L))

Check for
updat

Original Article

Prolonged heterogeneous liver enhancement accompanied by
abdominal symptoms after sonographic contrast agent injection:
a cross-sectional study

Jiajia Tang"’, Xuehua Xi', Shanshan Wang', Guanghan Li', Mai Sun', Bo Zhang’

'Department of Ultrasound, China-Japan Friendship Hospital, Beijing, China; *Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing, China; ‘Department of Ultrasound, China-Japan Friendship Hospital, National Center for Respiratory Medicine, National Clinical

Research Center for Respiratory Diseases, Institute of Respiratory Medicine of Chinese Academy of Medical Sciences, Beijing, China

Contributions: (I) Conception and design: ] Tang, B Zhang; (IT) Administrative support: B Zhang; (IIT) Provision of study materials or patients: X Xi,
S Wang; (IV) Collection and assembly of data: X Xi, G Li, M Sun; (V) Data analysis and interpretation: | Tang; (VI) Manuscript writing: All authors;
(VII) Final approval of manuscript: All authors.

Correspondence to: Bo Zhang. Department of Ultrasound, China-Japan Friendship Hospital, National Center for Respiratory Medicine, National
Clinical Research Center for Respiratory Diseases, Institute of Respiratory Medicine of Chinese Academy of Medical Sciences, No. 2 Yinghua East
Road, Beijing 100029, China. Email: thyroidus@163.com.

Background: To report the occurrence of abdominal symptoms in patients who presented with prolonged
heterogeneous liver enhancement (PHLE) after injecting contrast agent SonoVue®.

Methods: A total of 105 patients who indicated to have contrast-enhanced ultrasound (CEUS)
examinations were consecutively observed. The liver scanning under ultrasound was performed before and
after the contrast agent injection. Patients’ basic information, clinical manifestations, and ultrasound images
under B-mode and CEUS mode were respectively recorded. For patients exhibiting abdominal symptoms,
the occurrence and last time of symptoms were recorded in detail. We subsequently compared the difference
in clinical characteristics between patients with and without the PHLE phenomenon.

Results: In 20 patients with the PHLE phenomenon, 13 showed abdominal symptoms. Eight patients
(61.5%) appeared to have mild defecation sensation, and 5 (38.5%) showed apparent abdominal pain. The
PHLE phenomenon began to appear within 15 minutes to 1.5 hours after the intravenous injection of
SonoVue®. This phenomenon lasted for 30 minutes to 5 hours in ultrasound. Patients with severe abdominal
symptoms showed large-area and diffuse PHLE patterns. Only sparse hyperechoic spots in the liver were
detected in patients with mild discomfort. Abdominal discomfort resolved spontaneously in all patients.
Meanwhile, the PHLE gradually disappeared without any medical treatment. In the PHLE-positive group,
the proportion of patients with a history of gastrointestinal disease was significantly higher (P=0.02).
Conclusions: Patients with the PHLE phenomenon can exhibit abdominal symptoms. We suggest
gastrointestinal disorders may contribute to PHLE, which can be considered a harmless phenomenon that
does not affect the safety profile of SonoVue®.
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Introduction

Contrast-enhanced ultrasound (CEUS) is a widely-used,
safe, and effective imaging technique that visualizes micro-
vascularization using specific contrast agents (1-3). The
contrast agents are lipid-encapsulated microbubbles with
a diameter of about 1-10 pm. SonoVue® (Bracco, Milan,
Italy) is the second-generation ultrasound contrast agent
widely used in clinical practice, which is comprised of
phospholipid-stabilized microbubbles filled with sulfur
hexafluoride (4,5). The contrast agents enter the blood
circulation through intravenous injection to generate
contrast reflections for imaging and can be eliminated
through the lung within 15-20 minutes. Previous studies
have shown that severe adverse event associated with
SonoVue® is rare, reflecting its good safety in clinical
applications (6,7).

