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Abbreviations used in this application
AUROC - Area Under the Receiver Operating Characteristics
BCLC - Barcelona Clinic Liver Cancer
CSPH - Clinically Significant Portal Hypertension
EUS – Endoscopic Ultrasound
EUS-PPGM - Endoscopic Ultrasound-guided Portal Pressure Gradient Measurement
FHVP - Free Hepatic Venous Pressure
FNA – Fine Needle Aspiration
PPG - Portal Pressure Gradient
HCC - Hepatocellular Carcinoma
HV - Hepatic Vein
HVPG - Hepatic Venous Pressure Gradient
INR - International Normalised Ratio
MELD - Model for End-stage Liver Disease
PHLF - Post Hepatectomy Liver Failure
TJ-HVPG - Transjugular Hepatic Venous Pressure Gradient
WHVP - Wedged Hepatic Venous Pressure
 
3.     	BACKGROUND AND PRELIMINARY STUDIES
3.1 Portal hypertension
Portal hypertension is a consequence of cirrhosis of the liver. The portal pressure gradient (PPG) is defined as the difference in pressure between the portal vein and the inferior vena cava [1]. A normal PPG is between 1 and 5 mmHg, subclinical portal hypertension is reflected by values between 5 and 9 mmHg, while clinically significant portal hypertension occurs with a PPG of 10 mmHg or above [1].
Portal hypertension is the main driver for the majority complications of cirrhosis [2, 3]. Clinically significant portal hypertension is associated with an increased risk of varices, overt clinical decompensation (manifest as ascites, hepatic encephalopathy and/or variceal haemorrhage), postsurgical decompensation, need for liver transplantation and death, among many other complications [1, 3].
Therefore, establishing the presence and severity of portal hypertension in a patient with cirrhosis is important for prognostication, risk stratification and to guide appropriate treatment.
 
3.2 Transjugular approach to portal pressure measurement
The current gold standard for determining the portal pressure gradient is via the transjugular approach and subsequent determination of the hepatic venous pressure gradient (HVPG), defined as the difference between the wedged hepatic venous pressure (WHVP) and free hepatic venous pressure (FHVP) [4-6]. The transjugular method allows measurement of the FHVP, the WHVP, and therefore calculation of the HVPG.
Transjugular access of the hepatic vein is achieved via antecubital and transfemoral approaches, a balloon-tipped radiopaque catheter is placed into the right hepatic vein under fluoroscopy. The FHVP is first measured with the tip of the catheter ‘free’ in the hepatic vein. When the blood flow in a hepatic vein is blocked by a “wedged” catheter, the pressure from the preceding vascular territory (in this case the hepatic sinusoids) is transmitted, and this pressure is measured as the WHVP. The WHVP therefore measures the hepatic sinusoidal pressure, which indirectly approximates the portal venous pressure. This is an acceptable surrogate representation in cirrhosis. The sinusoidal pressure equilibrates with portal pressure as intersinusoidal communications are lost due to fibrosis, septae and nodule formation [1]. However, the wedge pressure does not provide useful data in prehepatic or presinusoidal causes of portal hypertension [3].
The main limitation of the transjugular technique is that it provides only indirect measurements, therefore subject to potential errors and misrepresentations. Furthermore, it is invasive and involves exposure to ionising radiation. Potential adverse events of this technique include puncture site injury, carotid artery puncture, iatrogenic vein thrombosis, arteriovenous fistulae, Horner syndrome, and supraventricular arrhythmias [5, 7].

