage 
agreement values ranging between 79% 
and 93%.

Table 1. Journal statistics for the encouragement and submission requirements of reporting 
guidelines

Instruction Guideline Number of journals

Encouragement Submission requirement

Yes No Yes No

For authors

AI-specific 5 (5%) 93 (95%) 3 (60%) 2 (40%)

Related to modeling1 30 (31%) 68 (69%) 4 (13%) 26 (87%)

Unrelated to modeling 75 (77%) 23 (23%) 36 (48%) 39 (52%)

For reviewers 

AI-specific 1 (6%) 15 (94%) 0 (0%) 16 (100%)

Related to modeling1 1 (6%) 15 (94%) 0 (0%) 16 (100%)

Unrelated to modeling 6 (38%) 10 (62%) 0 (0%) 16 (100%)
1Including AI-specific ones. AI, artificial intelligence.

Table 2. Encouraged AI-specific reporting guidelines for authors and their submission 
requirements

Index Journal title 2022 
JIF Q

AI-specific reporting guideline

Encouragement Submission 
requirement

SCIE

JACC: Cardiovascular Imaging 14 Q1 PRIME Yes

European Radiology 5.9 Q1 CLAIM No

Journal of the American College 
of Radiology 4.5 Q1 CLAIM No

Medical Physics 3.8 Q2 CLAMP Yes

ESCI Radiology: Artificial Intelligence 9.8 Q1 CLAIM Yes

SCIE, Science Citation Index Expanded; ESCI, Emerging Sources Citation Index; JIF, Journal Impact Factor; Q, quartile 
(according to the category radiology, nuclear medicine, and medical imaging); AI, artificial intelligence; Q1, first 
quartile; Q2, second quartile; PRIME, Proposed Requirements for Cardiovascular Imaging-Related Machine Learning 
Evaluation; CLAIM, Checklist for AI in Medical Imaging; CLAMP, Checklist for AI in Medical Physics.
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Discussion

Overview

This meta-research investigated how ra-
diology, nuclear medicine, and medical im-
aging journals encourage and mandate (i.e., 
requiring a filled-out checklist) the use of AI 
reporting guidelines in their author and re-
viewer instructions. The results were present-
ed by comparing reporting guidelines that 
are specific to AI, related to modeling, and 
unrelated to modeling. It was found that only 
a very small number of journals encouraged 
(5%, 5/98) and mandated (3%, 3/98) the use 
of AI reporting guidelines (i.e., CLAIM, PRIME, 
and CLAMP) for authors. In addition, only one 
journal (6% of 16 available reviewer instruc-
tions) encouraged the reviewers to follow AI 
reporting guidelines (i.e., CLAIM), without 
any requirement of submission. Encourage-
ment and the mandated use of AI-specific 
guidelines and those related to modeling in 
the journals were generally lower compared 
with those unrelated to modeling.

Previous related works

There is only one recent closely related 
study to this research in which the endorse-

ment of AI reporting guidelines in radiology 
journals has been systematically analyzed.60 
In their seminal study, Zhong et al.60 in-
vestigated the endorsement of 15 general 
reporting guidelines and 10 AI reporting 
guidelines. Of the 117 SCIE journals included, 
the authors found that CLAIM (1.7%, 2/117) 
was the only and the most implemented AI 
reporting guideline, while the other nine AI 
reporting guidelines were not mentioned. 
This study found that five (5%) out of the 98 
journals encouraged AI-specific guidelines. 
The disparity in rates can be attributed to 
two methodological issues. First, the jour-
nals differed in their index sources. Second, 
our study encompassed half of the journals 
indexed in SCIE and ESCI (i.e., Q1–Q2). In con-
trast, Zhong et al. 60 exclusively included all 
SCIE journals. Furthermore, the AI reporting 
guidelines considered for these works were 
different. This study referenced two prior 
works and imposed no additional restric-
tions on their use, provided that they were in 
the form of a publication (i.e., not a custom 
checklist that appears on the instructions of 
journals).50,51 The authors of the prior investi-
gation restricted their assessment to 10 AI re-
porting guidelines. Furthermore, both stud-
ies reached the same conclusion that the 

endorsement or encouragement to follow AI 
reporting guidelines in these journals was re-
markably low. Their main findings were com-
plementary and mutually reinforcing.

Given the scarcity of literature on the 
encouragement of AI reporting guidelines 
in radiology, nuclear medicine, and medical 
imaging journals, it would be beneficial to 
discuss studies that are not specifically per-
tinent to AI but are nevertheless extremely 
relevant to the encouragement of and man-
dating reporting guidelines. In a cross-sec-
tional study, Malički et al.69 analyzed a rep-
resentative sample of journal instructions 
for authors across multiple scientific fields, 
including health sciences. The instructions of 
13% of journals suggested the use of report-
ing guidelines, while only 2% mandated its 
use. In addition, the authors discovered that 
journals in the health or life sciences, as well 
as those published by prominent publishers, 
were more likely to include reporting guide-
lines or standards in their author instructions. 
In a different study, Agha et al.70 investigated 
the impact of the mandatory implementa-
tion of reporting guidelines on the quality of 
reporting in a surgical journal. Compliance 
with STROBE, CONSORT, and PRISMA dra-
matically improved after the policy imple-
mentation. The authors observed that imple-
menting a policy demanding the submission 
of a completed reporting checklist for ob-
servational research, randomized controlled 
trials, and systematic reviews can increase 
compliance. In addition, they recommended 
similar approaches for various journals and 
study types. In another seminal study, Hirst 
and Altman focused on the encouragement 
of reviewers to utilize reporting guidelines 
for 116 health research publications.59 They 
discovered that 41 (35%) of the journals of-
fered reviewers with online instructions. In 
addition, they revealed that nearly half of the 
online instructions referred to these tools 
without providing clear instructions on how 
to use them. 

Potential reasons for low rates

Considering the relevant works above 
and the present study, it is evident that 
journals do not encourage and mandate AI 
reporting guidelines frequently. The poten-
tial causes can only be speculated because 
their analysis falls outside the scope of this 
study. The editorial team of the journals may 
wrongly presume that researchers are aware 
of these fundamental aspects of rigorous 
and transparent reporting and that authors 
are entirely responsible for implementing 
them, not the journals. The journals may 
also be hesitant to incorporate appropriate 

Figure 2. Encouragement of authors and reviewers for the reporting guidelines with and without submission 
requirements. AI, artificial intelligence. *Only the top five most frequently encouraged reporting guidelines 
were included.
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reporting practices through reporting guide-
lines, and they may be unwilling to address 
scientific misconduct and correct publica-
tion errors.71-73 The editors may also not want 
to unintentionally overburden the authors 
with too many instructions. Even if journals 
encourage good reporting practices, re-
searchers may be resistant to fundamental 
change. Furthermore, despite the validity of 
these tools, journals may not agree on the 
importance of reporting guidelines and may 
be hesitant to recommend their usage in the 
absence of convincing proof of their effec-
tiveness.

What are the following steps?

In light of the outstanding and exponen-
tial growth of AI research on medical imag-
ing over the past decade,23 it is necessary 
to promote the highest-quality research. It 
would be advantageous to conduct addi-
tional research to define the effectiveness 
of AI reporting guidelines. Such research will 
help persuade journals to encourage and 
mandate them. Hence, there is a need for 
further assessment of AI reporting guide-
lines to determine their optimal utilization. 
This assessment should consider whether 
they should be incorporated into the study 
design, applied during ongoing research, 
utilized solely for reporting purposes post-
study completion, or implemented at the 
request of journals, among other potential 
considerations. Enhancing our understand-
ing of the factors that influence the dissem-
ination and implementation of these tools 
and strategies is crucial for improving their 
efficacy and promoting their broader adop-
tion. Future research should investigate the 
obstacles journals might experience when 
adopting such policy changes in their jour-
nals, as well as how automated tools could 
minimize their workload while guaranteeing 
adherence to these reporting guidelines. 
Furthermore, radiology, nuclear medicine, 
and medical imaging journals may collabo-
rate to improve reporting standards for re-
search. These group initiatives should also be 
supported by scientific organizations, uni-
versities, institutions, societies, and funding 
agencies. This would make it more difficult 
for authors receiving negative reviews due 
to inadequate reporting to choose journals 
with more flexible reporting policies. This 
could enhance the overall reporting quality 
of the scientific literature. In certain areas of 
medical research, such as rehabilitation and 
disability, the journals established such col-
laborations.74 As of 2014, 28 prominent reha-
bilitation and disability journals have joined 

a group to require the adherence to report-
ing guidelines to increase the quality of re-
search reporting, not just inside their journal 
but also within their field of medicine and 
research. They jointly published an editori-
al, announcing their agreement and urging 
authors to adhere to appropriate EQUATOR 
reporting guidelines when preparing articles 
for submission. They also requested review-
ers to utilize reporting guidelines when eval-
uating submissions.74 A similar group effort is 
crucial to improve the overall reporting qual-
ity of AI research in radiology, nuclear medi-
cine, and medical imaging journals.

Limitations

This study has a few limitations. First, it as-
sumed that instructions are the sole location 
where reporting guidelines that are encour-
aged or mandated can be found. However, 
some of the requirements editors put on au-
thors and reviewers may not be necessarily 
outlined in the instructions. For instance, the 
submission systems of all the journals were 
not thoroughly analyzed to check whether 
they encouraged or requested the use of 
guidelines during the submission and/or 
review processes. It was presumed that this 
was not common practice. Nonetheless, their 
submission systems were only investigated 
when the submission requirements were not 
clear in the instructions. Second, only Q1 and 
Q2 SCIE and ESCI journals indexed in the WoS 
were included due to their well-known high 
standards for indexing. Therefore, it is unlike-
ly to represent the editorial standards of all 
journals. To diversify the journal characteris-
tics, Q1 and Q2 ESCI journals were included 
instead of Q3 and Q4 SCIE journals. However, 
achieving a perfect representation of jour-
nals in terms of diversity should not be a ma-
jor concern in an exploratory study focusing 
on a new area of reporting guidelines. Third, 
while downloading the journal instructions, 
they were double-checked for accuracy. 
Due to the complex and multi-layered de-
sign of certain journal websites, some parts 
of the  instructions may have been omitted. 
Additionally, this study aimed to evaluate 
the automatically annotated content of the 
instructions through independent readings 
by two readers, with consensus reached 
through consultation with a third reader. This 
study may have missed any reporting guide-
lines that were recommended or deemed 
necessary in the submission. However, the 
impact of missing instructions and their con-
tent analysis will likely be minor. Finally, the 
instructions were downloaded over a brief 
time frame (between September 4 and 7, 

2023). If journals had improved their instruc-
tions after this period, these changes would 
not have been reflected in the results.

In conclusion, this meta-research study 
provides an overview of instructions for au-
thors and peer reviewers across radiology, 
nuclear medicine, and medical imaging jour-
nals. It specifically examines the encourage-
ment of AI-specific reporting guidelines and 
their submission requirements, comparing 
them with guidelines related to modeling 
and those unrelated to modeling. However, 
the findings indicate that these AI-specific 
guidelines are not commonly encouraged 
and mandated (i.e., requiring a filled-out 
checklist) by these journals, compared with 
other guidelines. To further encourage the 
use of these tools, all stakeholders, includ-
ing developers, journal managers, editors, 
reviewers, authors, and funders, are required 
to collaborate. Given their position at the 
forefront of AI, if more of these journals en-
force or encourage responsible reporting 
through guidelines, the value of articles and 
AI research may increase and become less 
wasteful. 
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Application of deep learning and radiomics in the prediction of 
hematoma expansion in intracerebral hemorrhage: a fully automated 
hybrid approach

PURPOSE
Spontaneous intracerebral hemorrhage (ICH) is the most severe form of stroke. The timely assess-
ment of early hematoma enlargement and its proper treatment are of great significance in curbing 
the deterioration and improving the prognosis of patients with ICH. This study aimed to develop an 
automated hybrid approach to predict hematoma expansion in ICH.

METHODS
The transfer learning method was applied to build a hybrid model based on a convolutional neural 
network (CNN) to predict the expansion of hematoma. The model integrated (1) a CNN for auto-
mated hematoma segmentation and (2) a CNN-based classifier for hematoma expansion predic-
tion that incorporated both 2-dimensional images and the radiomics features of the 3-dimensional 
hematoma shape.

RESULTS
The radiomics feature module had the highest area under the receiver operating characteristic 
curve (AUC) of 0.58, a precision of 0, a recall of 0, and an average precision (AP) of 0.26. The ResNet50 
and Inception_v3 modules had AUCs of 0.79 and 0.93, a precision of 0.56 and 0.86, a recall of 0.42 
and 0.75, and an AP of 0.51 and 0.85, respectively. Radiomic with Inception_v3 and Radiomic with 
ResNet50 had AUCs of 0.95 and 0.81, a precision of 0.90 and 0.57, a recall of 0.79 and 0.17, and an 
AP of 0.87 and 0.69, respectively.

CONCLUSION
A model using deep learning and radiomics was successfully developed. This model can reliably 
predict the hematoma expansion of ICH with a fully automated process based on non-contrast 
computed tomography imaging. Furthermore, the radiomics fusion with the Inception_v3 model 
had the highest accuracy.

KEYWORDS
Convolutional neural network, radiomics, intracerebral hemorrhage, hematoma expansion, 
non-contrast computed tomography 

You may cite this article as: Lu M, Wang Y, Tian J, Feng H. Application of deep learning and radiomics in the prediction of hematoma expansion in intracerebral 
hemorrhage: a fully automated hybrid approach. Diagn Interv Radiol. 2024;30(5):299-312.

Spontaneous intracerebral hemorrhage (ICH), the most severe form of stroke, accounts 
for 10%–15% of strokes in high-income nations and 20%–50% in developing nations.1 
Compared with ischemic stroke, ICH is associated with poor prognostic outcomes, with 

a mortality rate of 40% at 1 month and a disability rate of 80% in survivors.2-4 Generally, ICH 
prognosis is influenced by many factors, including baseline volume and hematoma location, 
Glasgow Coma scale score, intraventricular hemorrhage, and age.5-7 Of these factors, hema-
toma volume is the only one that is controllable and dynamic.5 Clinical studies have shown 
that 33% of patients with ICH develop early hematoma enlargement within 24 h of ICH on-
set.8-10 Early hematoma enlargement in patients with ICH is independently correlated with 
poor prognostic outcomes and death.3,8,11,12 Therefore, the timely assessment of early hemato-
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ma enlargement and appropriate treatment 
are crucial in improving the outcomes of pa-
tients with ICH.

Recent studies have identified numerous 
radiological features for predicting hemato-
ma enlargement after ICH. For example, the 
computed tomography angiography (CTA) 
spot sign is a powerful predictive method of 
hematoma enlargement.13-15 However, clin-
ical applications have shown that some pa-
tients are allergic to the contrast agents used 
in CTA, and patients with renal insufficiencies 
are relatively contraindicated.16-18 By contrast, 
non-contrast computed tomography (NCCT) 
serves as the first choice for diagnosis of pa-
tients with acute stroke. New markers based 
on NCCT, such as blend,19 swirl,20 black hole,21 
and island,22 as well as satellite signs,23 can 
reflect the density and shape heterogeneity 
of hematomas with high specificity. There-
fore, they have been proposed as alternative 
predictors of hematoma enlargement in clin-
ical settings.24-26 However, these predictive 
indicators are only used for qualitative or 
semi-quantitative analyses and have relative-
ly low sensitivity and accuracy in predicting 
hematoma enlargement.25 Alternative quan-
titative methods with automated execution, 
which may have superior predictive power, 
are still needed.

Radiomics is a promising quantitative 
method that has performed excellently in 
various biomedical fields, where it has been 
used to extract large numbers of quantita-
tive characteristics from conventional medi-
cal imaging.27,28 As well as being extensively 
applied in oncology studies, radiomics has 
recently been used for the prediction of he-
matoma enlargement after ICH based on 
NCCT imaging. Although these models ex-
hibit positive predictive performance,29-33 

only traditional or feature-based machine 
learning (ML) was utilized for the studies. 
Deep learning is an automatic method that 
can skip object segmentation, feature selec-
tion, and extraction from segmented objects 
to identify ‘‘effective features.’’ Since it allows 
the whole process to be mapped from raw 
input images to final classifications and can 
exclude the requirement for hand-crafted 

features, deep learning is also referred to as 
end-to-end ML.27

Convolutional neural networks (CNNs) 
based on deep learning are increasingly 
being used worldwide with promising out-
comes. However, developing CNN-based 
methods requires large training datasets, 
which is challenging and laborious in clini-
cal settings. Two approaches partially over-
come this challenge. The first involves data 
augmentation, which utilizes affine trans-
formations, including translation, scaling, 
and rotation, to produce more data from 
the available data. The other approach in-
volves transfer learning, which is promising 
in medical image analysis.34 In this study, we 
developed a CNN-based hybrid model using 
a data augmentation and transfer learning 
method for predicting hematoma expansion 
by integrating the following: (1) a CNN for 
automated hematoma segmentation, and 
(2) a CNN-centered classifier for hematoma 
expansion prediction that incorporates 2-di-
mensional (2D) images as well as radiomics 
features for the 3-dimensional (3D) hemato-
ma shape.

