medRxiv preprint doi: https://doi.org/10.1101/2020.12.07.20245464; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Test-retest reliability of hepatic venous pressure gradient and impact on trial design: a study in

289 patients from the control groups of 20 randomized trials

Wayne Bai, MD', Mustafa Al-Karaghouli, MD', Jesse Stach, MD"2, Granville J Matheson, PhD3**, Juan G

Abraldes, MD PhD™

1. Division of Gastroenterology (Liver Unit). University of Alberta. Edmonton Canada

2. Division of Gastroenterology and Hepatology. University of Calgary. Canada

3. Department of Biostatistics, Mailman School of Public Health, Columbia University, New York,
USA.

4. Department of Clinical Neuroscience, Center for Psychiatry Research, Karolinska Institutet and

Stockholm County Council, Stockholm, Sweden.

*Both are corresponding authors and share senior authorship

Granville J Matheson, PhD
mathesong@gmail.com
Columbia University

Allan Rosenfield Building
722 West 168th Street
New York NY 10032

Juan G Abraldes, MD PhD
juan.g.abraldes@ualberta.ca
University of Alberta

1-38 Zeidler Ledcor Centre
8540 112 St NW

Edmonton, AB, T6G 2X8
Tel: +1 780492 0796

Fax: +1 780 492 9873

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.


mailto:juan.g.abraldes@ualberta.ca
https://doi.org/10.1101/2020.12.07.20245464
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.12.07.20245464; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Keywords: cirrhosis, portal hypertension, varices

Guarantor of the article: JGA and GIM are guarantors of the article

Specific author contributions: WB: planning, collecting and interpreting data. Drafting final
manuscript. MAK & JS: collecting and interpreting data. GJM and JGA: planning the study,
interpreting data, data analysis, drafting of the manuscript and study supervision. All authors:

approved the final draft submitted.
Financial support: WB was funded by a scholarship of the Alberta Transplant Institute

Potential competing interests: Authors declare no conflict of interest

Abbreviations:
HVPG: Hepatic venous pressure gradient. CV: coefficient of variation. WSCV: Within-subject
coefficient of variation. ICC: intraclass correlation coefficient. SDD: smallest detectable

difference. Change SD: the standard deviation of the signed change between measurements.


https://doi.org/10.1101/2020.12.07.20245464
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.12.07.20245464; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Abstract

Background and Aims: Portal hypertension (PH) is a major driver for cirrhosis complications. Portal
pressure is estimated in practice by the hepatic venous pressure gradient (HVPG). The assessment of
HVPG changes has been used for drug development in PH. This study aimed at quantifying the
test-retest reliability and consistency of HVPG in the specific context of RCTs for the treatment of PH in
cirrhosis and its impact on power calculations for trial design.

Method: We conducted a search of published RCTs in patients with cirrhosis reporting individual
patient-level data of HVPG at baseline and after an intervention, and that included a placebo or untreated
control arm. Baseline and follow-up HVPG in the control groups were extracted after digitizing the plots.
We assessed different reliability parameters and the potential impact of study characteristics.

Results: We retrieved a total of 289 before-after HVPG measurements in the placebo/untreated groups
from 20 RCTs. Time range between the two HVPGs measurements was 20 min to 730 days. Test-retest
reliability was higher in studies including only compensated patients and, therefore, modelled sample size
calculations for trials in compensated cirrhosis were lower than for decompensated cirrhosis. Higher
proportion of alcohol-related cirrhosis and unicentric trials were associated with lower differences between
baseline and follow-up measurements. Smallest detectable difference in an individual was 24% and 32%
in compensated and decompensated patients respectively

Conclusion: The test-retest reliability of HVPG is overall excellent, but higher in studies limited to
compensated cirrhosis. These findings should be taking into account when powering trials based in the

effects on HVPG or when consider HVPG as a tool to guide therapy of portal hypertension
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Introduction

Chronic liver disease (CLD) and cirrhosis causes major mortality and morbidity worldwide
accounting for 2 million deaths internationally each year'. The main factor determining
liver-related mortality in cirrhosis is the development of decompensation?. A major factor driving
the development of decompensation is the progressive increase in portal pressure, and for
every increase in one mmHg in portal pressure gradient there is a 11% relative increase in the
risk of decompensation®**. Furthermore, a very recent randomized trial showed that, in
compensated patients, decreasing portal pressure with beta-adrenergic blockers decreases the
risk of cirrhosis decompensation®.

In clinical practice hepatic venous pressure gradient (HVPG) is the gold standard for
determining the portal pressure °. This is measured by occluding one of the hepatic veins either
with a balloon tipped catheter or with a straight catheter advanced until getting it wedged in the
hepatic vein ’. The HVPG is calculated as the difference between the wedged or occluded
pressure, and the free pressure in the hepatic vein which acts as an internal zero 8° . Several
technical reviews and a renewed interest in its use for drug development in NAFLD have helped
with standardization and quality assurance of HVPG measurements*'%'2,

Several studies have consistently shown an association between the changes in HVPG and
clinically relevant outcomes. On that basis, the assessment of HVPG changes has been the
gold standard for the drug development for portal hypertension'' . Moreover, there is
increasing interest in wider use of HVPG as a clinical outcome measure in RCTs for the
assessment of etiological treatments of cirrhosis'®.

The use of HVPG as a prognostic indicator or as an outcome to assess the response to a drug,
either in a clinical context or in the context of drug development, requires a detailed

understanding of the reliability of the measurements. Reliability relates the proportion of the total
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variance which is not attributable to error, thereby describing the ability of a measure to
distinguish between individuals. Variation in HYPG measurements might be related to circadian
rhythms ', use or anaesthesia or sedation ', changes in the disease trajectory (improving or

1820 5r measurement

worsening) that have an impact on the degree of portal hypertension
errors. For example, the presence of veno-venous communications introduces a systematic
error, since it results in lower HVPG than true portal pressure gradient , and therefore measures
with these characteristics should be deemed unreliable?'. On the other hand, it has been shown
that technical choices, such as the use of a straight catheter rather than a balloon catheter, can
increase the random error in HYPG measurement %2, Finally, reading of permanent HVPG
tracings can introduce further random error, though this is associated with minimal interobserver
variability in experienced hands ?*, which has led to recent introduction of centralized expert
reading in RCTs using HVPG #1°1

The design of therapeutic trials using measurements of HYPG have paid little attention to its
measurement error. The reliability and consistency of HVPG measurements will impact sample
size and power calculations ?*, since with higher levels of measurement error, a study has lower
power to detect a given underlying effect size. A greater understanding of the measurement
properties of HVPG is therefore of importance to assess the feasibility of new studies in which
HVPG is the main outcome.

Therefore, the aims of this study were to quantify the reliability and consistency of HVPG
measurement, to understand potential factors which influence its measurement, and provide
guidelines for power analysis in future studies. Since our major interest was to assess the
impact of HYPG measurement error on the design of trials for drug development of portal

hypertension, we conducted our study in this particular context, using previously published
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individual patient data from the placebo or untreated arms of 20 RCTs aimed at evaluating the

effect of a drug on portal hypertension.
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Methods

We included published RCTs in patients with cirrhosis with published individual patient-level
HVPG data, before and after the intervention, and that included a placebo or untreated control
arm.