 3.3 EUS-guided portal pressure gradient measurement
The advent of EUS and EUS specific tools has allowed for unprecedented and comprehensive endoscopic diagnostic and evaluation of the liver. Huang and colleagues have described a novel technique of measuring the PPG via EUS. The technique involves using a linear echoendoscope, a 25G fine needle aspiration (FNA) needle and a compact manometer with non-compressible tubing [8]. They demonstrated in swine that an endoscopic ultrasound-guided PPG measurement (EUS-PPGM) approach correlated well with the transjugular method (R, 0.985-0.99) [8]. Measurements were conducted in the portal vein and the hepatic vein (or if not possible, the inferior vena cava) via transgastric or transduodenal approaches. In a subsequent prospective pilot study in humans [9], a total of 28 patients underwent portal pressure manometry with this technique and pressures (measured PPG range 1.5 – 19 mmHg) were successfully achieved in all patients. Furthermore, correlation was reported between PPG and clinical parameters of varices, gastropathy and thrombocytopenia [9].In two separate cohorts evaluating EUS-PPGM comprising a total of 73 patients , there was a 100% technical success rate, with no adverse events of infection or bleeding and only one patient needed hospitalisation for observation [14, 15].
The benefits of EUS-PPGM as compared to transjugular measurement are that it requires no iodinated contrast, no radiation exposure, and it allows for direct portal pressure measurement which is likely to represent a more accurate assessment than indirect WHVP measurement, particularly in non-alcoholic cirrhosis or primary biliary cirrhosis [10-13]. Documentation of endoscopic evidence of portal hypertension such as varices or portal hypertensive gastropathy can also be done at the same procedure with a forward-viewing endoscope.  An EUS-guided liver biopsy, if required, can be performed at the same procedure [9].  

3.4 Portal hypertension and liver resection for hepatocellular carcinoma
Patients with early stages (BCLC stages 0 and 1) of hepatocellular carcinoma (HCC) are best treated with resection [16]. The association between preoperative portal pressure and postoperative clinical decompensation was first reported by Bruix et al. in 1996 [17], and since then portal hypertension had generally been considered to be a contraindication to liver resection. High portal venous pressures measured immediately after laparotomy intraoperatively are associated with poorer long-term outcomes [18]. Intraoperative measurement of portal venous pressure has also been reported as an independent predictor of postoperative liver dysfunction following major liver resection [19]. Clinically significant portal hypertension (evaluated by any method) has been reported in two meta-analyses to be associated with a higher incidence of complications and mortality after hepatectomy for HCC [20, 21].
It is suggested that preoperative HVPG should be measured routinely before liver resection due to association with postoperative liver dysfunction [22]. Preoperative HVPG measurement demonstrating the presence of portal hypertension has been reported to predict the risk of postoperative complications [23]. In terms of evaluation of operative candidacy, many centres in Western countries do not routinely perform HVPG measurements, and Eastern countries base selection for surgery on the non-invasive measurement of indocyanine green retention rate [24]. This is possibly due to the fact that HVPG measurement is invasive and requires significant expertise.

3.5 Equity and improvement in Maori health outcomes.
3.5.1 Liver cancer
According to the NZ ministry of Health NZ data: the liver cancer is one of the top 5 most common cancers in the registration sites and the 4th leading cause of cancer mortality for male Māori.  Large ethnic disparities in incidence have previously been described, with high rates in Māori, Pacific and Asian populations [31,32]. For Māori males, liver cancer registration and mortality rates were almost 3.5 times those of non-Māori males (RR 3.43, CI 2.83–4.17 for registration; RR 3.43, CI 2.71–4.33 for mortality). Maori patients were 31% more likely to die after a diagnosis of liver cancer than non-Maori. Among those patients with little or no comorbidity, this disparity was found the strongest, where Maori were 53%-55% more likely to die than non-Maori.  In addition, Maori seem less likely to be diagnosed with localized disease (2% v.s 6%) and more likely to be diagnosed with distant disease (37% v.s 31%) than non-Maori. 
3.5.2 Colorectal cancer 
According to the NZ ministry of Health NZ data: colon cancer is one of the top 3 most common cancers in the registration sites and 3rd leading causes of cancer mortality for both male and female Māori [32]. Based on a national retrospective cohort study of all NZ residents diagnosed with colorectal adenocarcinoma in NZ, the proportion of patients diagnosed with metastatic colon and rectal cancer in NZ are 24% and 19% respectively and is particularly high for Māori and Pacific patients (32% and 35% respectively for colon cancer) [33]. Liver metastatic disease is one of the common complication in advanced colorectal cancer. 
The key drivers of these disparities occur across the cancer continuum and farther upstream, including institutionalized racism in the patterning of the social determinants of health and access to and through high-quality cancer care for Maori [34].  A systematic review [31] highlighted that Maori are less likely to receive curative treatment and thus improvement of any pre-surgical selection to enable benefit to Maori is essential and to minimise inequity. 
Given the safety of EUS and its availability in current clinical practice, the use of EUS-PPGM as a routine pre-operative assessment is much more feasible than the transjugular approach.  It also provides an additional objective measurement in pre-surgical selection.    This study, therefore, aims to assess the feasibility, safety and utility of Endoscopic ultrasound-guided PPG measurement (EUS-PPGM) in patients undergoing liver resection and major intra-abdominal surgeries. 