Methods
This was a retrospective study permitted 

by the Medical Ethics Committee of Xianning 
Central Hospital (no: 20211126011), and the 
informed consent was waived.

Patients and image acquisition

Patients with spontaneous ICH diagnosed 
by the radiologist and admitted to the hospi-
tal between September 2017 and September 
2021 were enrolled in this study. The inclu-

sion criteria were as follows: (1) patients aged 
>18 years; (2) patients who had received 
baseline NCCT within 24 h of symptomatic 
onset and follow-up computed tomography 
(CT) at ≤72 h. In this study, 506 patients met 
the inclusion criteria. The exclusion criteria 
were as follows: (1) patients diagnosed with 
trauma, aneurysm, vascular malformation, 
venous sinus embolism, or tumor-induced 
cerebral hemorrhage (151 cases); (2) patients 
with emergency surgery before CT review 
(53 cases); (3) patients with surgical inter-
vention during the 72-h observation period, 
even in the absence of hematoma expansion 
(15 cases); (4) patients whose CT images re-
vealed artifacts. In this study, two different 
CT scanners were used to minimize variabili-
ty in image acquisition parameters (7 cases). 
Following the exclusion criteria, 226 cases 
were excluded from the study. Finally, 280 
cases were included in this study. The origi-
nal CT image of the patients with ICH was re-
constructed into a standardized image with a 
thickness of 1.0 mm and a spacing of 0.7 mm 
before being exported from the picture ar-
chiving and communication system (PACS).

Study design

The model architecture is shown in Figure 
1. Briefly, the hybrid model comprised two 
deep learning models (models 1 and 2), with 
an automated pipeline between the two 
models. Model 1 was developed first for the 
automated generation of hematoma masks 
based on NCCT images. A hybrid classifier 
model (model 2) was then trained for the 
prediction of hemorrhage expansion based 
on radiomics and CNN features extracted 
from the NCCT images and hematoma masks 
in model 1.

Main points

• A model using deep learning and radiomics 
was successfully developed.

• The model was based on non-contrast com-
puted tomography imaging.

• The model predicts hematoma expansion 
of an intracerebral hemorrhage with a fully 
automated process.

Figure 1. Fully automated hybrid model for predicting ICH expansion. ICH, intracerebral hemorrhage; NCCT, 
non-contrast computed tomography; ROI, region of interest; CNN, convolutional neural network; SVM, 
support vector machine.
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Image processing

The Siemens 64-slice CT (SOMATOM go.Top, 
Henkestr., Erlangen, Germany) scan parame-
ters were as follows: positioning image, 140 
kV, 60 mA; spiral scanning parameters, 120 kV, 
effective mAs 230, pitch 0.55, layer thickness 5 
mm, layer spacing 5 mm. Before exporting the 
image from the PACS (USA), the original image 
was reconstructed into a standardized image 
with a thickness of 1.0 mm and a spacing of 0.7 
mm. The CT images were exported from PACS 
in the Digital Imaging and Communications in 
Medicine format and were transformed into the 
Neuroimaging Informatics Technology Initiative 
format. Images were set to values of -1,024 and 
3,052 HU. Image analysis was performed using 
the Ubuntu 18.04 operating system (London, 
UK) and Python (USA). First, all input sequences 
were acquired in a 512 × 512 field. Next, the net-
work output was set to only whole hematoma 
segmentation. After determining the hemato-
ma volume and matching the original residual 
network, the original NCCT image and segmen-
tation file (128 × 128 voxel) were reconstructed.

Automated segmentation of the hemor-
rhage (model 1)

DeepBleed is an open-source tool for 
quick hemorrhage segmentation.35 This au-
tomated deep neural network model pre-
processes NCCT scans (including skull strip-
ping), segments the hemorrhage area, and 
outputs a binary hemorrhage mask. Training 
and validation of this model using data from 
the Minimally Invasive Surgery Plus Alteplase 
for Intracerebral Hemorrhage Evacuation 
trial showed that the dice similarity coeffi-
cient, which evaluates spatial overlap extent 
between ground-truth segmentation by 
radiologists and the automatic model, was 
0.919.35,36 Contrary to manual segmentation, 
this model can rapidly and precisely segment 
ICH with a high level of agreement. To adapt 
it to this study, the code was partially modi-
fied and an interface was added for the auto-
mated calculation of hematoma volume.

Labels

Previous studies have defined hemato-
ma expansion as an outright volumetric ICH 
growth of >6 mL or an increase of >33% from 
the initial CT scan to the follow-up CT scan.3,12 

The binary label (negative or positive ICH ex-
pansion) was masked for each included study.

Hybrid classifier model for hematoma ex-
pansion prediction (model 2)

The hybrid model for ICH hematoma ex-
pansion combines well-known radiomics 

characteristic analysis and CNNs. Radiomics 
characteristic analysis was used to determine a 
wide range of researcher-defined quantitative 
features including shape, intensity, and texture 
of regions of interest on images. The CNN fea-
tures were extracted based on CNN training.

The radiomics characteristic was extract-
ed using the Python “pyradiomics” package 
(https://www.radiomics.io/pyradiomics.
html).37 The transformations were included 
with gradient, wavelet, original, square, ex-
ponential, logarithm, square root, and local 
binary pattern 3D. After image transforma-
tion, radiomics features were extracted.

The CNN model was executed using the 
well-known Inception_v338 and ResNet50 
modules to extract comprehensive 2D image 
information from the hematoma. Axial slices 
with maximum hematoma areas were auto-
matically selected as “maximum ICH image”, 
and the other two images were extracted 
from three upper (+3) and three lower (−3) 
slices from the maximum ICH image. For 
small ICHs with a volume <1 cm, the upper 
and lower slices may not be within the he-
matoma range; the extracted features after 
separation were therefore the same and did 

not affect the data results. Hematomas <1 
cm are often negative. Typically, CNN fea-
tures are extracted from the output of fully 
connected last hidden layers.39 During CNN 
training, “warm-up training” of the convolu-
tional residual network was achieved using 
image inputs to identify relevant imaging 
features. The weights of the pretrained con-
ventional ResNet50 and Inception_v3 mod-
ules were imported into model 2 and set as 
“non-trainable”. Meanwhile, data augmenta-
tion was performed by rotating, flipping, and 
resizing the training images to enrich the 
training data. This regular operation reduced 
the overfitting risk and boosted a classifier’s 
performance. The network was optimized 
using the Adam optimizer (beta1: 0.9, beta2: 
0.999, initial learning rate: 0.0001), with 
an L2 penalty of 0.01, batch size of 50, and 
cross-entropy cost function. The maximum 
training epoch was set to 100, and the model 
was saved when the maximum accuracy was 
achieved on the testing set. The CNN mod-
els were then implemented using the “keras” 
and “tensorflow” packages and trained on an 
AMD Ryzen Threadripper 2970WX processor 
with 48 Gb RAM (USA).

Figure 2. Top features selected.

Figure 3. Schematic of 2D and 3D image feature fusion. CNN, convolutional neural network; SVM, support 
vector machine.
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The features selected are shown in Fig-
ure 2. The feature-level fusion approaches 
were used to fuse the features to collect 
complementary information from radiomics 
and CNNs and improve diagnostic accuracy 
(Figure 3).40 Following the fusion pipeline, 
sequential forward feature elimination was 
chosen for feature selection, which was able 
to automatically identify the subset of fea-
tures that are highly appropriate to the prob-
lem. The grid search parameters consisted of 
many features that account for data complex-
ity and separability. Next, the “support vector 
machine” was used as the ML model for clas-
sification. The training set was divided into 
two stratified sets for cross-validation, and 
the estimator with the best average accura-
cy in the cross-validation was chosen as the 
best estimator. Subsequently, 100 non-ex-
panding (NEG-ICH) and expanding (POS-ICH) 
cases were randomly selected as the test set, 
and the remaining cases were used as train-
ing and validation sets. The radiomics-spe-
cific reporting [checklist for evaluation of 
radiomics research (CLEAR)41 and radiomics 
quality score (RQS)42] are presented as Sup-
plementary Materials S1 and S2. Thirty-seven 
items were addressed in the CLEAR checklist, 
and the RQS score was 10 (27.78%).

Statistical analysis

Model performance was evaluated by 
metrics. The area under the receiver oper-
ating characteristic curve (AUC) was deter-
mined to assess the ability of a classifier to 
distinguish between classes. The confusion 
matrix (CM) denotes instances in a predict-
ed class, whereas columns denote instanc-
es in an actual class. Precision indicates the 
accuracy of the classifier in identifying pos-
itive samples. Recall indicates the classifier’s 
ability to find all positive samples. The area 
under the precision-recall curve is the aver-
age precision (AP). Python software with the 

“Scikit-Learn” package (https://scikit-learn.
org/stable/) was used for statistical analyses.

Results
The schematic of patient recruitment 

is shown in Figure 4. There were 280 cases 
included in the analysis, of which 180 were 
randomly grouped into the training and val-
idation sets (43 POS-ICH cases and 137 NEG-
ICH cases) and 100 were randomly grouped 
into the test sets (24 POS-ICH cases and 76 
NEG-ICH cases). Model 1, which automati-
cally labeled the hematoma area and calcu-
lated the hematoma volume (Figure 5), was 
able to efficiently mask the hematoma. The 
213 NEG-ICH cases and 67 POS-ICH cases 
were then classified and labeled. The NEG-
ICH group had a male/female ratio of 153:60, 
an average age of 64.4 years (range, 50–85 
years), and a hematoma volume ranging 
from 0.271 to 79.6 mL. The POS-ICH group 
had a male/female ratio of 37:30, an average 

age of 68.7 years (range, 53–89 years), and 
a hematoma volume ranging from 0.464 to 
107.01 mL (Table 1a). These features were 
not markedly different between the training 
and testing datasets. The baseline features of 
the training, validation, and testing sets are 
shown in Table 1b.

In model 2, the “PyRadiomics” package 
was used for the extraction of shape-based 
characteristics from the hematoma masks, 
with some of the features extracted from 
the library being automatically deprecated. 
For each case, 107 features belonging to 
“Shape Features”, “First Order”, “Gray Level 
Dependence Matrix”, “Gray Level Co-occur-
rence Matrix”, “Gray Level Size Zone Matrix”, 
“Gray Level Run-Length Matrix”, and “Neigh-
borhood Gray Tone Difference Matrix” were 
obtained using PyRadiomics. The results in 
the test dataset with the optimal estimator 
are presented in Figure 6 and Table 2. The 
radiomics feature module had the highest 

Figure 4. Flow diagram of ICH patient selection. ICH, intracerebral hemorrhage; CT, computed tomography; 
POS-ICH, positive hematoma expansion in intracerebral hemorrhage; NEG-ICH, negative hematoma 
expansion in intracerebral hemorrhage.

Table 1. (a, b) Baseline clinical features of included participants

a. NEG-ICH vs. POS-ICH

Variables NEG-ICH POS-ICH P value*

Gender (male/female) 153/60 37/30 0.24

Age (years) [median (range)] 64.4 (50–85) 68.7 (53–89) 0.58

Hematoma volume (mL) 0.271–79.6 0.464–107.01 0.48

b. Training and validation vs. test sets

Variables Training and validation sets Test sets P value*

NEG-ICH POS-ICH NEG-ICH POS-ICH NEG-ICH POS-ICH

Gender (male/female) 98/39 24/19 55/21 13/11 0.27 0.21

Age (years) [median (range)] 64.3 (50–86) 68.4 (53–86) 64.5 (52–88) 68.9 (56–89) 0.61 0.56

Hematoma volume (mL) 0.271–79.3 0.464–106.02 0.273–79.6 0.466–107.01 0.50 0.45

*P < 0.05. NEG-ICH, negative hematoma expansion in intracerebral hemorrhage; POS-ICH, positive hematoma expansion in intracerebral hemorrhage. 
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AUC of 0.58, a precision of 0, a recall of 0, and 
an AP of 0.26. The CM showed that all POS-
ICH cases were identified as NEG-ICH cases, 
indicating that this module could not detect 
hematoma expansion.

For CNN features, the ResNet50 and In-
ception_v3 modules were compared using 
various CNNs as feature extractors for the 
optimization of predictive performance, 
and the results of the multi-slice CNN per-
formances in test sets are shown in Figures 
7 and 8 and Table 2. The ResNet50 and Incep-

tion_v3 modules had AUCs of 0.79 and 0.93, 
a precision of 0.56 and 0.86, a recall of 0.42 
and 0.75, and an AP of 0.51 and 0.85, respec-
tively.

Next, the radiomics and CNN features 
were fused to assess if the predictive capa-
bility could be improved. The CNN features 
were extracted from the last hidden layer of 
images before outputting (dimensional fea-
ture vectors, 4,096 for Inception_v3, 6,144 for 
ResNet50). The results of the two fusion mod-
els are shown in Figures 9 and 10 and Table 2. 

Radiomic with Inception_v3 and Radiomic 
with ResNet50 had AUCs of 0.95 and 0.81, a 
precision of 0.90 and 0.57, a recall of 0.79 and 
0.17, and an AP of 0.87 and 0.69, respectively. 
A summary of the analysis is included in doi: 
10.5281/zenodo.10570452. The current anal-
yses showed that the radiomics fusion with 
the Inception_v3 model had the highest 
accuracy, indicating that improved perfor-
mance was obtained relative to the radiom-
ics and CNN modules alone.

Discussion
In this study, we developed a hybrid 

model that incorporates data from 2D he-
matoma signal intensities and 3D hemato-
ma shapes into one CNN, along with CNN-
based automated hematoma segmentation 
and a fully automated pipeline, without any 
operator-dependent processes. The devel-
oped automated hybrid model can predict 
hematoma expansion prediction with high 
AUC (0.95), precision (0.90), recall (0.79), and 
AP (0.87) values. This strategy would also im-
prove understanding of the synergistic na-
ture of fusion classification using CNN-based 
transfer learning and radiomics features. 
The data obtained in this study highlight 
improved classification performance when 
using fusion strategies, radiomics-related 
features, or features extracted from CNN 
transfer learning alone. The performance of 
the CNN model using the Inception_v3 al-
gorithm based on a training dataset of 180 
ICH cases for the prediction of hematoma 
expansion achieved an AUC of 0.93. With the 
addition of radiomics features, the hybrid 
model demonstrated a small improvement 
in the prediction performance. The perfor-
mance was moderately effective based on 
a relatively small case series. The model had 
both radiological features and internal CNN 
features, and, therefore, the results were bet-
ter.

Previous studies on the prediction of ICH 
expansion can be divided into two catego-
ries. The first category is a prediction mod-
el based on radiological characteristics, 
which are subjectively judged by image 
signs, including blend signs,19 swirl signs,20 

black hole signs,21 island signs,22 and sat-
ellite signs.23 These signs were combined 
with clinical factors to develop a predictive 
score table, such as the BAT score table,43 

NAG score,44 HEAVN score,45 HEP score,46 
the 9-point score,47 and the BRAIN score.48 
Generally, these studies differ in indicators 
in their predictive scoring systems, but their 
radiological features may be associated 
with low sensitivity and low-quality results, 

Figure 5. Regions of interest were auto-segmented (indicated in red).

Figure 6. Predictive performance of the radiomics feature module. AP, average precision; AUC, area under 
the receiver operating characteristic curve.

Figure 7. Predictive performance of the CNNs feature module with ResNet50. CNN, convolutional neural 
network; AP, average precision; AUC, area under the receiver operating characteristic curve.

