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Abstract
Background: Risk stratification in liver disease includes liver elastography (LE) and portal 
pressure gradient (PPG) measurement.
Objectives: We examined the efficacy and safety of endoscopic ultrasound (EUS)-liver biopsy 
(EUS-LB) and the correlation between EUS-PPG and EUS-LE in patients with liver disease.
Study design: This is a prospective and retrospective, single-center study.
Methods: Data from patients who underwent concomitant EUS-LE, EUS-PPG, and EUS-LB 
were analyzed. Histologically, significant fibrosis (SF) was considered F2–F4, non-significant 
fibrosis (NSF) as F0–F1, advanced fibrosis (AF) as F3–F4, and non-advanced fibrosis (NAF) as 
F0–F2.
Results: In total, 25 patients underwent EUS-PPG measurement; 60% were male (mean age, 
60 years). EUS-LE and EUS-LB were performed in 88% and 96% of patients, respectively (the 
technical success rate was 100%). The mean number of portal tracts was 14.3. Histological 
diagnosis was achieved in all patients; 67% had SF. The mean EUS-LE was 24.1 kPa, and the 
mean PPG was 4.6 mmHg. Portal hypertension (PH; PPG >5 mmHg) and clinically significant 
PH (PPG >10 mmHg) were found in 44% and 12%, respectively. Patients with SF had a higher 
mean PPG (5.9 vs 2.8 mmHg; p = 0.003) and mean shear wave measurement (SWM; 30.0 vs 
15.6 kPa; p = 0.02) compared to the NSF group. Patients with AF had a higher mean PPG (6.0 
vs 3.4 mmHg; p = 0.01) and mean SWM (32.0 vs 18.8 kPa; p = 0.04) compared to the NAF group. 
There were no significant adverse events.
Conclusion: Concomitant EUS-LB and PPG is safe. EUS-PPG and EUS-LE correlate with the 
degree of fibrosis on histology. Larger studies are needed to optimize their values in clinical 
practice.
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Plain language summary 

Does the use of endoscopic ultrasound help doctors in the management of patients with 
liver disease?

1.  What is known:

• � Liver elastography, using shear wave measurement (SWM) and portal pressure 
gradient (PPG) measurement are used in clinical practice for risk assessment and 
stratification in patients with chronic liver disease.

• � Endoscopic ultrasound (EUS) incorporating SWM and PPG has recently emerged 
as an important tool for evaluation of patients with suspected chronic, including 
advanced liver disease.

2.  What is new here:

• � There is a correlation between liver fibrosis stage (on histology) and EUS-PPG and 
EUS-SWM, i.e., patients with advanced fibrosis were found to have higher SWM 
and PPG measurements on EUS.

• � These findings have important implications in the management of patients with 
chronic liver disease and in those with suspected advanced liver disease.

Keywords:  advanced liver disease, endoscopic ultrasound, liver biopsy, liver elastography, 
portal hypertension, portal pressure gradient
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Background
Portal hypertension (PH) is a serious complica-
tion of advanced liver disease that may result in 
high mortality from associated complications, 
including esophageal and gastric varices, ascites, 
and hepatic encephalopathy.1 Per the 2016 
American Association for the Study of Liver 
Diseases (AASLD) practice guidelines on portal 
hypertensive bleeding in cirrhosis, a normal por-
tal pressure gradient (PPG) ranges between 3 and 
5 mmHg.2 PH is an abnormal increase in the PPG 
>5 mmHg, commonly complicating advanced 
liver diseases, but can also be seen in patients 
with right-sided heart failure, pulmonary hyper-
tension, and hepatic veno-occlusive disease.1,2 
Clinically significant PH (CSPH), defined as a 
PPG of ⩾10 mmHg, strongly correlates with poor 
outcomes due to associated decompensation 
events, including ascites, hepatic encephalopathy, 
and esophageal/gastric variceal bleeding.2–4 Thus, 
measurement of PPG plays a key role in the man-
agement of patients with cirrhosis. Furthermore, 
if uncertainty exists in patients without cirrhosis 
or preexisting risk factors, PPG measurement can 
help identify patients with CSPH who might ben-
efit from screening for esophagogastric varices.

Traditionally, hepatic venous pressure gradient 
(HVPG) is used as a surrogate marker of PPG.2 
The procedure is generally performed via a tran-
sjugular approach using a balloon-tipped catheter 
introduced into the hepatic vein (HV) under 
fluoroscopic guidance.5,6 HVPG can be obtained 
by recording the difference between free and 
occluded hepatic venous pressures (HVP), that 
is, wedge HVP. This technique provides an indi-
rect measurement of PPG across the hepatic 
venous sinusoids. However, there is limited utility 
of HVPG in patients with pre-sinusoidal and 
post-sinusoidal causes of PH due to lack of direct 
PPG measurement.7 In addition, this technique 
exposes patients to radiation and intravenous 
contrast agent administration, limiting its utility 
in patients with kidney injury and those allergic to 
contrast agents. A percutaneous approach to 
measuring direct portal venous pressure gradient 
is also available; however, it is not routinely used 
in clinical practice due to technical challenges in 
obtaining venous access and associated risks of 
significant adverse events (AEs).4

The widespread availability of endoscopic ultra-
sound (EUS) and advances in endosonographic 

https://journals.sagepub.com/home/tag


MN Yousaf, AH Ali et al.