Search strategy and data extraction

This is thoroughly described in supplementary material S1

Outcome Measures

The test-retest reliability measures were assessed by the intraclass correlation coefficient for
absolute agreement (ICC) and by the smallest detectable difference (SDD)*. The ICC within
each study reflects the proportion of the variance explained by the grouping structure within that
study, which in our case was the individual patient (each patient contributing with two
measurements). Thus, if all patients had identical pre-post HVPG, the ICC would have a value
of 1. Since the variance of HVPG within an individual is scaled to the variance of HVPG within
the study population, for a given magnitude of within-individual variability, the wider the
distribution of HYPG between the individuals of the study, the higher would be the ICC. This
scaling reflects the fact that a small degree of error can be problematic for differentiating
individuals when they differ very little, or that relatively large errors can be acceptable when
individuals differ substantially. A figure to illustrate this concept is provided as supplementary
materials S2. We considered ICC>0.75 as good, and above 0.9 as excellent and acceptable for
diagnostic purposes® . An ICC between 0.50 and 0.75 was considered poor to moderate
reliability.

The SDD (also referred to as the minimum detectable difference) between two measurements in

a given subject refers to the difference which would be sufficiently large in an individual patient
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as to be considered unlikely to have been due to chance alone, according to a 95% confidence
interval.

To assess potential modifiers of the reliability of HYPG in clinical trials we collected several
study characteristics, including the proportion of patients with decompensated cirrhosis, time
between measurements, type of catheter used for HVYPG measurements (balloon vs wedged
catheter) and proportion of patients with alcohol-related liver disease. Even if we had the
individual HVPG data, in most studies it was not possible to assign individual patient
characteristics to individual HVPG measurements. Since it has been recommended to conduct
studies for compensated and decompensated patients separately', we used this study
characteristic as the main one to provide metrics of reliability and consistency, and to define
sample size calculation. The studies by Abraldes? and Garcia-Tsao'' provided separate data
for compensated and decompensated patients, and were thus analysed as two different studies.
For the rest of the studies, we analysed those variables as study-level characteristics.
Statistical analysis

Details of statistical analysis are provided in Supplementary data S3. All raw data, analysis code
and additional figures can be found at the following link:

https://qgithub.com/mathesong/HVPG TRT
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Results

Study selection and study characteristics
We initially identified 689 manuscripts out of which 20 met the inclusion criterig":26-2% 30-3233-36 3740
414 The main characteristics of the 20 RCTs are summarized in table 1 and supplementary

materials S4.

Test-retest reliability of HVPG

Metrics of dispersion and test-retest variability for studies including and not including
decompensated cirrhosis are shown in Table 2. Supplementary materials S5 shows these
metrics for each of the included studies, together with study characteristics. Figure 1a shows
individual ICCs. The only study performed exclusively with the straight wedged catheter** was
the one with lowest ICC, and was removed for subsequent power calculations, since it is well
established that the straight catheter provides more variable results?? , and the balloon catheter
has become the standard for randomized trials. The pooled ICC was numerically higher (better)
for studies including compensated patients (0.87, 95% CI: 0.84 - 0.90) than for studies including
decompensated patients (0.82, 95% CI: 0.77 - 0.86), though this difference was not significant

(one-sided bootstrap test of difference in ICC: p=0.120; difference 95% CI: -0.03 - 0.15).

Figure 1b shows the smallest detectable differences (SDDs) for the different studies. Studies
performed in compensated cirrhosis showed significantly (one-sided bootstrap test of difference
in ICC: p=0.002; difference 95% CI: 0.56 - 2.97) lower (better) pooled SDD (3.9 mmHg, 95% CI:
3.5 - 4.4) than studies including decompensated patients (5.7 mmHg, 95% CI: 5.1 - 6.5) . This
was also the case when considering SDD in % change: pooled SDD was 24% (95% CI: 22% to

27%) for studies in compensated patients, and 32% (95% Cl: 28% to 36%) in studies including
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decompensated patients (one-sided bootstrap test of difference in ICC: p=0.015; difference 95%

Cl: 0.3% - 14.8%) (fig 1c).

Individual changes in HVPG and potential modifiers

Mean values

Figure 2A and 2B show the distribution of individual changes in HVPG in patients from studies
with compensated patients and in those with decompensated patients. The median difference
between test and retest was 0 mmHg, both in the total sample, as well as in both subsamples of
studies containing only compensated cirrhosis patients as well as those including
decompensated patients, and did not significantly differ from zero in either the total sample
(intercept = -0.037, t,.=-0.189, p=0.85), or in either the compensated (intercept = -0.01,

ts 3s=-0.064, p=0.95) or decompensated (intercept = -0.05, t, ,,=-0.064, p=0.89) patient groups.
Mean values were not significantly associated with absolute change values (Total: estimate =
0.02 mmHg, p=0.384; Compensated: r=0.065, p=0.396; Includes decompensated: r = 0.05, p =
0.6), however they were significantly associated with signed change values: higher mean values
were associated with increases, while lower mean values associated with decreases in retest
values compared to baseline (Total: estimate = 0.12 mmHg, t,,, = 3.5, p < 0.001;
Compensated: estimate = 0.13, t,,, , = 2.98, p = 0.003; Includes decompensated: estimate =

0.12,t,,,,= 2.2, p = 0.03).

Study characteristics

We then assessed which study characteristics had an impact on HYPG measurement
consistency by assessing their association with the absolute differences between baseline and

followup. Studies including higher proportions of decompensated cirrhosis patients had higher
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pre-post HVPG variability than studies including only compensated cirrhosis (r = 0.18, p= 0.002,
estimate = 0.007 mmHg between 0% and 100%, figs 3A). We assessed the remaining
characteristics after correction for the proportion of decompensated patients. The average
number of days elapsed between test and retest measurements was not significantly associated
with absolute changes ( |estimate| < 0.01 mmHg/day, one-sided p = 0.74) (Fig 3A). Higher
proportions of alcoholic patients in the sample were associated with lower absolute changes
(estimate = -1.85 mmHg between 0% and 100%, p < 0.001) (Fig 3B). Single-centre studies
showed significantly lower absolute changes compared with multicentre studies (estimate =

-0.81 mmHg, one-sided p < 0.001) (Fig 3D).

To examine whether these effects are additive, we defined an additional model which included
all of the above significant effects, using the same one-sided and two-sided p value thresholds.
All effects remained significant in combination: the proportion of compensated cirrhosis patients
(estimate = 1.5 mmHg between 0% and 100%, one-sided p < 0.001), the proportion of alcoholic
patients (estimate = -1.5 mmHg between 0% and 100%, p < 0.001) and whether the study was

conducted at a single centre (estimate = -0.46 mmHg, one-sided p = 0.031).

