Radiology

Baishideng Publishing Group Inc



/e World Journal of
Radiology

Contents Monthly Volume 14 Number 4 April 28, 2022

70

MINIREVIEWS
Focal liver lesions in cirrhosis: Role of contrast-enhanced ultrasonography

Bartolotta TV, Randazzo A, Bruno E, Taibbi A

82

91

ORIGINAL ARTICLE

Retrospective Cohort Study

Decreased cross-sectional muscle area in male patients with clear cell renal cell carcinoma and peritumoral
collateral vessels

Greco F, Beomonte Zobel B, Mallio CA

Retrospective Study
Outcome of percutaneous drainage for septic complications coexisted with COVID-19

Deif MA, Mounir AM, Abo-Hedibah SA, Abdel Khalek AM, Elmokadem AH

104

LETTER TO THE EDITOR
Follow-up computed tomography scan in post-COVID-19 pneumonia
Chohan A, Choudhury S, Dadhwal R, Vakil AP, Franco R, Taweesedt PT

Jaishideng®

WJR | https://www.wjgnet.com I April 28,2022 | Volume14 | Issue4



World Journal of Radiology

Contents

Monthly Volume 14 Number 4 April 28, 2022

ABOUT COVER

Editorial Board Member of World Journal of Radiology, Xian-Li Lv, MD, Associate Professor, Department of
Neurointervention, Beijing Tsinghua Changgung Hospital, School of Clinical Medicine, Tsinghua University,
Beijing 102218, China. 1x1a02301@btch.edu.cn

AIMS AND SCOPE

The primary aim of World Journal of Radiology (WJR, World | Radiol) is to provide scholars and readers from various
fields of radiology with a platform to publish high-quality basic and clinical research articles and communicate
their research findings online.

WIR mainly publishes articles reporting research results and findings obtained in the field of radiology and
covering a wide range of topics including state of the art information on cardiopulmonary imaging, gastrointestinal
imaging, genitourinary imaging, musculoskeletal imaging, neuroradiology/head and neck imaging, nuclear
medicine and molecular imaging, pediatric imaging, vascular and interventional radiology, and women's imaging.

INDEXING/ABSTRACTING

The WJR is now abstracted and indexed in Emerging Sources Citation Index (Web of Science), PubMed, PubMed
Central, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology
Journal Database, and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020
Journal Citation Indicator (JCI) for WJR as 0.51.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Wen-Wen Qi; Production Department Director: X# Guo; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Radiology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1949-8470 (online) https:/ /www.wijgnet.com/bpg/Getlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
January 31, 2009 https:/ /www.wignet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wignet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Thomas ] Vogl https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1949-8470/ editorialboard. htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
April 28, 2022 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WJR | https://www.wjgnet.com I April 28,2022 | Volume14 | Issue4


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1949-8470/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

K

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4329 / wjr.v14.i4.70

World Journal of
Radiology

World | Radiol 2022 April 28; 14(4): 70-81

ISSN 1949-8470 (online)

MINIREVIEWS

Focal liver lesions in cirrhosis: Role of contrast-enhanced

ultrasonography

Tommaso Vincenzo Bartolotta, Angelo Randazzo, Eleonora Bruno, Adele Taibbi

Specialty type: Radiology, nuclear
medicine and medical imaging

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): 0

Grade D (Fair): D

Grade E (Poor): 0

P-Reviewer: Ren J, China

Received: February 25, 2021
Peer-review started: February 25,
2021

First decision: May 3, 2021
Revised: May 16, 2021

Accepted: April 8, 2022

Article in press: April 8, 2022
Published online: April 28, 2022

G [w]
T ‘ﬁ I

)

Jaishideng®

WJR | https://www.wjgnet.com 70

Tommaso Vincenzo Bartolotta, Angelo Randazzo, Eleonora Bruno, Adele Taibbi, Department of
Radiology, University Hospital "Paolo Giaccone", Palermo 90127, Italy

Tommaso Vincenzo Bartolotta, Department of Radiology, Fondazione Istituto G. Giglio
Hospital, Cefalu 90015, Italy

Corresponding author: Tommaso Vincenzo Bartolotta, MD, PhD, Associate Professor,
Department of Radiology, University Hospital "Paolo Giaccone", Section of Radiology,
Department BiND, Palermo 90127, Italy. tommasovincenzo.bartolotta@unipa.it

Abstract

Contrast-enhanced ultrasound (CEUS) represents a great innovation for the
evaluation of focal liver lesions (FLLs). The main advantage of CEUS is the real-
time imaging examination and the very low toxicity in patients with renal failure.
Liver cirrhosis has been recognized as a major risk factor for the onset of hepato-
cellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC). HCC in
liver cirrhosis develops as the last step of a complex that leads to the gradual
transformation from regenerative nodule through dysplastic nodule to HCC. In
patients with liver cirrhosis, a surveillance program is recommended consisting of
ultrasound (US) for detecting small focal lesions. A wide spectrum of benign and
malignant lesions other than HCC may be found in the cirrhotic liver and their
differentiation is important to avoid errors in staging diseases that may preclude
potentially curative therapies. Several published studies have explored the value
of CEUS in liver cirrhosis and they have been shown to have excellent diagnostic
and prognostic performances for the evaluation of non-invasive and efficient
diagnosis of FLLs in patients at high risk for liver malignancies. The purpose of
this article is to describe and discuss CEUS imaging findings of FLLs including
HCC and ICC, all of which occur in cirrhotic livers with varying prevalence.

Key Words: Ultrasonography; Contrast-enhanced ultrasound; Liver cirrhosis; Liver
neoplasms; Hepatocellular carcinoma; Focal liver lesions
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Core Tip: Contrast-enhanced ultrasound (CEUS) represents a breakthrough in the evaluation of focal liver
lesions (FLLs). Currently, CEUS is included as a part of the suggested diagnostic work-up of FLLs in
cirrhotic patients and in their follow-up for an accurate assessment of therapeutic response. After a brief
description of the basis of different CEUS techniques, several liver lesions that can be found in the
cirrhotic liver including benign, malignant or pseudo-lesions, will be described and discussed on the basis
of our experience and literature data.

Citation: Bartolotta TV, Randazzo A, Bruno E, Taibbi A. Focal liver lesions in cirrhosis: Role of contrast-enhanced
ultrasonography. World J Radiol 2022; 14(4): 70-81

URL: https://www.wjgnet.com/1949-8470/full/v14/i4/70.htm

DOI: https://dx.doi.org/10.4329/wjr.v14.i4.70

INTRODUCTION

Liver cirrhosis

Liver cirrhosis represents the final stage of chronic inflammation through the establishment of necrosis
and fibrogenesis up to a total subversion of the hepatic parenchyma and it has systemic repercussions
and a fatal outcome in the absence of a liver transplant. Liver cirrhosis is the 14th most common cause of
death worldwide[1].

Etiologically, liver cirrhosis recognizes infectious causes (hepatitis B, hepatitis C, schistosoma
japonicum), autoimmune (primary biliary cirrhosis, autoimmune hepatitis, primary sclerosing
cholangitis), alcohol abuse, metabolic causes (Wilson disease, hemochromatosis) and vascular or
cryptogenic causes[2]. The combination of imaging and serological investigation (transaminases and
cholestasis indices) is often sufficient for the diagnosis; however, the gold standard remains the liver
biopsy which also allows physicians to identify the noxa that led to the stage of cirrhosis[1]. In the
clinical setting, ultrasound (US) allows a morphological assessment of the liver and portal circulation.
US also plays a major role as the recommended tool for surveillance every 6 mo at early detection of
small hepatocellular carcinoma (HCC)[3].

Imaging characterization of focal lesions in cirrhosis is crucial for appropriate patient management[4,
5]. To this end, US is a non-specific technique used to characterize focal liver lesions (FLLs).

Contrast-enhanced ultrasound

At the end of the 1990s, the introduction of contrast agents based on intravenous microbubbles to
contrast-specific gray-scale US techniques has enabled contrast-enhanced ultrasonography (CEUS) to
represent macro-vascularity and also microcirculation ( vessels up to 40 pm). Starting in the 2000s, the
advent of low-solubility gas bubbles (like sulfur hexafluoride) with phospholipid shells for their
flexibility has led to a full real time CEUS examination[6].

CEUS, throughout the vascular phase with its blood-pool contrast agent, allows real-time recording
with non-invasive assessment of liver perfusion without resorting to expensive and not very common
equipment such as Computed Tomography (CT) or Magnetic Resonance Imaging (MRI) that require the
use of ionizing radiation or nephrotoxic contrast agents. OF note, when gas microbubbles are injected
into the vein, they remain in the intravascular space (blood-pool agents), Only one of marketed contras
agents shows a late phase with uptake by hepatic Kupffer cells (Table 1)[7].

CEUS is safe and well tolerated: Renal or pulmonary diseases do not present contraindications for
this use and no blood tests are needed to check kidney function. In a study of about 23000 patients, less
than 0.01% of the patient population reported a serious adverse event with no death events[8].

Actually, CEUS is included in the diagnostic work-up of FLLs detected in the healthy population and
to study metastases in patients with cancer and to identify HCC in cirrhotic patients, allowing for better
management of the disease with effective and advantageous therapies[9-10]. A recent meta-analysis
showed that specificity and sensitivity for CEUS in the characterization of FLLs were respectively 87%
and 92%[10]. CEUS is gaining an increasing role in the imaging work-up of HCC and many interna-
tional guidelines are now considering CEUS as a diagnostic tool for HCC as well as CT and MRI with
encouraging results and is positive in terms of the cost-benefit analysis[11-12]. Based on literature data
and our experience in our center, the recent innovations in the CEUS of FLLs in cirrhotic patients will be
presented and discussed.

TECHNICAL NOTE

The US cases illustrated in this article are acquired through various ultrasound equipment provided
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Table 1 Characteristics of contrast agents SonoVue and Sonazoid for contrast-enhanced ultrasound

Agent SonoVue Sonazoid

Gas Sulfurhexafluoride (SF) Perfluorobutane (C,F,,)

Envelope Monolayer of phospholipid (DSPC, DPPG-Na) Monolayer of phospholipid (Hydrogenated egg phosphatidyl serine Na)

Ml Low MI (< 0.1) Intermediate MI (> 0.2)

Mean size 1.5-2.5 um 2.3-2.9 um

Distribution after injection Pure blood pool agent Blood pool agent with uptake by hepatic Kupffer cells after 1 min by injection

DSPC: 1,2-distearoyl-sn-glycero-3-phosphocholine; DPPG-Na: 1,2-dipalmitoyl-sn-glycero-3-phospho-rac-glycerol sodium; MI: Mechanical index.