Prolonged heterogeneous liver enhancement (PHLE)
is a rare post-contrast manifestation (8). It is characterized
by the appearance of diffuse and unevenly distributed
gas-like hyperechoic staining in the liver parenchyma
under after contrast agent injection. Even increasing the
mechanical index (MI) cannot clear hyperechoic spots.
At present, the reason for the appearance of PHLE still
needs to be determined. Several hypotheses have been put
forward in previous reports, all reasonable but also contain
limitations (1,8-13). Meanwhile, the existing studies are
primarily based on European and Japanese populations,
and no study of Chinese populations has been reported.
Through consecutive observation of the liver performance
after CEUS examinations, we found that patients with
the PHLE phenomenon were accompanied by abdominal
symptoms, which lasted for a short time and could resolve
spontaneously.

This study aimed to summarize the characteristics
of abdominal symptoms in patients who presented with
PHLE in ultrasound. Furthermore, we tried to figure out
clinical factors associated with this unique phenomenon.
We present the following article in accordance with the
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-1035/rc).

Methods
Study participants

This cross-sectional study included all patients indicated
to have CEUS examination from March to May 2022 in
the outpatient clinic of China-Japan Friendship Hospital.
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This study was conducted following the Declaration of
Helsinki (as revised in 2013). The ethics committee of
China-Japan Friendship Hospital approved this study.
The inclusion criteria of this study were all patients who
had confirmed to have CEUS examination. The exclusion
criteria were as follows: (I) age <18 years old; (II) patients
with history of severe allergic reactions; (III) incomplete
data (Figure I). Written informed consent was obtained
from all patients. Before the CEUS examination, we
asked patients for related medical history, including the
history of allergic reactions, gastrointestinal disorders,
and hepatobiliary disease. The patient’s age, gender,
height, weight, examination item, total injection dose of
SonoVue®, and the number of injections were respectively
recorded.

Ultrasound technique and parameters

The following ultrasound techniques were used in this
study: EPIQ Elite (Philips, Netherlands), Resona R9
(Mindray, China), and ACUSON Sequoia (Siemens,
Germany). Conventional B-mode and color Doppler
ultrasound examinations were performed to scan the
organ. All the patients underwent liver scanning in B-mode
ultrasound before CEUS examination. The equipment
parameters for liver scanning were set to abdominal setting
with MI 1.1 to 1.3 both in B-mode and CEUS mode. A
low MI level ranging from 0.06-0.07 was used in CEUS
examination. The focal point at the lesion’s deepest level
or the liver’s deepest level was set to guarantee optimal
conditions for CEUS. Conventional ultrasound and
CEUS examinations were performed by radiologists in
the ultrasound department. The operators had more than
four years of experience in ultrasound. All the radiologists
had been carried out for standardized training of reading
images and they did not know about the study design.

CEUS examination

The patients in this study only underwent one type of CEUS
examination. For thyroid CEUS and lymph node CEUS,
0.5-1.0 mL SonoVue® was usually administered for imaging.
Breast CEUS was usually performed using 2.5-3.0 mL
of SonoVue®. If the patient had multiple nodules, the
usage of SonoVue® was increased accordingly. SonoVue®
was administered as a bolus using an intravenous catheter
followed by 10 mL of a 0.9% saline bolus. Directly after
the SonoVue® injection, scanning was performed in real-
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Figure 1 The flow chart of study design. CEUS, contrast-enhanced ultrasound.

time for at least two minutes. The equipment settings for
the contrast imaging were set to contrast harmonic imaging
mode, frequency of 2.0-2.5 MHz. In this study, microbubble
destruction was not performed at the end of the CEUS
examination.