Implications for sample size calculations for studies in which HVPG is used as an
outcome measure

For assessing the impact of test-retest reliability for studies assessing the effect on HVPG of an
intervention, we considered two different scenarios. The first is that of single-arm trials in which
the effect of the intervention is assessed without a control group (such as, for example, in early
development or proof-of-concept studies). In this scenario, the sample size is selected for a

certain size of within-subjects effect. The second scenario would be that of a two-arm parallel
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randomized trial, in which the goal is to assess the “difference in differences” between two
groups. In this scenario, the sample size is selected for a difference of effects between a treated
and control group, or to compare two treatments. In both cases, the effect size is defined as the
smallest effect of interest, for which the study has greater than a defined level of power to detect
effects larger than this value. Since we have shown that reliability metrics are different between
studies including only compensated patients vs studies including decompensated patients, and
it is recommended to study these subpopulations separately', we performed sample size
calculations for these two groups of patients.
Further, we considered scenarios in which the effect of the test drug decreasing portal pressure
would be homogeneous across study subjects, and scenarios in which the effect would be
heterogeneous. An illustration of this concept and further details of these assumptions are
shown in supplementary materials S3.

a. Single Arm Trials
First, we considered percentage differences for various effect sizes. This addresses the
question of the appropriateness of binarising the output variable into treatment response for
apparent changes of 10% or 20%. We will consider the case of treatment effects in
compensated cirrhosis patients, where the effects are homogeneous (i.e. 100% of patients
experience treatment response), as this is a best-case scenario. For no difference, the
percentage of patients exhibiting apparent (i.e. measured) changes (i.e. false positives) of 10%
or more is 18%, and for 20% changes is 9%. If there is a true change of 1 mmHg following
treatment, i.e. 100% of patients experienced treatment effects of this magnitude, the percentage
of patients exhibiting apparent changes of 10%+ is 37% and 20%+ is 11%. If there is a true
effect of 3mmHg, the percentage of patients exhibiting apparent changes of 10%+ is 80% and

20%+ is 47%. From these figures, it is clear that there are not only a large number of false
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positives in the case of no effect, but also that there are a large number of false negatives in the
case of not only small, but even large effects. The full table is presented in Supplementary
Materials S6.

The results of the power analysis show that, for 80% power to detect an effect, true underlying
homogeneous differences of require sample sizes (i.e. patients, each of whom is measured
before and after treatment), for compensated and decompensated patients respectively, of 27
and 54 for 1 mmHg, 8 and 15 for 2 mmHg; and 5 and 8 for 3 mmHg (Figure 4). Studies in
decompensated patients require larger numbers of patients due to the higher degree of

measurement error in this group. The full table is presented in Supplementary Materials S7.

b. Two-arm parallel randomized trial

Here we performed power analysis to estimate the required sample sizes needed for an RCT
comparing two groups under a 1-sided hypothesis test, based on the predicted magnitude of the
difference in the change in HVPG in the control and intervention arms for trials studying
compensated and decompensated cirrhosis, where the control could be either a placebo (i.e. no
change) or a less-effective treatment. For the case of 80% power to detect differences between
a placebo arm and an intervention arm, the required sample sizes (i.e. number of patients in
each group separately), for compensated and decompensated patients respectively, are 50 and
95 for 1 mmHg, 15 and 30 for 2 mmHg, and 10 and 15 for 3 mmHg (figure 5). The full tables

are presented in Supplementary Materials S8.
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Discussion

In this study we show the test-retest reliability and consistency of HVPG, based on repeated
HVPG measurements in the context of randomized controlled trials with a placebo or untreated
arm. Since this is one of the major contexts of use of HVPG (drug development in portal
hypertension), this will facilitate trial design by quantifying the “noise” that investigators might
expect when using HVPG as an outcome measurement, and in that way refine trial design.
Previous studies have assessed the variability of a single HYPG measurement according to the
type of catheter %, intrahepatic heterogeneity of hepatic vein *° or according to the post-hoc
reading of permanent tracings by different investigators 2. We address here a different research
question, which is the reliability and consistency of the measurements using two different time
points without an active treatment in between, and in the context of RCTs. This specific
approach better reflects the specific questions that an investigator faces when planning a RCT
based on pre-post HYPG measurements. It also allows a better understanding of the meaning
of HVPG change in individual patients which, even if it is not standard of care, has been
proposed as a decision rule for therapeutic decisions in patients with cirrhosis and portal
hypertension “°.

Two maijor results of the present study are that even if the median change in the placebo groups
of these trials was zero (figure 2B), both in trials with compensated and decompensated
patients, differences between baseline and follow-up measurements were lower in trials only
including compensated patients and trials including decompensated patients. Compensated
cirrhosis is a relatively stable condition, with slow changes, and in which portal pressure would
be expected to be more stable than in decompensated patients. Patients with decompensated
cirrhosis are likely to have more unstable portal pressure, due to disease

progression/regression, changes in volemia or repeated bacterial translocation *’. Our findings

14


https://doi.org/10.1101/2020.12.07.20245464
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.12.07.20245464; this version posted December 8, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

suggest the need of different sample size estimates for trials assessing new drugs for portal
hypertension in compensated and decompensated cirrhosis, since the expected noise in HVPG
measurements in decompensated patients is higher. Another, somewhat, expected finding, was
that the variability in the measurements was higher in multicenter trials than in single center
studies, but the magnitude of this effect was low. Finally, studies including higher proportion of
alcohol-related cirrhosis patients showed lower variability. Indeed, patients with alcohol-related
liver disease considered for these trials are generally abstinent and stable at baseline, and the
chances of reaching the second study are higher if this continues to be so during the study
period.

Robust evidence shows that, when evaluated at a group level, baseline HVPG or “HVPG
response” hold prognostic information in cirrhosis, and this has provided a basis for
understanding key elements of the determinants of cirrhosis outcomes, and to develop
pharmacological therapies for cirrhosis. The results of this study, however, highlight the
difficulties in assessing the HVPG response to a drug in an individual patient. In compensated
patients, at a group level, within-group differences as small as 1 mmHg can be detected with
only ~30 patients, or between two groups with less than 50 patients per arm. In contrast, at the
individual patient-level most studies show that it would be difficult to tell if differences lower than
20% would be related to noise or to true changes related to the drug effect, and this is more so
for patients with decompensated cirrhosis (figure 1c¢). The relative invasiveness and the cost of
HVPG limits the possibility of obtaining several measurements at different time points to assess
the response to a drug (such as it is done with arterial hypertension, a biomarker with wide
physiological variability, where repeated measurements or 24-hr monitoring are used to assess
response and escalate therapy in clinical practice *. In the context of trials, it precludes

conducting several crossover studies, which is needed to reliably detect individual treatment
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responses *°. These considerations raise caution over approaches to tailor pharmacological
therapy according to individual HVPG response or to indicate an escalation of therapy in
“non-responders”, and emphasizes the notion that these strategies should be extensively
validated in RCTs before being implemented in practice *.It also argues against using the
proportion of patients achieving a threshold response to the treatment (or “proportion of
responders”) as a clinical relevant outcome, since it is both statistically inefficient and of
uncertain clinical interpretation due to the above mentioned considerations (supplementary
materials S8) *'.

Our study has significant strengths. The study assesses the reliability of HYPG in one of the
contexts that it is likely to be used, i.e. randomized controlled trials to compare a new
intervention in portal pressure vs a standard therapy or a placebo. The range of baseline
HVPGs is the range that would be expected to be found in patients with compensated and
decompensated cirrhosis, and not in a healthy population that is typically used for test-retest
studies in other contexts®*. Finally, we were able to gather data from 20 studies with 578 HVPG
readings in 289 patients, which is a large sample size for a test-retest study, allowing us to
derive precise estimates of the reliability and consistency with great precision.