Table 2. Predictive performance of each module

Module AUC Precision Recall AP

Radiomics 0.58 0 0 0.26

ResNet50 0.79 0.56 0.42 0.51

Inception_v3 0.93 0.86 0.75 0.85

Radiomic + Inception_v3 0.95 0.90 0.79 0.87

Radiomic + ResNet50 0.81 0.57 0.17 0.69

AUC, area under the receiver operating characteristic curve; AP, average precision.
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as these visual assessments are susceptible 
to inter-observer variability. Furthermore, 
previous evaluation methods for ICH expan-
sion were separated but not mixed. Howev-
er, the relationship between predictors and 
hematoma enlargement is complex, which 
would make accurate predictions of hema-
toma enlargement challenging. As ML can 
potentially overcome these challenges, an-
other prediction model based on radiomics 
has emerged. Previously, most prediction 
models using radiomics were based on 
traditional ML, which requires manual he-
matoma segmentation, feature extraction, 
screening, and reduction.30-33,49,50 Although 
these models have effective predictive per-
formance, the execution is not fully auto-
mated. Moreover, operator-dependent pro-
cesses, including manual segmentation, are 
laborious and could cause interrater vari-
ability, which limits their clinical applica-
tions. Deep learning strategies, particularly 
CNN, have been used to solve this problem. 
CNNs and radiomics analyses are typical 
quantitative methods for image analysis 

and can extract high-dimensional as well 
as abstract numeric data beyond what is 
perceivable through visual image analysis. 
Thus, in this study, we first used deep learn-
ing to develop a prediction model in which 
hematoma segmentation and feature ex-
traction were automated, while the radio-
mics and CNN features were merged into a 
hybrid prediction model. This fusion model 
can combine complementary features and 
improve robustness by reducing the uncer-
tainty of each feature or mode.

Although the radiomics feature mod-
ule had a high AUC (0.58), 0 accuracy, and 
0 recall, the predictive performance of fea-
ture-based radiomics in this study was not as 
effective as that reported in previous studies. 
This was probably because of a lack of clinical 
information in the current study. Generally, 
previous studies obtained various patients’ 
features, including demographic factors, 
neurological status, and laboratory test pa-
rameters. However, these characteristics may 
not be accessible at all hospitals and may not 
cover the full spectrum of predictive infor-

mation that can be acquired from patients. 
Notably, the mixed model in this study has 
effective predictive performance without 
clinical information, indicating that it has 
greater clinical feasibility.

There are some limitations to this study. 
First, it is a single-center retrospective study 
with a small sample size. Further investiga-
tions with large sample sizes from multiple 
centers are required to verify the current 
results. In this study, we used CNNs to ex-
tract high-level features using two different 
modules (Inception_v3 and ResNet50). Three 
axial slices were selected to yield three in-
dividual samples per patient. Therefore, the 
convolutional residual network and the CNN 
classifier were trained on 540 (180 × 3) sam-
ples and tested on 300 (100 × 3) samples. 
Second, even though CNNs exclude the pro-
cesses of feature computation as well as se-
lection using convolutions and can directly 
capture key characteristics from the images, 
signal intensity-based CNNs cannot directly 
capture 3D shapes of hematoma. Further-
more, model 2 can integrate a hematoma 
image and shape it into one CNN, but the 
developed model is not end to end. Model 
1 for hematoma segmentation and model 
2 for ICH status prediction were separately 
trained and pooled. However, the image pre-
processing, models 1 and 2, and the pipeline 
in between are completely based on open-
source modules that can be integrated into 
a Python-based pipeline, and a test sample 
can be automatically run through each step 
of our model.

In conclusion, we developed a model 
using deep learning and radiomics that can 
reliably predict hematoma expansion in ICH 
in a fully automated process based on NCCT 
imaging. Hematoma expansion was the only 
indicator of ICH outcome, and prognostic 
factors, such as neurological deterioration 
and mortality, were not included. Due to its 
high reproducibility and generalizability, this 
model can be applied more widely in pre-
dicting prognosis in acute ICH.
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I N V I T E D  R E V I E W

G E N E R A L  R A D I O L O G Y

Healthcare workers are pivotal in fostering a healthy society. The issue of physician burn-
out, long overlooked within the healthcare setting, has now reached a critical point, 
prompting many physicians to leave the profession. Confronting and reversing this 

trend is imperative to sustain our legacy of outstanding and compassionate healthcare for fu-
ture generations. Mentorship has emerged as a key strategy in combating the growing issue 
of physician burnout. This article discusses various mentorship models and their impact on 
improving physician mental health. Additionally, it presents a compelling business case for 
the establishment of institutional mentorship programs.

The current state of burnout in medicine

Burnout is defined as a long-term stress reaction characterized by emotional exhaustion, 
depersonalization, and a diminished sense of personal accomplishment. The increasingly de-
manding healthcare workplace environment has accelerated burnout among physicians and 
other healthcare workers.1 A 2011 study revealed that 45% of United States (U.S) physicians 
reported at least one manifestation of professional burnout and a decline in satisfaction with 
work-life balance compared with individuals of similar education levels working comparable 
weekly hours in non-healthcare fields. These gaps had widened by 2014, with 54% of physi-
cians reporting burnout, a rate substantially higher than that of non-physicians.2 This trou-
bling trend was exacerbated by the coronavirus disease-2019 (COVID-19) pandemic, during 
which many specialties reported increasing rates of burnout. Notably, emergency department 
physicians experienced the highest levels of burnout, with an upward trend from 43% in 2020 
to 60% in 2021, reaching 65% in 2022.3,4 Increases in burnout among specialties involving 
high degrees of patient interaction are not surprising, as previous studies have demonstrated 
that healthcare workers in clinical settings experience more burnout than those in research 
or non-clinical settings.5 The effects of burnout and other stressors induced by the COVID-19 
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pandemic were pervasive throughout the 
physician workforce, also affecting radiolo-
gists. In 2022, 54% of radiologists reported 
feelings of burnout due to various factors, in-
cluding long hours and feelings of isolation 
and inadequacy.4,6,7 Resident physicians were 
also substantially impacted by the emotional 
stressors of the pandemic, experiencing an 
increase in clinical responsibilities, a reduc-
tion in educational opportunities, and less 
frequent and effective performance feed-
back compared with the period prior to the 
pandemic.8 

In addition to burnout, physicians have re-
ported a steady increase in depression, with 
38% experiencing depressive symptoms 
in 2011, 40% in 2014, and 42% in 2017.2 By 
2021, 64% of physicians felt “down” or “sad,” 
with 21% reporting clinical depression.3 The 
pandemic contributed to a continued rise in 
clinical depression rates, increasing to 23% in 
2023.4

While the causes of burnout are undoubt-
edly multifactorial, commonly cited factors 
include increased regulations and oversight, 
reduced face-to-face time with patients, and 
a substantial administrative burden due to 
electronic health record usage, with physi-
cians spending around half of their workday 
on these records. A pre-pandemic survey of 
neuroradiologists in the U.S revealed that 
37% were likely to retire earlier than initial-
ly planned, with a statistically significant 
correlation between the inclination to re-
tire early and the use of personal wellness 
measures alongside challenges in balancing 
clinical and non-clinical duties.9 This survey 
also indicated that pre-pandemic increas-
es in workload led to cutbacks in resident 
teaching and mentoring, activities that typ-
ically provide satisfaction to physicians in the 
workplace.9 Moreover, economic constraints, 
along with increasing clinical volumes and 
escalating productivity demands in clinical 

care, research, and teaching, contribute to 
emotional exhaustion.10

Certain groups within the physician 
population appear more prone to burnout. 
Women and those working in specific spe-
cialties such as emergency medicine and 
general internal medicine report higher rates 
of burnout and lower satisfaction with work-
life balance.2,4,11 Working additional weekly 
hours was also independently associated 
with an increased risk of burnout.2 Among 
all healthcare workers, women, Caucasians, 
millennials, and those in supervisory roles 
have been identified as substantially more 
likely to experience burnout.5 Interestingly, 
whereas women reported higher personal 
burnout scores than men, work-related and 
patient-related burnout did not show sub-
stantial differences between genders, sug-
gesting that workplace factors are not the 
sole contributors to physician burnout.11

Multiple studies have demonstrated that 
physicians without a mentoring relationship 
exhibit higher levels of burnout.5,11 Converse-
ly, burnout scores are lower in workplaces 
that offer well-being consultation services.11 
The implementation of mentoring as an or-
ganizational objective is particularly crucial, 
as organization-directed interventions fo-
cusing on enhancing workplace communica-
tion and skills have proven more effective in 
treating and preventing burnout than inter-
ventions directed at individuals.12 Moreover, 
hospital executives at leading U.S academic 
institutions, such as the Mayo Clinic, have 
implemented formal organizational strate-
gies to identify, develop, and support physi-
cian leaders. These strategies are recognized 
as cost-neutral, and substantially promote 
physician well-being.13 These executives also 
noted that mentorship and organizational 
efforts to engage physicians in work they 
find meaningful can dramatically reduce the 
risk of burnout.13

While not all causes of burnout are 
work-related, its effects are visibly manifest-
ed in the workplace. Outcomes such as early 
retirement, reduced working hours, and the 
desire to leave one’s current place of employ-
ment reflect burnout and dissatisfaction with 
work-life balance among U.S physicians.14 For 
those choosing not to retire, decreased pro-
ductivity, cynicism, depression, substance 
abuse, and an increased rate of clinical errors 
are well-documented consequences of burn-
out.10 A Stanford University study conserva-
tively estimates the annual cost of physician 
burnout in the U.S at $4.6 billion, with oth-
er studies suggesting figures as high as $10 

billion.2,15 Perhaps more alarming than the 
financial impact is the threat burnout pos-
es to the already limited available physician 
workforce. Recruitment and retention strate-
gies must address the effects of burnout and 
develop mitigating approaches to prevent a 
catastrophic workforce shortage that could 
substantially affect patient care.

The role of mentorship in combating 
burnout 

Efforts are underway to address burnout, 
with organizations such as the American 
Medical Association and the National Acad-
emy of Medicine initiating multidisciplinary 
efforts to engage regulators, healthcare or-
ganizations, and other groups in addressing 
system-wide issues contributing to burnout. 
Despite these efforts, the outcomes have 
been discouraging. For instance, the 2022 
Physician Burnout and Depression Report 
revealed an increase in burnout, with sev-
eral specialties reporting that over 50% of 
their members experience such feelings.16 
The COVID-19 pandemic has substantially 
contributed to these trends and may con-
found the assessment of the outcomes of 
these mitigation efforts.16 Institutions have 
identified concrete steps to reduce burn-
out, including investing time and resources 
in leadership development and mentorship 
programs for employees.5

Mentorship is defined as a relationship in 
which a more experienced or knowledge-
able person guides a less experienced or less 
knowledgeable person. At its core, mentor-
ship focuses on the individual development 
of navigating challenges rather than acquir-
ing specific knowledge or technical skills.10 
Various models of mentorship exist. The most 
common is the dyad model, in which one 
person mentors a single mentee. This model 
is straightforward to implement and facili-
tates the development of structure, goals, 
and accountability between the mentor and 
the mentee. However, the dyad model may 
not meet all the needs of its participants as 
it is limited by the expertise and skill set of 
a single mentor. In contrast, mosaic men-
torship models offer a more comprehensive 
experience. These models involve multiple 
mentors and various forms of mentorship, 
such as group or peer mentorship, focusing 
on learning from and challenging peers at a 
similar expertise level. These less traditional 
mentorship models offer benefits such as 
enhanced support and more dynamic rela-
tionships while mitigating concerns related 
to perceived power differentials and provid-
ing access to a diverse array of mentors.17  

Main points

• Burnout is an increasingly common prob-
lem among healthcare workers.

• Mentorship programs have been imple-
mented to combat rising concern over 
burnout.

• Various mentorship delivery models have 
been rigorously studied and analyzed. We 
present and discuss the outcomes of these 
different models.

• The positive outcomes of mentorship pro-
grams, along with their substantial benefits 
to mentees, mentors, and the health organi-
zation, are illustrated. 
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 The benefits of mentorship across various 
medical disciplines have been extensively 
researched and documented.18 A notable 
study conducted at Massachusetts General 
Hospital investigated the impacts of a men-
torship program that paired junior faculty 
with senior faculty. After 1 year, the junior 
faculty reported substantial increases in the 
department’s emphasis on professional de-
velopment, peer support, and their ability 
to balance work and family commitments.18 
In this cohort, 43% of junior faculty received 
grant funding, and 50% were honored with 
departmental awards during the study peri-
od. Remarkably, 10 junior faculty members, 
including three from under-represented 
minority groups, were promoted within the 
1-year study period, a substantial increase 
from an average of 4.2 promotions per year 
prior to the mentorship program (with no 
promotions from under-represented minori-
ty groups).18 These early career interventions 
are crucial, as evidenced by another study 
revealing that 36% of academic radiologists 
struggle to balance work and life demands, 
and a majority leave academic practices early 
in their careers.19,20

Additionally, the role of mentorship in 
mitigating burnout has been explored, with 
findings suggesting benefits for both men-
tors and mentees. Mentors often experience 
a renewed sense of purpose and rejuvena-
tion, while mentees gain valuable insights 
and guidance for navigating workplace 
challenges.10 Early interventions prove par-
ticularly effective. For example, a short-term 
study involving medical students on emer-
gency medicine rotations demonstrated an 
increase in personal accomplishment and a 
trend toward reduced emotional exhaustion 
and depersonalization among participants 
in a mentorship program.21 Institutions must 
implement early strategies to combat burn-
out, especially since only 13% of physicians 
seek professional help for burnout, 41% fear 
repercussions from their medical board or 
employer, and over half perceive a stigma 
associated with burnout and depression.4 
These findings underscore the need for early 
career interventions before symptoms mani-
fest and call for the broader implementation 
of such programs.

The relationship between mentoring and 
burnout is not exclusive to the medical field. 
A large study among telecommunications 
workers demonstrated that mentoring and 
providing adequate resources to employees 
substantially reduced burnout and increased 
retention.22 The study also highlighted the 
importance of flexible scheduling to en-

hance work-life balance, transparency in 
evaluations and pay, and avoiding overwork 
as key factors in mitigating burnout.22

Altruism is a commendable quality in 
mentors, and numerous benefits of mentor-
ship have been identified. Studies show that 
physicians serving as mentors report an in-
crease in leadership skills, heightened confi-
dence in their mentoring abilities, a stronger 
sense of purpose, and renewed interest in 
their specialty.10,21 Researchers from the Uni-
versity of South Florida studied healthcare 
employees at an undisclosed organization in 
the U.S and discovered that those with men-
toring experience reported higher salaries 
and more promotions than those without 
mentoring experience.23 The same study not-
ed that the average timeframe for advance-
ment within the company was approximate-
ly 1 year following the participants’ initial 
mentoring experience. Furthermore, subjec-
tive assessments of personal success are sub-
stantially higher among mentors compared 
with non-mentors.23

Mentorship benefits also extend to the 
institutional level. Most radiologists who 
leave academic medicine do so within their 
first few years, with almost 70% departing 
after an average of 3.28 years, and the ma-
jority indicate that they would not consider 
returning to academic medicine.19 A lack of 
mentorship has been identified as a critical 
factor in these physicians’ decision to leave. 
This issue is particularly acute among wom-
en physicians, who often cite inadequate 
mentorship as a career obstacle. The dispro-
portionately small number of women hold-
ing professorships and departmental leader-
ship positions in academic medicine creates 
substantial barriers to securing mentorship 
for many women physicians.24 This challenge 
is pronounced in fields with a lower percent-
age of women members. As of 2022, 73% of 
practicing radiologists and 72% of current 
ACGME radiology residents and fellows were 
identified as men.25 Promoting and retaining 
a diverse workforce can aid in the future re-
tention of underrepresented physicians by 
providing trainees and early career physi-
cians access to a diverse set of mentors and 
leaders, as positive mentorship has been 
shown to increase job satisfaction and orga-
nizational commitment among healthcare 
workers.10,26-28 

This institutional commitment to the re-
tention of professionals can be demonstrat-
ed by incentivizing mentorship through fi-
nancial means and promotions. While many 
institutions focus on the recruitment and 

retention of “star” employees, implementing 
such measures with the average employee 
in mind will better foster diversity, versatility, 
and growth at the institutional level. Devel-
oping this breadth ensures that future em-
ployees do not need to find a “perfect” men-
tor, as a diverse network of mentors can offer 
benefits and guidance in various areas.10 