 
4.     	PURPOSE OF STUDY AND AIMS
The purpose of this study is to evaluate the use of preoperative EUS-PPGM assessment in patients with cancer in the liver, who undergo abdominal surgery, liver resection or liver transplant, to assess the feasibility, safety and utility of Endoscopic ultrasound-guided PPG measurement (EUS-PPGM).
We hypothesise that: (i) EUS-PPGM may predict clinical outcomes and survival in patients with cancer of the liver who undergo abdominal surgery, liver resection or liver transplant; and (ii) to demonstrate that EUS-PPGM is technically feasible, safety and utility.

5.     	 PARTICIPANTS
This will be an open labelled, non-randomised, pilot prospective study to evaluate the role of EUS-PPGM assessment in patients with liver diseases who are recommended to undergo abdominal surgery, liver resection or liver transplantation for any indication to predict surgical outcomes and 90-day mortality. 
The patients who are adults Maori and non-Maori will be recruited from the Upper Gastrointestinal multidisciplinary team meetings conducted at the Waikato Hospital, Hamilton.  The patients will then be reviewed in the General Surgical outpatient clinic to discuss the potential surgical treatment options.  In addition, the study will be introduced to the patients and their whanau, patient information sheet and consent form of the study will be given.  At least 24% of the participant will be Maori to reflect the portion of Maori in the Waikato region.  Investigators will also contact the potential participants via phone or face-face clinic to check if they have any questions or concerns regarding the study.  On the days of the endoscopic and radiologic procedures, the endoscopist and radiologist will also meet the patients to explain the procedure again and answer any questions or concerns. 
Inclusion criteria:
·     Patients with cancer in the liver (with or without cirrhosis) who are recommended for liver resection or liver transplant
·        Patients with cirrhosis who are recommended to undergo abdominal surgery
 
Exclusion criteria
·        International Normalised Ratio (INR) > 1.6 (as part of the standard of care)
·        Significant ascites
·        Child-Pugh C severity of cirrhosis
·        Presence of large gastric varices or periportal collateral vessels that prevent EUS approach to the hepatic and/or portal vasculature

6.     	STUDY PLAN AND DESIGN
6.1 Study Protocol
All subjects will have EUS PPGM and transjugular HVPG (TJ-HVPG) assessment within 4 weeks of surgery. Procedural details, as well as adverse events related to the procedures will be collected immediately after, 24 hours after, 7 days and 12 weeks after the procedure. 
 