Jaishideng®

with multifrequency convex array probes and contrast-specific imaging software: MyLab Twice (Esaote,
Genova, Italy), RS80A and RS85A (Samsung Medison, Co. Ltd., Seoul, Korea) and iU22 unit (Philips
Ultrasound, Bothell, WA, USA). Before the injection of bolus contrast, a standard exam together with
color/power and pulsed Doppler valuation was always performed to optimize lesion images and define
the best plane for its visualization. The contrast agent used was composed of gas microbubbles filled
with sulfur hexafluoride (SonoVue, Bracco, Milan, Italy) that was injected using a 20- or 22-gauge needle
in a cubital vein and a 2.4-mL bolus with a 5-10 ml of saline flush. Low mechanical index (MI) from 0.05
to 0.08 and low frame rate (5 Hz) were used for real-time imaging to avoid microbubble breakdown.
The level of the lesion was the focus of examination and the duration of each exam was about 5 min
after contrast agent injection.

The digital cine-loops were acquired before and after performing the contrast at different times in the
arterial phase (from 10 s to 35 s after the injection), portal phase (from 55 s to 80 s after the injection) and
delayed phase (from 235 s to 260 s after the injection).

Basal echogenicity and the dynamic modality of enhancement of each lesion in all vascular phases
and among the near liver parenchyma were compared.

CIRRHOTIC NODULES

Liver cirrhosis has been recognized as a major risk factor for the onset of HCC and intrahepatic cholan-
giocarcinoma (ICC) compared to the non-cirrhotic population, of 30 and 20 times, respectively[13]. In
the management of hepatic nodules in liver cirrhosis, early diagnosis and treatment is mandatory. HCC
in liver cirrhosis develops as the last step of a complex, multi-step hepatocarcinogenesis process during
several molecular and tissue alterations leading to the gradual transformation from regenerative nodule
(RN) through low- and high-grade dysplastic nodule (DN) to HCC[14]. Changes of intranodular blood
supply is the main transformation for imaging diagnosis: RN show similar blood supply to a normal
liver. As a consequence, RNs are typically non-hypervascular. They can be seen as numerous tiny
hypoechoic or hyperechoic nodules throughout the liver on grayscale US whereas at CEUS they usually
are iso-enhancing to the adjacent liver parenchyma throughout the vascular phase, even if they may
show transient hypo-vascularity in the arterial phase[4] (Figure 1).

DN are the next step towards HCC. Often multiple, DNs are classified as low or high grade according
to the presence of cytological atypia. These borderline lesions show wide variations of blood supply
with overlaps of vascular supply between DN and well-differentiated HCC, with the vast majority of
RN and DN being isoechoic to the adjacent liver parenchyma in portal venous and late phase at CEUS
[15].

Of note, in a study encompassing 215 FLLs in cirrhotic patients and comparing the CEUS features of
RN and DN, 95.1% of RN lesions showed delayed or simultaneous enhancement in the arterial phase in
comparison to surrounding liver parenchyma. On the other hand, DN lesions resembled this contrast-
enhancement pattern only partially, due to the presence of intralesional areas of arterial enhancement
followed by a wash out in the late phase. In pathology, these areas of arterial contrast-enhancement
within the DN have proven to be early HCC[16]. Hence, any enhancement in the arterial phase within a
nodule should be regarded as suspicious for HCC, resembling a “nodule in a nodule” appearance.

MALIGNANT LESIONS

Hepatocellular carcinoma
HCC is the fifth most common cancer in men and the ninth in women showing a greater incidence in
developing countries where over 80% of all estimated new cases worldwide occurred in 2012[17].
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Figure 1 Regenerative nodule. A: Contrast-enhanced ultrasound examination in the arterial phase (29 s after the i.v. injection of contrast agent) shows two
millimetric hypoechoic nodules, showing lack of contrast enhancement (right, arrows); B: In the late phase (142 s after the injection) both nodules are isoechoic to the
adjacent liver parenchyma.

Almost 90% of HCCs originate through a stepway progression from RN to HCC which may take
place in a quite variable period, even though it may take only a few months[18]. On the other hand, the
estimated doubling time of HCC ranges between 4 and 6 mo[19].

At CEUS, the typical enhancement pattern of HCC is hyperenhancement in the arterial phase
followed by gradual and mild wash-out in the portal venous and/or late phases[10] (Figure 2). Washout
is represented as a relatively hypoechoic aspect compared to healthy liver parenchyma in the later
stages of the study with any type of contrast-enhancement in the arterial phase. In general, at CEUS, the
presence of the wash-out sign is highly suggestive of malignancy. In HCC, washout begins over 60-90 s
after injection of contrast agent, whereas metastases or intrahepatic cholangiocarcinoma usually show a
rapid washout (< 60 s) (Table 2) (Figure 3)[20]. Therefore, in CEUS, an observation period of up to
approximately 5 min is required to easily visualize the typically subtle and late (> 1 min) washout of
HCC (Figure 2).

Noteworthy, a study showed that arterial enhancement patterns of HCC at CEUS are related to the
degree of histologic differentiation: moderately differentiated HCC exhibits a classic behavior after
contrast agent injection compared to well-differentiated HCC. Extended observation in the portal phase
is important for reporting late washout that in HCC occurs more frequently later than in the portal
venous phase[21]. As a caveat, well-differentiated HCC may appear iso-enhancing in the portal-venous
or late phase[9].

On the other hand, in a study by Tada et al[22], 63 of 68 (92.6%) small HCCs (< 3 cm in size) showed a
mainly diffuse and homogeneous enhancement in the arterial-phase whereas large HCCs presented a
heterogeneous arterial-phase enhancement pattern mainly related to non-enhancing areas of fibrosis,
necrosis or internal hemorrhage.

In general, thanks to the real-time nature of CEUS, its high spatial and temporal resolution, the
sensitivity of CEUS in the detection of hypervascularization of cirrhotic nodules was found to be higher
compared to CT/MRI[23].

Overall, CEUS showed a sensitivity of 88.8%, a specificity of 89.2% and a PPV of 91.3% in the charac-
terization of HCC[24].

Although it is still a matter of debate, several international guidelines are now endorsing the use of
CEUS as a first or second-line diagnostic tool for the diagnosis of HCC[12,25]. In 2016, the American
College of Radiology included CEUS in its comprehensive Liver Imaging Reporting and Data System
(LI-RADS): a unique scoring system for CEUS examinations in patients with increased risk of HCC. A
systematic review comparing the cost-effectiveness of CEUS with CT and MRI confirmed that CEUS is
cost-effective in the surveillance of patients with liver cirrhosis[11].

Table 3 shows the main recommendations on the use of CEUS in cirrhotic patients according to the
World Federation for Ultrasound in Medicine & Biology[26].

CEUS has shown high sensitivity for the evaluation of portal vein patency and in the differential
diagnosis between benign and malignant portal vein thrombosis, this latter occurring in cirrhotic
patients at various stages[27]. A thrombus showing hypervascularity in the arterial phase, irrespective
of the presence of subsequent washout, is deemed to be malignant[10].

CEUS can also be used with valid results in guidance, response and detection of complications of
interventional procedures[28] (Figure 4). CEUS may be of help during or after the interventional
procedure[29]. Intraprocedural use of CEUS showed a relevant clinical impact, reducing the number of
re-treatments and the related costs per patient[30].
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Table 2 Imaging enhancement pattern of cirrhotic nodules and malignant focal liver lesions on Contrast-enhanced ultrasound

Lesion  Arterial phase Portal venous phase Late phase Post-vascular phase
RN Hypo-enhance Iso-enhance Iso-enhance Iso-enhance
DN Hypo-enhance or partial hyper-enhanced within Iso-enhance Iso-enhance Iso-enhance

lesion (early-HCC)

HCC Hyper-enhance Hypo-enhance or iso- ~ Hypo-enhance or iso- ~ Hypo-enhance (mild and late washout)
enhance enhance' or iso-enhance’
ICC Rim-enhance or Hyper-enhance with early Hypo-enhance Hypo-enhance Hypo-enhance

washout (< 60 seconds)

Metastasis Rim-enhance or Hyper-enhance with early Hypo-enhance Hypo-enhance Hypo-enhance
washout (< 60 seconds)

Well differentiated hepatocellular carcinoma. RN: Regenerative nodules; DN: Dysplastic nodules; HCC: Hepatocellular carcinoma; ICC: Intrahepatic
cholangiocarcinoma.

Table 3 Recommendations contrast-enhanced ultrasound in cirrhotic liver

Recommendations Notes

Characterization FLLs found in patients with liver cirrhosis to establish a diagnosis of malignancy ~ CT or MR imaging is required for a complete staging
In nodules not suitable for biopsy When CT or MR are inconclusive

Selection of FLLs with different contrast pattern in a cirrhotic liver to be biopsied

Monitoring changes in enhancement patterns in FLLs in cirrhotic liver requiring follow-up

Guiding percutaneous biopsies to increase the diagnostic outcome To compare to B-mode US

FLLs: Focal liver lesions; CT: Computed tomography; MR: Magnetic resonance; US: Ultrasounds.

The three-dimensional evaluation through the CEUS of the tumor lesion allows more accurate
planning and the treatment with locoregional therapies[31,32] (Figure 5).

Intrahepatic cholangiocarcinoma

Intrahepatic peripheral cholangiocarcinoma (ICC) constitutes the second most common primary liver
malignant tumor in cirrhotic patients and accounts for 1%-3% of newly developed tumors[32,33].
Differentiating ICC from HCC is of clinical relevance since liver transplantation is contraindicated in
patients with ICC given poorly reported outcomes[34].

At CEUS, ICC shows heterogeneous contrast enhancement in the arterial phase with a substantially
hypoechoic appearance in the extended portal-venous phase[35]. A rim-like contrast-enhancement has
been reported but with a quite variable range (8-51% of cases)[9]. The presence and the quantity of
fibrotic tissue and necrotic areas may strongly influence the CEUS appearance of ICC. This latter may
present at CEUS overlapping features with HCC[36]. At CEUS, a clue suggestive for ICC is the presence
of a wash out occurring earlier than 60 s, whereas HCC usually washes out later on (Figure 6)[37,38].
The same temporal difference in wash-out between HCC and other malignancies, including ICC, is also
used by the CEUS LI-RADS lexicon for the diagnosis of ICC[10].

In a multicenter study of 1,006 nodules from 848 patients, the use of CEUS LI-RADS criteria for HCC -
namely, arterial phase hyperenhancement and late washout (onset = 60 s after contrast injection) of mild
degree - was 98.5% predictive of HCC with no risk of misdiagnosis for pure cholangiocarcinoma[39]. To
this purpose, contrast-enhanced CT and MRI may provide useful information due to the different
contrast agent kinetic. Microbubbles are essentially blood pool agents and remain confined to the
vascular space, whereas iodinated contrast agent and gadolinium chelates are essentially extra-cellular
contrast agents and progressively accumulate in the fibrotic spaces of ICC[39].

The presence of both ICC and HCC components in the same lesion can make the lesion even more
difficult and biopsy may be eventually needed in equivocal cases.