journals.sagepub.com/home/tag	 3

tools have paved the way for minimally invasive 
measurement of portal pressure. EUS-PPG using 
a novel compact manometer has been recently 
approved by the Food and Drug Administration 
(FDA). Advantages of EUS-PPG include direct 
and accurate measurement of PPG in the assess-
ment of sinusoidal, pre-, and post-sinusoidal 
causes of PH; concomitant use of EUS-liver elas-
tography (EUS-LE) by shear wave measurement 
(SWM), EUS-PPG, and EUS-guided liver biopsy 
(EUS-LB) enables evaluation of the upper gas-
trointestinal (GI) tract and complications of liver 
disease during a single procedure. Prior studies 
have demonstrated the safety of EUS-PPG meas-
urement and its good correlation with HVPG 
performed by interventional radiology and the 
degree of fibrosis determined by LB.8–13 
Furthermore, it has been demonstrated that 
EUS-PPG can be performed alongside EUS-LB 
safely and effectively.12,14,15

The primary aim of this pilot study is to deter-
mine the efficacy and safety of EUS-PPG meas-
urement with concomitant EUS-LB. We also aim 
to determine the relationship between EUS-LE, 
EUS-PPG values, and histological stages of liver 
fibrosis in patients who underwent concomitant 
EUS-LB.

Materials and methods

Study design and patient selection
This prospective and retrospective study was con-
ducted at a tertiary care academic medical center. 
The STROBE guidelines have been used in our 
study for the reporting of the retrospective portion 
of the study, which has been endorsed and used by 
a growing number of biomedical journals (https://
www.equator-network.org/reporting-guidelines/
strobe).16 The study included patients who were 
evaluated by their treating hepatologist at the 
University of Missouri Liver Clinic with clinical 
suspicion of advanced liver disease or diagnostic 
uncertainty based on clinical evaluation, labora-
tory tests, and radiological imaging. Patients 
underwent concomitant EUS-LE, EUS-PPG 
measurement, and EUS-LB between January 
2021 and September 2024. Informed consent was 
obtained from all patients prior to the procedures. 
All EUS procedures were conducted at the outpa-
tient GI Endoscopy unit of the University Hospital, 
University of Missouri-Columbia, and were per-
formed by an experienced advanced therapeutic 

endosonographer under monitored anesthesia care 
or general anesthesia.

Patients were excluded if they met at least one of 
the following criteria: age <18 or >75 years; 
pregnancy; breastfeeding; severe coagulopathy 
(international normalized ratio (INR) >1.5, 
platelet count <50,000/mm3); clinically sus-
pected or confirmed active infections (e.g., chol-
angitis, liver abscess, bacteremia); use of 
antiplatelets or anticoagulation agents within 48–
72 h before the planned procedure; active GI 
bleeding; and patients deemed unfit for anesthe-
sia due to high-risk comorbid illness(es).

Apparatus setup
The PPG measuring system consists of a 5.2 
French (Fr) transducer sheath, a 25-gauge (G) 
fine-needle aspirate (FNA) needle (Cook 
Medical, Winston-Salem, NC, USA), an 8 cm 
adjustable needle extension, a self-calibrated 
pressure transducer, a compact manometer, and 
a 90 cm non-compressible connecting tube (Cook 
Medical, Bloomington, IN, USA). The compact 
manometer has a digital display measuring 
2 cm × 3 cm × 2 cm and can show pressure rang-
ing from −199 to +999 mmHg. This FDA-
approved device has been commercially available 
since 2020. Setting up the apparatus is straight-
forward and typically takes less than 5 min. A 
10 mL sterile heparinized saline syringe is con-
nected to the Luer lock on the proximal end of 
the transducer and the proximal (female) end of 
the non-compressible tubing, which is secured 
with a Luer lock. The other end of the connecting 
tube is attached tightly to the inlet of the FNA 
needle using a Luer lock. To remove any air bub-
bles, the system is flushed with heparinized saline. 
The manometer is zeroed by holding it along the 
left mid-axillary line at the level of the heart.

LE assessment using EUS-SWM
LE was measured according to the previously 
described method by Ohno et  al.17 EUS-SWM 
was performed using a GF-UCT180P Curvilinear 
array echoendoscope (Olympus Co. Ltd, Tokyo, 
Japan) and an ARIETTA 850 ultrasound machine 
(Hitachi, Ltd, Tokyo, Japan). The right liver lobe 
was used as the prime location for LE assessment. 
To decrease the rate of potential artifacts, LE 
measurement was performed during minimal res-
piratory fluctuations. A rectangular region of 
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interest measuring 10 mm × 5 mm was identified 
and used for LE measurement. Ten measure-
ments of LE were obtained between 5 and 10 mm 
depth from the probe.

EUS-guided PPG measurement procedure
All patients received prophylactic intravenous 
antibiotic (a single dose of ciprofloxacin 400 mg) 
prior to the procedure and underwent monitored 
anesthesia care or general anesthesia with endotra-
cheal intubation based on the anesthesiologist’s 
recommendation. An esophagogastroduodenos-
copy (EGD) was performed in all patients in the 
supine or left lateral position using a forward 
viewing standard gastroscope (GIF-190 HQ; 
Olympus) with carbon dioxide (CO2) insuffla-
tion. This allowed examination of the upper GI 
tract with simultaneous assessment for clinical 
features of PH, such as esophageal or gastric 
varices and portal hypertensive gastropathy. After 
the EGD, an EUS was performed using a curvi-
linear echoendoscope (GF-UC140P-AL5 or 
GF-UC180O-AL5; Olympus). This allowed for 
evaluation of the hepatic vascular anatomy and 
morphological changes of the liver, including sur-
face contour, porto-splenic vein dilation, pres-
ence of collaterals, and ascites. The HV and its 
branches, that is, the right, middle, and left 
hepatic veins (RHV, MHV, and LHV, respec-
tively), were identified by positioning the echoen-
doscope just below the gastroesophageal junction 