The following outcomes of the surgery will be collected:
·        Nature of surgery
·        Intraoperative surgical complications
·        Postoperative surgical complications
·        Need for transfusion
·        Presence of liver dysfunction or decompensation
·        Length of hospital stay
·        90-day mortality
 
With respect to portal pressure measurement (EUS-PPGM and TJ-HVPG), we will be collecting data on intraprocedural or postprocedural complications such as bleeding, perforation, pain and infection.
We will also be collecting baseline demographic data, and preoperative markers of liver function. These will include age, ethnicity, total bilirubin, INR, albumin, Child-Pugh score [25], model for end-stage liver disease (MELD) score [26], presence and severity of clinically significant portal hypertension (CSPH) as defined according to the Barcelona Clinic Liver Cancer (BCLC) group criteria [27], liver volumetry [28], BCLC stage, type of surgical resection (i.e. major or minor) [29], minimally invasive surgery, tumour grade, tumour size, and margin status.
 
6.1.1 EUS-PPGM technique
We will use the technique described by Samarasena et al [30]. The apparatus for EUS-PPGM will comprise of a linear echoendoscope, a 25G FNA needle, and a compact manometer with non-compressible tubing (Cook Medical, Bloomington, IN). The tubing will be connected by a luer lock to the distal port of the manometer, while the heparinized saline will be connected to the proximal port. The end of the tubing is connected through a luer lock to the inlet of the 25G needle.  This device has been approved by the respective governing body in New Zealand for clinical use.
First, a forward viewing endoscope will be inserted to document any endoscopic evidence of varices (including size and presence of red wale marks) as well as portal hypertensive gastropathy.
Prior to echoendoscope insertion, the manometer will be zeroed at the midaxillary line of the patient. The hepatic vein (HV) measurement will be conducted first. Doppler flow will be used to confirm the typical multiphasic waveform of hepatic venous flow. Using the 25G FNA needle, a transgastric transhepatic approach is used to puncture the HV. Approximately 1 mL of heparinized saline will be used to flush the needle which is visible on EUS to confirm good position within the vessel. After the initial rise in pressure reading as a result of flushing, the manometer reading will equilibrate at a steady pressure, which will then be measured three times. The mean of these three pressures is then considered the HV pressure. The FNA needle is then withdrawn from the vein into the liver parenchyma, and then back into the needle sheath. The needle tract within the liver parenchyma will be observed with Doppler flow on to ensure there is no flow within the needle tract.
Then the manometer will be disconnected.  A separate manometer that is routinely to measure central venous pressure will be attached to the FNA needle and connect to the cardiac monitor with venous pressure waveform and numerical value display function.  The manometer will be zeroed at the midaxillary line of the patient by pressing the central venous pressure ‘zero’ button on the cardiac monitor to calibrate the equipment.  The CVL consists of a transducer board, fluid lines and a three-way tap.  It will be necessary to administer IV fluid using a pressure bag to prime the line of the transducer with fluid to ensure it contains no air and is patent. 
Three pressure measurements will be taken and the mean of these three pressures is then considered the HV pressure.  
The FNA needle is then withdrawn from the vein into the liver parenchyma, and then back into the needle sheath. The needle tract within the liver parenchyma will be observed with Doppler flow on to ensure there is no flow within the needle tract.
The portal vein (PV) measurement will be conducted next. The umbilical portion of the left portal vein will be targeted, and Doppler flow will then be used to confirm the typical venous hum of portal venous flow. Using the 25G FNA needle, a transgastric transhepatic approach is used to puncture the PV. The procedure that follows is the same as what would have been performed for the HV. Three readings will be taken, the mean of which is considered the PV pressure.  Then three measurements will be repeated with a different manometer which connects to the CVL and cardiac monitor display as the same as what would have been performed for the HV.  The mean of these three readings will be recorded.
The patient is recovered in a similar manner to a routine diagnostic EUS with FNA, and postprocedural antibiotics are usually given for 3-5 days post procedure.  The EUS-PPGM will be performed by experienced Endoscopist who had performed successfully in approximately 10 patients by very experienced Endoscopists in our Endoscopy unit in Waikato Hospital and this technique has been validated worldwide.