Most patients received only one bolus injection. However,
depending on the indication (for example, multiple thyroid
lesions), some patients received multiple bolus injections of
SonoVue®. Before and after the CEUS examination, the vital
signs were respectively monitored for patients, including
blood pressure (mmHg), heart rate (beats per minute),
respiratory rate (breaths per minute), and oxygen saturation
(%). All patients were observed for at least 40 minutes after
the CEUS examination.
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Liver scanning

Before CEUS examination, all the patients underwent
liver scanning under B-mode ultrasound with MI 1.1 to
1.3. At the end of CEUS, all the patients conducted liver
examinations, which observed under B-mode and CEUS
settings (MI 1.1 to 1.3). MI of 1.1 to 1.3 was defined as high
MI under CEUS mode. During observation time, if the
patient did not experience discomfort, we performed liver
scans 30 minutes after the CEUS examination and recorded
the images under B-mode and CEUS settings. If the patient
appeared to have abdominal discomfort, we immediately
performed the liver examination and recorded the images
under B-mode and CEUS settings. We did the abdominal
scanning every 30 minutes until the patient’s abdominal
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Table 1 Demographic and clinical information of 13 patients with PHLE and abdominal symptoms

Case number Gender Age (years) Total dose (mL) Number of injections Examination item
1 Female 28 1.0 1 Thyroid CEUS
2 Female 73 2.0 2 Thyroid CEUS
3 Female 43 2.0 2 Thyroid CEUS
4 Female 40 5.0 1 Breast CEUS

5 Female 35 3.0 3 Thyroid CEUS
6 Female 27 2.0 2 Thyroid CEUS
7 Female 59 5.0 5 Thyroid CEUS
8 Female 42 2.0 2 Thyroid CEUS
9 Male 42 3.0 3 Thyroid CEUS
10 Female 58 1.5 1 Thyroid CEUS
11 Female 39 1.0 1 Thyroid CEUS
12 Male 31 25 5 Thyroid CEUS
13 Female 31 2.0 2 Lymph node CEUS

PHLE, prolonged heterogeneous liver enhancement; CEUS, contrast-enhanced ultrasound.

discomfort was relieved. The flow chart of the study design
was illustrated in Figure 1.

Statistical analysis

Continuous variables were described by using the median
(range, minimum to maximum). Categorical variables
were reported by absolute frequencies and percentages.
Differences between groups were assessed accordingly using
the Wilcoxon rank sum test, Fisher’s precision probability
test, Chi-square (x’) test and Yates’ correction. All the
statistical analyses were performed using SPSS 22.0 IBM
Corp., Armonk, NY, USA), and a P value less than 0.05
indicated statistical significance.

Results
Basic information

Of 105 patients who had CEUS examination, 20 showed
PHLE phenomenon in ultrasound. Thirteen of the
20 patients presented with abdominal symptoms, while the
other 7 showed no discomfort. These 13 patients included
11 females and two males. The mean age was 42.2 (range,
27 to 73) years old. Eleven patients underwent CEUS to
diagnose thyroid nodules, one for breast lesions and one
for abnormal lymph nodes. All these 13 patients received at
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least a 1.0 mL injection of SonoVue®. The demographic and
clinical information of patients with PHLE and abdominal
symptoms are summarized in Tizble 1.

Ultrasound features in the liver

After intravenously administered contrast-enhanced agent,
the hyperechoic hepatic enhancement pattern was observed
along portal branches. Using the conventional B-mode
and switching to the CEUS mode did not influence the
appearance of hyperechoic spots. The PHLE phenomenon
began to appear within 30 minutes to 1.5 hours after
the intravenous injection of SonoVue®, and lasted for
30 minutes to 5 hours. Conventional B-mode ultrasound
showed no sign of hepatic hyperechogenicity in two patients
who underwent a second CEUS examination approximately
24 hours after the first examination. Abdominal symptoms
were not observed the day after the occurrence of
hyperechoic staining. We summarized the characteristics of
hyperechoic spots in the liver as follows:

(I)  There were no hyperechoic spots in the liver before
the CEUS examination.
(I) The PHLE pattern manifested as diffusely distributed

hyperechoic spots in the liver parenchyma, located
along the portal vein.
(11) The PHLE phenomenon was mainly focused on