and tracing the HV back to the inferior vena cava. 
The LHV is initially visualized, followed by the 
MHV and RHV. The MHV was the preferred 
target for EUS-guided HVP measurements due 
to its wider caliber lumen and the straight trajec-
tory of the needle on linear EUS, similar to the 
technique described by Samarasena et  al.18 
Doppler flow analysis of the HV branches dis-
played characteristic pulsatile triphasic flow sig-
nals (Figure 1), in contrast to the portal vein (PV) 
which exhibited typical venous “hum” with 
monophasic flow signals. Once the positioning of 
the MHV (or LHV in some cases) was confirmed, 
the HV was punctured about 2 cm from its ostium 
using a 25G FNA needle through a transgastric 
transhepatic approach (Figure 2). A very small 
amount of heparinized saline was flushed through 
the needle to visualize bubbles, confirming the 
proper positioning of the needle tip within the 
vessel lumen. Three steady-state pressure read-
ings were sequentially measured, and the average 
of these readings was calculated as the final HVP 
to minimize variations or errors.

To determine the portal vein pressure (PVP), the 
left PV was the preferred target identified using 
EUS Doppler signals displaying a typical mono-
phasic waveform (Figure 3). The left PV was 
punctured using a 25-G FNA needle through a 
transgastric transhepatic approach (Figure 4). A 
very small amount of heparinized saline was 
flushed through the needle to visualize bubbles, 

Figure 1.  EUS Doppler flow signals of the middle HV demonstrate a typical triphasic waveform.
EUS, endoscopic ultrasound; HV, hepatic vein.
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confirming the proper positioning of the needle 
tip within the vessel lumen. Three steady-state 
pressure readings were sequentially measured, 
and the average of these readings was calculated 
as the final PVP to minimize variations or errors.

EUS Doppler was used to observe the needle 
tract, ensuring no significant blood flow signals 
indicating active bleeding. The PPG was then cal-
culated by subtracting the mean PVP from the 
mean HVP.

EUS-guided LB procedure
EUS-LB was performed following PPG measure-
ment using either a 19G Franseen Acquire® 
(Boston Scientific, Boston, MA, USA) or Fork-
tip SharkCore® (Medtronic Corporation, 
Newton, MA, USA) biopsy needle, depending on 
device availability. The wet suction technique was 
used to obtain liver tissue samples, which included 
flushing the needle with heparin before attaching 
it to a syringe with maximum suction. Color 
Doppler was used to identify a safe window for 

Figure 2.  EUS-guided puncture of the middle hepatic vein with 25-G FNA needle (panels (a) and (b)).
Source: Diagram in panel (b) adopted from Cook Medical USA.
EUS, endoscopic ultrasound; FNA, fine needle aspirate.

Figure 3.  EUS Doppler flow signals of PV demonstrate a typical monophasic waveform.
EUS, endoscopic ultrasound; PV, portal vein.
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needle insertion, ensuring avoidance of hepatic 
vessels during puncture. The needle was inserted 
into the right hepatic lobe through a transduode-
nal transhepatic approach. Suction was activated, 
and one to three intrahepatic actuations were per-
formed to obtain sufficient liver tissue. After each 
actuation, the needle suction was switched off 
and then withdrawn from the liver to minimize 
blood aspiration. Doppler evaluation of the nee-
dle track was performed to detect any flow signals 
indicative of bleeding. The specimen was flushed 
from the needle with a saline push into a filter, 
then placed in a container filled with 10% forma-
lin. Following the procedure, patients were 
observed in the recovery area for 30–60 min and 
discharged on the same day if they had a stable 
hemodynamic condition and an uneventful recov-
ery. Post-procedural antibiotics (usually cipro-
floxacin) were prescribed for 3 days. Patients were 
advised to avoid heavy lifting and strenuous activ-
ities for 72 h. All patients had a post-procedure 
phone call within 48 h to monitor for severe AEs. 
All patients had a follow-up in the liver clinics 
2–4 weeks after the procedure.

Data collection
Patient data were collected through detailed 
review of the electronic medical records, including 
demographics (age, gender, ethnicity); weight; 
body mass index; medical history related to  
liver diseases (metabolic dysfunction-associated 
steatotic liver disease (MASLD), metabolic 

dysfunction-associated steatohepatitis (MASH), 
alcohol-associated liver disease, viral hepatitis B or 
C, and chronic liver disease due to other causes); 
laboratory results (liver biochemistry, platelet 
count, coagulation profile, lipid panel, hemo-
globin A1C, and the Model for End-stage Liver 
Disease 3.0 score (MELD 3.0)); and imaging 
findings relevant to the study, such as hepatic 
parenchymal changes and ascites.

EGD findings of esophageal or gastric varices, 
portal hypertensive gastropathy, SWM on 
EUS-LE, and EUS-PPG measurements were 
recorded. EUS-LB data, including the overall 
quality of the tissue sample by inspection, num-
ber of needle passes, actuations, and specimen 
length, were also collected.