Our analysis has limitations. There might be a study selection bias, since many RCTs in this
context have not reported individual patient data (reporting only mean changes). It could be that
observation of more test-retest variability might lead to less reporting of individual data. If true,
this would lead to an overestimation of reliability in our study. In addition, especially in long term
studies, there might be a patient selection bias, since those patients that reached the second
measurement are generally those that did not have a major clinical event and, therefore, these
patients might have a more stable portal pressure. However, the reported attrition in these trials

was very low, limiting the impact of this potential bias. In this regard, we were only able to
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retrieve 92% of all measurements theoretically reported in the different studies (table 1) . This
might relate to lack of reporting of patients not reaching the second HVPG measurement, or to
the fact that two patients with the exact same trajectory would have overlapping lines or dots.
The latter would have a minor impact on reliability metrics, since it means that these patients did
not have more extreme values than the ones analysed here. Finally, we had limited capacity to
assess the factors that might determine the reliability of HVPG in clinical trials, since we could
only assess study-level characteristics.

In summary, using data from untreated patients in clinical trials, we show that HVPG exhibits
good reliability and consistency, which is higher in compensated than decompensated patients.
Using the results of this analysis, we performed simulation-based power analyses for sample
size calculation for trials in which HVPG is to be used as a readout for the evaluation of new
drugs. Studies in decompensated patients would need higher sample sizes than studies
including only compensated patients, since the repeatability of HVPG is lower in the former.
This study also raises caution to the proposal of switching therapies based on reaching or not

reaching a defined threshold of HVPG response, especially in decompensated patients.
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etal, Cirrhosis. ()] 7 (19) A (1.3) readings (0, 5,
2004 F1EV 10min)
without
previous
variceal
bleed
Moller S Age 35 - 66 8(8) 46 81 2CP-A N/ 17.5 12% 30min 0.0 0.0 0.0 100.0 0.0 0.0 Placebo Both Balloon Mean value of NR
etal, EtOH 3 9CP-B A catheter / repeated
2000 ** cirrhosis 5CP-C Wedged catheter readings.
abstained 2
1 week.
Pomier- Cirrhotics 6(8) 54 87 2CP-A N/ 15.8 0 173 days 12.5 12.5 0.0 62.5 0.0 25.0 Placebo Balloon catheter Unknown NR
Lavrargu presented (20) 5 5CP-B A (5.1)
esGetal, with 1CpP-C
1987 *** variceal
bleed
Pozzi et HCV 9(9) 61.8 N/ 9CP-A N/ 154 100 1825 (6 100.0 N/A N/A 0.0 0.0 0.0 Untreated Balloon catheter Mean of 3 NR
al, 2005 cirrhotics A A (1.3) months) measurement
Compensate s
d.
Reverter Age 18 -75 21(21) 56.7 85 15CP- 10. 16.0 43 15.0 47.6 0.0 47.6 47.6 0.0 4.8 Placebo Balloon catheter Mean value of Y
Eetal, Cirrhosis. (83) 7 A 4 (4.6) triplicate
2015 HVPG 210 4 CP-B (3. readings
2CP-C 0)
Schepke Age 18-75 18(18) 53.6 44 8CP-A N/ 183 11% 7.0 27.8 N/A N/A 72.2 0.0 0.0 Placebo Balloon catheter Mean value of NR
Metal, Cirrhosis (23) 4 8CP-B A 0.9) or triplicate
2001 2CP-C less readings
Schwarz Cirrhosis. 10 (10) 57 80 1CP-A 14 20.0 20 28.0 20.0 N/A N/A 80.0 0.0 0.0 Placebo Balloon catheter HVPG curves Y
erRetal, HVPG =12 9.0) 0 6 CP-B “4) (5.0) registered for
2017 3CP-C ~1min.
Spahr L Cirrhosis 8(8) 56* 75 7.7 N/ 18.2 25% 90.0 N/A N/A N/A 62.5 N/A 37.5 Placebo Wedged catheter Pressure Y
etal, 0 A (1.0) or measured
2007 less when wedged
230s.22
readings in
different
vascular
territories

NR = No recorded tracings

* = Median

** = Study characteristics in placebo and active treatment arm are combined (separate data not available). 8/16 had ascites. Cannot comment who is decompensated or not.
*** = Acute variceal bleeders recruited, leading to sharp changes in HVPG between day 2 and 10. Only HVPG from day 10 to 6 months assessed for repeatability in the present study.
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Table 2: Test-retest metrics for the total sample for both patient groups.

Patients Mean cv WSCV ICC SDD | Change SD
HVPG
Only
16.2 0.24 0.09 0.87 3.92 2.01
Compensated
Includes 1779 | 0.27 0.12 0.82 5.68 2.91
Decompensated

CV: coefficient of variation. WSCV: Within-subject coefficient of variation. ICC: intraclass correlation coefficient. SDD: smallest

detectable difference. Change SD: the standard deviation of the signed change between measurements.
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Figure legends

Fig 1: Forest plot showing Intraclass correlation coefficients (ICC) (A), smallest detectable differences (SDD) in
mmHg (B), and SDD expressed in % (C ), where the size of the point represents the sample size. The studies with a
(C) and (D) represent the subsamples of these studies with compensated and decompensated patients respectively.
The overall values are presented below, and * depicts that this refers only to studies conducted using balloon-tip
catheters. This plot shows that the ranking of the different studies is not the same, since ICC and SDD reflect
reliability and consistency respectively. ICC estimates reliability, a measure of differentiability, which is primarily
important in between-subjects designs, while the SDD is a measure of consistency, which is primarily important in

within-subjects designs.

Fig 2: Absolute and signed changes between measurements in relation to the mean value across measurements. (A)
Distribution of absolute changes in mmHg divided by patient groups. Note that there is a higher proportion of
decompensated patients with higher absolute changes. (B) Distribution of signed changes in mmHg divided by
patient groups. Note that both groups are centred around zero. The association between mean values and mean
values (C) and signed values (D) after correction for decompensated percentage. For absolute values, this
association was not significant, but for signed values, this association was significant in both groups and in total.

Colours represent different studies.

Fig 3: The influence of study characteristics on the absolute change between measurements. Colours represent
different studies. Note that because all independent variables are studywide averages, they are the same for all
values in each study: for this reason, they are clustered in beeswarm plots around their study mean value. In B, C
and D, these changes are shown after correction for the effects of the proportion of decompensated patients: for this
reason, some “absolute changes” can be below zero after correction. (A) Absolute change showed a positive
association with the percentage of decompensated patients. (B) There was no significant association between the
days elapsed between measurements and the absolute changes. (C) Higher percentages of alcoholic patients were
significantly associated with lower absolute changes. (D) Single-centre studies showed a significantly lower absolute

change between measurements compared to multi-centre studies.
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Fig 4: Power contour plots assuming homogeneous effects for different degrees of hypothetical true effect for a
within-subject (single-arm) study design of compensated or decompensated patients. The dashed line represents
80% power. By selecting a sample size for which the minimum intervention effect size of interest is adequately

powered, a study will have adequate power to detect all potential true intervention effect sizes larger than this value.