Quant Imaging Med Surg 2023;13(5):3150-3160 | https://dx.doi.org/10.21037/qims-22-1035



3154

Tang et al. PHLE with abdominal symptoms after SonoVue injection

Table 2 Ultrasound features on liver and abdominal symptoms for the 13 patients with PHLE and abdominal symptoms

Case  Ultrasound features on liver

Time of PHLE appearance after CEUS

Clinical symptoms

1 Diffuse hyperechoic staining 15 minutes

2 Diffuse hyperechoic staining 1.5 hours

3 Diffuse hyperechoic staining 30 minutes

4 Diffuse hyperechoic staining 47 minutes

5 Diffuse hyperechoic staining 1 hour 27 minutes
6 Diffuse hyperechoic staining 3 hours

7 Tiny hyperechoic spots 1 hour 14 minutes
8 Diffuse hyperechoic staining 30 minutes

9 Tiny hyperechoic spots 32 minutes

10 Diffuse hyperechoic staining 29 minutes

11 Diffuse hyperechoic staining 30 minutes

12 Diffuse hyperechoic staining 30 minutes

13 Diffuse hyperechoic staining 15 minutes

Persistent abdominal pain, defecate reaction, paleness
Defecate reaction

Defecate reaction

Mild abdominal discomfort

Defecate reaction

Abdominal distention and pain, defecate reaction
Defecate reaction

Nausea, abdominal distention and pain, red rash on the
skin of the abdomen

Defecate reaction

Abdominal pain, distention, nausea, dizziness, fatigue
Defecate reaction

Nausea, dizziness, fatigue

Abdominal pain, defecate reaction

PHLE, prolonged heterogeneous liver enhancement; CEUS, contrast-enhanced ultrasound.

the right lobe of the liver. The contrast effect in the
left lobe was slightly weaker than in the right lobe.

(IV) Flowing hyperechoic spots were detected in the
portal vein.

(V) For all the participants, hyperechoic staining was
visible on both conventional B-mode and contrast-
enhanced mode.

(VI) The PHLE appearance persisted stably even at
high MI under CEUS mode (1.1 to 1.3).

Abdominal symptoms

All 13 patients with PHLE patterns experienced varying
degrees of abdominal discomfort (7zble 2). Eight patients
(61.5%) appeared to have noticeable defecation sensation,
and five (38.5%) showed abdominal pain—three patients
presented with fatigue, nausea, and paleness on the
face separately. An abdominal red rash was observed
in one patient. Those abdominal symptoms appeared
approximately 15-30 minutes after the CEUS examination.
All patients’ abdominal symptoms resolved spontaneously.
None of these patients experienced deleterious effects
related to SonoVue® administration, and no changes in vital
signs were observed (Table 3).

When the patient presented with abdominal symptoms,
abdominal scanning revealed hyperechoic spots in the liver.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Among 11 patients who manifested diffuse hyper-echoic
staining in ultrasound, five patients experienced serious
abdominal symptoms, such as abdominal pain, nausea,
and even a red rash on the skin. The other six patients
only showed mild abdominal discomfort, like defecation
sensation or bowel movement (Figure 2). Only two patients
exhibited tiny hyper-echoic spots in ultrasound. Regarding
abdominal symptoms, the two patients merely presented
with defecate reactions (Figure 3).

Of 13 patients who presented with abdominal symptoms,
four patients showed abdominal symptoms varying
degrees earlier than the PHLE phenomenon. We detected
PHLE patterns in ultrasound approximately 27 minutes,
one hour, 2.5 hours, and 1 hour after patients appeared
with abdominal symptoms, respectively. The remaining
nine patients exhibited PHLE immediately after having
abdominal discomfort.