Implementing effective mentorship pro-
grams 

There is robust evidence supporting the 
benefits of mentorship programs for physi-
cians in training; however, the implementa-
tion of these programs often lacks clarity. A 
survey of radiology residency program di-
rectors revealed that while 85% recognized 
the importance of mentorship, only 52% re-
ported that their residents utilized a mentor, 
and there was no consensus on the structure 
of mentorship programs.28 Common goals 
for mentorship programs include focusing 
on the mentee’s development and provid-
ing emotional and psychological support 
to foster the mentee’s independent profes-
sionalism.29 Most authors in our review ad-
vocated for the mosaic mentorship model, 
in which a mentee has multiple mentors who 
collectively address the specific needs of 
the mentee.29-32 As Ayyala et al.27 noted, the 
mosaic model is particularly beneficial for 
physicians from underrepresented groups, 
enabling these individuals to seek out spe-
cific mentors for needs that may not be met 
by a single mentor. For instance, studies have 
indicated that most women program direc-
tors believe having a female mentor is crucial 
for women radiology residents. However, this 
mentor may differ from those sought for re-
search- or practice-specific advice.27,28,30,31 

An initial barrier identified by trainees in 
forming productive mentoring relationships 
is the challenge of identifying a suitable 
mentor.33 There are various approaches to 
pairing mentors with mentees. A formal, de-
partment-led process of assigning trainees 
to faculty mentors offers the advantage of 
being easier to structure, monitor, and evalu-
ate. Conversely, an informal process in which 
trainees select their mentors can be more or-
ganic and potentially more aligned with the 
individual needs of the trainee.30 In training 
programs with limited faculty resources, le-
veraging alumni networks or collaborating 
with local and national organizations can 
enhance mentorship opportunities.33,34 An 
advantage of the mosaic mentorship model 
is that it allows for the simultaneous pursuit 
of these various methods.
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Regardless of the method of mentor se-
lection, several key elements of a produc-
tive mentor-mentee relationship have been 
identified. The mentee’s responsibilities in-
clude respecting the mentor’s time and ex-
pectations, being honest about their goals 
and abilities, and being receptive to feed-
back.29,30,33 Conversely, the mentor’s respon-
sibilities include demonstrating enthusi-
asm, being available, and being transparent 
about the scope and timeline of projects.31,33 
Notably, one of the most substantial con-
tributions a mentor can make is to direct a 
trainee toward another mentor better suited 
to address specific needs. Once mentorship 
is established, setting clear goals and mu-
tually understanding how to achieve these 
goals is crucial. Articulating these objectives 
in a written mission statement can help hold 
both parties accountable.30

Peer and near-peer mentoring have also 
proven effective in physician training pro-
grams. A study of a peer mentoring cohort in 
an academic radiology residency found that 
the most commonly discussed topics includ-
ed study strategies, rotation-specific advice, 
and preparation for on-call duties.35 Peer and 
near-peer mentoring offers highly accessible 
relationships for trainees, allowing them to 
share the responsibility of teaching junior 
residents. 

The clinical department plays a pivotal 
role in providing the institutional framework 
necessary for successful mentoring relation-
ships. If reducing burnout is a departmen-
tal goal, an important initial step is to help 
members identify the drivers of burnout. The 
Mayo Clinic has developed an excellent mod-
el that outlines the challenges of physician 
burnout. The authors discuss integrating this 
model into everyday practice.36,37 Once the 
drivers of burnout are recognized, mentor-
ship can be leveraged to address them.

Departments can encourage mentorship 
by implementing several concrete steps: 
providing protected time for mentorship 
meetings -since a lack of such time has been 
identified as a major obstacle to effective 
mentorship- and offering mentorship train-
ing before the initiation of a mentoring 
partnership.30,32 Benchmarks such as publica-
tions, promotions, and the implementation 
of new procedures can serve as opportu-
nities for recognition by the department or 
individual mentors.30 Other departmental 
incentives, such as formal recognitions or 
awards and the provision of continuing ed-
ucation credits, play a crucial role in promot-
ing mentorship.29,32

Departmental leadership and committees 
are responsible for overseeing the matching 
of mentors with mentees, the allocation of 
resources and stipends, and the monitoring 
of progress and satisfaction within the pair-
ings.31,32,38 While departmental leaders, such 
as the department chair and program direc-
tor, are instrumental in supporting mentor-
ship programs, several authors recommend 
that these leaders refrain from holding 
personal mentorship positions to prevent 
perceived favoritism among trainees and to 
enable trainees to engage openly with their 
mentors without fear of repercussion regard-
ing their evaluations.30,31

The benefits of mentorship extend be-
yond just residents. The transition from be-
ing a trainee to independent practice can be 
overwhelming, and early-career physicians 
face similar challenges. Establishing mentor-
ships can help new faculty members quickly 
adapt to a new system or workload.38-40 The 
mosaic model of mentorship is especially 
useful in this group, as young physicians of-
ten face financial strains and family responsi-
bilities that can add to the pressure.32 Addi-
tionally, physicians who are transitioning into 
new roles in private practice, administration, 
or legislative committees can benefit from 
mentors who are more experienced in these 
areas.31 As radiologists progress in their ca-
reers, the concept of coaching, which focus-
es on enhancing an individual’s awareness of 
their existing strengths, may become more 
substantial than traditional mentorship.41

Conclusion 
In conclusion, although there is no data 

to support the superiority of one mentorship 
style over another, ample data exists to sup-
port the benefits of mentorship in enhancing 
the well-being and progression of residents 
and early-career radiologists. These advan-
tages are crucial in today’s healthcare land-
scape, where burnout, depression, and job 
dissatisfaction are prevalent and contribute 
to medical errors, staff turnover, and finan-
cial losses. Productive mentorship has been 
demonstrated to be a low-cost or cost-neu-
tral approach to enhancing physician reten-
tion, morale, and productivity. 

Conflict of interest disclosure

The authors declared no conflicts of inter-
est.

References
1. Agency for Healthcare Research and Quality. 

Physician Burnout. [CrossRef]

2. Shanafelt TD, West CP, Dyrbye LN, et al. 
Changes in burnout and satisfaction with 
work-life integration in physicians during the 
first 2 years of the COVID-19 pandemic. Mayo 
Clin Proc. 2022;97(12):2248-2258. [CrossRef]

3. Physician Burnout, Depression Compounded 
by COVID: Survey – Medscape. Accessed: Jan 
21, 2022. [CrossRef]

4. Kane L. “I Cry but No One Cares”: Physician 
Burnout & Depression Report 2023. 
[CrossRef]

5. Cavanaugh KJ, Lee HY, Daum D, et al. 
An examination of burnout predictors: 
understanding the influence of job attitudes 
and environment. Healthcare (Basel). 
2020;8(4):502. [CrossRef]

6. Medscape National Physician Burnout, 
Depression & Suicide Report 2019. Kane, L. 
Medscape. Jan 16, 2019. [CrossRef]

7. Fishman MDC, Reddy SP. Coaching: a 
primer for the radiologist. J Am Coll Radiol. 
2021;18(8):1192-1197. [CrossRef]

8. Lee LK, Krajewski KM, Suarez-Weiss KE, 
Silverman SG, Shinagare AB. Learning from 
experience- confronting challenges and 
adapting to change in a large academic 
abdominal radiology practice: insights from 
a faculty retreat. Curr Probl Diagn Radiol. 
2022;51(6):818-822. [CrossRef]

9. Chen JY, Vedantham S, Lexa FJ. Burnout and 
work-work imbalance in radiology- wicked 
problems on a global scale. A baseline pre-
COVID-19 survey of US neuroradiologists 
compared to international radiologists and 
adjacent staff. Eur J Radiol. 2022;155:110153. 
[CrossRef]

10. Fishman JA. Mentorship in academic 
medicine: competitive advantage while 
reducing burnout?  Health Sciences 
Review. 2021;1:100004. [CrossRef]

11. Perumalswami CR, Takenoshita S, Tanabe A, 
et al. Workplace resources, mentorship, and 
burnout in early career physician-scientists: a 
cross sectional study in Japan. BMC Med Educ. 
2020;20(1):178. [CrossRef]

12. Panagioti M, Panagopoulou E, Bower P, et al. 
Controlled interventions to reduce burnout 
in physicians: a systematic review and meta-
analysis. JAMA Intern Med. 2017;177(2):195-
205. [CrossRef]

13. Shanafelt TD, Noseworthy JH. Executive 
leadership and physician well-being: nine 
organizational strategies to promote 
engagement and reduce burnout. Mayo Clin 
Proc. 2017;92(1):129-146. [CrossRef]

14. Shanafelt TD, Raymond M, Kosty M, et al. 
Satisfaction with work-life balance and the 
career and retirement plans of US oncologists. 
J Clin Oncol. 2014;32(11):1127-1135. 
[CrossRef]

15. Han S, Shanafelt TD, Sinsky CA, et al. 
Estimating the attributable cost of physician 
burnout in the United States. Ann Intern Med. 
2019;170(11):784-790. [CrossRef]

https://www.ahrq.gov/prevention/clinician/ahrq-works/burnout/index.html
http://doi.org/10.1016/j.mayocp.2022.09.002
https://www.medscape.com
https://www.medscape.com/slideshow/2023-lifestyle-burnout-6016058
http://doi.org/10.3390/healthcare8040502
https://www.medscape.com/slideshow/2019-lifestyle-burnout-depression-6011056
http://doi.org/10.1016/j.jacr.2021.02.024
http://doi.org/10.1067/j.cpradiol.2022.06.002
http://doi.org/10.1016/j.ejrad.2022.110153
http://doi.org/10.1016/j.hsr.2021.100004
http://doi.org/10.1186/s12909-020-02072-x
http://doi.org/10.1001/jamainternmed.2016.7674
http://doi.org/10.1016/j.mayocp.2016.10.004
http://doi.org/10.1200/JCO.2013.53.4560
http://doi.org/10.7326/M18-1422


 

Burnout and the role of mentorship for radiology trainees • 317

16. Physician Burnout & Depression Report 2022: 
Stress, Anxiety and Anger. Kane L. Medscape. 
Jan 21, 2022. [CrossRef]

17. Khatchikian AD, Chahal BS, Kielar A. Mosaic 
mentoring: finding the right mentor for 
the issue at hand. Abdom Radiol (NY). 
2021;46(12):5480-5484. [CrossRef]

18. Bredella MA, Alvarez C, O’Shaughnessy SA, 
Lavigne SD, Brink JA, Thrall JH. Radiology 
Mentoring program for early career faculty-
implementation and outcomes. J Am Coll 
Radiol. 2021;18(3 Pt A):451-456. [CrossRef]

19. Taljanovic MS, Hunter TB, Krupinski EA, 
Alcala JN, Fitzpatrick KA, Ovitt TW. Academic 
radiology: the reasons to stay or leave. Acad 
Radiol. 2003;10:1461-1468. [CrossRef]

20. Cankurtaran CZ, Reddy S, Cen SY, Lei X, 
Walker DK. Work-life experience of academic 
radiologists: food for thought. Acad Radiol. 
2023;30(4):579-584. [CrossRef]

21. Jordan J, Watcha D, Cassella C, Kaji AH, 
Trivedi S. Impact of a mentorship program 
on medical student burnout. AEM Educ Train. 
2019;3(3):218-225. [CrossRef]

22. Jyoti J, Rani A. Role of burnout and mentoring 
between high performance work system and 
intention to leave: Moderated mediation 
model. J Bus Res. 2019;98:166-176. [CrossRef]

23. Allen TD, Lentz E, Day R. Career success 
outcomes associated with mentoring others: 
a comparison of mentors and nonmentors. J 
Career Dev. 2006;32(3):272-285. [CrossRef]

24. Farkas AH, Bonifacino E, Turner R, Tilstra 
SA, Corbelli JA. Mentorship of women in 
academic medicine: a systematic review. J Gen 
Intern Med. 2019;34(7):1322-1329. [CrossRef]

25. AAMC. Physician Specialty Data Report. 2022. 
Accessed 2/20/2023. [CrossRef]

26. Weng RH, Huang CY, Tsai WC, et al. Exploring 
the impact of mentoring functions on job 
satisfaction and organizational commitment 
of new staff nurses. BMC Health Serv Res. 
2010;10:240. [CrossRef]

27. Ayyala RS, Artunduaga M, Morin CE, Coley 
BD. Leveraging diversity, equity and inclusion 
for promoting wellness in the radiology 
workplace. Pediatr Radiol. 2022;52(9):1724-
1729. [CrossRef]

28. Donovan A. Views of radiology program 
directors on the role of mentorship in the 
training of radiology residents. AJR Am J 
Roentgenol. 2010;194(3):704-708. [CrossRef]

29. Vieira A, Cabri MM, Spijkers S, Vieira AC, Maas 
M. Mentoring in radiology: an asset worth 
exploring! Eur J Radiol. 2022;155:110133. 
[CrossRef]

30. Perry RE, Parikh JR. Developing effective 
mentor-mentee relationships in radiology. J 
Am Coll Radiol. 2018;15(2):328-333. [CrossRef]

31. Mainiero MB. Mentoring radiology residents: 
why, who, when, and how. J Am Coll Radiol. 
2007;4(8):547-550. [CrossRef]

32. Perry RE, Parikh JR. Mentorship of junior 
faculty members in academic radiology. 
J Am Coll Radiol. 2017;14(10):1341-1344. 
[CrossRef]

33. Kikano EG, Ramaiya NH. Mentorship in 
academic radiology: a review from a Trainee’s 
perspective-radiology in training. Radiology. 
2022;303(1):E17-E19. [CrossRef]

34. Yedavalli VS, Shah P. Residents’ perceptions 
of usage of the current alumni and attending 

network for a formal mentorship program in 
an academic affiliated community hospital 
radiology residency. Curr Probl Diagn Radiol. 
2019;48(2):105-107. [CrossRef]

35. Cheng K, Grabowski C, Chong A, Yen A, Chung 
CB. Initial experience with formal near-peer 
mentoring in radiology residency. Curr Probl 
Diagn Radiol. 2022;51(3):304-307. [CrossRef]

36. Shanafelt TD, Noseworthy JH. Executive 
leadership and physician well-being: nine 
organizational strategies to promote 
engagement and reduce burnout. Mayo Clin 
Proc. 2017;92(1):129-146. [CrossRef]

37. Chong ST, Thrall JH, Fessell D. Addressing 
burnout: a model-based approach. J Am Coll 
Radiol. 2021;18(5):669-674. [CrossRef]

38. Retrouvey M, Grajo JR, Awan O, et al. 
Transitioning from radiology training 
to academic faculty: the importance 
of mentorship. Curr Probl Diagn Radiol. 
2020;49(4):219-223. [CrossRef]

39. Patel MM, Kapoor MM, Whitman GJ. 
Transitioning to practice: getting up to speed 
in efficiency and accuracy. J Breast Imaging. 
2020;3(5):607-611. [CrossRef]

40. Bredella MA, Fessell D, Thrall JH. Mentorship 
in academic radiology: why it matters. Insights 
Imaging. 2019;10(1):107. [CrossRef]

41. Gowda V, Jordan SG, Oliveira A, Cook TS, 
Enarson C. Support from within: coaching 
to enhance radiologist well-being and 
practice. Acad Radiol. 2022;29(8):1255-1258. 
[CrossRef]

https://www.medscape.com/slideshow/2022-lifestyle-burnout-6014664#3
http://doi.org/10.1007/s00261-021-03314-2
http://doi.org/10.1016/j.jacr.2020.09.025
http://doi.org/10.1016/s1076-6332(03)00643-3
http://doi.org/10.1016/j.acra.2023.01.011
http://doi.org/10.1002/aet2.10354
http://doi.org/10.1016/j.jbusres.2018.12.068
http://doi.org/10.1177/0894845305282942
http://doi.org/10.1007/s11606-019-04955-2
https://www.aamc.org/data-reports/workforce/report/physician-specialty-data-report
http://doi.org/10.1186/1472-6963-10-240
http://doi.org/10.1007/s00247-022-05292-z
http://doi.org/10.2214/AJR.09.3403
http://doi.org/10.1016/j.ejrad.2021.110133
http://doi.org/10.1016/j.jacr.2017.10.027
http://doi.org/10.1016/j.jacr.2007.02.004
http://doi.org/10.1016/j.jacr.2017.04.020
http://doi.org/10.1148/radiol.212205
http://doi.org/10.1067/j.cpradiol.2018.01.006
http://doi.org/10.1067/j.cpradiol.2021.05.005
http://doi.org/10.1016/j.mayocp.2016.10.004
http://doi.org/10.1016/j.jacr.2021.01.008
http://doi.org/10.1067/j.cpradiol.2019.02.011
http://doi.org/10.1093/jbi/wbaa100
http://doi.org/10.1186/s13244-019-0799-2
http://doi.org/10.1016/j.acra.2021.11.017


I N T E R V E N T I O N A L  R A D I O L O G Y
O R I G I N A L  A R T I C L ECopyright@Author(s) - Available online at dirjournal.org.