Definitions
PH was defined and graded in severity according 
to the published AASLD guidelines as PPG of 
⩾5 mmHg, and CSPH as PPG ⩾10 mmHg. 
Procedure-related AEs were defined as minor 
AEs that could be managed conservatively and 
major AEs that require additional endoscopic or 
surgical interventions or hospitalization to man-
age symptoms.

LB interpretation
All LB specimens had been interpreted at the 
University of Missouri Department of Pathology 

Figure 4.  EUS-guided puncture of left portal vein with 25-G FNA needle (panels (a) and (b)).
Source: Diagram in panel (b) adopted from Cook Medical USA.
EUS, endoscopic ultrasound; FNA, fine-needle aspirate.
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by two experienced GI and liver pathologists. The 
pathologists were blinded to the patients’ clinical 
and laboratory data. Reticulin, iron, periodic acid-
Schiff (PAS), PAS with diastase, hematoxylin and 
eosin, and Masson’s trichrome stains were per-
formed on all LB samples. In addition to the stains, 
each LB sample was subjected to microscopic 
assessment of the quality of the LB, including 
length of the LB sample, number of portal tracts, 
and fragmentation. LB specimens containing ⩾11 
portal tracts were considered adequate based on 
previously published studies.19,20 The pathological 
diagnosis regarding each LB specimen was done 
based on published histological criteria (AASLD 
guidelines), and fibrosis staging was reported based 
on the METAVIR scoring system.21,22 Non-
significant fibrosis (NSF) was defined as stage F0–
F1, significant fibrosis (SF) as F2–F4 fibrosis, 
non-advanced fibrosis (NAF) as F0–F2, and 
advanced fibrosis (AF) as F3–F4 fibrosis.23–30

Statistical analysis
Continuous variables are expressed as mean with 
standard deviation, and categorical variables are 
expressed as frequency and percentage. Baseline 
clinical, laboratory, and histological variables 
were compared using Fisher’s exact test for cate-
gorical variables and the Wilcoxon rank-sum test 
for continuous variables. A p value <0.05 was 
considered statistically significant. Data analysis 
was performed using STATA v12.1 (StataCorp 
LP, College Station, TX, USA).

Results

Demographic characteristics of the  
study cohort
Between January 2021 and September 2024, a 
total of 25 patients were identified in our data-
base. All were retrospectively enrolled. No 
patients were prospectively recruited. Sixty per-
cent (n = 15) of the participants were male, and 
all underwent EUS-PPG measurement, EUS-LE, 
and concomitant EUS-LB except for one patient 
who did not undergo EUS-LB. The demograph-
ics and patient characteristics are summarized in 
Table 1. The mean age of patients at the time of 
EUS was 60 years. The vast majority were 
Caucasian (92%; n = 23); the remaining were 
African American (8%; n = 2). Forty-eight per-
cent (n = 12) were found to have type 2 diabetes 
mellitus, 56% (n = 14) were found to have 

dyslipidemia, and 52% (n = 13) were found to 
have either a history of or were recorded as active 
cigarette smokers. The indications for EUS 
examination are illustrated in Table 2. Histological 
diagnosis was established in 91.6% of patients, 
the majority of whom were found to have MASLD 
and MASH totaling 48% (n = 12) of the entire 
study cohort. Regarding fibrosis stage, six patients 
were found to be stage 0, four patients were found 
to be stage 1, four patients were found to be stage 
2, three patients were found to be stage 3, and 
eight patients were found to be stage 4 fibrosis. In 
total, 10 patients were categorized as NSF, and 
15 were categorized as SF. Similarly, 14 patients 
were categorized as NAF, and 11 patients were 
categorized as AF.

Pre-procedural laboratory and  
noninvasive assessment
Pre-procedural labs are summarized in Table 1. 
The mean total bilirubin and INR were 0.6 mg/dL 
and 1.1, respectively. The mean MELD 3.0 score 
was 9.3. Thirty-two percent (n = 8) of patients were 
found to have imaging findings compatible with 
cirrhosis. Twenty percent (n = 5) of patients had 
ascites on radiologic imaging at the time of EUS.

Procedural findings and outcomes
Twenty-eight percent (n = 7) were found to have 
portal hypertensive gastropathy, and an addi-
tional 16% (n = 4) were found to have small 
esophageal varices on EGD. The technical suc-
cess rate of EUS-LE, EUS-PPG, and EUS-LB 
was 100%. The mean procedure time (defined as 
the time from scope insertion to removal, which 
also includes time to exchange a standard gastro-
scope with a linear echoendoscope) was 55.6 min. 
The mean post-procedure stay in the recovery 
room was 77.6 min.

PPG measurements
The technical success rate of EUS-PPG measure-
ment was 100% (Table 2). The HVP was meas-
ured from the MHV in 76% (n = 19), and from 
the LHV in 24% (n = 6) of patients. The mean 
HVP was found to be 7.9 mmHg. The PVP was 
measured from the left PV in all patients. The 
mean PVP was found to be 11.8 mmHg, and the 
mean PPG was found to be 4.6 mmHg. PH was 
identified in 44% (n = 11) of patients, of whom 
27% (n = 3) were found to have CSPH.
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Table 1.  Demographics and clinical characteristics of 
patients.