Metastasis

Metastatic liver deposits are relatively uncommon in the cirrhotic liver. This finding may probably be
due to alteration of hemodynamics and the microstructural environment in the liver[40]. In particular,
the hepatofugal portal venous flow may prevent neoplastic cells from seeding and flourishing in the
liver[41]. Liver metastases from colorectal carcinoma are infrequently reported to spread to the cirrhotic
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Figure 2 Hepatocellular carcinoma. A: Contrast-enhanced ultrasound examination in the arterial phase (30 s after the i.v. injection of contrast agent) shows a 3
cm sized hypoechoic nodule, showing a marked contrast enhancement (right, arrow); B: In the portal phase (70 s after the injection) the lesion is still hyper-enhancing
in comparison to the adjacent liver parenchyma (arrows); C: Only waiting for the extended portal phase (i.e. 122 s after the injection) the lesion shows a mild and late
wash-out and appears moderately hypoechoic (arrows).

Jaishideng®

liver[42]. Metastases from non-Hodgkin B-cell lymphoma may also involve the liver in patients with
hepatitis C virus and typically consist of multiple small nodules[43].

On CEUS, liver metastases show a sharp and early washout within 60 s of contrast administration,
irrespective of the contrast enhancement type in the arterial phase (Figure 3)[44]. This latter may present
various patterns, such as rim-like, dotted, heterogeneous or even homogeneous, depending on the size
and the grade of cellularity, vascularity, fibrosis and necrosis accompanying the development of the
lesion.

BENIGN LESIONS

A wide spectrum of benign lesions may arise in a cirrhotic liver. Hence, it is crucial to avoid the misdia-
gnosis of benign liver lesions as HCC (i.e. minimize false positives) because this diagnostic
interpretation may incorrectly increase the tumor burden[43].

Generally, at CEUS, a benign lesion presents a progressive and sustained enhancement in all phases
of the study[45] (Table 4, Figures 7 and 8). Although tumor lesions may have similar characteristics, a
clinical context of oncological or cirrhotic pathology allows differentiating the nature of the lesions[21].
Further aspects that are decisive for the diagnosis are detected by observing the arterial phase[4].

Hemangioma
Hemangioma is seen less frequently in cirrhotic patients than in the general population. In general,
imaging features remain similar to those of hemangiomas observed in non-cirrhotic patients[46].

At CEUS, hemangioma has a characteristic globular, progressive, peripheral and discontinuous
enhancement (Figure 7). However, with progressive cirrhosis, hemangiomas are likely to decrease in
size, become more fibrotic and may appear as a hypo vascular lesion with a lack of peripheral globular
contrast-enhancement[47,48]. Furthermore, flash filling hemangiomas may pose a diagnostic dilemma
with well-differentiated HCC not showing wash-out, thus needing further radiological workup with CT
or MRI for the final diagnosis.
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Table 4 Imaging enhancement pattern of benign focal liver lesions on contrast-enhanced ultrasound

Lesion Arterial phase Portal venous phase Late phase Post-vascular phase

Hepatic cysts Non-enhance Non-enhance Non-enhance Non-enhance

Cystic hydatid ~ Non-enhance cysts and septa Non-enhance cysts and septa ~ Non-enhance cysts and septa Non-enhance cysts and

disease septa

Abscess Rim-enhance with enhanced septa; no Rim-enhance with enhanced Hypo-enhance rim; no central Hypo-enhance rim; no
central enhancement septa; no central enhancement enhancement central enhancement

Hemangioma Peripheral, discontinuous and Peripheral, globular iso Iso-enhance or hypo-enhance Iso-enhance or hypo-
globular hyper-enhance enhance and fill-in enhance

FNH Hyper-enhance from the center to Hyper-enhance with/without  Iso-enhance or hyper-enhance Iso-enhance or hypo-
peripheral region spoke-wheel un-enhanced central scar with/without un-enhanced central ~enhance
vascularity scar

HA Hyper-enhance Iso-enhance Iso-enhance Iso-enhance or hypo-

Pseudo lesions

Hyper-enhance

Hyper-enhance or iso-enhance

Iso-enhance

enhance

Iso-enhance

FNH: Focal nodular hyperplasia; HA: Hepatocellular adenoma.

DOI: 10.4329/wjr.v14.i4.70 Copyright © The Author(s) 2022.

Figure 3 Liver metastasis from gastrointestinal stromal tumor. A: Contrast-enhanced ultrasound examination in the arterial phase (10 s after the i.v.
injection of contrast agent) shows a large (11 cm) mass, showing heterogeneous contrast enhancement (left, arrow); B: Still in the arterial phase (40 s after the
injection) the mass shows early wash-out.

Focal nodular hyperplasia

Although Focal nodular hyperplasia (FNH) is the second most common benign liver tumor after
hemangioma, the report of FNH-like nodules in the cirrhotic liver is only sporadic and imaging
appearance is similar to FNH arising in the non-cirrhotic liver[43,49].

At CEUES, the typical findings of FNH are a centrifugal contrast-enhancement pattern with a spoke-
wheel appearance in the arterial phase followed by sustained contrast-enhancement and iso or
hyperechoic appearance in portal-venous and late phase[50] (Figure 8). A central avascular area in the
arterial phase is often appreciable in FNH larger than 3 cm with a hypoechoic appearance.
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Figure 4 One-month post-procedural assessment of hepatocellular carcinoma after TACE. Contrast-enhanced ultrasound examination in the
arterial phase (26 s after the i.v. injection of contrast agent) shows a clear cut intralesional area of contrast-enhancement indicating still viable tumor.
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Figure 5 Contrast-enhanced ultrasound 3D. Contrast-enhanced ultrasound of a hepatocellular carcinoma in the arterial phase: Three-dimensional rendering
and volume calculation.
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Figure 6 Intrahepatic cholangiocarcinoma. Contrast-enhanced ultrasound examination in the arterial phase (43 s after the i.v. injection of contrast agent)
shows an ill-defined lesion showing heterogeneous washout (left, arrow).

Hepatocellular adenoma

The incidence of hepatocellular adenoma (HA) in the cirrhotic liver is exceedingly rare with a few
reports in the literature[51].

Fishidengs VIR | https://www.wjgnet.com 77 April 28,2022 | Volume14 | Issued |



Bartolotta TV et al. FLLs in cirrhosis: role of CEUS

=10

1 00:00

T2 00:45

DOI: 10.4329/wjr.v14.i4.70 Copyright © The Author(s) 2022.

Figure 7 Hemangioma. A: Contrast-enhanced ultrasound examination in the arterial phase (28 s after the i.v. injection of contrast agent) shows a peripheral
globular contrast-enhancement pattern (left, arrow); B: In the portal venous phase (89 s after the injection) a centripetal and complete fill-in is appreciable.
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Figure 8 Focal nodular hyperplasia. A: Contrast-enhanced ultrasound examination in the early arterial phase (16 s after the i.v. injection of contrast agent)
shows a spoke-wheel appearance (left, arrow); B: Four seconds later, still in the arterial phase the lesion is homogeneously and strongly enhancing (left, arrow); C: In
the late phase (180 s after the injection) the lesion is still slightly hyperechoic to the adjacent liver parenchyma.
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At CEUS, a peripheral enhancement with centripetal filling and sustained hypervascularization,
suggests the diagnosis of HA[10,52]. However, as a warning, HA may show a hypoechoic appearance in
the portal-venous and late phase[52].

Cystic lesions
Simple biliary and peribiliary cysts have similar features in cirrhotic and noncirrhotic livers. They
present a homogenous anechoic appearance, a very thin wall and through transmission with posterior
acoustic enhancement and no contrast enhancement at CEUS[43]. CEUS may be a problem-solving
technique in diagnosing complicated non-anechoic cyst or a rare form of Co-existence of hepatocellular
carcinoma and cystic echinococcosis[53]. Usually, CEUS shows a lack of enhancement of septa
separating daughter cysts[54].

Hepatic abscesses, pyogenic, fungal and amebic have similar CEUS features in cirrhotic and non-
cirrhotic livers. Abscesses do not have a significant internal enhancement after contrast ultrasound
administration but septations within the lesion may enhance as well as an irregular peripheral rim[55].

WJR | https://www.wjgnet.com 78 April 28,2022 | Volume14 | Issued |



Jaishideng®

Bartolotta TV et al. FLLs in cirrhosis: role of CEUS

Pseudo lesions

Focal fatty changes or confluent hepatic fibrosis can mimic malignancies. Focal fatty changes are an
increase or decrease in fat content in a focal area of the liver parenchyma owing to an aberrant portal-
venous vascularization[55].

Confluent hepatic fibrosis is usually shown in patients with alcohol-related cirrhosis. It involves
peripheral parenchymal replacement by thick fibrotic bands that appear as focal wedge-shaped areas
with thick fibrotic bands causing retraction of the overlying capsule; the presence of inflammation can
lead to inhomogeneous arterial phase hyperenhancement[40].

At CEUS, these pseudo lesions present isoenhanced in comparison with the surrounding liver
parenchyma during the extended portal-venous phase[55], furthermore, fibrosis is usually seen in a
typical position (medial segment of the left lobe or anterior segment of the right lobe)[40].

CONCLUSION

A wide spectrum of benign and malignant lesions other than HCC may be found in the cirrhotic liver.
More than several years after its release, CEUS is being used for safe diagnostic imaging which enables
real-time recognition of enhancement characteristics of focal liver lesions arising in cirrhotic patients.
Currently, CEUS is increasingly being performed on a routine basis and is included as a part of the
recommended diagnostic work-up of HCC as well as in the follow-up.
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Abstract

BACKGROUND
Sarcopenia is the loss of skeletal muscle mass (SMM) and is a sign of cancer
cachexia. Patients with advanced renal cell carcinoma (RCC) may show cachexia.

AIM

To evaluate the amount of SMM in male clear cell RCC (ccRCC) patients with and
without collateral vessels.

METHODS

In this study, we included a total of 124 male Caucasian patients divided into two
groups: ccRCCa group without collateral vessels (n = 54) and ccRCCp group with
collateral vessels (n = 70). Total abdominal muscle area (TAMA) was measured in
both groups using a computed tomography imaging-based approach. TAMA
measures were also corrected for age in order to rule out age-related effects.

RESULTS

There was a statistically significant difference between the two groups in terms of
TAMA (P < 0.05) driven by a reduction in patients with peritumoral collateral
vessels. The result was confirmed by repeating the analysis with values corrected
for age (P < 0.05), indicating no age effect on our findings.

CONCLUSION

This study showed a decreased TAMA in ¢ccRCC patients with peritumoral
collateral vessels. The presence of peritumoral collateral vessels adjacent to ccRCC
might be a fine diagnostic clue to sarcopenia.