Comparison of characteristics between patients with and
without PHLE phenomenon

We analyzed the difference in clinical characteristics
between patients with (n=20) and without the PHLH
phenomenon (n=85). Patients of the two groups did not
differ in age (P=0.44), gender (P=0.76), height (P=0.22),
weight (P=0.10), BMI (P=0.12), allergic history (P=0.90),
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Case number Blood pressure (mmHg) Heart rate Respiration Oxygen saturation (%)
1 122/80 87 18 98
2 125/98 91 18 99
3 102/90 80 17 99
4 106/95 82 17 99
5 110/79 79 17 99
6 96/75 70 22 100
7 138/92 64 16 98
8 120/94 76 18 99
9 118/78 63 17 99
10 101/67 54 17 99
11 132/79 58 18 99
12 104/64 60 18 99
13 112/74 72 17 99

CEUS, contrast-enhanced ultrasound; PHLE, prolonged heterogeneous liver enhancement.

Figure 2 A 42-year-old female patient was suspected of thyroid carcinoma. Thirty minutes after the injection of 2.0 mL SonoVue®, the

patient appeared to have a stomach ache, nausea, and a red rash on the skin of the abdomen. Diffuse and large-area hyperechoic staining

in the liver was detected in (A) B-mode and (B) CEUS mode after 30 minutes of SonoVue® injection. One hour later, the hyper-echoic

area decreased both in (C) B-mode and (D) CEUS mode, and the patient’s abdominal symptoms resolved spontaneously. CEUS, contrast-

enhanced ultrasound.
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Figure 3 A 42-year-old male patient was intravenously injected with 3.0 mL of SonoVue® to discriminate malignant thyroid nodules. The

patient presented with mild abdominal discomfort after 32 minutes of CEUS. (A) At the same time, scattered tiny hyperechoic spots were

detected in the liver. (B) Flowing hyperechoic spots were observed in the portal vein (arrows) (C) After 2 hours of SonoVue® injection, the

patient’s abdominal discomfort was relieved, and the hyperechoic areas in the liver almost disappeared. (D) No hyperechoic spots were found

in the portal vein (arrows). CEUS, contrast-enhanced ultrasound.

hepatobiliary disease (P=0.52), number of injections (P=0.81)
and the total injection dose (P=0.72). Notably, significant
differences were observed in the history of gastrointestinal
disease between the PHLE-positive and negative patients
(P=0.02). In the PHLE-positive group, the proportion of
patients with a history of the gastrointestinal disease was
higher (Table 4). Of the three patients in the PHLE group
who presented with gastrointestinal disease, one had a
history of dyspepsia, one had a history of appendectomy,
and one had a history of gastritis. The only patient in the
PHLE-negative group with the gastrointestinal disease had
a history of gastric reflux.

Discussion

SonoVue® is the second-generation contrast agent
characterized as a “blood-pool” agent, mimicing the
behavior of red blood cells in the circulation (10). Adverse
reactions of SonoVue® are rare (only 0.125%) (12). The
safety of microbubbles is crucial for their wide application

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

in clinical practice. In previous studies, the PHLE
phenomenon has been reported in different medical
centers (1,8-11). However, all the patients with abnormal
performance were not accompanied by any clinical
symptoms. Meanwhile, the hyperechoic staining pattern
gradually resolved in all the patients by the following day
without any treatment.