Variables Value

Total patients 25

Age, years 60 ± 11.0

Gender, male:female 60 (15):40 (10)

Weight, kg 110.7 ± 30.2

BMI (kg/m2) 35.8 ± 12.1

Race

  Caucasian, yes, % (n) 92 (23)

  African American, yes, % (n) 8 (2)

Diabetes mellitus, yes, % (n) 48 (12)

Dyslipidemia, yes, % (n) 56 (14)

Smoking, yes, % (n) 52 (13)

Etiology of liver disease based on histological 
assessment % (n)

  MASLD 20 (5)

  MASH 40 (10)

  MASH + AIH 4 (1)

  Primary biliary cholangitis 4 (1)

  Alcohol-related liver disease 4 (1)

  Chronic hepatitis C 4 (1)

  Chronic hepatitis B 4 (1)

 � Chronic hepatitis (non-
specific)

4 (1)

 � Non-cirrhotic portal 
hypertension

4 (1)

  Non-specific findings 4 (1)

 � No evidence of chronic liver 
diseasea

8 (2)

Laboratory and non-invasive assessments

  Total bilirubin (mg/dL) 0.6 ± 0.5

  ALT (U/L) 51.5 ± 61.8

  AST (U/L) 42.7 ± 32.0

  ALK (U/L) 132.6 ± 60.2

Variables Value

  Platelet count (103/µL) 243.9 ± 127.5

  INR 1.1 ± 0.3

  Serum glucose (mg/dL) 135.1 ± 68.0

  Hemoglobin A1C (g/dL) 6.6 ± 1.6

  Total cholesterol (mg/dL) 173.8 ± 60.0

  Triglyceride (mg/dL) 189.7 ± 164.9

  MELD 3.0 score 9.3 ± 3.4

Ascites, yes, % (n) 20 (5)

Continuous data are expressed as mean with standard 
deviation. Categorical data are expressed as frequency  
and percentage.
aThese patients were found to have abnormal radiological 
findings concerning for chronic liver disease.
AIH, autoimmune hepatitis, ALK, alkaline phosphatase; 
ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BMI, body mass index; INR, 
international normalized ratio; MASH, metabolic 
dysfunction-associated steatohepatitis; MASLD, metabolic 
dysfunction-associated steatotic liver disease; MELD-Na, 
model for end-stage liver disease-sodium; n, number.

(Continued)

Table 1.  (Continued)

EUS-LE and EUS-LB outcomes
EUS revealed evidence of advanced liver disease 
in 15 (60%) patients. Overall, the mean EUS-LE 
by SWM was found to be 24.1 kPa. EUS-LE was 
not performed in three patients because the refer-
ring provider did not request EUS-LE measure-
ment. All patients underwent successful EUS-LB 
except one, who had undergone a percutaneous 
LB 9 months prior to endoscopic evaluation and 
showed noncirrhotic PH. This patient was 
referred for EUS-LE and PPG measurement 
only. The Franseen Acquire needle was used in 
96% (n = 23) of patients and the Fork-tip 
SharkCore in 4% (n = 1). The LB was obtained 
from the right hepatic lobe in 92% (n = 22), the 
left hepatic lobe in 4% (n = 1), and from both 
lobes in 4% (n = 1). The mean number of needle 
passes was 1.4, and the mean number of actua-
tions was 2.5. The mean length of the LB speci-
men was 2.0 cm. The mean number of portal 
tracts was 14.3, and 87.5% (n = 21) of patients 
had ⩾11 portal tracts on LB specimens.
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Relationship between EUS-LE,  
EUS-PPG, and liver fibrosis
The relationship between PPG, LE, and liver 
fibrosis is shown in Table 3 and Figure 5. The 
mean LE was similar between the group with no 
evidence of PH (i.e., PPG <5 mmHg (n = 14) vs 
the PH (PPG ⩾5 mmHg; n = 11) group (24.3 ± 4.8 
vs 23.7 ± 3.4 kPa, respectively; p = 0.91). There 
was a positive relationship between liver fibrosis 
stage, PPG, and LE (Figure 6). Specifically, 
patients who were found to have a higher PPG 
and LE on EUS were found to have a higher 
fibrosis stage on liver histology. To further elabo-
rate, upon categorizing patients into NSF (F0–
F1) and SF (F2–F4) groups, the mean PPG and 
mean LE were found to be statistically signifi-
cantly higher in the SF compared to the NSF 
group (2.5 vs 5.9 mmHg, respectively, p = 0.003; 
and 15.6 vs 30.0 kPa, respectively, p = 0.02). 
Furthermore, when categorizing patients into 
NAF (F0–F2) and AF (F3–F4) groups, the mean 
PPG and mean LE were found to be statistically 
significantly higher in the AF compared to the 
NAF group (3.4 vs 6.0 mmHg, respectively, 

Table 2.  Procedure outcomes.

Variables/parameters Value % (n)

Procedure indications

  Suspect advanced liver disease 64 (16)

  Steatotic liver disease 20 (5)

  Elevated liver enzymes 8 (2)

  Primary biliary cholangitis 4 (1)

  Alcohol-associated liver disease 4 (1)

Technical success rate

  EUS-LE 100 (22)

  EUS-PPG 100 (25)

  EUS-LB 100 (24)

Procedure time, minutes 55.6 ± 16.6

Post-procedure stay, minutes 77.6 ± 20.6

Portal hypertensive gastropathy, 
yes, % (n)

28 (7)

Varices, yes, % (n) 16 (4)

EUS-LE, kPa (n = 22) 24.1 ± 14.0

EUS-PPG measurements data (n = 25)

  Hepatic vein pressure, mmHg 7.9 ± 4.9

  Portal vein pressure, mmHg 11.8 ± 6.2

  PPG, mmHg 4.6 ± 4.2

Portal hypertension, yes, % (n) 44 (11)

Clinically significant portal 
hypertension, yes, % (n)