Key Words: Cancer cachexia; Body composition; Clear cell renal cell carcinoma,;
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Core Tip: Clear cell renal cell carcinoma (ccRCC) can be detected with or without peritumoral collateral
vessels. These vessels have been defined as enlarged capsular veins, stimulated by tumor-related effects.
The presence of peritumoral collateral vessels around ccRCC is a poorly investigated phenomenon, with
unclear clinical meaning. Here, we reported a novel association between peritumoral collateral vessels and
loss of skeletal muscle in patients with ccRCC. The effect was not influenced by age, supporting the
concept that peritumoral collateral vessels adjacent to ccRCC should drive clinicians’ attention towards
cancer cachexia.

Citation: Greco F, Beomonte Zobel B, Mallio CA. Decreased cross-sectional muscle area in male patients with
clear cell renal cell carcinoma and peritumoral collateral vessels. World J Radiol 2022; 14(4): 82-90
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INTRODUCTION

Cancer cachexia is the reduction of adipose tissue and skeletal muscle (SM) which cannot be fully
compensated with nutrition, resulting in progressive functional impairment[1]. This condition is due to
energy disbalance during growth of the neoplasm[2]. Advanced neoplastic diseases can lead to loss of
up to 85% of adipose and SM tissues[3]. Cancer cachexia and weight loss influence prognosis and
response to therapy[4,5]. Renal cell carcinoma (RCC) patients with an advanced and metastatic disease
are susceptible to cachexia. RCC patients have a relatively high prevalence of sarcopenia, the term for
loss of SM mass (SMM)[4,6]. For example, sarcopenia was detected in up to 47% of patients with
localised RCC and 29%-68% of patients with metastatic RCC[7-9]. Sarcopenic RCC patients have a worse
overall survival than RCC patients without sarcopenia[10].

SM is not only part of the locomotor system but also produces and releases cytokines and myokines
through the contraction of muscle fibres and thus has endocrine activity[11]. By releasing myokines into
the circulation, SM can communicate with other organs such as adipose tissue, bone, the liver, and the
brain, underlining the importance of this organ for regulating endocrine balance and decreasing risk of
various diseases[12].

Body mass index (BMI) is an indicator used for obesity classification but does not convey information
about body composition nor does it provide details about the quantity and distribution of different
tissues such as SM and abdominal adipose tissue compartments. For this, computed tomography (CT)
and magnetic resonance imaging (MRI) are gold standard methods for quantitative assessment and non-
invasive tissue characterisation[13-19].

Peritumoural collateral vessels in RCC result from enlargement of capsular renal veins[19]. Gonadal
vein recruitment can be present, especially in RCCs located at the lower renal pole[19]. Conversely,
lesions located at the upper renal pole have different drainage routes including the adrenal and lower
phrenic veins[19]. A study performed on 58 RCC patients reported 28 patients with peritumoural
collateral vessels, of which 18 presented with gonadal vein recruitment[19]. Peritumoural collateral
vessels with gonadal vein outflow were detected only in RCCs greater than 5 cm in diameter[19].

It is reasonable to speculate that increased blood demand due to tumour hypercellularity and neovas-
cularisation, in possible association with main renal vein thrombosis, are factors contributing to the
development of peritumoural collateral vessels in RCC patients. Hypercellularity could influence
changes in cellular architecture leading to alternative routes of venous outflow that can become
macroscopically evident as peritumoural collateral vessels with CT and MRI imaging (Figure 1). The
presence of collateral vessels adjacent to RCC is considered a sign of locally advanced disease (i.e., pT
stage > T3a)[20]. However, these vessels can also be present in early stages of RCC.

The direct comparison of SMM in clear cell RCC (ccRCC) patients with and without peritumoural
collateral vessels has not been performed to date. Evaluating the relationship between peritumoural
collateral vessels in ccRCC patients and reductions of SMM would be of clinical interest for prognostic
implications. We hypothesised that ccRCC patients would have a decreased cross-sectional total
abdominal muscle area (TAMA) and peritumoural collateral vessels as a metabolic systemic
consequence of locally advanced disease. To address this question, we evaluated SMM in male ccRCC
patients with and without peritumoural collateral vessels using a CT imaging-based approach.
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Figure 1 Axial computed tomography image shows the presence of clear cell renal cell carcinoma collateral vessels with the typical
tortuous course located in the retroperitoneal space (arrow).
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MATERIALS AND METHODS

This observational retrospective study was conducted in accordance with the Declaration of Helsinki.
CT images and data from ccRCC patients with and without peritumoural collateral vessels were
downloaded from the Cancer Imaging Archive (TCIA)[21-23]. This data collection received approval
from our Institutional Review Board. The subsequent analysis contained publicly available and
anonymised data which did not require further review due to previous protections implemented by
TCIA. All enrolled subjects signed a written informed consent agreement.

A total of 267 patients with a histologically proven diagnosis of ccRCC were evaluated and selected
by examining medical histories and CT images. The exclusion criteria for this study were: Female
patients, patients with non-Caucasian ethnicity, patients who had undergone MRI examination only,
patients who had undergone chest CT only, heminephrectomised and nephrectomised patients, patients
with previous renal ablation, cirrhotic patients with collateral vessels, and patients with a congenital
solitary kidney. The selected ccRCC patients were divided into two groups: Absence and presence of
collateral vessels (ccRCCa and ccRCCp, respectively).

CT analysis

All ccRCC patients underwent CT examination. Horos v.4.0.0 RC2 software was used for acquisition of
TAMA measurements with a semi-automatic function that allowed identification of SM tissue
attenuation values (i.e., range 10-40 Hounsfield units)[16]. TAMA (cm? was defined as the sum of the
areas of the abdominal muscles visible on an axial image located 3 cm above the lower margin of L3
[16]. This area was measured by selecting a region of interest (ROI) on the following muscles: The rectus
abdominis, transversus abdominis, external oblique, quadratus lumborum, iliocostalis lumborum,
longissimus thoracis, spinalis thoracis, and psoas major[13]. All ROIs were independently drawn by two
radiologists (F.G., 5 years of experience; C.A.M., 9 years of experience) who were blinded to the clinical
data. The mean of the two measurements was utilised as the value for each subject.

Statistical analysis

Data distribution normality was assessed by the Shapiro-Wilk test. Comparison of TAMA between the
ccRCCa and ccRCCp groups was performed using the Student’s t-test. To rule out age-related effects,
TAMA values were corrected by dividing individual values of TAMA by the age of each subject. Sub-
analyses for TAMA assessment were performed by Student’s ¢-tests between ccRCC patients with low
(I/1I) or high (III/IV) Fuhrman grade and between patients that were alive or deceased at the time of
data collection. To evaluate the reliability of measurements by the two radiologists, the intraclass
correlation coefficient for the TAMA measurements was calculated using Cronbach’s alpha (also known
as coefficient alpha). Finally, Kaplan-Meier curves were included to assess survival of the ccRCCa and
ccRCCp groups. The threshold of statistical significance was established at P < 0.05.
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RESULTS

A total of 124 male Caucasian ccRCC patients were selected according to the exclusion criteria. The two
groups were composed as follows: ccRCCa (n = 54; mean age: 57, range: 26-83) and ccRCCp (n = 70;
mean age: 59.8, range: 34-84). The staging of ccRCCa group patients were as follows: 1 TINOMO, 8
T1aNOMO, 21 T1aNxMO0, 6 TIbNOMO, 7 T1IbNxMO, 1 T1IbNxM1, 3 T2NOMO, 1 T2NxMO0, 2 T3aNOMO, 2
T3aNOM1, 1 T3bNOMO, and 1 T3bNxMO. The staging of ccRCCp group patients were as follows: 10
T1aNxMO0, 1 T1aNxMO0, 1 T1aN1MO, 2 T1IbNOMO, 8 TIbNxMO, 5 T2NOMO, 1 T2NOM1, 4 T2NxMO, 2
T2aNxMO0, 1 T2bNOMO, 9 T3aNOMO, 1 T3aNOM1, 5 T3aNxM0, 1 T3aNOM1, 8 T3aNxM1, 1 T3aN1M1, 3
T3bNOMO, 4 T3bNxMO, 1 T3bNxM1, 1 T4ANXxMO, and 1 T4AN1MI.

Only three (2.41%) of 124 patients had renal vein thrombosis and these three were included in the
ccRCCp group (4.28% of ccRCCp patients). No patients had segmental renal vein thrombosis. All
patients of the ccRCCp group (n = 70; 100%) showed an exophytic growth pattern. In addition, 31.42%
of ccRCCp patients had T1 stage (n = 22), 18.57% T2 (n =13), 47.14% T3 (n = 33), and 2.85% T4 (n =2). A
total of 28 patients had a history of previous malignancy and 11 patients received a neoadjuvant
treatment.

No significant difference was detected in the ages of the two groups (P = 0.21). A statistically
significant difference between the ccRCCa and ccRCCp groups was obtained for TAMA (P < 0.05).
These results are summarised in Table 1 and represented in Figure 2. Examples of CT cases showing the
observed effect are shown in Figure 3. Statistically significant differences between the ccRCCa and
ccRCCp groups were confirmed after TAMA values were corrected for age (P < 0.05) (Table 1).

No statistically significant differences (P = 0.66) were found between ccRCC patients with low (n = 44;
1 grade I and 43 grade II) and high (n = 80; 61 grade IIl and 19 grade IV) Fuhrman grades. These results
are summarised in Table 2. Patients who were deceased (n = 33) at the time of data collection
demonstrated a statistically significant reduction (P < 0.001) of TAMA in comparison to those that were
still alive (n = 90) (Table 3). Cronbach’s alpha of the two tracers was 0.913, indicating excellent
reliability. No significant differences in survival between the two groups (available data for 54 of 54
ccRCCa patients and 69 of 70 ccRCCp patients) were found based on the Kaplan-Meier method (log-
rank test: Z = 1.88, P = 0.06) (Figure 4).

DISCUSSION

This study showed a significant decrease of SMM in the ccRCCp patient group compared to the ccRCCa
group. Although SMM is expected to decrease with age, we did not find a significant difference between
the ccRCCa and ¢ccRCCp groups in terms of age. This finding was supported by analysis of age-
corrected TAMA values. Since differences in SMM can segregate according to gender and ethnicity, only
male Caucasian patients were included in the present study to eliminate these potentially confounding
factors[24,25].

It has been hypothesised that contraction of myofibres can affect metabolism by triggering the release
of humoral/exercise factors from SM which signal for an increase in glucose demand from distant
organs[26]. The concept of humoral factors has been progressively developed since cytokine interleukin
6 (IL-6) was found to increase in response to physical exercise causing both autocrine and endocrine
effects[27,28].

The cytokines and other peptides produced, expressed, and secreted by SM are called myokines. This
term, suggested by Pederson et al[29], derives from the Greek words for "muscle" and "motion" and
refers to such molecules that exert an endocrine effect on the human body. The physiological
consequences of autocrine and paracrine action of myokines includes regulation of muscle growth and
lipid metabolism. For example, the myokines produced during exercise, including IL-6, IL-7, IL-15,
irisin, and leukaemia inhibitory factor, determine muscle growth by stimulating protein synthesis and
hypertrophy. Conversely, myostatin, a member of the transforming growth factor B (TGF-p)
superfamily, causes muscle atrophy[30,31]. Activin A, another member of TGF-p superfamily,
reproduces the same action of myostatin on SM[30]. Increased blood levels of activin A is known to
reduce muscle strength and has been positively correlated with cachexia in cancer patients[32].