Fig 5: Power contour plots assuming homogeneous effects for different degrees of hypothetical true effect for a
two-arm study design comparing a treatment against placebo, for compensated or decompensated patients, under a
1-sided hypothesis test. The dashed line represents 80% power. By selecting a sample size for which the minimum
intervention effect size is adequately powered, a study will have adequate power to detect all potential true

intervention effect sizes larger than this value.
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Fig 1

It is made available under a CC-BY-NC-ND 4.0 International license .
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Fig 1: Forest plot showing Intraclass correlation coefficients (ICC) (A), smallest detectable differences (SDD) in
mmHg (B), and SDD expressed in % (C ), where the size of the point represents the sample size. The studies with a
(C) and (D) represent the subsamples of these studies with compensated and decompensated patients respectively.
The overall values are presented below, and * depicts that this refers only to studies conducted using balloon-tip
catheters. This plot shows that the ranking of the different studies is not the same, since ICC and SDD reflect
reliability and consistency respectively. ICC estimates reliability, a measure of differentiability, which is primarily
important in between-subjects designs, while the SDD is a measure of consistency, which is primarily important in

within-subjects designs.
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Fig 2: Absolute and signed changes between measurements in relation to the mean value across measurements. (A)
Distribution of absolute changes in mmHg divided by patient groups. Note that there is a higher proportion of
decompensated patients with higher absolute changes. (B) Distribution of signed changes in mmHg divided by
patient groups. Note that both groups are centred around zero. The association between mean values and mean
values (C) and signed values (D) after correction for decompensated percentage. For absolute values, this
association was not significant, but for signed values, this association was significant in both groups and in total.

Colours represent different studies.
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Fig 3: The influence of study characteristics on the absolute change between measurements. Colours represent
different studies. Note that because all independent variables are studywide averages, they are the same for all
values in each study: for this reason, they are clustered in beeswarm plots around their study mean value. In B, C
and D, these changes are shown after correction for the effects of the proportion of decompensated patients: for this
reason, some “absolute changes” can be below zero after correction. (A) Absolute change showed a positive
association with the percentage of decompensated patients. (B) There was no significant association between the
days elapsed between measurements and the absolute changes. (C) Higher percentages of alcoholic patients were
significantly associated with lower absolute changes. (D) Single-centre studies showed a significantly lower absolute

change between measurements compared to multi-centre studies.
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Fig 4: Power contour plots assuming homogeneous effects for different degrees of hypothetical true effect for a
within-subject (single-arm) study design of compensated or decompensated patients. The dashed line represents
80% power. By selecting a sample size for which the minimum intervention effect size of interest is adequately

powered, a study will have adequate power to detect all potential true intervention effect sizes larger than this value.
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Fig 5: Power contour plots assuming homogeneous effects for different degrees of hypothetical true effect for a
two-arm study design comparing a treatment against placebo, for compensated or decompensated patients, under a
1-sided hypothesis test. The dashed line represents 80% power. By selecting a sample size for which the minimum
intervention effect size is adequately powered, a study will have adequate power to detect all potential true

intervention effect sizes larger than this value.
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Supplementary Materials

Search Strategy

We performed a search on PUBMED and Ovid MEDLINE from database inception through
to January 2020. After removing duplicates, we screened potential eligible records, initially at
title and abstract and then at full text level. Search and selection of the studies was designed
by JS, WB and JGA with the collaboration of the University of Alberta Faculty of Medicine
librarians. Final assessment of the articles was conducted by WB and JS. Any discrepancies

were resolved through consulting JGA.

Search Synthax

MEDLINE (via PubMed) 1970 to Jan 2020

#1 HVPG

#2 Hepatic venous pressure gradient

#3 Hepatic pressure gradient

#4 Portal pressure

#5 Portal haemodynamic*

#6 Portal hemodynamic*

#7 porto-systemic*

#8 portosystemic*

HO #1 Or #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
#10 Placebo

#11 Cirrhosis

#12 Chronic liver disease

#13 #11 OR #12

#14 #9 AND #10 AND #13

#15 “Hypertension Portal”[mesh]

#16 “Liver cirrhosis/ complications and drug therapy[mesh]
#17 “Portal pressure/drug effects”[mesh]

#18 “Portal system/drug effects”[mesh]

#19 #17 OR #18

#20 #15 AND #16 AND #19

An additional search was performed by reviewing recent reviews on novel treatments for
portal hypertension. We did an additional search in Google Images with the following terms:
HVPG AND (Placebo OR spaghetti plot OR pre-post). These strategies identified 4 additional
trials not picked up in the structured search.
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Flow diagram showing study selection

Supplemantary Figure 1. Flow diagram
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Excluded studies and reason

1. Albillos A, Perez-Paramo M, Cacho G, lborra J, Calleja JL, Millan I, et al. Accuracy of portal and forearm blood
flow measurements in the assessment of the portal pressure response to propranolol. J Hepatol 1997
Sep;27(3):496-504.

Reason = No individual datapoints available.

2. Bellis L, Berzigotti A, Abraldes JG, Moitinho E, Garcia-Pagan JC, Bosch J, et al. Low doses of isosorbide
mononitrate attenuate the postprandial increase in portal pressure in patients with cirrhosis. Hepatology 2003
Feb;37(2):378-384.

Reason = No individual datapoints available.

3. Bhardwaj A, Kedarisetty CK, Vashishtha C, Bhadoria AS, Jindal A, Kumar G, et al. Carvedilol delays the
progression of small oesophageal varices in patients with cirrhosis: A randomised placebo-controlled trial. Gut
2017 Oct;66(10):1838-1843.

Reason = Unreadable datapoint graph.

4. Cirera |, Feu F, Luca A, Garcia-Pagan JC, Fernandez M, Escorsell A, et al. Effects of bolus injections and
continuous infusions of somatostatin and placebo in patients with cirrhosis: A double-blind hemodynamic
investigation. Hepatology 1995 Jul;22(1):106-111.

Reason = No untreated control group

5. Escorsell A, Feu F, Bordas JM, Garcia-Pagan JC, Luca A, Bosch J, et al. Effects of isosorbide-5-mononitrate on
variceal pressure and systemic and splanchnic haemodynamics in patients with cirrhosis. J Hepatol 1996
Apr;24(4):423-429.

Reason = No HVPG measurement

6. Fierbinteanu-Braticevici C, Dragomir P, Tribus L, Negreanu L, Bengus A, Usvat R, et al. The effect of valsartan,
an angiotensin Il receptor antagonist, on portal and systemic hemodynamics and on renal function in liver
cirrhosis. J Gastrointestin Liver Dis 2006 Dec;15(4):337-342.

Reason = No HVPG measurement

7. Fierbinteanu-Braticevici C, Udeanu M, Dragomir P, Andronescu D. The effects of carvedilol a nonselective
beta-blocker on portal hemodynamics in cirrhosis. Rom J Intern Med 2003;41(3):247-254.

Reason = No HVPG measurement

8. Gupta N, Kumar A, Sharma P, Garg V, Sharma BC, Sarin SK. Effects of the adjunctive probiotic VSL#3 on
portal haemodynamics in patients with cirrhosis and large varices: A randomized trial. Liver Int 2013
Sep;33(8):1148-1157.