12 (3)

EUS-LB data (n = 24)  

  Type of needle used  

    Franseen Acquire 96 (23)

      Fork-tip SharkCore 4 (1)

  Number of needle passes 1.4 ± 0.5

  Number of actuations 2.5 ± 0.5

  Length of specimen, cm 2.0 ± 0.6

  Number of portal tracts 14.3 ± 11.0

Variables/parameters Value % (n)

Histology data

  Fibrosis stage 0 (F0) 24 (6)

  Fibrosis stage 1 (F1) 16 (4)

  Fibrosis stage 2 (F2) 16 (4)

  Fibrosis stage 3 (F3) 12 (3)

  Fibrosis stage 4 (F4) 32 (8)

  SF 60 (15)

  Non-SF 40 (10)

  AF 44 (11)

Adverse events (minor), yes, % (n)

  Abdominal pain 4 (1)

Adverse events (major), yes, % (n) 0 (0)

Continuous data are expressed as mean with standard 
deviation. Categorical data are expressed as frequency  
and percentage.
EUS, endoscopic ultrasound; EUS-LB, EUS-guided liver 
biopsy; EUS-LE, EUS-guided liver elastography; EUS-PPG, 
EUS-guided portal pressure gradient; n, number.

(Continued)

Table 2.  (Continued)
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p = 0.01; and 18.8 vs 32.0 kPa, respectively, 
p = 0.04; Table 4; Figure 6). We sought to exam-
ine the correlation between patients with CSPH 
(PPG ⩾ 10 mmHg) and the presence of esopha-
geal varices. Of the entire cohort, 3 (12%) patients 
were found to have CSPH, of whom none had 
esophageal varices. Similarly, of the entire cohort, 
4 (16%) patients had esophageal varices, none of 
whom had CSPH.

Periprocedural and post-procedural AEs
One patient (4%) experienced mild abdominal 
pain (rated 4 out of 10 on pain scale) in the post-
procedure recovery room, which was successfully 
managed with oral analgesics. No major AEs such 
as severe pain, bleeding, or perforation were 
observed during or after the procedure within 
48 h follow-up assessment.

Discussion
In this pilot study of 25 patients evaluated in our 
liver clinics and referred for EUS-guided LB and 
concomitant PPG to assess for chronic liver dis-
ease and its complications, we demonstrated that 
EUS-LE and EUS-PPG measurement with con-
comitant EUS-LB was performed with a 100% 
technical success rate. Furthermore, LB speci-
mens obtained during EUS were of high quality 
for histopathological assessment and establishing 
a clinical diagnosis in the majority of patients, 
with ⩾11 complete portal tracts found in 87.5% 
of LB specimens obtained during hepatic paren-
chymal exam upon EUS, a finding that we have 
shown in our previously published randomized 
controlled trial evaluating the efficacy and safety 
of EUS-LB where a diagnosis was established in 
92.5%.31 Moreover, a histological diagnosis was 
accomplished in >90% of the patients. The main 
finding of our study is that there seems to be clini-
cal value in the use of EUS-PPG and EUS-LE in 
the diagnostic workup of patients with suspected 
chronic liver disease. Specifically, we found a sig-
nificant relationship between EUS-PPG and the 
degree of liver fibrosis; patients with SF have been 
found to have higher PPG and SWM values com-
pared to those with NSF, and, similarly, patients 
with AF have been found to have higher PPG and 
SWM values compared to those with NAF. 
Moreover, there was a correlation between 

Figure 5.  Scatter plot of EUS-SWM (kPa) in relation to the degree of fibrosis on histology.
EUS, endoscopic ultrasound; SWM, share wave measurement.

Table 3.  Correlation of PPG and liver fibrosis by 
histology.

Patients with/
without PH & SF

PH, 
n = 8

No PH, 
n = 2

p  
Value

SF, % (n) 42.8 (6) 81.8 (9) 0.048

PH, portal hypertension (defined as PPG ⩾5 mmHg); PPG, 
portal pressure gradient; SF, significant fibrosis.
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Figure 6.  Correlation of PPG with non-significant versus significant fibrosis (a), correlation of PPG with non-
advanced versus advanced fibrosis (b), correlation of EUS-LE with non-significant versus significant fibrosis 
(c), and correlation of EUS-LE with non-advanced versus advanced fibrosis (d).
EUS-LE, endoscopic ultrasound-liver elastography; PPG, portal pressure gradient.

Table 4.  Correlation of categories of stages of liver fibrosis with PPG and LE by shear wave measurement.

Stages of liver 
fibrosis

No. of patients
% (n)