Factors that can distort tumour extension such as peritumoural inflammation or the presence of a
secondary pseudocapsule can reduce the effectiveness of CT in distinguishing T1 and T2 stages from
T3a[19,33]. Incorrect staging, in fact, was detected in 27 of 94 tumours in a study of RCC patients using
cross-sectional imaging[19]. Peritumoural collateral vessels in RCC patients showed a specificity of 94%
and positive predictive value of 88% in staging of locally advance disease by cross-sectional CT imaging
[19].

In our study, 100% of the patients from the ccRCCp group exhibited an exophytic growth pattern.
This novel finding suggests a link between peritumour collateral vessels and the RCC growth pattern.
Body composition imaging has gained an important role in the assessment of oncological risk,
pathogenesis, and development of RCC[14-17]. CT imaging features of the tumour can also provide
indications about the patient's body composition. In the present study, the peritumoural collateral
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Table 1 Total abdominal muscle area and total abdominal muscle area corrected for age in the two groups

TAMA (cm?) TAMA_C (cm?)
ccRCCa group (mean, range, and SD) 164.02 (91, 233.5 + 31.86) 3.08 (1.29, 5.83 + 1.06)
ccRCCp group (mean, range, and standard deviation) 150.91 (76.3, 218.3 + 30.34) 2.67 (1,4.67 +0.91)
P 0.02 0.02

TAMA: Total abdominal muscle area; TAMA_C: Total abdominal muscle area corrected for age; ccRCC: Clear cell renal cell carcinoma.

Table 2 Total abdominal muscle area of clear cell renal cell carcinoma patients with low Fuhrman grade (/1) and high Fuhrman grade

(nav)

TAMA (cm?)

ccRCC patients with low fuhrman grade (I/II) (mean, range, and standard deviation) 158.27 (83.2-233.5), 35.41
ccRCC patients with high Fuhrman grade (III/IV) (mean, range, and standard deviation) 155.71 (76.3-219.2), 29.44
P 0.66
TAMA: Total abdominal muscle area; ccRCC: Clear cell renal cell carcinoma.

Table 3 Total abdominal muscle area of alive and dead clear cell renal cell carcinoma patients

TAMA (cm?)

Alive ccRCC patients 162.02

(mean, range, and standard deviation) 91,233.5 +28.42

Dead ccRCC patients 150.91

(mean, range, and standard deviation) 76.3,219.2 +34.84

P 0.0008

TAMA: Total abdominal muscle area; ccRCC: Clear cell renal cell carcinoma.

180 Total abdominal muscle area (cm?)

175
P <0.05

170
165
160
155
150
145

140 ccRCCa ccRCCp
DOI: 10.4329/wjr.v14.i4.82 Copyright © The Author(s) 2022.

Figure 2 Bar chart with error bars showing a significant difference in mean values of total abdominal muscle area between the two
groups. ccRCC: Clear cell renal cell carcinoma.

vessels adjacent to the ccRCC was associated with a reduction of SMM, a possible sign of sarcopenia.
Most likely, in ccRCCp patients, locally advanced disease determines muscle trophism loss as compared
to ccRCCa patients. The progressive SMM reduction assessed by CT could be considered a sign of
sarcopenia, and therefore of cancer cachexia, with potential prognostic implication for patients. Indeed,
deceased ccRCC patients demonstrated a statistically significant reduction of TAMA relative to live
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Figure 3 Axial computed tomography images with maximum intensity projection reconstruction of an 84-year-old male clear cell renal
cell carcinoma patient without collateral vessels and an 82-year-old male clear cell renal cell carcinoma patient with collateral vessels.
These images show skeletal muscle masses (SMMs) and tumors in a clear cell renal cell carcinoma patient without collateral vessels (ccRCCa) (A) and a clear cell
renal cell carcinoma patient with collateral vessels (ccRCCp) (B) (orange and dark orange arrows in A and B, respectively), as well as collateral vessels adjacent to
the tumor in the ccRCCp patient (light blue arrows in B) and nodal metastasis infiltrating the ureter (yellow arrows in B). Please note the decrease of SMM clearly
evident in the ccRCCp patient (B) compared to the ccRCCa patient (A).

100% —

50% —

DOI: 10.4329/wjr.v14.i4.82 Copyright © The Author(s) 2022.

Figure 4 Kaplan-Meier curves showing no statistically significant difference of survival between the two groups (ccRCCa group is
depicted as blue curve and ccRCCb group is depicted as red curve).
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patients, suggesting a link between sarcopenia and survival in our sample. However, Kaplan-Maier
curves showed a difference just above the statistical threshold between the ccRCCa and ccRCCp patient
groups.

The results of this study are supported by recent evidence showing a significant reduction of
subcutaneous adipose tissue in ccRCC patients with peritumoural collateral vessels[17]. The limitations
of this study include the retrospective study design which did not allow us to assess detailed clinical
and anamnestic data including occupation, BMI, hormone blood levels, disease-free survival, timing of
CT imaging, performing status, therapies, and CT follow-up after treatment. For instance, testosterone
deficiency is known to be associated with an increase in proinflammatory cytokines. Inclusion of
hormonal data, such as testosterone levels, could help better understand the cytokine cascade that is
associated with pathogenesis and changes in body composition[34,35]. Similarly, CT follow-up after
treatment (e.g., surgery or chemotherapy/targeted immunotherapy) would have been helpful to
understand changes in the sarcopenia index and the relationship with peritumoural collateral vessels
after treatment. The vendor, model, and acquisition parameters (such as slice thickness) of the CT
imaging used in this study were also unavailable. Images from the open-source TCIA were often
acquired heterogeneously at multiple centres as part of clinical routine. A larger sample size would have
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strengthened our multivariate assessment of whether collateral vessels are an independent predictor of
sarcopenia as well as the potential impact of other variables such as staging[36-38].

Further studies are needed to evaluate sarcopenia index changes after treatment to add robustness to
the role of peritumoural collateral vessels as a prognostic biomarker for ccRCC patients. Such studies
should consider abdominal circumference and patients” occupation, which is a factor that can influence
SMM (for example, people who are engaged in heavy physical labour would be expected to have
significantly more muscle mass compared to office workers)[39]. Finally, SMM content of other
subtypes of kidney cancer (e.g., chromophobe and papillary) or other categories of cancer patients
should be evaluated to assess the impact of SMM trophism on a patient's health status and prognosis.

CONCLUSION

This study showed a reduction of SMM in ccRCC patients with peritumoural collateral vessels. The
presence of peritumoural collateral vessels adjacent to ccRCC is a good candidate biomarker for
sarcopenia and therefore of cancer cachexia.

ARTICLE HIGHLIGHTS

Research background

Sarcopenia is the loss of skeletal muscle mass (SMM) and is part of cancer cachexia in which there is a
decrease of adipose tissue and SM. Peritumoral collateral vessels adjacent to renal cell carcinoma (RCC)
are indicative of locally advanced disease.

Research motivation
Metabolic systemic consequence related to a locally advanced disease might be linked to a decrease of
SSM in clear cell RCC (ccRCC) patients with peritumoral collateral vessels, possibly providing clinically
relevant information.

Research objectives

The aim of this study was to evaluate the amount of SMM in male ccRCC patients with and without
peritumoral collateral vessels, in order to understand a possible relationship between sarcopenia and
collateral vessels.

Research methods

In this study, we included a total of 124 male Caucasian patients divided into two groups: ccRCCa (n =
54) and ccRCCp (n = 70) groups, respectively, without and with collateral vessels. Computed
tomography imaging-based approach was used for total abdominal muscle area (TAMA) mea-
surements.

Research results
There was a statistically significant difference between the two groups for TAMA (P < 0.05).

Research conclusions
This study showed a reduction of TAMA in male ccRCC patients with peritumoral collateral vessels.

Research perspectives
Further studies, on larger sample size and with longitudinal data, will shed light on collateral vessels
adjacent to RCC as a possible biomarker of cachexia and sarcopenia.
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Abstract

BACKGROUND

The resulting tissue hypoxia and increased inflammation secondary to severe
coronavirus disease 2019 (COVID-19) combined with viral load, and other
baseline risk factors contribute to an increased risk of severe sepsis or co-existed
septic condition exaggeration.

AIM

To describe the clinical, radiological, and laboratory characteristics of a small
cohort of patients infected by severe acute respiratory syndrome coronavirus 2
who underwent percutaneous drainage for septic complications and their post-
procedural outcomes.

METHODS

This retrospective study consisted of 11 patients who were confirmed to have
COVID-19 by RT-PCR test and required drain placement for septic complications.
The mean age = SD of the patients was 48.5 + 14 years (range 30-72 years). Three
patients underwent cholecystostomy for acute acalculous cholecystitis.
Percutaneous drainage was performed in seven patients; two peripancreatic
collections; two infected leaks after hepatic resection; one recurrent hepatic
abscess, one psoas abscess and one lumbar abscess. One patient underwent a
percutaneous nephrostomy for acute pyelonephritis.

RESULTS
Technical success was achieved in 100% of patients, while clinical success was
achieved in 4 out of 11 patients (36.3%). Six patients (54.5%) died despite proper
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percutaneous drainage and adequate antibiotic coverage. One patient (9%) needed operative
intervention. Two patients (18.2%) had two drainage procedures to drain multiple fluid
collections. Two patients (18.2%) had repeat drainage procedures due to recurrent fluid collections.
The average volume of the drained fluid immediately after tube insertion was 85 mL. Follow-up
scans show a reduction of the retained content and associated inflammatory changes after tube
insertion in all patients. There was no significant statistical difference (P = 0.6 and 0.4) between the
mean of WBCs and neutrophils count before drainage and seven days after drainage. The
lymphocyte count shows significant increased seven days after drainage (P = 0.03).

CONCLUSION
In this study, patients having septic complications associated with COVID-19 showed relatively
poor clinical outcomes despite technically successful percutaneous drainage.

Key Words: COVID-19; SARS-CoV-2; Coronavirus; Sepsis; Drainage; Abscess

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This article highlights the relationship between coronavirus disease 2019 (COVID-19) and
sepsis. COVID-19 is associated with high risk of severe sepsis or exaggeration of co-existed septic
condition. Percutaneous drainage of septic complications co-existed with COVID-19 associated with
relatively poor clinical outcomes despite technically successful procedures.