Content of this journal is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

318

1Sakarya University Faculty of Medicine, Department 
of Radiology, Sakarya, Türkiye

2Hacettepe University Faculty of Medicine, 
Department of Radiology, Ankara, Türkiye

3Medipol University Faculty of Medicine, Department 
of Radiology, İstanbul, Türkiye

4Yeditepe University Faculty of Medicine, Department 
of Radiology, İstanbul, Türkiye

 Onur Taydaş1

 Emre Ünal2
 Devrim Akıncı2
 Mehmet Şeker3

 Osman Melih Topçuoğlu4

 Okan Akhan2

 Türkmen Turan Çiftçi2

Corresponding author: Onur Taydaş

E-mail: taydasonur@gmail.com

Received 20 April 2023; revision requested 11 June 2023; 
accepted 23 July 2023.

PURPOSE
To investigate the safety and efficacy of the imaging-guided percutaneous nephrostomy (PCN) pro-
cedure in infants. 

METHODS
A total of 75 (50 boys; 66.7%) patients with a mean age of 121 days (range, 1–351 days) who under-
went PCN over a period of 20 years were included in this retrospective study. For each patient, PCN 
indications, catheter size, the mean duration of catheterization, complications, and the procedure 
performed following nephrostomy were recorded. Technical success was determined based on the 
successful placement of the nephrostomy catheter within the pelvicalyceal system. Clinical success 
was defined as the complete resolution of hydronephrosis and improvement in renal function tests 
during follow-up. In patients with urinary leakage, technical and clinical success was determined 
based on the resolution of leakage. 

RESULTS
The technical success rate was 100%, and no procedure-related mortality was observed. In 11 pa-
tients (14.7%), bilateral PCN was performed. The most frequent indication of PCN was ureteropelvic 
junction obstruction (n = 41, 54.7%). Procedure-related major complications were encountered in 
two patients (methemoglobinemia and respiratory arrest caused by the local anesthetic agent in 
one patient and the development of urinoma caused by urinary leakage from the puncture site in 
the other). Mild urinary leakage was the only minor complication that occurred and only in one 
patient. Catheter-related complications were managed through replacement or revision surgery in 
16 patients (21.3%). 

CONCLUSION
Imaging-guided PCN is a feasible and effective procedure with high technical success and low ma-
jor complication rates, and it is useful for protecting kidney function in infants. 

KEYWORDS
Percutaneous nephrostomy, infants, interventional radiology, urinary tract obstruction, complica-
tions

Percutaneous nephrostomy (PCN) is the method of choice for external urinary diversion 
in patients with urinary obstruction or extravasation.1 It is an indispensable tool, partic-
ularly for patients with malignant urinary obstruction because retrograde ureteral stent-

ing is almost always challenging in these patients. The ultrasound-guided approach makes 
the procedure much safer than the conventional fluoroscopy-guided method. Access to the 
pelvicalyceal system through PCN may also serve as a feasible route for further interventions, 
including ureteral balloon dilatation, stenting, and foreign object or stone removal.2

Although PCN is routinely performed in adults at every major hospital and a large number 
of minor hospitals around the world, its applicability in infants and neonates is limited. The 
procedure can be more challenging in infants than in adults for various reasons, such as the 
smaller kidney size, lower cutaneous and subcutaneous tissue thickness, lack of perirenal fat 
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tissue, more elastic and flexible renal paren-
chyma, and smaller volume of the pelvical-
yceal system.3 The elasticity of infant kidneys 
is the most commonly encountered problem. 
In infants, the kidney can be pushed or even 
kinked during needle puncturing, which is a 
rarely encountered incident in adults other 
than for patients with chronic kidney diseas-
es. In addition, the rapid decompression of 
the pelvicalyceal system during the proce-
dure may result in the loss of percutaneous 
access, further complicating the procedure.4 

Moreover, urinary leakage following kidney 
puncture may be negligible in adults, but it 
is particularly important for infants because 
of the smaller volume of their collecting sys-
tems. The management of infant patients 
following PCN is also very different from that 
of adults.5,6

Although PCN placement is an essential 
element of interventional radiology prac-
tice,3 it is not widely practiced in infants for 
the reasons outlined above. Despite current 
studies on nephrostomy in pediatric and 
newborn patient groups in the literature,7,8 
there are no comprehensive and long-term 
studies on the infant age group. The fact that 
this age group includes the neonatal period, 
which marks an important period for kidney 
maturation, emphasizes that the evaluation 
of these patients should be of special inter-
est.9 In this study, we report our experience 
with imaging-guided PCN in infants, with an 
emphasis on the safety and efficacy of the 
procedure in this patient group.

Methods

Patients

Institutional approval for the study was 
granted by the Hacettepe University Clinical 
Research Ethics Committee (GO 16/609-06), 

and all procedures were in accordance with 
the principles of the Helsinki Declaration. In-
formed consent was waived because of the 
retrospective nature of the study. Patient re-
cords were obtained from physical and elec-
tronic files, and the images of the patients 
were acquired from the picture archiving and 
communication systems of the hospital. The 
inclusion criteria were as follows: younger 
than 12 months at the date of the nephros-
tomy procedure; availability of clinical, imag-
ing, and laboratory findings; and a post-pro-
cedure follow-up conducted in our hospital. 
The exclusion criteria were as follows: older 
than 12 months at the date of the procedure; 
incomplete data on clinical, imaging, and 
laboratory findings; or incomplete post-pro-
cedure follow-up. The clinical and radiolog-
ical data of 75 infants who underwent PCN 
over a period of 20 years were retrospectively 
reviewed for the study. A total of 11 patients 
whose clinical or radiological findings could 
not be obtained were excluded from the 
study. The PCN indications, catheter size, du-
ration of catheterization, complications, and 
any procedures performed following a ne-
phrostomy were recorded for each patient. 
Technical success was determined based on 
the successful placement of the nephrosto-
my catheter within the pelvicalyceal system, 
whereas clinical success was defined as the 
complete resolution of hydronephrosis and 
improvement in renal function tests [blood 
urea nitrogen (BUN) and creatinine levels] 
during the follow-up. In patients with urinary 
leakage, clinical success was determined 
based on the resolution of leakage (success-
ful urinary diversion). 

The treatment results were also evaluated 
by reviewing the hospital records. Serum cre-
atinine levels and the presence of hydrone-
phrosis were routinely evaluated (at 3-month 
intervals) in all patients after the procedure. 
Complications were classified as major or mi-
nor according to the criteria of the Society of 
Interventional Radiology.10

Preprocedural evaluation

Indications of PCN were evaluated using 
ultrasonography in each patient. Hydrone-
phrosis was graded according to the Society 
for Fetal Urology classification.11 Informed 
written consent was obtained from the par-
ents of the patients prior to the procedure. 
In addition to routine blood biochemistry 
and hemogram analyses, coagulation pa-
rameters were also examined before each 
procedure. Nine patients (12%) were already 
using antibiotics because of bacteriuria iden-

tified through urine culture results; all the 
remaining patients received prophylactic 
broad-spectrum antibiotics prior to the pro-
cedure. All procedures were performed in an 
interventional radiology unit and were eval-
uated through ultrasonography before the 
procedure and at hour 6 after the procedure. 
The longitudinal length of the kidney and 
parenchyma thickness were measured and 
recorded.

Procedures

The PCN procedure was performed while 
the patients were in the prone position. Ul-
trasound guidance was used to puncture the 
lower or middle calyx. The kidney was punc-
tured with a 19-G, 18-G, and 21-G needle in 
19 (38.7%), 37 (49.3%), and 9 (12%) patients, 
respectively. Two different techniques were 
used during the procedure:

1. In patients with severe hydronephrosis, 
following urine sampling through the needle, 
contrast material was administered to reveal 
the pelvicalyceal system under fluoroscopy. A 
stiff guide wire (Amplatz, Super Stiff; Boston 
Scientific, Marlborough, MA, USA) was then 
advanced through the renal pelvis and ureter. 
Consequently, the tract was dilated, and a ne-
phrostomy catheter was placed in the renal 
pelvis over the guide wire (Figure 1). 

2. In patients with urinary leakage or a 
mild degree of hydronephrosis, a 21-G nee-
dle was used to puncture the calyx. After 
revealing the pelvicalyceal system under 
fluoroscopy, a 0.018-inch guide wire was in-
itially introduced through the renal pelvis, 
and then an introducer set (AccuStick, Bos-
ton Scientific) was placed. Finally, a 0.035-
inch stiff guide wire was used for tract dilata-
tion and catheter placement (Figure 2). These 
patients were not given diuretics before the 
procedure.

The procedure was performed with mod-
erate-to-deep sedation without intubation, 
under local anesthesia, and under gener-
al anesthesia in 60 (80%), 8 (10.7%), and 7 
(9.3%) patients, respectively. After the proce-
dure, the patients were taken to the observa-
tion room and monitored for 6 hours.

According to the guidelines prepared by 
the Society of Interventional Radiology,10 
complications that require interventional 
procedures and hospitalization are classified 
as major, whereas those that do not require 
any intervention and are resolved during fol-
low-up are considered minor. In light of this 
information, we classified the complications 

Main points

• Percutaneous nephrostomy (PCN) is the 
method of choice for external urinary diver-
sion in patients with urinary obstruction or 
extravasation.

• Although PCN is routinely performed in 
adults in multiple centers worldwide, its ap-
plicability in infants is limited.

• The main indication of PCN is urinary ob-
struction, but this procedure also plays a 
crucial role in patients with urinary leakage.

• Imaging-guided PCN is a feasible and effec-
tive procedure with high technical success 
and low major complication rates, and it is 
useful in protecting kidney function in in-
fants.
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that developed in our patients after the pro-
cedure as major, minor, and catheter related. 
Catheter-related complications related to 
mechanical complications associated with 
the catheter, such as dislocation, obstruction, 
leakage, and malposition.

Statistical analysis

Statistical analysis was performed using 
the SPSS for Windows software package (v. 
20.0; IBM, Chicago, IL, USA). Categorical vari-
ables are presented as numbers and percent-
ages, and continuous variables are presented 
as average ± standard deviation and median 

(minimum and maximum) values. The Pear-
son chi-square test was used for the compar-
ison of categorical variables, and continuous 
variables were compared using a non-para-
metric (Kruskal–Wallis) or parametric (One-
Way analysis of variance) test according to 
the suitability of the data for normal distribu-
tion based on the evaluation undertaken us-
ing the Kolmogorov–Smirnov and Shapiro–
Wilk tests. The results of the preprocedural 
and postprocedural renal function tests were 
compared using the Wilcoxon signed-rank 
test. Statistical significance was considered 
when a P value was less than 0.05. 

Results
Of the 75 patients enrolled in this study, 

50 were male (66.7%) and 25 were female 
(33.3%), with a mean age of 121 days (range, 
1–351 days). Twenty-five (33.3%) of the pa-
tients were in the neonatal period. PCN was 
performed on a total of 86 kidneys, with 11 
patients (14.7%) undergoing bilateral ne-
phrostomies. The hydronephrosis grade was 
0 in 2 patients, 2 in 15 patients, 3 in 24 pa-
tients, and 4 in 34 patients.

Ureteropelvic junction obstruction (UPJO) 
(54.7%) was the most common indication of 
PCN, followed by ureterovesical junction ob-
struction (UVJO) (14.7%), and vesicoureteral 
reflux (VUR) (10.7%). The remaining indica-
tions of PCN are presented in Table 1. The siz-
es of the inserted catheters ranged from 6 to 
8 Fr, with the majority being 6 Fr (77.3%). The 
median duration of catheterization was 24 
days (interquartile range, 10–38; mean, 27.9 
± 45.8; range, 2–345). 

There was a significant decrease in serum 
creatinine and BUN levels following nephros-
tomy (P < 0.001) (Table 2). In the subgroup 
analysis, renal function recovery was more 
apparent in patients with UPJO (P = 0.001) 
(Table 3). There was no significant relation-
ship between the BUN and creatinine values 
and age (P = 0.235 and P = 0.345, respec-
tively) or the degree of hydronephrosis (P = 
0.341 and P = 0.557, respectively).

Procedure-related major complications 
were encountered in two patients: methe-
moglobinemia and respiratory arrest caused 
by the local anesthetic agent in one patient 
and the development of urinoma caused by 
leakage from the puncture site in the other. 
Percutaneous urinoma drainage was suc-
cessful in the patient with urinoma. The only 
minor complication was mild urine leakage 
in one patient, which was resolved without 
further intervention. 

Figure 1. Percutaneous nephrostomy procedure in an 8-month-old girl with severe hydronephrosis 
caused by ureteropelvic junction obstruction. Sagittal (a) and axial (b) grayscale sonograms demonstrate 
severe hydronephrosis. The collecting system was punctured with an 18-G needle under ultrasonography 
guidance. (c-e) Contrast material was injected through the needle (c) to reveal the renal collecting system 
on fluoroscopy. The nephrostomy catheter was then advanced over the guide wire (d).

a

c

b

d

e
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Catheter-related complications were 
managed through replacement or revision 
surgery in 16 patients (21.3%) (Table 4). The 
mean duration of catheterization was signif-
icantly longer in patients who experienced 
catheter-related complications (mean, 20 
days) than in those without such complica-
tions (mean, 9 days) (P = 0.0035).

Following successful urinary diversion, 
various surgical interventions were per-
formed to eliminate the underlying disease 
(Table 5). The most common procedure 
performed following nephrostomy was py-
eloplasty (38.7%). In seven of the patients 
(9.3%), no further surgical intervention was 
performed following the removal of the ne-
phrostomy catheter. Of these patients, three 

(42.9%) had VUR, three (42.9%) had UPJO, 
and one (14.2%) had multiple congenital 
anomalies. Only one patient (1.33%), who 
had undergone bilateral nephrostomy, re-
quired hemodialysis, and kidney failure in 
this patient was caused by multiple system-
ic anomalies. Nephrectomy was performed 
in eight patients (10.7%), of whom five had 
UPJO and the remaining three each had 
UVJO, VUR, and pyonephrosis.

There was a statistically significant differ-
ence between the preprocedural and post-
procedural kidney sizes. The mean renal pa-
renchymal thickness (pre-PCN: 8.1 ± 2.7 vs. 
post-PCN: 9 ± 2.6 mm; P = 0.016) and longitu-
dinal kidney diameter had an inverse correla-
tion (56.9 ± 9.8 vs. 51.9 ± 9.4 mm, P = 0.022).

Discussion
Our results demonstrate that PCN per-

formed on infants has a technical success 
rate of 100%. No procedure-related mortality 
was identified in our study. According to the 
Society of Interventional Radiology Quality 
Improvement standards, the technical suc-

Table 1. Distribution of the nephrostomy etiologies of patients

n %

Ureteropelvic junction obstruction 41 54.7

Ureterovesical junction obstruction 11 14.7

Vesicoureteral reflux 8 10.6

Congenital anomaly 5 6.7

Posterior urethral valve 3 4

Iatrogenic stenosis 2 2.7

Urinary leakage 2 2.7

Ureteral stone 1 1.3

Kidney stone 1 1.3

Pyonephrosis 1 1.3

Total 75 100

Figure 2. Percutaneous nephrostomy procedure in a 6-month-old boy with mild hydronephrosis caused by vesicoureteral reflux. Sagittal (a) and axial (b) grayscale 
sonograms demonstrate the mildly dilated renal collecting system. The lower pole calyx was punctured with a 21-G needle under ultrasonography guidance. (c-g) 
Contrast material was injected to reveal the renal collecting system on fluoroscopy (c). A 0.018-inch guide wire (d) was then introduced and exchanged with a 0.035-
inch guide wire (e) using an introducer set. The 0.018-inch guide wire was kept in place to not lose the access route (f). The nephrostomy catheter (g) was advanced 
over the 0.035-inch guide wire. Finally, the 0.018-inch guide wire was removed following the successful insertion of the catheter. 

a

c d e f g

b
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cess rate should be above 95% in pediatric 
PCN and is not affected by the patient’s age, 
degree of hydronephrosis, or presence of 
renal calculi.12 Similar to our study, the only 
study in the literature that included only in-
fant patients reported a technical success 
rate of 100%.13 In a multicenter study, tech-
nical failure was reported at a rate of 1%, 
and the loss of access was determined as the 
cause of technical failure.14 In a recent study 
including newborn patients, the only techni-
cal failure resulted from multiple punctures 
that caused the rapid decompression of the 
obstructed pyelocaliceal system.7

PCN can be performed using the Selding-
er or trocar method.15 In our study, PCN was 
performed using the Seldinger technique 
with an 18–21-G needle in all patients. Ko-
ral et al.4 used a modified trocar technique 
in addition to the standard Seldinger tech-
nique in newborns and infants. In that study, 
it was argued that the modified technique 
might be useful, especially for patients with 
UPJO.4 Bas et al.16 reported a technical suc-
cess rate of 100% using the trocar technique 
in 6 neonates and 16 infants with urinary ob-
struction. The procedures were performed 
without fluoroscopic guidance; however, the 
size of the nephrostomy catheter used was 
4 Fr.16 In our study, all the procedures were 
performed under both ultrasound and fluor-

oscopic guidance; the catheter size ranged 
from 6 to 8 Fr, with the majority being 6 Fr.