Reason = No control group

9. Ikegami M, Toyonaga A, Tanikawa K. Reduction of portal pressure by chronic administration of isosorbide
dinitrate in patients with cirrhosis: Effects on systemic and splanchnic hemodynamics and liver function. Am J
Gastroenterol 1992 Sep;87(9):1160-1164.

Reason = No control measurement

10. Kalambokis G, Economou M, Fotopoulos A, Bokharhii JA, Christos P, Paraskevi K, et al. Effects of nitric oxide
inhibition by methylene blue in cirrhotic patients with ascites. Dig Dis Sci 2005 Oct;50(10):1771-1777.

Reason = No HVPG measurement

11. Kemp W, Colman J, Thompson K, Madan A, Vincent M, Chin-Dusting J, et al. Norfloxacin treatment for
clinically significant portal hypertension: Results of a randomised double-blind placebo-controlled crossover
trial. Liver Int 2009 Mar;29(3):427-433.

Reason = Study design (Non-parallel)

12. Lin HC, Tsai YT, Huang CC, Meng HC, Lee FY, Wang SS, et al. Effects of octreotide on postprandial systemic
and hepatic hemodynamics in patients with postnecrotic cirrhosis. J Hepatol 1994 Sep;21(3):424-429.

Reason = No HVPG measurement

13. McCormick PA, Dick R, Graffeo M, Wagstaff D, Madden A, Mclintyre N, et al. The effect of non-protein
liquid meals on the hepatic venous pressure gradient in patients with cirrhosis. J Hepatol 1990
Sep;11(2):221-225.

Reason = No individual datapoints available.

14. Narahara Y, Kanazawa H, Taki Y, Kimura Y, Atsukawa M, Katakura T, et al. Effects of terlipressin on
systemic, hepatic and renal hemodynamics in patients with cirrhosis. J Gastroenterol Hepatol 2009
Nov;24(11):1791-1797.

Reason = No individual datapoints available.
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15. Navasa M, Chesta J, BosléHSJTﬁg%ggql]aﬁ)é%ﬂ%%%r? g f)%\r(t_a %PeDss‘lu% t?/r??ggg%ll'éggggmononitrate in patients
with cirrhosis. effects on splanchnic and systemic hemodynamics and liver function. Gastroenterology 1989
Apr;96(4):1110-1118.
Reason = No individual datapoints available.
16. Ota K, Shijo H, Kokawa H, Kubara K, Kim T, Akiyoshi N, et al. Effects of nifedipine on hepatic venous
pressure gradient and portal vein blood flow in patients with cirrhosis. J Gastroenterol Hepatol 1995
Mar-Apr;10(2):198-204.
Reason = No individual datapoints available.
17. Pollo-Flores P, Soldan M, Santos UC, Kunz DG, Mattos DE, da Silva AC, et al. Three months of simvastatin
therapy vs. placebo for severe portal hypertension in cirrhosis: A randomized controlled trial. Dig Liver Dis
2015 Nov;47(11):957-963.
Reason = No individual datapoints available.
18. Rasaratnam B, Kaye D, Jennings G, Dudley F, Chin-Dusting J. The effect of selective intestinal
decontamination on the hyperdynamic circulatory state in cirrhosis. A randomized trial. Ann Intern Med 2003
Aug 5;139(3):186-193.
Reason = No control group.
19. Ready JB, Hossack KF, Rector WG,Jr. The effects of ethanol administration on portal pressure and
gastroesophageal collateral blood flow in patients with alcoholic cirrhosis. Hepatology 1990 Apr;11(4):674-677.
Reason = No individual datapoints available.
20. Romero G, Kravetz D, Argonz J, Bildozola M, Suarez A, Terg R. Terlipressin is more effective in decreasing
variceal pressure than portal pressure in cirrhotic patients. J Hepatol 2000 Mar;32(3):419-425.
Reason = No individual datapoints available.
21. Ruiz del Arbol L, Garcia-Pagan JC, Feu F, Pizcueta MP, Bosch J, Rodes J. Effects of molsidomine, a long acting
venous dilator, on portal hypertension. A hemodynamic study in patients with cirrhosis. J Hepatol 1991
Sep;13(2):179-186.
Reason = No individual datapoints available.
22. Schepke M, Wiest R, Flacke S, Heller J, Stoffel-Wagner B, Herold T, et al. Irbesartan plus low-dose
propranolol versus low-dose propranolol alone in cirrhosis: A placebo-controlled, double-blind study. Am J
Gastroenterol 2008 May;103(5):1152-1158.
Reason = No individual datapoints available.
23. Steinlauf AF, Garcia-Tsao G, Zakko MF, Dickey K, Gupta T, Groszmann RJ. Low-dose midazolam sedation: An
option for patients undergoing serial hepatic venous pressure measurements. Hepatology 1999
Apr;29(4):1070-1073.
Reason = No control group represented.
24. Tripathi D, Therapondos G, Ferguson JW, Newby DE, Webb DJ, Hayes PC. Endothelin-1 contributes to
maintenance of systemic but not portal haemodynamics in patients with early cirrhosis: A randomised
controlled trial. Gut 2006 Sep;55(9):1290-1295.
Reason = No individual datapoints available.
25. Troisi RI, Vanlander A, Giglio MC, Van Limmen J, Scudeller L, Heyse B, et al. Somatostatin as inflow
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Data Extraction

Baseline and follow-up HVPG measurements in the control group were extracted after
digitizing the plots showing individual patient HYPG data. Two observers (WB and MAK)
independently extracted the values of the baseline and follow-up HVPG by creating a digital
grid over the published figures. Any discrepancies were resolved by consensus involving a
third reviewer (JGA). For assessing the characteristics of the source studies two reviewers
(WB and JS) independently extracted the data shown in table 1. Any discrepancies were

resolved through consensus involving a third reviewer (JGA).
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Examples of readings omvﬁ@ ptiofjs

In this partial plot, in the x-axis the authors present the baseline HVPG. In the y-axis, the
change at day 28. we show how the overlying grid allows to extract a value of 19.5 mmHg
for the baseline, and a change of -13.5 mmHg, which means that the follow-up value was 6

mmHg.

The following partial graph illustrates the application of this methodology to a “spaghetti plot”.

The case starting with an HVPG of 26 mmHg ends up with a follow-up HVPG of 29 mmHg.
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Supplementary materials

lllustration of the concept of intraclass correlation coefficient

The ICC is defined as the fraction of the total variance (the sum of the true and the error
variance) which is not attributable to error (i.e. within-individual changes). Here, we
visualise the degree of variability originating from both components and the total to give
readers a feeling for the meaning of the ICC. The distributions show the implied likelihood of
each value, given the true mean value (dashed line). True inter-individual variance is in
green (i.e., between-individual variability of the underlying ‘true’ values), measurement
error variance is in maroon (i.e. within-individual variability of the measured values), and
the total (i.e. measured: the sum of both true and error) variance is in black for different
intraclass correlation coefficients (ICC). It follows that with ICC < 0.5, variance around each
individual’s true value from measurement to measurement will be greater than the amount
of true inter-individual variability around the true mean.
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Supplementary materials

Study-level ICCs and SDDs were calculated using the R packages relfeas’, psych? and
agRee®. ICCs and SDDs were statistically compared between all studies of compensated
patients and those including decompensated patients using a case-resampling bootstrap
procedure. To assess the role of the study characteristics on the degree of measurement
error of HVPG, we assessed their influence on the within-patient absolute (i.e. unsigned)
change. We made use of permutation tests using the R packages perm* and permuco® on
account of the high degree of skew (=2.14) in the distribution of absolute change to mitigate
the effect of influential points. When assessing the signed changes, which were more
normally distributed (skew = -0.73), we made use of linear mixed effects models, using the
source study as a random intercept in order to account for the hierarchical, clustered, nature
of the data with measurements coming from different studies. In all cases, tests were
performed after correction for the percentage of the sample comprised of decompensated
patients when examining the total sample.

