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Abstract:

Liver disease progressing to cirrhosis is one of the leading causes of mortality in the U.S. Portal
hypertension (PH) most commonly results from cirrhosis of the liver. The gold-standard for
diagnosis of PH in the U.S. is measured by interventional radiology using hepatic venous pressure
gradients (HVPG). Endoscopic ultrasound-guided portal pressure gradient (EUS-PPG) is an
advanced, novel procedure that directly measures the portal and hepatic vein pressure and has
comparable mean pressure measurements to HVPG with fewer adverse events. Additionally, it
allows for concomitant endoscopic evaluation, endoscopic ultrasound imaging, liver biopsy, and
other endoscopic interventions. In this article, we report a case of a 50-year-old female patient with
metabolic dysfunction-associated steatohepatitis (MASH) and primary biliary cholangitis (PBC)
who underwent EUS-PPG and EUS-guided liver biopsy for further work up.

Keywords: endoscopy, endoscopic ultrasound, endoscopic ultrasound-guided portal pressure

gradient, portal hypertension, portal pressure, hepatic cirrhosis.

Case

Patient is a 50-year-old female with a past medical history of class 2 obesity, metabolic dysfunction-
associated steatotic liver disease (MASLD) and primary biliary cholangitis (PBC) managed with seladelpar
and ursodeoxycholic acid. Earlier this year, she underwent elastography (Fibroscan), which revealed a
fibrosis score of 2 and steatosis score of 2. Despite adherence to exercise and dietary modifications, her body
mass index remained elevated. Additionally, she had persistently elevated alkaline phosphatases of 135U/L
despite pharmacologic therapy and lifestyle changes. Given her history of PBC and MASLD, the decision
was made to proceed with endoscopic ultrasound-guided portal pressure gradient (EUS-PPG) and liver
biopsy. These procedures aimed to assess the degree of portal hypertension and to further evaluate liver

histology for fibrosis and any other underlying liver pathology, including autoimmune hepatitis.

Under general anesthesia, esophagogastroduodenoscopy (EGD) was done using a gastroscope (Olympus
America) and there were no esophageal or gastric varices noted. Next, EUS linear array echoendoscope

(Olympus America) was passed into the esophagus and advanced into the stomach. The ultrasound image of
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the liver showed diffuse fatty infiltration. We performed portal pressure gradient using a 25-gauge Cook
Echo Tip Insight needle (Cook Endoscopy, Winston Salem, NC). Pulse wave Doppler was used to confirm
the middle hepatic vein. From the stomach through the left lobe of the liver, the middle hepatic vein was
accessed, and three pressure measurements were taken using digital manometry (Figure 2). The average of 3
measurements from the middle hepatic vein was 17 mmHg. Pulse wave Doppler was used to confirm the left
portal vein (Figure 3). Then from the stomach we measured the portal vein pressure by accessing the left
portal vein and the average of three measurements was 18 mmHg (Figure 4), giving her a PPG of 1 mmHg.
Using Doppler, we ensured there was no bleeding when the needle was withdrawn from both veins (Figure
5 and 6). After the portal pressure gradient measurement, liver core biopsies were done using a 19-gauge
Boston Scientific FNB needle (Boston Scientific Marlborough, MA). From the stomach, the left liver lobe
was biopsied with the use of EUS to confirm the absence of blood vessels in the needle’s trajectory. One pass
and three actuations using the wet heparin technique was performed. The right liver lobe was biopsied from
the duodenum and similar methodology was done using the same needle and technique. No bleeding was

noted. Both core liver biopsies were sent in formalin to the pathology department for further evaluation.

The procedures were well tolerated and there was no post-procedural pain or adverse events. The patient was
discharged home within an hour of procedure completion. She was seen in the outpatient clinic two weeks
later without complaints, including pain. Her biopsy showed primary biliary cholangitis findings with bile
duct loss and mild steatosis without any fibrosis. Further counseling was offered for weight loss and the
prevention of liver disease progression. She was relieved to know that she does not have portal hypertension
or cirrhosis of the liver.
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Figure 1: Pulse wave Doppler of the middle hepatic vein.

Figure 2: Middle hepatic vein needle with manometry to obtain hepatic vein pressure accessed via

transgastric, transhepatic approach.
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Figure 3: Pulse wave Doppler of left portal vein prior to manometry.