The main indication of PCN is urinary 
obstruction, but this procedure also plays a 
crucial role in patients with urinary leakage. 
There is a lack of data in the literature regard-
ing the utility of PCN in infants with urinary 
extravasation. In our study, two infants un-
derwent PCN as a result of urinary extrava-
sation. Shellikeri et al.14 also performed PCN 
on 34 patients with urinary extravasation, 
with the major and minor complication rates 
being determined as 0.1% and 4.4%, respec-
tively. We did not observe any procedure-re-
lated complications in either of our patients 
with urinary leakage. 

In our study, the most common indication 
of PCN was UPJO. In the literature, several 
studies have also reported UPJO as the most 
common indication of PCN in infants.4,5,8,17,18 
In long-standing UPJO, the kidney can be vis-
ualized as a huge cyst; therefore, it may be 
difficult to differentiate the calyx from the re-
nal pelvis. The kidney may become apparent 
following the drainage of the pelvicalyceal 
system. 

Prophylactic antibiotic use is general-
ly recommended before the PCN proce-
dure.2,5,19 However, Gray et al.20 reported only 
one case of infection among 46 patients who 

had not received prophylactic antibiotics 
prior to PCN. Cochran et al.21 suggested that 
the risk of sepsis could not be eliminated 
with prophylactic antibiotic use in patients 
at higher risk of urinary sepsis (e.g., those 
with struvite stones, a urinary ostomy, and 
a positive urine culture test), and Millward22 
recommended prophylactic antibiotic use 
in patients with urinary stones. In our study, 
all the patients received third-generation 
cephalosporin prior to the procedure, with 
nine patients (12%) already using antibiot-
ics because of bacteriuria identified through 
urine culture results. We did not observe any 
cases of urinary sepsis or infection following 
PCN. A recent study by Ključevšek et al.7 in 
the newborn patient group reported that in-
fections developed in 16.1% of the patients 
after PCN. The reason for the different results 
reported may be related to urosepsis and 
pyonephrosis constituting the indications of 
PCN in a high number of patients in the pre-
vious study.

According to the Society of Interventional 
Radiology Quality Improvement Standards 
for Percutaneous Nephrostomy in the Pedi-
atric Population, the major complication 
threshold in PCN is 5% for sepsis, 4% for 
hemorrhage requiring treatment, and 1% for 
vascular/bowel injury and pleural complica-
tions.12 We did not observe any procedure-re-
lated hematomas that required a blood 
transfusion or an extended hospital stay. 
The minor complication threshold is 5% for 
urinary tract infection, 3% for site infection, 
3% for site oozing, and 10% for urine leak.12 
In our study, only one patient (1.3%) devel-
oped a urinoma that required percutaneous 
drainage. Although successful catheteriza-
tion of the pelvicalyceal system was estab-
lished, it was not possible to prevent urinary 
leakage in this patient. This may be because 
of catheter malfunction or dislodgement, 
primarily related to changes in patient posi-

Table 3. Subgroup analysis of blood urea nitrogen and creatinine values according to etiology

Creatinine before PCN Creatinine after PCN P BUN before PCN BUN after PCN P

Ureteropelvic junction obstruction 1.3 0.7 0.001 22.9 15.3 0.001

Ureterovesical junction obstruction 1.4 1.2 0.214 25.3 22.4 0.214

Vesicoureteral reflux 1 0.9 0.145 38.2 28.3 0.087

Congenital anomaly 0.9 0.7 0.174 23.4 20.1 0.098

Posterior urethral valve 1 0.8 0.121 27.3 25.4 0.147

Iatrogenic stenosis 1.4 1.2 0.154 30.5 25.4 0.068

Urinary leakage 0.8 0.7 0.584 14.3 13.4 0.471

Ureteral stone 1 0.9 0.662 18.8 17.4 0.547

Kidney stone 0.9 0.8 0.235 15.1 15.2 0.325

Pyonephrosis 1.4 1.3 0.337 22.8 21.2 0.447

BUN, blood urea nitrogen; PCN, percutaneous nephrostomy.

Table 2. Comparison of the blood urea nitrogen and creatinine values of participants before 
and after nephrostomy

Mean ± SD Median P*

Creatinine 

Before nephrostomy 1.1 ± 1.4 0.5
<0.001

After nephrostomy 0.7 ± 0.8 0.4

BUN 

Before nephrostomy 22.6 ± 21.5 14
<0.001

After nephrostomy 15.2 ± 12.3 11.1

*Wilcoxon signed-rank test; BUN, blood urea nitrogen; SD, standard deviation.
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tion. We observed a significant improvement 
in serum creatinine and BUN levels following 
PCN; however, renal function recovery was 
most significant in patients with UPJO.

We observed methemoglobinemia and 
respiratory arrest associated with the local 
anesthetic agent in a 10-day-old newborn. 
Methemoglobinemia following the adminis-
tration of local anesthetics is a serious com-
plication for which care should be taken, par-
ticularly in neonates and low-weight infants. 
The use of prilocaine is not recommended 
in children younger than 6 months (except 
for transcutaneous administration), preg-
nant women, patients taking other oxidizing 
drugs, or those with glucose-6-phosphate 
dehydrogenase deficiency.23 The maximum 
recommended doses of prilocaine are 2.5, 
5.0, 3.2, and 1.3 mg/kg for patients older 
than 6 months, adults, patients with renal in-
sufficiency, and those using other oxidizing 
drugs, respectively.23 Methemoglobinemia is 

a hemoglobinopathy caused by high methe-
moglobin levels resulting from the oxidation 
of iron to the ferric state in hemoglobin, lead-
ing to tissue hypoxia. In addition to tissue hy-
poxia, it may also cause respiratory depres-
sion, especially in infants and newborns24 as 
in our patient.

Catheter-related complications are not 
defined clearly enough in the literature and 
are generally discussed as mechanical com-
plications14 or minor complications, as in the 
Society of Interventional Radiology Quality 
Improvement Standards for Percutaneous 
Nephrostomy in the Pediatric Population.12 
However, since catheter-related complica-
tions are especially common in the infant 
age group, we examined them in a separate 
category in our study. These complications 
are frequently encountered during the fol-
low-up period of patients in the form of cath-
eter occlusion, migration, or dislocation. In 
the first hours of catheter dislocation, access 

to the pelvicalyceal system may remain pat-
ent; therefore, the nephrostomy catheter can 
be placed using the guide wire under fluor-
oscopy guidance (without a needle).25 Cath-
eter displacement or dislodgement is more 
frequently encountered in younger children 
and infants,26 and in a recent study, the cath-
eter-related complication rate was reported 
to be 18.6% in neonates.7 Shellikeri et al.14 
detected catheter-related mechanical com-
plications in 54 out of 675 patients (8%) and 
noted that the rate of catheter displacement/
dislodgement was higher in infants (10%) 
than in the non-infant population (6%). In 
our study, we observed catheter displace-
ment/dislodgement in 25 patients; however, 
13 of these patients were under 1 year, and 
five were neonates. Our results are therefore 
consistent with those of Shellikeri et al.14 We 
observed catheter-related mechanical com-
plications more frequently in neonates (32%) 
than in the remainder of the patient popula-
tion (21.3%). Therefore, we suggest that the 
fixation of the catheter to the skin should be 
carefully undertaken in neonates. 

Results reported in studies conducted in 
the adult patient group and those reported 
for the pediatric patient group also reveal 
some differences. The most common indi-
cation of PCN in the adult age group is uri-
nary stone disease, not UPJO.19 Although a 
comprehensive study27 determined the ma-
jor complication rate as 9.6% and the minor 
complication rate as 9.9%, these rates vary 
depending on the location of the urinary ob-
struction,28 dilatation status of the collecting 
system,29 and the operator performing the 
procedure.30 In this context, further studies 
are required to evaluate these parameters 
in the pediatric patient group. In studies 
conducted in the adult patient group, the 
rate of catheter-related problems varies be-
tween 2% and 38%, but it is generally around 
7%.25,31,32 As demonstrated in a recent study 
by Shah et al.33, this may be because the 
catheters used are designed specifically for 
adults.

The most important feature that makes 
our study unique is that it extensively dis-
cusses the 20 years of experience of a single 
center together with clinical and laboratory 
findings; however, our study also has some 
limitations. The first concerns the small num-
ber of patients and the single-center design, 
although the results obtained can still serve 
as a guide for further comprehensive studies. 
Second, the radiation dose information could 
not be recorded for all patients for technical 
reasons. Because of the importance of radia-
tion exposure in this age group, future stud-

Table 4. Distribution of complications that developed after nephrostomy

Prevalence %

Major complications (n = 75)

   No major complications 73 97.4

Urinoma 1 1.3

Local anesthesia-related methemoglobinemia 1 1.3

Minor complications (n = 75)

   No minor complications 74 98.7

Urinary extravasation not requiring intervention         1 1.3

Catheter-related complications (n = 75)

   None    59 78.7

      Catheter dislocation 8 10.7

      Catheter obstruction 3 4

      Catheter leakage 3 4

      Catheter malposition 2 2.6

Table 5. Procedures performed following nephrostomy

n %

Pyeloplasty 29 38.7

Double-J stent placement 12 16

Ureteroneocystostomy 8 10.7

Nephrectomy 8 10.7

Medical treatment 7 9.3

Posterior urethral valve resection 3 4

Ureterocele excision 2 2.7

Subureteric teflon injection 2 2.7

Percutaneous nephrolithotomy 1 1.3

Pyelolithotomy 1 1.3

Cystostomy 1 1.3

Dialysis 1 1.3

Total 75 100
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ies should evaluate radiation doses in these 
patients. Finally, because of the retrospective 
nature of the study, the indications of PCN 
were heterogeneously distributed, and there 
were very few patients in some subgroups. 
To address this, prospective studies should 
be undertaken.

In conclusion, imaging-guided PCN is a 
feasible and effective procedure with high 
technical success and low major complica-
tion rates, and it is useful in protecting kid-
ney function in infants. 
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Use of gelatin sponge to seal the biliary tract after percutaneous 
transhepatic biliary drainage in patients with liver transplants

ABSTRACT
Percutaneous transhepatic biliary drainage (PTBD) is commonly used in the treatment of malign 
and benign biliary pathologies. Certain complications after PTBD may occur, such as biliary fistula, 
biliary leakage, bilioma, and hematoma. The purpose of this study was to evaluate the safety and 
effectiveness of using a sterile gelatin sponge to seal the biliary tract after PTBD in patients with 
liver transplants to prevent complications. A total of 131 biliary drainages were introduced in 97 
patients, and a sterile gelatin sponge was used to seal the biliary tract after removal of the biliary 
drainage catheter. The patients were immediately examined for complications using ultrasound 
and then followed up clinically unless imaging was required. Five fluid collections within the liver 
with a diameter <2 cm, consistent with hematoma or bilioma, were resolved spontaneously. No 
hematoma or bilioma required treatment, and no biliary leakage or fistula was detected. No compli-
cations related to the use of the sponge were observed. The use of a sterile gelatin sponge is a safe 
and effective method for sealing the biliary tract to prevent complications after PTBD in patients 
with liver transplants.
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Percutaneous transhepatic biliary drainage (PTBD) is commonly used in the treatment of 
malign and benign biliary pathologies. Although considered rare and with an unknown 
probability, complications after PTBD may occur in daily practice, such as biliary fistu-

la, biliary leakage, bilioma, and hematoma. Many interventional and surgical treatment ap-
proaches can be used when such complications are observed.1-8 In daily practice, materials 
such as coils, liquid embolics, and vascular plugs may be used to close the biliary tract. One 
study demonstrated the efficacy of using a gelatin sponge to close the tract in patients with 
biliary drainage caused by benign or malignant diseases using a slightly different technique.9 
The aim of the present study was to evaluate the safety and effectiveness of using sterile 
gelatin sponge to seal the biliary tract after PTBD in patients with liver transplants to prevent 
possible complications.

Technique
Institutional review board approval was obtained for this retrospective study, and the re-

quirement to obtain written informed consent was waived. We included adult patients with 
living-donor liver transplants with long-term internal PTBD performed in two liver transplant 
centers. The indication for biliary drainage was anastomotic and/or non-anastomotic biliary 
strictures unresponsive to or not suitable for endoscopic interventions. The study involved 
97 adult patients, 61 male and 36 female, requiring a total of 131 biliary drainages (30 pa-
tients with two and two patients with three biliary drainages). The catheterization time was 
between two and 19 weeks, with a mean of 13 weeks. 

All patients were heavily sedated or placed under general anesthesia. Proper antibiotic 
prophylaxis was administered to all patients. All PTBDs were performed by the same interven-
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tional radiologist, with more than 15 years’ 
experience in hepatobiliary procedures. A 
14F multipurpose drainage catheter (Cook 
Medical, Bloomington, IN, USA) was used in 
four patients with a single drainage catheter, 
and a 12F SKATER catheter (Argon Medical 
Devices, Dallas, TX, USA) was used for the 
rest of the patients with single drainage cath-
eters. A 10F SKATER catheter was used for the 
patients who required two or three drainage 
catheters. This procedure was not performed 
in patients with skin infections near the cath-
eter insertion site. 

The catheters were flushed with saline, 
and a contrast medium was injected into 
the catheter to examine the biliary system. 
Amplatz stiff guidewire (Boston Scientific, 
Marlborough, MA, USA) was introduced into 
the biliary drainage catheter, and then the 
catheter was removed over the wire. An 11F 
Radifocus Introducer II sheath (Terumo Cor-
poration, Shibuya-ku, Tokyo, Japan) for 12F 
and 14F catheters and 10F sheath for 10F 
catheters were immediately placed over the 
wire. Cholangiography was then performed 
through the sheath to fully evaluate the bil-
iary system (Figure 1a). If and when biliary 
drainage was considered successful, a com-
mercially available sterile gelatin sponge was 
used to seal the biliary tract. 

A piece of sponge (7 x 1 x 1 cm) was cut. 
It was then squeezed by hand and formed 
into a 7-cm-long cylinder with a diame-
ter of approximately 3 mm, similar to that 
described in a previous study.9 The tip of 
the sheath was pulled back into the liver 
parenchyma under fluoroscopic guidance. 
The length of the sponge was adjusted to 
approximately equal the distance between 
the tip of the sheath and the liver capsule. 
The tip of the dilator was cut so that the 
sponge could be pushed without being 
punctured, and the head of the sheath 
was then cut-off and the sponge placed 
inside the sheath. Under fluoroscopic guid-
ance and using the dilator, the sponge 
was pushed until it reached the tip of the 

sheath (Figure 1b). If the sponge softened 
following long contact with bile, the pro-
cedure was repeated using a new sponge. 
The sheath was removed while the sponge 
was placed using the dilator (Figure 1c). 
If the patient had more than one cathe-
ter, the procedure was repeated for each 
catheter. The skin was cleansed and then 
covered using a sterile pad. Routine ultra-
sound examination was performed before 
the patient left (Figure 1d). The patients 
were then followed up clinically, and imag-
ing was performed only if indicated for any 
other reason (Figure 2). 

Results
All the biliary tracts were sealed success-

fully using this technique. There were five 
local fluid collections with a diameter <2 
cm near the tract in the liver consistent with 
bilioma or hematoma, discovered using the 
first ultrasound; however, no treatment was 
indicated. They were followed up using ultra-
sound and were all resolved spontaneously. 
No other complications, such as biliary fis-
tula, bile leakage, or hematoma, were ob-

served. No complications related to the use 
of the sponge were observed.

Discussion
This study demonstrates that using a 

sterile gelatin sponge after PTBD may be a 
safe and effective method for preventing 
possible complications. Using sterile gelatin 
sponges is also cost-effective because they 
are relatively cheap and widely available. 
The implementation of this technique is also 
simple and takes only a couple of minutes. To 
our knowledge, this is the first study to pres-
ent a specific technique to prevent complica-
tions after PTBD.