Citation: Deif MA, Mounir AM, Abo-Hedibah SA, Abdel Khalek AM, Elmokadem AH. Outcome of percutaneous
drainage for septic complications coexisted with COVID-19. World J Radiol 2022; 14(4): 91-103

URL: https://www.wjgnet.com/1949-8470/full/v14/i4/91.htm

DOI: https://dx.doi.org/10.4329/wjr.v14.i4.91

INTRODUCTION

Sepsis is defined as a life-threatening organ dysfunction that happens due to dysregulated host response
to an infection[1]. In the bacterial type of sepsis, which is the most frequent etiology, early and rapid
therapy by the appropriate antibiotic is essential to reduce the incidence of complications and mortality
rates. Most patients infected by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) present
no severe symptomatology, but almost 5% of patients show severe lung injury or even multiple organ
dysfunction syndrome, with mortality at the ICUs between 8% and 38% depending on the country[2,3].
Patients admitted to ICU showed a dysregulated host response in the form of hyperinflammation,
changes in the coagulation profile, and dysregulation in the immune response[4], similar to what
happens in bacterial sepsis[5,6]. The body’s adaptive protection mechanism is formed by a moderate
inflammatory response and immune suppression, and if any of them become excessive or uncontrolled,
this protective compensation will transform into destructive and decompensated status, then sepsis
develops[7-9]. Accordingly, most deaths in critically ill coronavirus disease 2019 (COVID-19) patients
are caused by sepsis[10,11].

Hematological examinations for COVID-19 patients show elevated cytokines, C-reactive protein
(CRP), abnormal liver and myocardial enzymes decreased lymphocytes, declined platelets, and
increased D-dimmer[12]. These findings are similar to sepsis caused by bacterial infections. So, severe
COVID-19 could be a sepsis-induced by viral infection causing severe systemic inflammatory response
(so-called inflammatory storm)[13,14]. Inflammatory storms are not unique to COVID-19 but also
happen in other respiratory viral infections that mimic COVID-19[15,16], such as influenza, SARS, avian
influenza, swine flu, and MERS[17-19]. Additionally, specimen cultures in about 80% of COVID-19
patients with septic complications show no bacterial or fungal infection, and the viral infection seems to
be the only cause for sepsis[20,21]. Accordingly, sepsis is expected to be responsible for worsening the
clinical conditions of these critically ill COVID-19 patients. Our objective was to describe the clinical,
radiological, and laboratory characteristics of a small cohort of patients infected by SARS-CoV-2 who
underwent percutaneous drainage and their post-procedural outcomes. We hypothesized that septic
complication associated with severe COVID-19 has a poor outcome despite adequate percutaneous
drainage and antibiotic therapy.
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MATERIALS AND METHODS

Patient selection

A local institutional review board approved this retrospective study, and waivers of consent of medical
record review were received. COVID-19 patients who underwent image-guided percutaneous drainage
for suspected septic complications were identified. Patient demographics and clinical and radiological
reports were obtained through electronic medical records and picture archiving and communication
system (PACS). The severity of the pulmonary parenchymal involvement and distribution of the
pulmonary lesions secondary to COVID-19 was assessed by chest X-ray in 4 patients and chest CT in 7
patients. Flow chart of the study is shown in Figure 1.

Patients demographics

Eleven patients (10 males and 1 female) who were confirmed to have COVID-19 by RT-PCR test
required drain placement for septic complications. The mean age + SD of the patients was 48.5 + 14
years (range 30-72 years). Three patients underwent cholecystostomy for acute acalculous cholecystitis
(Figure 2). Percutaneous drainage was performed in seven patients; two peripancreatic collections
(Figure 3); two infected bile leaks in hepatic donor and after resection of hepatic hemangioma; one
recurrent hepatic abscess after eight days of surgical evacuation (Figure 4), one psoas abscess (Figure 5)

and one lumbar abscess. One patient underwent percutaneous nephrostomy for acute pyelonephritis
(Figure 6).

Study outcomes

The primary outcome measures were technical and clinical success. The technical success was achieved
by completion of the procedure without procedural complications, while the definition of clinical
success was the resolution of symptoms without the subsequent need for operative drainage or patient
mortality secondary to related sepsis. Secondary outcomes included the amount of drained fluid,
microbial analysis of drained fluid, the period of tube drainage, and changes in laboratory findings
before and after drainage.

Percutaneous drainage procedures
Septic complications were diagnosed by ultrasonography, computed tomography, or magnetic
resonance imaging. Two interventional radiologists at two institutions with 10 and 13 years of
experience performed all percutaneous drainage procedures. All procedures were done after adminis-
tration of local anesthesia. Percutaneous access into the collections, inflamed gall bladder, or kidney was
achieved under sonographic guidance with an 18- or 21-gauge needle. Using the Seldinger technique
and micro-puncture set, following serial dilatations, a drainage catheter was placed. The drainage
catheters used ranged from 8-French to 10-French. In all cases, no immediate complications were noted.
Antibiotic therapy was started once the symptoms of septic complications presented on the patients.
The antibiotics regimen was readjusted according to the drained fluid culture results. The drained fluid
for each patient was analyzed regarding its character and maximum possible volume when the tubes
were initially placed. Then a fluid sample was sent for bacterial culture and gram stain evaluation.
Patients were observed for any major complications requiring surgical intervention till the last date of
follow-up.

Statistical analysis

Data were analyzed with SPSS® V. 21 (IBM Corp., New York, NY, United States; formerly SPSS Inc.,
Chicago, IL, United States). The normality of data was first tested with the Shapiro test. Qualitative data
were described using numbers and percentages. Continuous variables were presented as mean * SD for
parametric data and median (range) for non-parametric data. Finally, the laboratory findings were
compared with Wilcoxon test.

RESULTS

Fever and abdominal pain were the most common presenting symptoms, and acute kidney injury (AKI)
was the most frequent comorbidity. Technical success was achieved in 100% of patients, while clinical
success was achieved only in 4 of 11 patients (36.4%). Despite percutaneous drainage, one patient (9%)
needed exploratory laparotomy five days after drainage that revealed perforated sigmoid colon, which
was managed by resection followed by patient improvement and discharge after 18 d. Six other patients
(54.5%) died within a month after proper percutaneous drainage and adequate antibiotic coverage, all of
them were admitted to ICU and put under mechanical ventilation. The cause of death was overlapped
between COVID-19 related respiratory failure and sepsis. One patient needed cystogasterostomy for
peripancreatic collection after 21 d of tube insertion. Two patients (18.2%) had two drainage procedures
to drain multiple fluid collections. Two patients (18.2%) had recurrent fluid collections and repeated
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Figure 1 Flow chart of the study.

DOI: 10.4329/wjr.v14.i4.91 Copyright © The Author(s) 2022.

Figure 2 Cholecystostomy in a 72-yr-old male presented by acute cholecystitis. A: Frontal chest X-ray shows opacities involving both lungs with
central predominance; B and C: B-mode ultrasound images show distended thick-walled gall bladder with biliary dilatation; D: B-mode ultrasound image show
puncture needle through the gall bladder; E: B-mode ultrasound image tube inside the gall bladder; F: B-mode ultrasound image of the gall bladder after drainage.

percutaneous drainage procedures. The average volume of the drained fluid immediately after tube
insertion was 85 mL. The average duration of drainage was 16 d. Follow-up scans showed a reduction of
the retained content and associated inflammatory changes after tube insertion in all patients. Patient
demographics, comorbidities, and outcomes are listed in Table 1.

The nature of drained fluid was reported in all cases. The fluid was reported as “dark green” or “pus”
in cholecystostomy cases, “serosanguinous” and “infected bile” in complicated hepatic resection cases,
“brownish” in the peripancreatic collection, “clotted blood” in the hepatic abscess, and “pus” in the

Guiewidege WIR | https://www.wijgnet.com 94 April 28,2022 | Volume14 | Issued |
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. Age ; - q
Cause of sepsis Procedures (y?) Sex  Presentation Co-morbidities Ventilator Tracheostomy Outcome
Patient Acute Cholecystostomy 72 ~ Male  Fever IHD. AKI 40 d before 20 d before Died 8 d post
1 cholecystitis drain drain drain
Patient Cholangitisand ~ Cholecystostomy 61 Male  Fever Jaundice. AKI (on 1dbefore 12d postdrain Died 16 d post
2 cholecystitis dialysis) drain drain
Patient Acute Cholecystostomy 55 Male  Abdominal DM No No Discharged 4 d
3 cholecystitis pain post drain.
Patient Post-operative U/S guided drain 48  Female Fever DM. Septic shock  10d post ~ No Died 12 d post
4 biliary leakage drain drain
resection of
hemangioma
Patient Post-operative U/S guided drain 30 Male  Fever No No No Discharged 18 d
5 biliary leakage post drain
after liver
resection for
transplant
Patient Acute pancreatitis CT-guided drain 43 Male  Abdominal HTN. Hyperlip- 27 d post  No Died 28 d post
6 and EUS cystogast- pain idemia drain drain
rostomy
Patient Acute pancreatitis U/S guided drain 41 Male  Abdominal GB stones. Biliary No No Discharged 10 d
7 pain obst. AKI post drain
Patient Recurrent hepatic U/S guided drain 63 ~ Male = Abdominal DM. AKI 1dbefore 1 dbeforedrain Died 19 d post
8 abscess after (2 tubes) pain drain drain
surgical
evacuation
Patient Right ilio-psoas CT-guided drain 60 Male  Abdominal HTN. DM, AKI 3 dbefore 7dpostdrain  Died 13 d post
9 and perivetebral  then tube upsizing pain drain drain
abscesses
Patient Left lumbar CT-guided 31 Male  Abdominal Crohn'’s disease. ~ No No Clinical failure
10 region abscess drainage. Sigmoid pain and Achalasia. GJ. after 18 d
and unhealthy resection distension Esophageal followed by
sigmoid colon dilatation another tube
insertion and
sigmoid
resection.
Discharged 48 d
Patient Right Rt PCN 30 Male  Abdominal Right No No Discharged 9 d
11 pyelonephritis pain hemicolectomy post drain.
Recurrence after
39dand
managed by tube
exchange

U/S: Ultrasonography; EUS: Endoscopic ultrasound; PCN: Percutaneous nephrostomy; IHD: Ischemic heart disease; AKI: Acute kidney injury; DM:

Diabetes mellitus; HTN: Hypertension; GB: Gall bladder; GJ: Gastrojejunostomy.
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other collections. After all procedures, samples from drained fluid samples were sent for microbial
analysis. Peripheral blood culture was performed for 9 out of 11 patients. In three cases (27.3%), fluid
culture results were negative for bacterial growth; however, in one of them, the peripheral blood culture
was positive for Klebsiella pneumonia. Eight cases (72.7%) were found to have positive fluid culture,
with Escherichia coli being the most common isolated pathogen followed by Klebsiella pneumonia.