Power calculations were performed using the pwr R package for within-individual differences
(one-arm trials)®. For comparing differences between two groups (two-arm parallel trials),
power calculations were performed by simulating data (10,000 datasets for each
configuration) with the same measurement characteristics estimated from the test-retest
data. Hence, “true” values were created around the overall mean with the true variance (i.e.
the ICC multiplied with the total variance), and measurement error was created using the
within-subject coefficient of variation. We also examined the effect of potential heterogeneity
in treatment effects: all power analyses were performed both for homogeneous underlying
true effects (i.e. assuming every individual changed by the same amount before the addition
of measurement error), as well as for heterogeneous underlying true effects (i.e. some

individuals experience greater effects than others). For the heterogeneous effects, we
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applied a coefficient of varléaﬁon Around fihé diferences of 56%. “This implies that 2.3% of

patients would experience a true worsening of symptoms following treatment, while a
different 2.3% would experience an improvement of over double the mean effect. This is

further illustrated in the figure

Homogeneous and Heteregeneous Effects

Homogeneous effects imply that the true underlying change is the same
in all individuals (hence parallel lines in the true values)

True Measured
£ 25 z
£ 3
o a
5 20 ]
s 3
© 15 =
10
5
25 z
@
o
20 L(-;.’
15 S
w

Figure: The figure above shows theoretical underlying true values (left), and measured values
including measurement error (right). The true change from before to after the intervention can
either be homogeneous (i.e. everyone has exactly the same effect, upper panels), or
heterogeneous (i.e. some individuals experience greater effects of the intervention than others,
lower panels). For heterogeneous effects, we applied a coefficient of variation of the intervention
effect of 50%, which implies that 2.3% of the sample would experience a true worsening, and
2.3% of the sample would experience over double the effect of the mean. In all cases above, the
mean change is a decrease of 2 mmHg. Importantly, due to measurement error, it will always
appear as if some individuals experience greater treatment effects than others, even with a
homogeneous change in portal pressure. However, if the effects of treatment are truly
heterogeneous, then the variance will be greater. With greater variance, the standardised effect
size will be smaller, and therefore the power will be less to detect an effect of the same absolute
magnitude (e.g. 2mmHg). As shown in the sample size calculations, if a heterogeneous effect of
the drug is assumed, the sample size calculation to detect a given change in HVPG will be
slightly higher.
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Summary of study characteristics

A total of 578 HVPG measurements in 289 patients were identified from the plots, out of the
reported 313 patients included in the control groups of these studies (92% retrieval rate).
Most studies had placebo arms and only in 3 studies the control arm was composed of
untreated patients. Only one study reported that HYPG measurements were conducted with
a straight “wedged” catheter'. One additional study reported measurements with both
balloon and wedged catheter in an undefined proportion®. The latter study was considered
as a “balloon catheter study” for further analysis.

The study by Pomier-Layrargues et al® included three sequential measurements of HVPG.
The first was performed just after an episode of acute variceal bleed, the second at ten days
after the bleed, and the third at 6 months. Only the values at 10 days and at 6 months were
used for test-retest reliability since values obtained immediately after variceal bleeding were
considered to be unstable. Indeed, there was a major drop in HVYPG between the first and
the second measurement.

In the studies that reported the inclusion of decompensated patients, and in which the results
of compensated and decompensated patients could not be individualized, the proportion of
decompensated patients was over 50% (table 1) and were considered within the group of

studies assessing “decompensated” studies.
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Table: Metrics of reliability and consistency of the 20 included studies, divided by whether
they included decompensated patients or not. A detailed interpretation of these
measurements is provided in Matheson, Peer). 2019; 7: e6918.

Study n Decompensated (%) Alcoholic(%) Mean DaysElapsed Mean CV WSCV ICC SDD ChangeSD

Only Compensated

Abraldes 2008 (T) G 0.0 44,0 30.00 847 .16 007 08 3.65 94
Albillos 1995 20 0.0 60.0 0.00 19.60 020 0.05 0,94 274 4
Berzigotti 2010 4 0.0 50.0 6.00 8.62 0.2 0.03 55 G
yebernardi 2007 34 0.0 217 365.00 1450 042 0.07 3.0 4
Fukada 2014 16 0.0 25,0 0.04 17.28 0.24 0.07 349 7
Garcia-Tsao 2020(C) 100 0.0 0.0 663 0.24 0. 4.75 A4
Hidaka 2011 38 0.0 16.7 0.0 1475 025 012 079 4,50 2.37
Lebrec 2012 2 50.0 0.04 18.04 047 0,10 0.66 5.0 2,54
Merkel 2004 18 0.0 ST 730.00 1239 0O 0.04 087 22 0.62
Reverter 2015 42 0.0 47.6 5.00 51 0.28 0.06 0.5 276 34
Includes Decompensated
Abraldes 2008 (D) 36 100.0 440 30.00 2028 022 010 0.81 543 277
Blei 1987 18 00.0 00,0 = 5.0 3 0.0 0.97 245 0¢
Garcia-Tsao 2020 (D) 14 100.0 0.0 168.00 16.32 029 027 026 1217 5.06
Jayakumar 2013 16 100.0 75.0 56.00 2272 D44 0.09 0.62 542 2.95
Kimer 2017 36 100.0 2.2 28.00 16.18 028 017 0.63 762 3.98
McCormick 1992 40 75 750 0 744 025 006 0.94 3.04 S
Moller 2000 16 87.5 100.0 0.02 15.38 035 0.07 0.96 310 1.67
Pomier 1987 2 0o 625 72.50 1542 036 0.09 3.7 .26
Pozzi 2005 a 0o 0 16. 0.22 0 0.78 4,89 2.24
Schepke 200 36 00.0 FZ.5 8.2 .21 012 0.69 6.0 315
Schwarzer 2017 20 80 80.0 2800 2050 0.24 0.06 094 339 78
Spahr 2007 6 Ty L 62.5 50.00 7.689 047 0 0.14 7.64 3.95

n: number of observations (includes baseline and follow-up HVPG). CV: coefficient of
variation. WSCV: Within-subject coefficient of variation. ICC: intraclass correlation
coefficient. SDD: smallest detectable difference. Change SD: the standard deviation of the
signed change values between measurements, helpful for power analysis for longitudinal

studies.
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Supplementary materia (3

Table: Apparent percentage of responders, defined as 10% or 20% decrease in portal pressure,
according to the true underlying change in HVPG (data modelled using the reliability metrics
obtained in the present study). As shown in the table, even in the case of a true zero homogeneous
effect, 18% of a group of compensated patients, and 25% of decompensated patients would show an

apparent 10% decrease in portal pressure.