Spongostan is a sterile water-insoluble, 
absorbable, porcine gelatin used to maintain 
local hemostasis. These gelatin sponges have 
been used in surgical operations for decades. 
They have also been successfully used to 
close biliary tracts in patients with various 
benign and malignant disorders that require 
biliary drainage9 and to occlude vessels and 
seal tracts in various situations. We also suc-
cessfully occluded a biliary cutaneous fistula 

Main points

• Complications after percutaneous transhe-
patic biliary drainage (PTBD) procedures 
may occur.

• Many interventional and surgical treatment 
approaches may be used when such com-
plications are observed.

• Using a gelatin sponge to seal the biliary 
tract after removal of the PTBD catheter 
may help prevent some of these possible 
complications.

Figure 1. (a-d) Fifty seven-year-old patient with a liver transplant and long-term PTBD. (a) Cholangiography 
through the sheath after removal of the catheter revealing filling of the intrahepatic biliary tree and passage 
of contrast medium through the duodenum. (b) The sheath was pulled into the liver parenchyma and the 
sponge inserted (arrows). (c) The sheath was removed while the sponge was placed. (d) Ultrasound showing 
the sponge within the liver parenchyma (arrows). PTBD, percutaneous transhepatic biliary drainage.
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that developed after prolonged biliary drain-
age in two patients using this material. In 
fact, we developed the concept of routinely 
closing the biliary tract after successfully oc-
cluding the tract of a patient with a biliary cu-
taneous fistula following the failure of glue 
and coil closure attempts at another center. 
The rationale behind sealing the tract with 
an absorbable sponge is to give the liver time 
to expand and then fill the tract naturally.

This study has some limitations. First, 
this was a retrospective study with no con-
trol group. Second, given the rarity of such 
complications, the number of patients was 
relatively limited. Third, although post-pro-
cedure imaging follow-up is not included in 
our routine practice, we did not perform any 
specific imaging follow-up other than ultra-
sound after the use of this material.

In conclusion, use of a sterile gelatin 
sponge to seal the biliary tract after PTBD 
may be a safe and effective method for pre-
venting possible complications in patients 

with liver transplants. This technique might 
also potentially be used for other patients 
with PTBD. Further comparative studies with 
a larger number of patients are necessary to 
confirm our findings.
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Cortical and subcortical structural changes in pediatric patients with 
infratentorial tumors

PURPOSE
This study aimed to detect supratentorial cortical and subcortical morphological changes in pedi-
atric patients with infratentorial tumors.

METHODS
The study included 24 patients aged 4–18 years who were diagnosed with primary infratentorial 
tumors and 41 age- and gender-matched healthy controls. Synthetic magnetization-prepared rap-
id gradient echo images of brain magnetic resonance imaging were generated using deep learn-
ing algorithms applied to T2-axial images. The cortical thickness, surface area, volume, and local 
gyrification index (LGI), as well as subcortical gray matter volumes, were automatically calculated. 
Surface-based morphometry parameters for the patient and control groups were compared using 
the general linear model, and volumes between subcortical structures were compared using the 
t-test and Mann–Whitney U test.

RESULTS
In the patient group, cortical thinning was observed in the left supramarginal, and cortical thicken-
ing was observed in the left caudal middle frontal (CMF), left fusiform, left lateral orbitofrontal, left 
lingual gyrus, right CMF, right posterior cingulate, and right superior frontal (P < 0.050). The patient 
group showed a volume reduction in the pars triangularis, paracentral, precentral, and supramar-
ginal gyri of the left hemisphere (P < 0.05). A decreased surface area was observed in the bilateral 
superior frontal and cingulate gyri (P < 0.05). The patient group exhibited a decreased LGI in the 
right precentral and superior temporal gyri, left supramarginal, and posterior cingulate gyri and 
showed an increased volume in the bilateral caudate nucleus and hippocampus, while a volume 
reduction was observed in the bilateral putamen, pallidum, and amygdala (P < 0.05). The ventricular 
volume and tumor volume showed a positive correlation with the cortical thickness in the bilateral 
CMF while demonstrating a negative correlation with areas exhibiting a decreased LGI (P < 0.05).

CONCLUSION
Posterior fossa tumors lead to widespread morphological changes in cortical structures, with the 
most prominent pattern being hypogyria. 

CLINICAL SIGNIFICANCE
This study illuminates the neurological impacts of infratentorial tumors in children, providing a 
foundation for future therapeutic strategies aimed at mitigating these adverse cortical and subcor-
tical changes and improving patient outcomes.

KEYWORDS
Medulloblastoma, neoplasms, brain, primary, hippocampus, amygdala

You may cite this article as: Genç B, Aslan K, Bako D, Delibalta S, Ceyhan Bilgici MN. Cortical and subcortical structural changes in pediatric patients with 
infratentorial tumors. Diagn Interv Radiol. 2024;30(5):328-334.

Central nervous system neoplasms are the most common solid tumors in children. With 
advancing therapies, the 10-year survival rate in these patients is approximately 70%. 
Posterior fossa tumors are more frequently observed in childhood, and the most com-

mon pediatric posterior fossa tumors are medulloblastomas and astrocytomas.1 Although 

Epub: 03.06.2024

Publication date: 09.09.2024

DOI: 10.4274/dir.2024.242652

1Ondokuz Mayıs University Faculty of Medicine, 
Department of Neuroradiology, Samsun, Türkiye 

2Acıbadem University, Atakent Hospital, Clinic of 
Radiology, İstanbul, Türkiye

Corresponding author: Barış Genç

E-mail: barisgenc12@gmail.com

 Barış Genç1

 Kerim Aslan1

 Derya Bako1

 Semra Delibalta2

 Meltem Necibe Ceyhan Bilgici1

Received 09 January 2024; revision requested 06 
February 2024; last revision received 15 April 2024; 
accepted 15 May 2024.

Diagn Interv Radiol 2024; DOI: 10.4274/dir.2024.242652

https://orcid.org/0000-0003-3548-6373
https://orcid.org/0000-0001-6322-7163
https://orcid.org/0000-0003-0642-6793
https://orcid.org/0000-0003-1415-0192
https://orcid.org/0000-0002-0133-0234


 

Supratentorial structural changes in pediatric patients with infratentorial tumors • 329

astrocytomas can achieve a cure with total 
resection, medulloblastomas require chemo-
therapy and radiotherapy treatments after 
resection.2

Neuroplasticity is the brain’s ability to 
change functionally, connectively, or struc-
turally in physiological or pathological con-
ditions. Recent advancements in neuroim-
aging have demonstrated that the brain can 
reorganize itself after pathologies, such as 
traumatic brain injury, stroke, and tumors, 
particularly in adults.3 Children are more suc-
cessful than adults in learning complex skills, 
such as learning a new language or playing 
a new instrument.4,5 Children with unilateral 
left-brain damage at an early age can devel-
op normal language skills, while lesions of 
similar location and extent in the adult brain 
cause more aphasia.6

Recent studies have been conducted on 
changes occurring in the contralateral hemi-
sphere secondary to supratentorial gliomas 
in adults, but these studies are generally 
voxel-based morphometry (VBM) studies in-
vestigating changes in gray matter volume.7 
Surface-based morphometry (SBM) provides 
parameters such as cortical thickness, sulcal 
folding, and surface area that cannot be ob-
tained with VBM. Furthermore, SBM is more 
successful than VBM at the intersections of 
gray and white matter.8 In their SBM study, 
Zhang et al.9 detected widespread changes 
in the contralateral hemisphere in adult pa-
tients with frontal low-grade glioma (LGG) 
for the first time using virtual brain grafting, 
and these changes were not detected in a 
VBM study conducted in a similar group.7

The posterior fossa contains the cerebel-
lum and the brainstem. The dentate nucleus 
in the cerebellum is highly advanced in mon-
keys and humans, with dentothalamic and 
thalamocortical pathways projecting to the 
prefrontal cortex.10,11 Recent studies show 
that the cerebellum is no longer merely an 
organ associated with balance but actively 

participates in cognitive events, speech, and 
complex motor functions.10 Cerebellar cog-
nitive affective syndrome is a condition of 
cognitive decline in patients with cerebellar 
lesions, and its physiopathology is not fully 
understood.12 A VBM study conducted on 
children who were cured after a posterior 
fossa tumor detected reduced gray matter 
volume in the entorhinal cortex, thalamus, 
hypothalamus, corpus callosum, and cune-
us.13 However, this could be due to the dis-
ease itself or secondary to chemoradiother-
apy.14

There are no studies investigating cor-
tical and subcortical changes at the time of 
diagnosis in children with posterior fossa tu-
mors. There are several reasons for this. First, 
although they are the most common solid 
tumors in childhood, they are relatively rare.1 
Myelination is rapid in the first 2 years of life, 
and medulloblastomas peak at the age of 
3 years.15 Surface construction algorithms, 
such as Freesurfer, require good image con-
trast and can be applied to anatomically 
normal or near-normal brains without sig-
nificant morphological abnormalities. In the 
presence of an intracranial tumor, Freesurf-
er has a failure rate of up to 30% in cortical 
reconstruction.16 Therefore, it has prevent-
ed the detection of cortical and subcorti-
cal changes in pediatric tumors. Although 
virtual brain grafting studies have made 
this possible, they require neuroanatomical 
experience and time.17 Recently, however, 
software developed using deep learning 
has made surface reconstruction possible 
in tumoral diseases by producing synthetic 

magnetization-prepared rapid gradient echo 
(MP-RAGE) images.18

Our aim in this study is to investigate 
supratentorial cortical and subcortical mor-
phological changes in pediatric posterior 
fossa tumors.

Methods
This study was designed retrospective-

ly. Ondokuz Mayıs University Clinical Re-
search and Ethics Committee (decision no: 
2023/300, date: 10.10.2023) approval has 
been obtained. All participants were fully 
informed and gave their written informed 
consent prior to each examination. Guide-
lines from Strengthening the Reporting of 
Observational Studies in Epidemiology were 
carefully followed.19

Participants

Patients aged <18 years who underwent 
brain magnetic resonance imaging (MRI) 
due to intracranial tumor in the unit be-
tween 2015 and 2023 were retrospectively 
screened. Among these patients, those with 
a posterior fossa tumor who did not receive 
any treatment (chemoradiotherapy, surgery, 
steroids) before the MRI and who were diag-
nosed pathologically after the MRI were in-
cluded in the study. Children aged <4 years 
were excluded from the study due to insuf-
ficient myelination. Children who did not 
have any chronic diseases, who presented 
with non-specific symptoms, whose brain 
MRI did not reveal any pathology, and who 
were age- and gender-matched formed the 
control group (Figure 1).

Main points

• Pediatric posterior fossa tumors cause wide-
spread hypogyrification and reductions in 
surface and volume, while also leading to an 
increase in cortical thickness.

• Pediatric posterior fossa tumors lead to an 
increase in volume in the hippocampus and 
caudate nucleus, while also causing an in-
crease in the volume of the putamen, pall-
idum, and amygdala.

• Cortical and subcortical morphological 
changes have shown a correlation with ven-
tricular volume and tumor volume.

Figure 1. Flowchart of study.
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Magnetic resonance imaging acquisition

MRI was performed on the patient and 
control groups with one of two devices with 
a magnetic field strength of 1.5 Tesla (Philips, 
Achieva, Best, the Netherlands) or 3 Tesla 
(Philips, Ingenia, Best, the Netherlands).

The MRI protocol for patients who had a 
3 Tesla scan was as follows: T2W-axial turbo 
spin-echo sequence [repetition time (TR)/
echo time (TE), 3,000/80 ms; section thick-
ness, 5 mm; matrix, 261 × 384; number of 
excitations (NEX), 3], 3D fluid attenuation 
inversion recovery (FLAIR) coronal (TR/TE/
TI, 4,800/381/1,650 ms; section thickness, 3 
mm; NEX, 2). For patients who had a 1.5 Tesla 
scan, the protocol was as follows: T2W-axial 
turbo spin-echo sequence (TR/TE, 8,078/100 
ms; section thickness, 4 mm; matrix, 242 
× 250; NEX, 4), T2-FLAIR coronal (TR/TE/TI, 
7,000/140/2,800 ms; section thickness, 4 
mm; NEX, 2).

Magnetic resonance imaging processing

Due to the different devices and a het-
erogeneous data set, SynthSR 2.0 was used 
in the Freesurfer developer version. SynthSR 
is a deep learning-based tool that enables 
the creation of synthetic MP-RAGE images 
for surface-based analyses with high accura-
cy, even if the images obtained clinically are 
heterogeneous. Moreover, it is challenging 
to perform surface-based analysis with Free-
surfer in patients with intracranial tumors. 
SynthSR overcomes this challenge. 

The synthetic MP-RAGE images were gen-
erated from T2-axial images with SynthSR.18 
Then, pre-processing for cortical thickness, 

surface area, volume, and local gyrification 
index (LGI) analyses and cortical reconstruc-
tion were performed using the standard 
Freesurfer (V 7.4.0). To increase the accura-
cy of surface reconstruction, synthetic MP-
RAGE images were used together with T2-
FLAIR images (Figure 2).

Tumor masking 

A proficient general radiologist judicious-
ly utilized the volume of interest procedure 
within the ITK-SNAP software suite to con-
struct masks representing tumor volumes. 

Statistical analysis

Demographic information of the pa-
tient and control groups, the magnetic field 
strength, estimated total intracranial volume 
(eTIV), and normalized subcortical volume 
(structure volume × 1.000/eTIV); data were 
compared using the chi-squared test, t-test, 
or Mann–Whitney U test.

Maps of cortical thickness, volume, and 
surface area for each patient were registered 
to the “fsaverage” template included in Free-
surfer, and a generalized linear model (GLM) 
was then generated. Age, gender, and mag-
netic field strength were used as covariates 
for the GLM. Smoothing was applied to the 
cortical thickness, to volume maps with a full 
width at half maximum (FWHM) of 10 mm, to 
surface area maps with an FWHM of 15 mm, 
and to LGI maps with an FWHM of 25 mm. 
The patient and control groups were com-
pared using “mri_glmfit” and the main results 
were analyzed using “mri_glmfit-sim,” with 
1.000 random permutations. To prevent false 
positive results, the cluster-wise P threshold 

was set at 0.05, and the vertex-wise cluster 
threshold was set at 10-3.20

When a significant group difference was 
detected, the mean cortical thickness, sur-
face area, volume, and LGI parameters in the 
significant cluster for each participant were 
extracted using the “mri_segstats” command. 
Volumes of subcortical structures were calcu-
lated using “asegstats2table.” The Spearman 
correlation coefficient (rho) was calculated 
to evaluate the correlation between these 
parameters and the total volume of the later-
al ventricles and the volume of the tumor. A 
P value of <0.05 was considered statistically 
significant.

Results
Clinical and demographic characteristics: 

the final population of the study consisted 
of 24 patients with posterior fossa tumors 
and 41 age- and gender-matched healthy 
controls. The patient group was aged 8.2 ± 
4.2 years, and the control group was aged 
10.9 ± 3.7 years; there was no statistically 
significant difference in ages between the 
groups (P = 0.11). No significant difference 
was detected in the magnetic field strength 
between the patient and control groups in 
the chi-squared test (P = 0.08). In the patient 
group, 10 received pathological diagnoses of 
medulloblastoma, 9 of pilocytic astrocytoma, 
2 of ependymoma, 2 of anaplastic ependy-
moma, and 1 of low-grade astrocytoma. All 
lesions were located in the posterior fossa. 
The median size of the tumors was 22.1 mL 
(interquartile range: 22.3 mL). Seventeen of 
the lesions caused hydrocephalus, and the 
average lateral ventricular volume for the pa-
tient group was 39.9 ± 26.0 cm3.

Cortical morphological changes

Cortical thickness: The patient group 
demonstrated a reduction in cortical thick-
ness in the left supramarginal gyrus (P = 
0.010, size: 221 mm2) and left superior fron-
tal gyrus (P = 0.018, size: 200 mm2); an in-
crease in cortical thickness was observed in 
the left caudal middle frontal (CMF) gyrus 
(P = 0.0002, size: 1,249 mm2), left fusiform 
gyrus (P = 0.001, size: 327 mm2), left lateral 
orbitofrontal gyrus (P = 0.04, size: 168 mm2), 
left lingual gyrus (P = 0.033, size: 179 mm2), 
right CMF gyrus (P = 0.0002, size: 727 mm2), 
right posterior cingulate gyrus (P = 0.0002, 
size: 363 mm2), right superior frontal gyrus 
(P = 0.004, size: 256 mm2), and right lateral 
orbitofrontal gyrus (P = 0.049, size: 162 mm2) 
(Figure 3, Table 1).