Only three patients had imaging features of severe pulmonary parenchymal disease attributed to
COVID-19 at drainage tome, nevertheless three other patients were admitted to ICU and put under
ventilator due to progression of respiratory symptoms. The parenchymal lesions were ground-glass
opacities and consolidations with the basal and peripheral predominant distribution. In addition,
pleural effusion was reported in three patients. The median time between confirmed diagnosis of
COVID-19 by RT-PCR test and drainage of septic complications (time to drainage) was 8 d (range 0 d to
48 d). Table 2 shows data of drainage procedure, drained fluid, outcome, and chest imaging.

The mean WBCs and neutrophil counts show reduction 1 d and 7 d after drainage however there was
no significant statistical difference (P = 0.6) between the mean of WBCs count before drainage (15.4 x 10°
/L) and seven days after drainage (12.1 x 10°/L) and between the mean count of neutrophil (P = 0.4)
before drainage (82.8 x 10°/L) and seven days after drainage (70.9 x 10°/L). The lymphocyte count
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Table 2 Data of drainage procedure, drained fluid, and chest imaging

Culture Time
. CoviD- . between
: g Drained Chest Lesion
IR procedure  Drain Guide Puncture _ . Peripheral . _ - 19 . PCR test
fluid Drain imaging ., distribution
blood severity and
drainage
Patient Cholecystostomy 1 (8 u/s 18G Dark -ve MDR ( X-ray Severe Bilateral consol- 48 d
1 Fr) needle green Klebsiella) idation
Patient Cholecystostomy 1 (8 u/s 18G Dark E.coli and -ve CT Mild Bilateral basal ~ 3d
2 Fr) needle green Kilebsiella GGO with
pneumoniae minimal
effusion
Patient Cholecystostomy 1 (8 u/s 18G Pus P. aeruginoa.  -ve X-ray Normal  Normal 5d
8 Fr) needle MRSA. E.coli
Patient Percutaneous 1(10 U/s 18G Infected  E.coli -ve CT Sever Bilateral consol- 8 d
4 drainage Fr) needle bile idation with
mild effusion
Patient Percutaneous 18 u/s 18G Sero- -ve -ve CT Mild Mild right 3d
5 drainage Fr) needle sanginous pleural effusion
Patient Percutaneous 1(10 CT 21G Brownish  E.coli and -ve CT Mild Left minimal 17d
6 drainage Fr) needle Kiebsiella effusion and
pneumoniae basal GGO
Patient Percutaneous 18 CT 18G Brownish  E.coli -ve CT Mild Bilateral basal ~ 2d
7 drainage Fr) needle GGO
Patient Percutaneous 2(8 u/s 18G Clotted -ve -ve X-ray Normal  Mild rightside 9d
8 drainage Fr) needle blood pleural effusion
Patient Percutaneous 110 CT 21G Pus MRSA and -ve CT Severe Bilateral GGO  15d
9 drainage Fr).1 and needle staph aureus and consolid-
(8Fr) US ations
Patient Percutaneous 2(8 CT 21G Pus E.coli and NA CT Mild Right side GGO 0d
10 drainage Fr) needle Ent. Foecalis
Patient Right PCN 2(8 u/s 21G Pus Kilebsiella -ve X-ray Normal  Normal 12d
11 Fr) and needle pneumoniae
fluoro

CT: Computed tomography; U/S: Ultrasonography; GGO: Ground-glass opacity; NA: Not available.
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shows significant increased seven days after drainage (P = 0.03). Five patients had AKI manifested by
elevation of the serum creatinine and urea levels. Total bilirubin level was elevated in eight patients and
showed no significant reduction after drainage (P = 0.2). The CRP values were not significantly different
(P = 0.06) before (182.0 mg/dL) and one week after tube insertion (133.0 mg/dL). Other inflammatory
markers as D-dimer, procalcitonin and LDH were elevated in all patients before drainage and showed
variable degree of non-statistically reduction and increase after drainage. The laboratory findings are
listed in Table 3.

DISCUSSION

This study presents the clinical, radiological, and laboratory data for patients who underwent
percutaneous drainage to manage septic complications associated with COVID-19 infection. The main
finding is that patients with suspected septic complications associated with COVID-19 show relatively
poor outcomes with 36.4% clinical success of percutaneous drainage despite 100% technical success.
This finding was confirmed by the insignificant difference between the inflammatory markers before
and after tube drainage insertion. Severe sepsis related to COVID-19 viral infection may be related to a
decrease in mitochondrial efficiency and dysfunction of the respiratory chain[22,23]. In addition,
autopsies have confirmed hyperinflammatory state with organ fibrosis, especially in high metabolic
cells with high mitochondrial volume such as pneumocytes, endothelial cells, hepatocytes, and renal
cells[24]. The resulting tissue hypoxia and increased inflammation, viral load, and other baseline risk
factors contribute to an increased risk of severe sepsis or co-existed septic condition exaggeration.
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Table 3 Median (inter-quartile range) for laboratory findings before drainage, 1 d and 7 d after drainage

Pre drain D1 D7 P value
WBCs x 10°/L 15.4 (12.50-17.40) 18.8 (10.6-22.1) 121 (10.3-21.8) 0.656
Neutrophil x 10°/L 82.8 (72.3-91.8) 86.6 (70.4-94.2) 70.9 (60.9-92.3) 0.091
Lymphocyte x 10°/L 6.8 (3.7-9.9) 7.10 (2.8-11.2) 10.9 (2.9-19.2) 0.032°
CRP (mg/L) 182.0 (91.0-368.0) 166.0 (32.0-80.0) 133.0 (26.0-170.0) 0.061
Creatinine (umol/L) 122.0 (70.0-353.0) 109.0 (54.0-426.0) 97.0 (56.0-364.0) 0.789
Urea (mmol/L) 9.2 (5.8-19.7) 8.6 (3.6-22.4) 9.1 (2.8-28.2) 0.574
Bilirubin (pmol/L) 19.1 (15.0-28.4) 14.4 (29.9-12.4) 155 (12.5-21.8) 0.247
D-Dimer (ng/mL) 1441.0 (620.0-3340.0) 1363.0 (460.0-2780.0) 1413.0 (380.0-3560.0) 0373
Procalcitonin (ng/mL) 15 (1.1-3.0) 1.87 (0.85-3.56) 1.5800 (0.31-3.11) 0.398
LDH (IU/L) 359.0 (194.0-750.0) 397.0 (155.0-768.0) 438.0 (144.0-798.0) 0.929

P < 0.05.
CRP: C-reactive protein; WBC: White blood cell; LDH: Lactate dehydrogenase.

DOI: 10.4329/wjr.v14.i4.91 Copyright © The Author(s) 2022.

Figure 3 Percutaneous drainage of peripancreatic collection in a 43-yr-old male presented by acute pancreatitis. A and B: Axial and sagittal
contrast enhanced computed tomography (CT) images show large peripancreatic collection/walled-off necrosis. The collection is mixed with pockets of gas inside and
there is extension of the gas density into the retroperitoneal and perisplenic spaces; C and D: Axial and sagittal contrast enhanced CT images 22 d after tube
insertion show reduction of the collection size with increased amount of gas within the collection.

This study included different types of septic complications as acute acalculous cholecystitis, acute
pancreatitis, post-operative infection, abscesses in different locations, and acute pyelonephritis. Several
reports described acute acalculous cholecystitis in COVID-19 patients[25-30] and raised the possibility of
underlying dysregulated immune response or presence of viral RNA within the gall bladder wall as a
culprit factor[28-30]. Percutaneous cholecystostomy for COVID-19 patients is recommended by multi-
society position statement in case of surgical contraindication and after the failure of conservative
therapy with antibiotics[31]. It is generally a preferred non-surgical procedure due to its relative safety,
simplicity of execution, and reduced costs. Mattone et al[25] reported clinical failure of percutaneous
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Figure 4 Percutaneous drainage of hepatic abscess in a 63-yr-old male. A: Coronal contrast enhanced computed tomography (CT) image shows thick-
walled hepatic abscess with dependent high density inside secondary to clotted blood, a rim of perihepatic fluid is also noted; B: Coronal contrast enhanced CT image
6 d after tube insertion show reduction of the abscess size with few foci of gas density.

Figure 5 Percutaneous drainage of right psoas major abscess in a 60-yr-old male. A: Axial chest computed tomography (CT) image in pulmonary
window shows bilateral ground-glass opacities (GGOs) and minimal bilateral pleural effusion; B: Axial chest CT image in pulmonary window 11 d after initial CT
shows bilateral consolidation involving most of the right lung and GGOs in the remaining left lung parenchyma; C: Coronal T2 FAT SAT image shows large multi-
locular psoas major abscess associated with muscular and subcutaneous soft tissue edema; D: Coronal contrast enhanced CT images 8 d after tube insertion show
reduction of the collection size with regression of the associated soft tissue edema.

cholecystostomy after 3-d from tube insertion; the patient was shifted to surgery that revealed
gangrenous cholecystitis. In this study, clinical success was reported only in one of three patients had
cholecystostomy drainage of acute cholecystitis. Contrary to this result, cholecystostomy improved the
clinical status of patients presented by acute acalculous cholecystitis co-existed with COVID-19[26,27];
however, the period of hospitalization was prolonged (25-67 d) compared to the mean hospitalization
period in non-COVID-19 patients (10.5 d)[32].

COVID-19 associated pancreatic injury and acute pancreatitis are thought to be a result of direct
cytopathic effect mediated by local viral replication or indirect mechanism related to either a systemic
response to a harmful immune response or respiratory failure induced by the SARS-CoV-2[33]. COVID-
19 patients with acute pancreatitis are more likely to experience admission to the ICU, peripancreatic
fluid collections, pancreatic necrosis, persistent organ failure, prolonged hospital stay, and higher than
usually reported 30-d mortality[34]. We encountered two cases of pancreatitis in the current study, one
of them died 28 days after drainage.
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Figure 6 Percutaneous nephrostomy in a 30-yr-old male presented with acute pyelonephritis. A and B: Axial and coronal computed tomography
images in excretory phase show characteristic features of acute pyelonephritis in the form of focal hypoenhnacing areas (striated nephrogram) and debris in dilated
renal pelvis; C and D: Frontal fluoroscopic images show puncture needle in the lower calyces and successful insertion of nephrostomy tube.

JBaishideng®

In a meta-analysis performed by Abate et al[35], twenty-three articles with 2947 participants were
included. The meta-analysis showed a very high global rate of postoperative mortality among COVID-
19 patients of 20%. Percutaneous drainage was performed for two patients after complicated hepatic
resection for hemangioma and liver donor, only the second patient survived and was discharged 18
days after drainage. The good outcome in this patient is attributed to the non-inflammatory nature of
the drained fluid, lower inflammatory marker and less severity of COVID-19 as compared to the other
patient.