PPG (mmHg) ± SD p Value LE (kPa) mean ± SD p Value

NSF (F0–F1) 40 (10) 2.5 ± 4.8a 0.044a,b 15.6 ± 14.4e 0.014e,f

SF (F2–F4) 60 (15) 5.9 ± 3.2b 30.0 ± 10.5f

NAF (F0–F2) 56 (14) 3.4 ± 4.8c 0.132c,d 18.8 ± 16.1g 0.03g,h

AF (F3–F4) 44 (11) 6.0 ± 2.7d 32.0 ± 14.8h

arepresents the value of the mean PPG of patients with NSF. 
brepresents the value of the mean PPG of patients with SF. 
crepresents the value of the mean PPG of patients with NAF. 
drepresents the value of the mean PPG of patients with AF. 
erepresents the value of the mean LE of patients with NSF. 
frepresents the value of the mean LE of patients with SF. 
grepresents the value of the mean LE of patients with NAF. 
hrepresents the value of the mean LE of patients with AF.
AF, advanced fibrosis; LE, liver elastography; NAF, non-advanced fibrosis; NSF, non-significant fibrosis; PPG, portal 
pressure gradient; SD, standard deviation; SF, significant fibrosis.
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EUS-PPG and SF. Specifically, we found that the 
percentage of patients with SF was statistically 
significantly higher in the PH group (81.8% vs 
42.9%, respectively; p = 0.048). Finally, our study 
confirms the safety of concomitant PPG and LB 
procedure; there were essentially no severe AEs 
such as severe pain, bleeding, or perforation 
encountered during or after the procedure at 48 h 
follow-up. Collectively, our findings emphasize 
the potential utility of EUS-guided interventions 
as a minimally invasive and valuable tool in the 
assessment of patients with suspected chronic 
liver disease. These findings have a potential 
impact on establishing guidelines in the newly 
emerging field of endohepatology.

The accurate measurement of the degree of PH is 
crucial in the diagnosis and management of 
patients with advanced liver disease and cirrhosis, 
given the poor outcomes associated with PH. 
Traditionally, HVPG measured by the transjugu-
lar approach is considered the diagnostic test of 
choice for measurement of PPG; however, its 
availability is limited to specialized centers and 
requires special interventional radiology train-
ing.4,11,15 Measurement of the HVPG by the tran-
sjugular approach is relatively invasive, exposes 
patients to contrast, radiation, and provides indi-
rect measurement of PPG.4,11,15 Our study sug-
gests that EUS-LE and EUS-PPG measurement 
are an alternative minimally invasive approach 
that can provide direct and accurate measurement 
of PPG in patients with suspected sinusoidal, pre-, 
and post-sinusoidal PH. Moreover, concomitant 
EUS-LB enables the evaluation of suspected PH 
and its complications during a single procedure.4

The first human case report by Fujii-Lau et al.32 in 
2014 introduced EUS-PPG for evaluating PH 
and arteriovenous malformations in a patient with 
Noonan syndrome, showcasing the strong correla-
tion between EUS-PPG and HVPG. Huang 
et al.33 conducted a prospective pilot study in 28 
patients with known or suspected cirrhosis using a 
25-G FNA needle, demonstrating a 100% techni-
cal success rate for EUS-PPG measurement 
through a transgastric transhepatic approach. The 
study revealed an average PPG of 8.2 mmHg, with 
66.7% of patients exhibiting CSPH associated 
with esophageal/gastric varices, portal hyperten-
sive gastropathy, and thrombocytopenia. Zhang 
et al.34 compared the efficacy and safety of EUS-
PPG with HVPG in patients with acute and suba-
cute PH, reporting a high technical success rate 
(91.7%) and excellent correlation between the 

two modalities. Martínez-Moreno et al.9 demon-
strated a 92.3% success rate in EUS-PPG meas-
urement in patients with suspected cirrhosis, with 
comparable results to invasive radiological-guided 
HVPG, emphasizing the potential of EUS-PPG as 
a minimally invasive alternative. Our study dem-
onstrated comparable efficacy and safety of EUS-
PPG measurement in the assessment of PH 
regardless of the etiology of chronic liver disease.

Our results also demonstrate a clear correlation 
between PPG, LE, and the stages of liver fibrosis 
by histology. Advanced stages of liver fibrosis 
were found to be associated with elevated mean 
PPG and LE values, suggesting that both EUS-LE 
and EUS-PPG are effective modalities in assess-
ing liver fibrosis and PH in patients with chronic 
liver disease. A higher PPG is directly propor-
tional to a high LE measurement by SWM. In 
patients with PH, the corresponding mean value 
of the LE value was 24 kPa. Our pilot study results 
may aid in providing the baseline data to deter-
mine the LE cutoff value in patients with PH; 
however, there is a need for a prospective clinical 
trial to validate these findings on a large cohort.

In the current study, in patients with NSF (F0–
F1), the mean PPG was low (2.5 mmHg), with a 
corresponding lower mean LE value (15.6 kPa), 
indicating a lesser degree of liver stiffness and PH. 
On the other hand, patients with SF (F2–F4) were 
found to have a higher mean PPG (5.9 mmHg) 
and mean LE value (30.0 kPa), indicating more 
severe liver stiffness and PH. A similar pattern was 
seen in patients with non-advanced (F0–F2) ver-
sus AF (F3–F4); the latter group had a markedly 
higher mean PPG (6.0 vs 3.4 mmHg) and a higher 
mean LE value (32.0 vs 18.8 kPa), underscoring 
the progression of fibrosis and its impact on portal 
pressure. These results indicate that the cutoff 
value of EUS-PPG is different than the HVPG. 
Larger multicenter clinical trials are needed to 
validate our findings. In the study by Bureau 
et al.,35 transient elastography (TE) was shown to 
reliably predict PH, particularly in patients with 
cirrhosis or SF. TE measurements closely corre-
sponded with liver stiffness and PPG, echoing the 
results of our study, where patients with AF (F3–
F4) displayed significantly higher LE values and 
PPG compared to those with mild fibrosis.36 
Similarly, Vizzutti et al.37 demonstrated that liver 
stiffness measured through elastography can pre-
dict severe PH in patients with hepatitis C-related 
cirrhosis. This highlights the role of LE in 
assessing both fibrosis stage and portal pressure 
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without the need for invasive procedures such as 
LB.36