Figure 2. The cortical reconstruction pipeline. MP-RAGE, magnetization-prepared rapid gradient echo; 
FLAIR, fluid attenuation inversion recovery.
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Volume: The patient group showed a de-
crease in volume in the left pars triangularis 
(P = 0.001, size: 385 mm2), left paracentral gy-
rus (P = 0.009, size: 248 mm2), left precentral 
(P = 0.012, size: 238 mm2), and left supram-
arginal gyrus (P = 0.023, size: 217 mm2). No 
statistically significant volume change was 
observed in the right hemisphere (Figure 3, 
Table 1).

Surface area: The patient group showed a 
decrease in surface area in the left posterior 
cingulate (P = 0.0004, size: 986 mm2), left su-
perior frontal (P = 0.001, size: 554 mm2), right 
superior frontal (P = 0.0002, size: 1,737 mm2), 
and right isthmus cingulate (P = 0.003, size: 
774 mm2). No area increase in the patient 
group was observed (Figure 3, Table 1).

Local gyrification index: In the patient 
group, a decrease in the LGI was observed 
in the right hemisphere’s precentral gyrus 
(P = 0.0002, size: 14,342 mm2), right supe-
rior temporal gyrus (P = 0.0002, size: 1,357 
mm2), left hemisphere’s supramarginal gyrus 
(P = 0.0002, size: 23,075 mm2), and posterior 
cingulate gyrus (P = 0.0002, size: 1,647 mm2) 
(Figure 3, Table 1).

Correlation

The ventricular volume showed a positive 
correlation with cortical thickness in the ar-
eas of bilateral CMF gyrus where a cortical 
thickness increase was observed [right: (P < 
0.0001, rho: 0.74); left: (P = 0.0049, rho: 0.57)]. 
The cortical thickness of the cluster in the 
right CMF gyrus showed a positive correla-
tion with tumor volume (P = 0.015, rho: 0.50) 
but did not correlate with the left cluster.

The LGI showed a negative correlation 
with the ventricular volume in the cluster 
containing the right precentral gyrus (P = 
0.0001, rho: −0.72), right superior temporal 
gyrus (P = 0.0011, rho: −0.64), left supramar-
ginal gyrus (P < 0.0001, rho: −0.77), and the 
left posterior cingulate gyrus (P = 0.0003, 
rho: −0.70). The LGI showed a negative cor-
relation with the tumor volume in the clus-
ter containing the right precentral gyrus (P = 
0.015, rho: −0.50), left supramarginal gyrus (P 
= 0.033, rho: −0.44), and the peak cluster in 
the left posterior cingulate gyrus (P = 0.0021, 
rho: −0.61).

No significant correlation was observed 
between the tumor volume and ventricular 
volume in areas where the cortical volume 
changed (P > 0.05).

Subcortical volumetric findings

When compared with the control group, 
the posterior fossa tumor group showed vol-
ume increases in the left caudate (d = 1.37, P 
< 0.0001), right caudate (d = 1.50, P < 0.0001), 
left hippocampus (d = 0.99, P = 0.0006), and 
right hippocampus (d = 1.02, P = 0.0049), 
and volume decreases in the left putamen 
(d = −1.16, P < 0.0001), right putamen (d = 
−1.45, P < 0.0001), left pallidum (d = 0.99, P = 
0.0006), right pallidum (d = 0.77, P = 0.0131), 
left amygdala (d = −0.47, P = 0.024), and right 
amygdala (d = 1.11, P = 0.0003). No statisti-
cally significant volume difference was ob-
served in the bilateral thalamus between the 
groups (Table 2).

Figure 3. Areas showing changes in cortical thickness, surface area, volume, and local gyrification index in 
cases with posterior fossa tumors.

Table 1. The comparison of cortical morphology at the vertex level reveals significant 
clusters

Measurement Group 
comparison

Cluster Peak MNI 
coordinates

Size 
(mm2)

P value of 
CWP

Cortical 
thickness

HC > patient
L. supramarginal −34, −35, 17 221 0.010

L. superior frontal −10, 31, 31 200 0.018

Patient > HC

L. caudal middle frontal −34, 13, 50 1,249 <0.001

L. fusiform −28, −48, −18 327 0.001

L. lingual −19, −85, −10 179 0.033

L. lateral orbitofrontal −14, 12, −15 168 0.049

R. caudal middle frontal 32, 13, 50 727 <0.001

R. posterior cingulate 12, −36, 50 363 <0.001

R. superior frontal 14, 38, 46 256 0.004

R. lateral orbitofrontal 17, 23, −22 162 0.049

Volume HC > patient

L. pars triangularis −33, 27, 8 385 0.001

L. paracentral 17, −26, 42 248 0.009

L. precentral −10, −25, 74 238 0.012

L. supramarginal −35, −33, 20 217 0.023

Local 
gyrification 
index

HC > patient

L. supramarginal −52, −31, 35 23,075 <0.001

L. posterior cingulate −9, −26, 39 1,647 <0.001

R. precentral 52, −5, 43 14,342 <0.001

R. superior temporal 48, 6, −20 1,357 <0.001

All clusters survived correction for multiple comparisons using a Monte Carlo simulation, resulting in a corrected 
cluster-wise P < 0.05. L, left; R, right; HC, healthy control; MNI, The Montreal Neurological Institute; CWP, cluster-wise 
probability.
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Correlation of subcortical structures

The tumor volume showed a negative cor-
relation with the volume of the left amygdala 
(P = 0.02, rho: −0.48) and the left accumbens 
area (P = 0.047, rho: −0.41) but showed a 
positive correlation with the volume of the 
bilateral caudate nucleus [right: (P = 0.001, 
rho: 0.62); left: (P = 0.027, rho: 0.46)]. No sta-
tistically significant correlation was observed 
with other subcortical structures (Figure 4, 
Table 3).

The total ventricular volume showed 
a negative correlation with the bilateral 
putamen [right: (P = 0.003, rho: −0.59); left: 
(P = 0.023, rho: −0.46)], bilateral pallidum 

[right: (P = 0.006, rho: −0.54); left: (P = 0.0002, 
rho: −0.71)], bilateral accumbens area [right: 
(P = 0.017, rho: −0.48); left: (P = 0.0001, rho: 
−0.72)], and a positive correlation with the 
bilateral caudate nucleus [right: (P = 0.011, 
rho: 0.51); left: (P = 0.02, rho: −0.47)], and left 
hippocampus (P = 0.012, rho: 0.51) (Figure 4, 
Table 3).

Discussion
In this study, we investigated the cortical 

morphological and subcortical volumetric 
changes at the time of diagnosis and their 
relationship with tumor size and ventricular 
volume in children with posterior fossa tu-
mors. Our findings demonstrated a cortical 

thickening, particularly in the bilateral CMF 
region, even at the time of diagnosis. We 
observed volume reduction in the left su-
pramarginal gyrus, surface area reduction in 
the posterior cingulate and superior frontal 
gyrus, and widespread hypogyrification in 
the bilateral fronto-temporo-parietal areas. 
Whereas the volume of the caudate nucleus 
and hippocampus increased, the putamen, 
amygdala, and nucleus accumbens showed 
volume reduction. These cortical and subcor-
tical changes exhibited a significant associa-
tion with ventricular volume, whereas only a 
partial relationship was observed with tumor 
size.

To our knowledge, the question of wheth-
er there are structural changes in the brain in 
childhood tumors has not been investigated. 
Large-scale studies are challenging due to 
the relative rarity of these tumors. Addition-
ally, for such research, appropriate analysis of 
children’s brain images and standardization 
of MRI devices are necessary. The SynthSR 
2.0 used in our study enables the creation of 
suitable images for surface-based analysis 
and allows surface-based analysis even in 
the presence of intracranial tumors, making 
it feasible to work with heterogeneous data-
sets.18

Clinical and neuroimaging studies have 
shown that the cerebellum is not only in-
volved in motor control or balance but also 
plays a role in a range of cognitive functions, 
such as language, emotion processing, and 
attention.10 The cerebellum contains circuits 
associated with various areas, including the 
prefrontal cortex, parietal cortex, thalamus, 
superior temporal region, and limbic sys-
tem.21 Cerebellar cognitive affective syn-
drome is an entity described in the last 25 

Table 2. The comparison of subcortical gray matter volume of patient and healthy control 
group

Structure volume (mL) HC
(n = 41)

Patient
(n = 24)

Cohen’s D P

Left thalamus 4.71 ± 0.37 4.75 ± 0.41 −0.10 0.697

Left caudate 2.29 ± 0.25 2.76 ± 0.46 1.37 <0.001*

Left putamen 3.42 ± 0.28 3.05 ± 0.38 −1.16 0.001*

Left pallidum 1.13 ± 0.1 1.06 ± 0.15 −0.51 0.084

Left hippocampus 2.87 ± 0.2 3.31 ± 0.68 0.99 <0.001*

Left amygdala 1.01 ± 0.1 0.94 ± 0.22 −0.47 0.025*

Left accumbens area 0.47 ± 0.06 0.37 ± 0.06 −1.67 <0.001

Right thalamus 4.51 ± 0.32 4.48 ± 0.34 −0.09 0.736

Right caudate 2.36 ± 0.28 2.86 ± 0.42 1.50 <0.001*

Right putamen 3.38 ± 0.26 2.95 ± 0.34 −1.45 <0.001

Right pallidum 1.21 ± 0.13 1.08 ± 0.22 −0.77 0.013

Right hippocampus 2.89 ± 0.25 3.33 ± 0.62 1.02 0.005*

Right amygdala 1.16 ± 0.11 1.03 ± 0.15 −1.11 <0.001

Right accumbens area 0.44 ± 0.07 0.38 ± 0.06 −0.91 <0.001

Total lateral ventricle 8.18 ± 3 39.94 ± 26.04 2.00 <0.001*

*The Mann–Whitney U test performed. HC, healthy control.

Figure 4. Scatterplot demonstrating the correlation between subcortical gray matter volumes and tumor volume, as well as the correlation between subcortical 
gray matter volumes and ventricular volume.
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years that encompasses changes in executive 
function and working memory, visual-spatial 
impairments, difficulties in language pro-
duction, and personality alterations.12 It has 
been suggested that defects in the circuits 
between the cerebellum and prefrontal cor-
tex caused by cerebellar masses could be 
one of the causes of this syndrome.22 Indeed, 
a widespread gyral reduction in the frontal 
region was detected in our study. However, 
longitudinal and advanced imaging studies 
are needed to establish the correlation be-
tween these findings.

In patients with cerebellar tumors, failure 
of surface reconstruction has limited the in-
vestigation of surface-based morphometric 
changes in adult patients with intracranial 
tumors. A study by Zhang et al.9 found de-
creased gyrification in bilateral medial or-
bitofrontal gyrus and lingual gyrus in the 
contralateral hemisphere of patients with 
frontal LGGs. Similarly, our study revealed 
widespread decreased gyrification in the ce-
rebral cortex. While gyrification is associated 
with neurodevelopment, studies have also 
shown that axonal damage can disrupt gyr-
ification.23 Medulloblastomas are embryonal 
tumors that come with genetic mutations, 
particularly in the pediatric population. 
Therefore, the question of whether this glob-
al gyrification reduction is due to widespread 
axonal damage or folding abnormalities 
caused by accompanying genetic abnormal-
ities should be supported by future genetic 
and longitudinal studies.

Recent studies have demonstrated that 
the basal ganglia and cerebellum form a 

connected network not only at the cortical 
level but also directly. Injection of rabies vi-
rus into the macaque putamen and globus 
pallidus externus significantly affected the 
cerebellum.24 Our study demonstrated vol-
ume reduction in the putamen and pallidum 
in these patients, which may be associated 
with the involvement of this circuit. Recent 
functional MRI (fMRI) studies have identified 
a network involving the cerebellum, caudate 
nucleus, and prefrontal cortex, associated 
with executive functions, verbal fluency, and 
working memory. Abnormal activity in this 
network has been linked to diseases such as 
Alzheimer’s disease.25 Our study is the first to 
show a volume increase in the caudate nu-
cleus and widespread cortical morphologi-
cal changes in the frontal region in children 
with posterior fossa tumors, which may be 
associated with damage to the cerebel-
lo-ganglia-cortical network and subsequent 
impairment of executive functions. Future 
resting state fMRI studies in this population 
may support our findings.

The cerebellum is very important for 
functions such as balance and memory, as 
well as speech. It plays a crucial role in verbal 
fluency, grammar processing, and correcting 
language mistakes.26 fMRI studies include 
the cerebellum in the language network 
along with the superior temporal lobe, pars 
triangularis, and precentral gyrus. These net-
work clusters are predominantly in the left 
hemisphere, which is likely due to the lan-
guage centers being primarily located in the 
left hemisphere in humans.27 According to 
our findings, there is a reduction in volume 
asymmetrically in the left hemisphere in the 

pars triangularis and supramarginal gyrus, 
which are associated with the speech center. 
This may explain the areas showing volume 
reduction in the asymmetric left hemisphere 
and the asymmetry in the findings in these 
patients.

Recent studies have demonstrated a 
strong relationship between the cerebel-
lum and the hippocampus. An experiment 
conducted in mice showed that optogenet-
ic stimulation of the cerebellum resulted in 
changes in hippocampal functional con-
nectivity and altered cellular dynamics.28 
Furthermore, recent studies have shown 
that the cerebellum is involved in various 
functions associated with memory. One such 
study in patients with hippocampal glioma 
revealed a compensatory volume increase 
in the contralateral hippocampus.29 Similarly, 
the bilateral hippocampal volume increase in 
our study may be associated with this com-
pensation. In opioid-dependent patients, 
there is decreased functional connectivity 
between the nucleus accumbens, amygda-
la, and cerebellum.30 The decreased volume 
of the accumbens and amygdala in patients 
with cerebellar tumors may be due to the in-
volvement of this circuit.

Our study has several limitations. First, 
this study is retrospective and was conduct-
ed at a single center. Our sample size was 
limited, and we did not categorize or assess 
tumors according to their subtypes and loca-
tions. However, it is worth noting that tumors 
situated in the vermis may influence distinct 
pathways compared with those located in 
the cerebellar hemispheres. Moreover, tu-
mors in the posterior fossa were not staged. 
Nevertheless, the implications could differ 
between rapidly progressing tumors and 
those with slower growth rates. On the other 
hand, the changes we identified, irrespec-
tive of tumor grade or developmental stage, 
highlight the necessity and interest in further 
investigation into this matter. Second, even 
though there is no statistically significant 
difference between the groups in terms of 
the use of 1.5 Tesla and 3 Tesla devices, those 
used in the patient and control groups are 
not exactly balanced. A covariate has been 
used to counteract this, but it may have par-
tially affected the results. There were no neu-
rocognitive data available for the patients, 
and therefore the widespread changes in 
the brain could not be supported by neuro-
cognitive data. Only structural MRI was used 
in this study, and the findings could not be 
supported by advanced techniques, such as 
diffusion tensor imaging or fMRI. Prospective 
studies may support our findings.

Table 3. The correlation relationship between tumor volume, ventricle volume, and 
subcortical gray matter structures

Tumor volume Total lateral ventricle volume

rho P rho P

Left thalamus 0.32 0.128 0.33 0.120

Left caudate 0.51 0.011 0.46 0.028

Left putamen −0.47 0.023 0.02 0.919

Left pallidum −0.71 0.000 −0.12 0.579

Left hippocampus 0.52 0.011 0.31 0.152

Left amygdala −0.27 0.199 −0.48 0.021

Left accumbens area −0.72 0.000 −0.42 0.048

Right thalamus 0.16 0.466 0.19 0.384

Right caudate 0.48 0.020 0.63 0.002

Right putamen −0.59 0.003 −0.14 0.510

Right pallidum −0.55 0.006 −0.02 0.919

Right hippocampus 0.40 0.052 0.33 0.120

Right amygdala −0.27 0.207 −0.41 0.054

Right accumbens area −0.48 0.018 −0.05 0.834
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In conclusion, posterior fossa tumors lead 
to widespread morphological changes in 
cortical structures, with the most dominant 
pattern being hypogyrification, accompa-
nied by a decreased surface area and volume 
reduction. Although cortical thickening pre-
dominantly increases, there are also areas 
where cortical thickness decreases. Subcor-
tical gray matter structures, except for the 
hippocampus and caudate nucleus, showed 
volume reduction. These findings are highly 
correlated with the lateral ventricle volume. 
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