Figure 4: Needle with manometry placed in the portal vein for acquisition of portal vein pressure accessed
via transduodenal, transhepatic approach.
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Figure 5: Doppler of middle hepatic vein to ensure hemostasis post-manometry.

MIO.75 TIS0.7 AP:100% 21 FPsl
0 A xt% R Yo

R:5.00 BG:68 BD:88

Figure 6: Doppler of the left portal vein to ensure hemostasis post-manometry.
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Discussion

Portal hypertension (PH) is a significant increase in the pressure or vascular resistance of the portal veins. It
is most commonly due to cirrhosis, where the liver becomes fibrotic and releases vasoconstrictors, impeding
blood flow through the intrahepatic portal veins. This increase in pressure leads to collateral vessel formation
and extrahepatic or splanchnic vessel dilation, increasing blood volume and further exacerbating PH while
making a series of new, friable blood vesselst. Other important causes of PH include right heart failure,
constrictive pericarditis, Budd-Chiari syndrome, portal vein thrombosis, schistosomiasis, granulomatous
disease, primary biliary cholangitis, malignancy, polycystic disease, and some congenital diseases. This is a
progressive process that leads to variceal vessels in the esophagogastric and anorectal veins, splenomegaly
and pancytopenia from hypersplenism, ascites from vascular membrane dysfunction, hepatorenal syndrome,

and hepatic encephalopathy?.

Historically, assessing PH was done by interventional radiologists by measuring free hepatic vein pressure
and wedged-hepatic vein pressure in a procedure called hepatic vein portal pressure gradient (HVPG)3. In
HVPG, a balloon catheter with a manometer is placed in either the internal jugular vein, the femoral vein, or
the antecubital vein and advanced into the hepatic veins (HV). The unwedged pressure is measured with the
balloon deflated to assess HV pressure. Then the balloon is inflated to measure the wedged hepatic vein
pressure (WHVP), which is a surrogate of PV pressure. Contrast dye is injected to confirm balloon occlusion
of the vein. The difference between the WHVP and the unwedged pressure is equivalent to the portal pressure
gradient (PPG), and a PPG of >10mmHg is consistent with clinically significant PH, a threshold where
symptoms are expected*. While HVPG is currently the gold standard of diagnosis, it is invasive, requires
contrast and ionizing radiation exposure, is only offered at tertiary centers usually, and increases the patient’s
risk of developing arrhythmias. Additionally, since the catheter only enters the hepatic vein, the wedge
pressure is a poor test for pre-sinusoidal causes of PH, such as PBC. Finally, HVPG has been shown in recent
studies to underestimate the PPG in MASLD®.

In 2017, Huang et al. published the first human pilot study of a new measure of portal pressure gradient using
EUS-PPG. In this procedure, an upper endoscopy is performed allowing for an updated assessment for
varices and gastropathy in addition to the EUS-PPG. Then a needle with a manometer is introduced directly
into the PV and HV via a transgastric and transduodenal, transhepatic approach. Color Doppler is used to
ensure the absence of bleeding®. Since manometry is measured directly in both HV and PV, it is hypothesized
that this may be a more accurate measure of PPG, especially in MASLD and presinusoidal causes of PH.

Zhang et al. were the first to compare EUS-PPG to HVPG in the same patients showing that EUS-PPG was
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safe and had a correlation coefficient of 0.923". Additionally, in the ENCOUNTER trial all patients referred
for a procedure involving HVPG received both HVPG and EUS-PPG to compare measurement correlation
between the two procedures. They found that measurements of PPG, HV pressure, and PV pressure had a
strong correlation with each other. Additionally, there were no adverse events related to the EUS-PPG
procedure. Unfortunately, the sample population was too small to assess influence of presinusoidal or
MASLD on pressures, so further research is required to assess if there is a diagnostic benefit to EUS-PPG
over HVPG, as hypothesized, in these patient populations®. This research at least shows initial findings of

non-inferiority and safety when using EUS-PPG.

This patient is an early anecdote of the safety and efficacy of EUS-PPG. In summary, EUS-PPG avoids
ionizing radiation and contrast exposure, while being a safe, available, and accurate test. Additionally, it
allows for subsequent endoscopy to evaluate for any varices, perform endoscopic interventions if needed,
and perform liver biopsy in the same anesthesia event reducing the cost while maximizing the ability to
obtain all the information needed. Since the portal pressures are directly measured it is very useful in
presinusoidal causes of portal hypertension. More large-scale clinical trials are required to prove the validity

and viability of this novel procedure.
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