Two retrospective studies by Choi et al.11,12 and a 
prospective pilot study by Hajifathalian et al.4 and 
Kim et al.15 demonstrated an excellent safety pro-
file and 100% technical success rate of EUS-PPG 
with concomitant EUS-LB during the same ses-
sion. They established a strong correlation 
between EUS-PPG (with clinical markers of PH) 
and histological stage of liver fibrosis; a proposed 
PPG cutoff of 10 mmHg or greater has been 
found to predict risk of cirrhosis, esophageal or 
gastric varices, portal hypertensive gastropathy, 
and thrombocytopenia.12 Similarly, an EUS-PPG 
cutoff of 5 mmHg or greater has been shown to 
have a sensitivity of 57.9%, a specificity of 87.5%, 
negative predictive value (NPV) of 72.4%, and a 
positive predictive value (PPV) of 78.6% for pre-
dicting stage 3–4 liver fibrosis.11 However, 
Hajifathalian et al.4 found no significant correla-
tion between EUS-PPG and the stage of liver 
fibrosis. A recent meta-analysis with systematic 
review including four studies (n = 147 patients) 
revealed a high pooled EUS-PPG technical suc-
cess rate of 98.61% (95% confidence interval 
(CI): 95.20%–99.82%).38 The pooled success 
rate of simultaneous EUS-LB in 95 patients has 
been reported to be 100%, with a 99% rate of 
adequacy of liver specimen required for histologi-
cal assessment.38 Overall, the EUS-PPG proce-
dure showed a favorable safety profile, with 
abdominal pain (6.1%) and sore throat (5.4%) 
being the predominant AEs.38 Our study vali-
dated the safety and efficacy of EUS-PPG meas-
urement with concomitant EUS-LB and reported 
the lowest AE percentage compared to the pub-
lished literature.

Several strengths of this study are worth noting. 
The use of EUS in the management of patients 
with chronic liver disease has recently expanded. 
A state-of-the-art comprehensive endohepatology 
approach using EGD, EUS-LE, EUS-PPG, and 
EUS-LB, all performed in a single session in a 
relatively shorter period of time compared to the 
interventional radiology approach, allowed the 
so-called “ one-stop shop” in which assessment of 
the upper GI tract was conducted while simulta-
neously evaluating the hepatic parenchyma (echo-
sonographically and histologically) and the portal 
venous circulation for changes in patients with 
suspected advanced liver disease. Indeed, 16% of 
patients in this study have been found to have 
small esophagogastric varices that were not 

amenable to endoscopic variceal band ligation. 
Furthermore, the use of monitored anesthesia 
care or general anesthesia during the EUS-guided 
assessment improved patient comfort and pain 
level throughout the entire procedure. Moreover, 
as we previously reported, the quality of liver tis-
sue samples obtained by EUS was high. This 
study investigated the relationship between EUS-
PPG, EUS-LE, and liver fibrosis, revealing a pos-
itive relationship between PPG values and the 
degree of liver fibrosis on histology. This relation-
ship strengthens the clinical relevance of EUS-
PPG, further supporting EUS’s utility in assessing 
the severity of liver disease and its related morbid-
ity. Compared to the traditional LE measurement 
using FibroScan, EUS-LE by SWM is a safe pro-
cedure, providing assessment of the liver stiffness 
by calculating the propagation velocity of the 
shear waves. Its feasibility and the relatively 
shorter time required to perform while acquiring 
liver tissue samples make it a more attractive tool 
compared to FibroScan. Finally, as the EUS 
techniques continue to rapidly advance and 
expand, EUS-LE by SWM has the potential to 
revolutionize patient care, especially in the era of 
personalized medicine, and therefore should be 
incorporated into the armamentarium in the 
endohepatology field.

Our study has several limitations, including a 
small sample size and the retrospective design, 
which did not allow a direct comparison with the 
diagnostic and prognostic performance of inter-
ventional radiology-guided HVPG measurement 
and percutaneous LB. In addition, the fact that 
>90% of the study patients were Caucasian and 
the procedure being performed by one experi-
enced endosonographer in a single center may 
limit its generalizability. Furthermore, post-pro-
cedure follow-up duration was rather short; as 
such, AEs occurring past 48 h may have been 
missed. However, all our patients had follow-up 
visits in the liver clinic within 8–12 weeks to dis-
cuss their LB pathology findings and manage-
ment of their liver disease; their treating 
hepatologist reported no severe AEs. Moreover, 
only a few studies have demonstrated a strong 
correlation between liver stiffness measured by 
EUS-SWM and clinically SF identified on liver 
histology.39,40 However, differences in EUS-
SWM between the right and left hepatic lobes, as 
well as the diverse range of liver diseases included 
in one of the two studies (del Valle) make it chal-
lenging to establish definitive cutoff values for 
EUS-guided liver stiffness corresponding to 
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various stages of liver disease. Consequently, 
there are currently no consensus guidelines for 
risk stratification of liver disease based on liver 
stiffness assessed by EUS-SWM.

Conclusion
EUS-PPG measurement, EUS-LE, and concom-
itant EUS-LB during a single session are a feasi-
ble and safe alternative approach offering a 
comprehensive endohepatology assessment of 
patients with advanced liver disease as opposed to 
standard of care. EUS-PPG, a novel endoscopic 
technique, has been found to have a clinically 
meaningful relationship with clinical markers of 
PH and the histological stage of fibrosis. Our 
findings need to be validated in future larger stud-
ies, which should also focus on identifying opti-
mal cutoff values for predicting AF by SWM.
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