6.1.2 Transvenous HVPG measurement technique
This will be performed by an experienced interventional radiologist who has received specific training in performing transjugular HVPG measurements at Waikato Hospital. We will use the standard technique, as outlined by Abraldes et al [5]. Under local anaesthesia and light sedation, a venous catheter introducer sheath will be placed in the right jugular vein, antecubital vein or femoral vein under ultrasound guidance using the Seldinger technique. Under fluoroscopy, a balloon-tipped catheter will be advanced into a main HV. The FHVP will then be measured with the tip of the catheter in the HV at 2 – 4 cm from its opening into the inferior vena cava. The balloon of the catheter will be inflated to occlude the HV, and occlusion will be confirmed by injection of 5 mL of contrast dye. The measurement of the WHVP will then follow. Each of the WHVP and FHVP measurements will be taken in triplicate, and the mean FHVP will be subtracted from the WHVP to calculate the HVPG.

7.     	MEASURED OUTCOMES
Primary Objective
Our primary outcome will be post-operative liver dysfunction, which is defined as: (i) serum bilirubin level > 5 mg/dL (> 85.5µmol/L) on or after postoperative day 5; (ii) coagulopathy (INR > 2.0 associated with haemorrhagic complications requiring transfusion); (iii) hepatic encephalopathy; and (iv) abdominal ascites (drainage volumes more than 500 ml/day after day 3).

Secondary Objective
Our secondary outcomes will be as follows:
·        Complications related to EUS PPGM and TJ-HVPG approaches
·        Complications related to surgery and recovery
·        Transfusion need
·        Correlation between the PVG assessed by EUS vs. TJ approach
·        Cost differences between EUS PPGM and TJ-HVPG approaches
·        Length of hospital stay
·        90-day mortality
·        Outcome and complications between Maori and non Maori patients
 
8.     	ANALYSIS AND REPORTING OF RESULTS
The results of this study will be published in a peer-reviewed journal and provide preliminary data for further development of research projects in the area of diagnostic approaches to liver diseases.
The CALHN Human Research Ethics Committee will be informed of any serious adverse events.

8.1 Sample size
Based on the study by Boleslawski et al. [22], a sample size up to 40 subjects was sufficient to demonstrate that a raised HVPG (>10mmHg) was associated with a significant rate of post-operative liver dysfunction and higher 90-day mortality. Given this is a pilot study, we proposed of adopting the similar sample size (n=40) to examine the role of EUS PPGM assessment. 
 
8.2 Analysis
Continuous variables, reported as medians and range, will be compared using the Mann-Whitney test. Categorical data, which will be presented as frequencies (%) will be compared using the Chi-square test or Fischer’s exact test, as appropriate. The accuracy of the EUS-PPG in predicting Post hepatectomy liver failure (PHLF) will be assessed by measuring the area under the receiver operating characteristics (AUROC) curve, and differences between AUROCs will be compared using the Hanley-McNeil method. Positive and negative predictive values for the PPG cut-off point of ≥ 10 mmHg will be calculated and reported. Differences in survival between patients with and without EUS-PPG measurement ≥ 10 mmHg will be assessed by the Kaplan-Meier method, with differences in survival estimates tested by the log rank test. A significance level of 0.05 will be used in all analyses.

8.3 Collection, Use, and Management of Data and Information
Participation in this study is strictly confidential and will not be disclosed except as required by law. Any information that is published will be done in a way to protect the participant’s identity. The data being collected will be processed through a secure computer in the Gastroenterology department. This data will be accessed only by the investigators of the study.
All data obtained from the study will be kept confidential and only available to personnel involved in the study and patient care. Case record forms and other documents will be kept in the Gastroenterology department of the Waikato Hospital. All records will be stored for 25 years in accordance with the Public Records Act 2005, whereupon disposal will be made in a confidential manner. Paper documentation will be shredded and electronic files will be deleted. Results of the study will be presented in scientific meetings and medical journals, and anonymity will maintained for all participants.
Blood samples that require processing will be sent to PathLab. Blood samples will not be imported nor exported internationally. At the conclusion blood samples will be destroyed via biological waste disposal.
Anonymous data are stored separately from identifiable data, so that it is not possible to directly associate research data to specific individuals. Any data that leaves the investigational site will be blinded and anonymized. Only authorized study team members are able to view certain non-anonymous data. Only anonymized data will be transferred to the statistician for further analysis.
In all study-related material participants will only be identified by an allocated study number and initials. Their names will not appear on study forms.