Our center’s study found that 13 of 105 patients
(approximately 12.4%) developed both the PHLE
phenomenon and abdominal discomfort after the CEUS
examination. The incidence of this phenomenon is higher
than that in previous reports (8,9). This high incidence
might be because we included patients who underwent
CEUS for multiple organs, including thyroid, breast and
lymph nodes. Various types of contrast agents used in the
investigation may also contribute to the different incidences
of the PHLE phenomenon. For instance, in Okada
et al.’s study, they utilized five different types of contrast
agents, including EchoGen® (Sonus, Bothell, WA, USA),
SonoVue® (Bracco, Milan, Ttaly), Sonazoid®, Optison®
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Table 4 Comparison of clinical characteristics between patients present and absent with PHLE phenomenon
Variables Positive (n=20) Negative (n=85) P value
Age (years), median [range] 35.5 [24, 73] 38 [27, 69] 0.44
Gender, n (%) 0.76
Male 3(15.0) 18 (21.2)
Female 17 (85.0) 67 (78.8)
Height (m), median [range] 1.64 [1.55, 1.78] 1.65 [1.53, 1.82] 0.22
Weight (kg), median [range] 56.5 [43, 75] 60 [45, 115] 0.10
BMI, median [range] 21.5[16.9, 25.0] 22.0[15.2, 37.0] 0.12
Allergic history, n (%) 0.90
Absent 18 (90.0) 73 (85.9)
Present 2(10.0) 12 (14.1)
Gastrointestinal disease, n (%) 0.02
Absent 17 (85.0) 84 (98.8)
Present 3(15.0) 1(1.2)
Hepatobiliary disease, n (%) 0.52
Absent 18 (90.0) 68 (80.0)
Present 2(10.0) 17 (20.0)
Number of injections, n (%) 0.81
1 4 (20.0) 14 (16.5)
2 7 (35.0) 37 (43.5)
3 4 (20.0) 21 (24.7)
4 3(15.0) 9(10.6)
5 2(10.0) 4(4.7)
Injection dose (mL), median [range] 2[1,5] 21[0.5,10] 0.72

PHLE, prolonged heterogeneous liver enhancement; BMI, body mass index.

(Mallinckrodt Medical, St Louis, MO, USA), and Levovist®.
Only SonoVue® was utilized as a contrast agent in our study.
Furthermore, our study prospectively included 105 patients,
and we performed close observation and liver scanning
after CEUS, reducing the attrition of some symptomatic
patients (6). In Caruso et 4l.’s study, hepatic examinations
were performed in the CEUS arterial phase (20-30 s), portal
phase (60 s), late phase (180 s), and the second late phase
(240 s), respectively (7). It can be seen that the investigators
observed up to 240 seconds after CEUS examinations. In
comparison, we performed liver scanning 30 minutes after
CEUS. Meanwhile, we added liver examinations if the
patient experienced abdominal discomfort. Therefore, the
incidence of PHLE was relatively higher, probably due

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

to the long observation and the high frequency of liver
examinations in our study. In our findings, the abdominal
symptoms from patients gradually resolved spontaneously.
These patients’ vital signs were all consistently stable,
indicating that PHLE is harmless.

At present, the reason for the appearance of PHLE still
needs to be determined. Several hypotheses have been
reported in previous studies. One hypothesis suggests that
the shell of microbubbles is destroyed initially. However,
the microbubbles immediately combine to form large
gas bubble conglomerates that are more stable (10). The
higher dosage of injected SonoVue®, the larger the fused
gas bubbles (8,9). Finally, these gas bubble conglomerates
are trapped in the liver parenchyma, particularly along the
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portal vein branches. This hypothesis might explain the
long time (more than 30 minutes) for which the hyperechoic
spots remain in the liver, but it still has limitations in
explaining some findings in our study. We found that
patients with and without PHLE patterns did not differ in
the injection dose of SonoVue®. The two patients showed
tiny hyper-echoic spots with an injection dose of 3.0 and
5.0 mL, respectively. The remaining 11 patients showed
diffuse hyper-echoic staining with an injection dose of
1.0 mL in two cases, 1.5 mL in one case, 2.0 mL in five
cases, 2.5 mL in one case, and 3.0 mL in one case, and
one case of 5.0 mL. Therefore, it seemed hard to find a
correlation between the injection dose and the degree
of PHLE in our study. Furthermore, SonoVue® is
characterized as the “pure blood pool” contrast agent, so it
is hardly taken up by Kupffer cells in the liver parenchyma.

Another hypothesis is that gas emboli from intestinal
microcirculation are transported to the liver via the enter
portal circulation (8,9). Hyperechoic staining might be the
free gas caused by intestinal diseases, such as ischemia and
necrotic enterocolitis (9,14). Nevertheless, this hypothesis
cannot explain why the hyperechoic staining can be
consistently detected two hours after CEUS examination
when the microbubbles are supposed to dissipate from the
circulation. Also, none of the 13 patients in our study had
related intestinal disease to form free gas, but the hepatic
enhancement still appeared.