Hepatic abscesses have been described in association with COVID-19[36,37]. While Garcia Virosta et
al[36] reported clinically successful percutaneous drainage for hepatic abscess and patient discharge
after ten days from tube insertion, Elliot et al[37] reported a rapidly progressive severe acute respiratory
distress syndrome, which was complicated by multiorgan failure and severe sepsis that ended by death
after percutaneous drainage of hepatic abscess in a patient with COVID-19. One patient in this study
presented with a large lumbar region abscess secondary to sigmoid colon perforation as proved by
laparotomy. Bowel perforation secondary to COVID-19 has been attributed to microcirculation
thrombosis[38] or direct insult to the colonic cells by the SARS-CoV-2 itself[39].

There is scanty literature on the association between COVID-19 and acute pyelonephritis. van 't Hof et
al[40] described an unusual course of acute pyelonephritis in a young female with persistent fever and
multiple blood clotting and hemorrhagic events one week after recovery from COVID-19. Similar to our
results, pyelonephritis was managed successfully by percutaneous nephrostomy. More frequently, AKI
is encountered among critically ill patients with COVID-19, affecting approximately 20%-40% of
patients admitted to the hospital and particularly to the ICU[41]. AKI was the most frequent
comorbidity (5/11) in this study. A significantly higher in-hospital death rate for patients with kidney
abnormalities and AKI was reported by a study consisting of 701 SARS-CoV-2 positive patients[42].

COVID-19 requires a multidisciplinary approach to treatment with interventional radiology
procedures that have contributed to worldwide patient care. In a study consisting of 92 patients who
underwent 124 interventional procedures[43] [abscess drainage (12), percutaneous cholecystostomy (8),
and nephrostomy tube (4)], the mortality rate in this study was 16.3 % (15/92). However, there was no
specific data as regards clinical, laboratory, and radiological data of the included patients or correlation
between specific IR procedures and mortality. In this study the poor outcome was related to the
combined burden of severe COVID-19 pneumonia, presence of other co-morbidities and extent of
sepsis.
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This study has several limitations. First, our study cohort is small. Second, this study was
retrospective in nature. Third, our results were not compared to a negative SARS-CoV-2 group with
matched age, complication, and comorbidities; this may have overestimated the poor outcome of
percutaneous drainage in this study group.

CONCLUSION

The current study demonstrates relatively poor clinical outcomes for patients having suspected septic
complications associated with COVID-19 despite technically successful tube drainage and adequate
antibiotic therapy. This study emphasizes the need for a large-scale comparative study on the
relationship between septic complications, COVID-19, and comorbidities that might lead to poor clinical
outcomes and clarifies the necessary precautions for percutaneous drainage in such patients.

ARTICLE HIGHLIGHTS

Research background

The resulting tissue hypoxia and increased inflammation secondary to severe coronavirus disease 2019
(COVID-19) combined with viral load, and other baseline risk factors contribute to an increased risk of
severe sepsis or co-existed septic condition exaggeration.

Research motivation
We performed percutaneous drainage for septic complications of COVID-19 and wanted to report our
experience.

Research objectives

To describe the clinical, radiological, and laboratory characteristics of a small cohort of patients infected
by severe acute respiratory syndrome coronavirus 2 who underwent percutaneous drainage for septic
complications and their post-procedural outcomes.

Research methods

This retrospective study consisted of 11 patients who were confirmed to have COVID-19 by RT-PCR test
and required drain placement for septic complications. The mean age + SD of the patients was 48.5 + 14
years (range 30-72 years). Three patients underwent cholecystostomy for acute acalculous cholecystitis.
Percutaneous drainage was performed in seven patients; two peripancreatic collections; two infected
leaks after hepatic resection; one recurrent hepatic abscess, one psoas abscess and one lumbar abscess.
One patient underwent a percutaneous nephrostomy for acute pyelonephritis.

Research results

Technical success was achieved in 100% of patients, while clinical success was achieved in 4 out of 11
patients (36.3%). Six patients (54.5%) died despite proper percutaneous drainage and adequate antibiotic
coverage. One patient (9%) needed operative intervention. Two patients (18.2%) had two drainage
procedures to drain multiple fluid collections. Two patients (18.2%) had repeat drainage procedures due
to recurrent fluid collections. The average volume of the drained fluid immediately after tube insertion
was 85 mL. Follow-up scans show a reduction of the retained content and associated inflammatory
changes after tube insertion in all patients. There was no significant statistical difference (P = 0.6 and 0.4)
between the mean of WBCs and neutrophils count before drainage and seven days after drainage. The
lymphocyte count shows significant increased seven days after drainage (P = 0.03).

Research conclusions
In this study, patients having septic complications associated with COVID-19 showed relatively poor
clinical outcomes despite technically successful percutaneous drainage.

Research perspectives
Prospective, larger multicentric study is needed to validate our results.
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Abstract

The coronavirus disease 2019 (COVID-19) global pandemic can be a severe illness
that leads to morbidity and mortality. With the increasing number of COVID-19
pneumonia survivors, several long-term changes may persist, including abnormal
imaging of lung parenchyma. In addition to the clinical course, it is vital to follow
up on pulmonary imaging during the post-infectious period, which is not
routinely required in other common pulmonary diagnoses. Computed tomo-
graphy (CT) scan of the chest is an effective and diagnostic tool for pneumonia
which gives an insight into structural abnormalities within the lungs, complic-
ations, and possible progression of the disease. Several studies have monitored
COVID-19 pneumonia and its complications using serial CT chest imaging from
the initial phase of infection, hospitalization, and post-discharge. Nonetheless,
long-term follow-up imaging data in post-COVID-19 is still limited. We have
summarized the findings utilizing a systematic review of the literature regarding
COVID-19 pneumonia imaging, including long-term follow-up.

Key Words: COVID-19; Pneumonia; Computed tomography; Evolution; Progression

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Changes seen in computed tomography imaging related to coronavirus disease
2019 (COVID-19) pneumonia appear to progress and peak around two weeks post-
hospitalization. Overall improvement and complete resolution of COVID-19
pneumonia-related changes imaging can be seen in the majority of the patients with
long-term follow-up. We have summarized the findings utilizing a systematic review of
the literature regarding COVID-19 pneumonia imaging, including long-term follow-up.
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TO THE EDITOR

We read the article titled “Review on radiological evolution of COVID-19 pneumonia using computed
tomography” by Casartelli et al[1] with keen interest. A chest computed tomography (CT) scan can be a
useful diagnostic tool in a high-prevalence or pandemic situation, especially with clinical correlation.
Risk stratification and assessing the progression of disease are also effective uses of CT chest imaging in
coronavirus disease 2019 (COVID-19) patients. Given the global spread of COVID-19 and the magnitude
of both direct and indirect effects of the disease, a CT scan of the chest can help in long-term prognost-
ication in patients who survive.

Multiple studies have concluded that with disease progression, certain initial CT findings in COVID-
19 can evolve with a specific pattern and regularity. COVID-19 pneumonia-related changes seen on CT
chest imaging typically progress rapidly, plateau, and subsequently start to resolve thereafter. Changes
in CT imaging vary widely from six to seventeen days but typically stabilize within the first two weeks
of COVID-19 pneumonia. In the short term, some of the features seem to recur, with scans mostly
showing consolidations and ground-glass opacities (GGO). Besides GGO, chest CT characteristics that
indicate the reparation, including subpleural, linear opacities, and fibrotic changes, were also reported.
A sign termed “fishing net on trees” has also been reported. Some reports have also mentioned
interseptal thickening and fibrous streaks[1,2]. Three weeks post-discharge, GGO and fibrous stripes
have been seen, while after four weeks, mostly linear opacities remained. The “tinted” sign and
bronchovascular bundle distortion have also been mentioned. The bronchovascular bundle distortion
could possibly be a result of inflammatory destruction or subsegmental atelectasis. The latter two signs
mentioned above may signify the gradual resolution of inflammation with re-expansion of alveoli based
on previous reports. This review included reports with follow-up durations of up to four months[1].

In a study conducted by Pan et al[3], two hundred nine patients with COVID-19 infection, who had
been admitted to the hospital, undertook serial chest CT at three, seven, and twelve months. One-year
CT chest follow-up revealed residual linear lesions, multiple areas of reticular opacities/cysts, and
complete resolution in 12%, 13%, and 75%, respectively[3]. In another study conducted by Guan et al[4],
CT results of 69 patients who had COVID-19 infection were assessed in three different phases: Initial
CT, peak CT, and CT prior to discharge. Peak CT in this study was the highest attenuation of the density
without alteration in size during COVID-19 progression or the maximal size of lesion on CT which is the
most common pattern. The intervals were closely correlated to lobe scores and CT appearances; the
higher the lobe score, the longer the intervals. The lobe score was calculated according to the percentage
of the lesion in one lobe with the zero equals to no lesion, one equals more than 0% to less than 25%, two
equals 25% to less than 50%, three equals 50% to less than 75%, and four equals to 75% or more. While
the utilization of lobe score may be beneficial, further studies are necessary to assess its effectiveness on
a larger scale.

The duration of initial interval is inversely correlated with the amount of consolidations, air
bronchograms, and irregular lines[3]. The intervals will be longer if irregular and reticular lines are seen
on the peak CT and pre-discharge CT. After that, COVID-19 pneumonia lesions on the CT chest may
resolve completely, while GGO, irregular and reticular lines may remain[3]. In a similar study
conducted by Chen et al[5], 41 patients were followed with chest CT during the hospital stay and at two
weeks, one month, three months, six months, and one year after discharge. The study concluded that
patients showed continuous improvement on lung CT scans during the 1-year follow-up time; however
residual lesions (GGO and reticular patterns) may still be found, which are associated with lung volume
parameters and risk of developing lung opacities[5]. Liu et al[6] retrospectively evaluated chest CT
follow-ups on 51 patients with COVID-19 performed on the day prior to discharge, two weeks post-
discharge, and four weeks post-discharge. The results of this study indicated that changes seen were
significantly reduced, including density reduction on follow-up scans as compared to the scans done at
the time of discharge.

Unlike the systematic review by Casartelli et al[1], these results showed that 64.7% of discharged
patients progressed to complete resolution of previously seen lung lesions at 4-wk follow-up, indicating
that damaged lung tissue could heal in patients with COVID-19 pneumonia[5]. In another study
conducted by Liu et al[7], 41 patients diagnosed with COVID-19 were followed up after seven months
with chest CT and cardiopulmonary exercise testing. The predominant chest CT patterns at seven
months included parenchymal bands (41%), interlobular septal thickening (32%), and traction
bronchiectasis (29%). Sixty-one percent of the patients achieved complete radiological resolution, while
29% went on to develop pulmonary fibrosis. Those patients who went on to develop fibrotic lung
disease appeared to have an increased risk due to older age and comorbid conditions[7].
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While CT scan of the chest is an effective tool in COVID-19 patients, the side effects to patients of
repeat irradiation need to be kept in mind and the use of low dose CT to follow up these patients can be
considered. In conclusion, CT scans of the chest are an effective diagnostic tool which can provide
insight into the structural pathology of pulmonary disease, its progression, and its association with
long-term effects. Future studies should be utilized to define its utility in determining long-term
progression in patients with COVID-19 pneumonia.
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