True

Worsening Apparent True 10%+ Apparent 10%+ True 20%+ Apparent 20%+
Difference Effects (%) Worsening (%) Improvement (%) Improvement (%) Improvement (%) Improvement (%)

Includes Decompensated
1.0 0.0 50.0 0.0 25.4 0.0 B
0.0 .0 50.0 0.0 254 .0 9.1
0.5 1.0 42.8 1.2 31.8 1.0 12.7
0.5 23 42,8 1.6 319 1.0 12.8
1.0 1.0 5.8 3.9 38.8 32 7
1.0 243 36.0 127 39.0 0.6 175
5 Heomogeneous 1.0 292 27.8 46 1.0 VP A
5 Heterogeneous 23 29.9 38.6 46.3 A 232
2.0 Homogeneous 0.0 233 72.0 53.8 3.9 284
2.0 Heterogeneous 23 247 59.1 53.5 P 297
2.5 1.0 18.1 6.0 61.2 12.0 35.1
2.5 terogenaous 23 20.4 F145 60.1 25.4 a5
3.0 Homogeneous 0.0 £ 99.8 68.2 279 42.4
3.0 Heterogeneous 243 16.9 78.8 65.9 38.6 434

Only Compensated

0.0 Homogeneous a0 50.0 0.0 17.7 a0 -+
0.0 Heterogeneous 0.0 50.0 0.0 1727 0.0 5
0.5 Homogeneous 0.0 38.7 0.z 26.3 0.0 6.4
0.5 Heterogeneous 23 38.9 0.7 26.5 0.0 6.6
1.0 Homogeneous 0.0 283 5.7 36.7 0.2 10.8
1.0 Heterogeneous 23 2901 17.6 37.2 0.7 i 4
1.5 Homogeneous 0.0 19.5 41.7 48.2 1.2 171
5 23 215 46.3 48.4 %t 19.2
2.0 Homogeneous 0.0 12:6 B87.7 59.9 = 254
2,0 Heterogeneous 23 16.0 65.4 58.5 17.6 28.3
2.5 Homogeneous 0.0 7.6 99.4 70.7 18.5 5.4
2.5 Heterogeneous 23 22 76.1 66.9 32.6 38.0
Homogeneous 0.0 43 100.0 75.9 1.7 46.5

3.0 Heterogeneous 23 9.6 82.2 TR 46.3 473
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Power calculations to determine sample sizes for a single arm trial, according to whether
the study would include decompensated/compensated patients, the true effect size, and

whether true effects are homogeneous or heterogeneous.

Difference Effects 80% Power 90% Power

Includes Decompensated

1.0 Homogeneous Effects 54 74
1.0 Heterogeneous Effects 56 76
1.5 Homogeneous Effects 25 34
1.5 Heterogeneous Effects 27 36
2.0 Homogeneous Effects 5 20
2.0 Heterogeneous Effects 17 22
2.5 Homogeneous Effects 10 14
2.5 Heterogeneous Effects 12 16
3.0 Hemogeneous Effects 8 10
3.0 Heterogeneous Effects 9 12
Only Compensated
1.0 Homogeneous Effects 27 36
1.0 Heterogeneous Effects 28 39
1.5 Homogeneous Effects 3 17
1.5 Heterogeneous Effects 5 9
2.0 Homogeneous Effects 8 11
2.0 Heterogeneous Effects 10 13
2.5 Homogeneous Effects 6 8
2.5 Heterogeneous Effects 8 10
3.0 Homogeneous Effects S 6
3.0 Heterogeneous Effects 6 8
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Power calculations to determine sample sizes for a two-arm parallel randomized trial under
a one-sided hypothesis test, according to whether the study would include
decompensated/compensated patients, the true difference between the treatment and the

control arm, and whether true effects are homogeneous or heterogeneous

Difference (mmHg) Intervention 1 Effect (mmHg) Intervention 2 Effect (mmHg) Effects 80% Power 90% Power

Includes Decompensated

3 3 0 Homogeneous Effects 15 20
3 3. 0 Heterogeneous Effects 15 20
2.5 3 0.5 Homogeneous Effects 20 25
2.5 3 0.5 Heterogeneous Effects 20 30
2.5 25 0 Homeogeneous Effects 20 25
2.5 2.5 0 Heterogeneous Effects 20 25
2 3 Homeogeneous Effects 30 35
2 3 1 Heterogeneous Effects 30 40
2 2.5 0.5 Homogeneous Effects 25 .35
2 2.5 0.5 Heterogeneous Effects 30 40
2 2 Homogeneous Effects 30 3
2 2 ] Heterogeneous Effects 30 40
5 3 5 H ous Effects 45 65
5 3 5 Heterogeneous Effects 55 75
1.5 25 1 Homogeneous Effects 45 60
1.5 2.5 1 Heterogeneous Effects 50 70
1.5 2 0.5 Homogeneous Effects 45 60
5 2 0.5 Heterogeneous Effects 50 65
5 1.5 Hom ous Effects 45 60
Tiba 15 0 Heterogeneous Effects 50 60
3 2 Homogeneous Effects 100 140

3 2 Heterogeneous Effects 120 7
25 1.5 Homogeneous Effects 100 140
2.5 1.5 Heterogeneous Effects 110 150
2 1 Homogeneous Effects 100 140
2 Heterogeneous Effects 110 150
5 100 140
5 0.5 110 140
0 95 140

Heterogeneous Effects 100 140
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Difference (mmHg) Intervention 1'“?21;{]89%}?3\‘6“I%?A%EQ:?%&E&E?J&NB-NBI&Q International I'g"b%{]ﬁgv\ier 90% Power

Only Compensated

3 3 0 Homogeneous Effects 10 10
3 3 0 Heterogeneous Effects 10 15
2.3 3 0.5 Homogeneous Effects 10 13
25 3 0.5 Heterogeneous Effects i5 15
2.5 2.5 0 Homogeneous Effects 10 15
25 2.5 0 Heterogeneous Effects 15 15
2 3 1 Homeogeneous Effects 15 20
2 3 1 Heterogeneous Effects 20 25
2 2.5 0.5 Homogeneous Effects 15 20
2 2.5 0.5 Heterogeneous Effects 20 25
2 2 0 Homogeneous Effects 2 20
2 2 0 Heterogeneous Effects 15 20
1.5 Z 155 Homogeneous Effects 25 3%
1.5 3 1.5 Heterogeneous Effects 30 45
3 P4 2.5 1 Homegeneous Effects 25 30
1.5 25 1 Heterogeneous Effects 30 40
1.5 2 0.5 Homogeneous Effects 25 35
1.5 2 0.5 Heterogeneous Effects 25 135
1.5 3 %7 0 Homogeneous Effects 25 35
1.5 1.5 ] Heterogeneous Effects 5 A5
1 3 2 Homegeneous Effects 50 65
1 3 2 Heterogeneous Effects 70 95
1 2.5 15 Homogeneous Effects 50 70
1 25 1:5 Heterogeneous Effects 60 85
1 2 1 Homogeneous Effects 50 70

2 1 Heterogeneous Effects 60 80
1 1.5 0.5 Homogeneous Effects 50 70
1 1.5 0.5 Heterogeneous Effects a3 75
1 1 0 Homogeneous Effects 50 70

1 0 Heterogeneous Effects 50 70
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