9.     	ETHICAL CONSIDERATIONS
All aspects of the study will be discussed with each subject. An information sheet will be provided, and each subject will be given the opportunity to seek medical advice or to discuss the study with friends or family prior to his or her involvement. Each subject will give written, informed consent and will be free to withdraw from the study at any time. The proposed study is not believed to pose any major ethical issues. The study protocol will be submitted to the Health and Disability Ethics Committee (HDEC) for approval. This study will be performed in accordance with the Code of Health and Disability Services Consumers' Rights Regulations 1996. The Chairman of the Research Ethics Committee will be notified within 72 hours should any serious adverse event occur.
The data will be collected by the study investigators, de-identified, coded, and then stored in the secure area of the Department of Gastroenterology. Only the investigators and staff of the Department of Gastroenterology research staff will have access to the records. Results from this study will be published in a peer reviewed journal. All records will be kept for 25 years in the Discipline of Medicine and the study will maintain the anonymity of the subjects.
The study would be conducted according to the principles of the 64th Declaration of Helsinki (World Medical Association Declaration of Helsinki, Fortaleza, 2013), International Organization for Standardization 14155:2020 - Good Clinical Practice, and in accordance with applicable regulations of the countries where the research is being conducted.] 
9.1 Withdrawal
Subjects can leave the study at any time for any reason if they wish to do so without any consequences. The treating physician can decide to withdraw a subject from the study for any medical reason. In case of withdrawal, the reason for withdrawal would be recorded.

9.2 Potential risks
Undergoing a EUS procedure does involve risks and discomforts but these are the same whether the participant will be in the study or not. Given that EUS guided FNA or has already been shown to be the safe this study poses no additional risks to the participants.
9.3 Benefits of the study for the patient
There is a direct benefits to the patient because patients who have documented CSPH (or PPG/HVPG > 10 mmHg) on either EUS-PPG or TJ-HVPG may not be appropriate surgical candidates due to high risks of decompensation and post-op morbidity and mortality. The upper GI surgeons will be able to use the information to make a clinical decision when planning for surgery. The findings of this study will have potential benefits to the wider community and future patients.
 
 
10.   	SPECIFIC SAFETY CONSIDERATIONS
10.1 Responsibilities of the investigator
The principal investigator is responsible for the completion of the study. The principal investigator ensures to have appropriate facilities and adequate staff that are fully instructed regarding the study protocol and study procedures.

10.2 Adverse events
Adverse events are defined as any undesirable experience occurring to procedure. EUS-guided FNA/needle puncture is commonly practised around the world and is widely accepted as procedure. Serious complications occur in less than 1% of cases (bleeding, perforation, post-EUS pancreatitis and infection). All of the abovementioned risks and adverse events are applicable to all patients undergoing routine EUS procedures. Therefore the study itself does not carry additional risks.  Participants will be observed carefully for signs and symptoms of possible adverse events, in particular bleeding. If they experience any unusual symptoms or adverse events, they are asked to inform their doctor immediately.
All adverse events reported spontaneously by the subject or observed by the investigator or study staff will be recorded and reported to the principal investigator.

10.3 Termination of the study
This research study may be stopped unexpectedly for a variety of reasons. This could include unacceptable side effects, insufficient information or any other reason that means it would be unacceptable to continue.  This decision will be made by an independent group of specialists and participants will be informed of the outcome of their decisions if this happens.

10.4 Follow-up of adverse events
All adverse events will be followed until they have abated, or until a stable situation has been reached. Follow up or further review may be indicated at the discretion of the study staff or relevant clinical personnel. 
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