Kupffer cells, the specialized macrophages in the liver,
can remove foreign particles in the blood circulation by
phagocytosis (8). In this context, one hypothesis indicates
that phagocytosis of microbubbles by macrophages is the
basis of the hepatic hyperechoic staining that last more
than 5 minutes after SonoVue® injection (15). However,
SonoVue® is characterized as a “pure blood pool agent”
and is hardly taken up by Kupffer cells in the liver
parenchyma. Meanwhile, this hypothesis cannot explain
patients’ abdominal discomfort, accompanied by hepatic
manifestations.

Our study found that 13 of 20 (65%) patients
manifested hepatic hyperechoic spots after CEUS and
were accompanied by abdominal symptoms. Meanwhile,
we found that patients with PHLE manifestation had a
higher proportion of containing a history of gastrointestinal
disease. In this context, we speculated that it might be
related to mild gastrointestinal allergic reactions. One
patient (case 1) with abdominal symptoms concurred with
paleness and fatigue. Another patient (case 8) showed a red
rash on the skin of the abdomen, which is one manifestation

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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of an allergic reaction. Based on the above performances, we
hypothesize that SonoVue® causes a mild allergic reaction in
the gastrointestinal tract, which increases the permeability
of the capillaries on the surface of the intestinal wall. Thus,
the gas in the intestinal tract is translated into the liver via
the portal venous system. The dynamic hyperechoic spots
were detected in the portal veins of most patients with
obvious abdominal discomfort in our study (Figure 3B). The
same performance in portal veins has also been previously
reported (16,17). As the allergic reaction subsided, patients’
gastrointestinal symptoms were spontaneously relieved,
and the hepatic hyperechoic staining gradually disappeared.
This hypothesis was established based on some previous
perspectives of delayed hepatic enhancement. We agree
with Okada et 4/. (8) that the gas responsible for PHLE
differs from the gas constituting the contrast agent
microbubbles. The global volume of microbubbles was only
a few milliliters, whereas the phenomenon observed was
massive and continuous. Also, in Caruso et 4/’ findings (9),
marked hyperechogenicity was detected in the portal vein
and superior mesenteric vein, confirming that the hepatic
phenomenon originated from enter portal circulation.

This study is the first to report abdominal symptoms
from patients with the PHLE phenomenon after the
CEUS examination. This is also the first study based on the
Chinese population to show this abnormal phenomenon’s
incidence. Through consecutive observation and analysis,
we figure out that these phenomena and symptoms are
harmless and self-mitigating, which will not cause a negative
impact on SonoVue®s application in CEUS. Our study still
contains some limitations. First of all, the sample size of
this study is small. In future investigation, the relationship
between PHLE and gastrointestinal reactions should be
verified in a larger sample-size cohort. Secondly, in this
study, we only evaluated the portal vein under B-mode
ultrasound and CEUS. Other abdominal vessels, such as
the superior mesenteric vein and the splenic vein, were not
systematically examined when patients occurred abdominal
symptoms. Thirdly, this study did not measure the allergic
indexes for patients who presented with abdominal
symptoms, so it cannot be directly concluded that
gastrointestinal discomfort was related to allergic reactions.
In addition, the presentation of the PHLE phenomenon in
four patients lags behind the abdominal symptoms in this
study. In the future investigation, the liver scanning should
be considered to be extended to 1.5-2 hours after CEUS,
regardless of whether the patients present with abdominal

symptoms.
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Conclusions

In our experience, patients who showed the PHLE
phenomenon could appear abdominal symptoms. Having
a history of gastrointestinal disorders may be one of the
factors associated with PHLE, which considered a harmless
phenomenon that does not affect the safety profile of
SonoVue®.
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