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Abstract

Background: Acute-on-chronic liver failure (ACLF) is a syndrome character-
ized by high short-term mortality. The decision to initiate an artificial liver
support system (ALSS) is complex and preference-sensitive. Standardized
tools to facilitate shared decision-making (SDM) in this critical context are
lacking. Objective: This study aimed to systematically develop and validate an
interactive, bilingual (Chinese/English) patient decision aid (PDA) for pa-
tients with ACLF considering ALSS, using a novel validation methodology
employing large language models (LLMs). Methods: A three-phase, mixed-
methods design was employed. Phase 1 (Scoping) involved a systematic liter-
ature review to identify core content. Phase 2 (Development) focused on con-
tent drafting and technical implementation of an interactive web-based pro-
totype. Phase 3 (Validation) involved a two-pronged approach: 1) An innova-
tive content validation process was conducted by systematically querying five
distinct LLMs (GPT-4, Claude 3, Llama 3, Gemini Pro, and a domain-specific
medical model) to simulate a multi-disciplinary expert review, assessing the
PDA’s content for accuracy, comprehensiveness, clarity, and neutrality. 2) Us-
ability and acceptability were evaluated by 10 representative users (patients
and family members) through a think-aloud protocol, the System Usability
Scale (SUS), and semi-structured interviews. Results: A web-based PDA titled
“Artificial Liver Decision Aid for ACLF” was successfully developed. The
LLM-driven validation process resulted in a high degree of consensus on core
medical facts and alignment with major clinical guidelines. The iterative que-
rying process generated 17 actionable refinements, primarily enhancing the
clarity of technical descriptions and adding nuance to risk-benefit statements.
In the user testing, the mean SUS score was 87.5 (SD 6.2; range 75 - 95), cor-
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responding to an “excellent” usability rating. Qualitative user feedback was
overwhelmingly positive, highlighting the tool’s clarity, ease of use, and the
value of its interactive and bilingual features. Conclusions: We have devel-
oped and validated a high-quality PDA for the ALSS decision in ACLF, pio-
neering a novel and efficient LLM-based method for content validation. The
tool demonstrates excellent usability and is a promising resource to support
SDM. This study also presents a viable new paradigm for the rapid develop-
ment of evidence-based patient-facing medical tools.

Keywords

Acute-on-Chronic Liver Failure, Artificial Liver Support System, Patient
Decision Aid, Shared Decision Making, Tool Development, Large Language
Models, Content Validation, Usability

1. Introduction

Acute-on-chronic liver failure (ACLF) is a devastating syndrome defined by the
acute decompensation of chronic liver disease, accompanied by organ failure(s)
and associated with high short-term mortality rates, often ranging from 50% to
90% [1]. Artificial liver support systems (ALSS) represent a critical therapeutic
option, functioning as a bridge to liver transplantation or, in some cases, a bridge
to recovery by temporarily performing the liver’s detoxification and metabolic
functions [2].

The decision of whether to initiate ALSS is a quintessential “preference-sensi-
tive” decision, characterized by significant uncertainty and trade-offs [3]. While
ALSS may offer a survival advantage, it is an invasive, costly, and resource-inten-
sive therapy with no guaranteed benefit; some patients may not respond and still
succumb to the disease [4]. This complex balance of potential benefits against sub-
stantial risks, costs, and procedural burdens frequently leads to profound deci-
sional conflict for patients and their families [5].

Shared decision-making (SDM), a collaborative process where clinicians and
patients weigh evidence and patient values to make a healthcare choice, is the rec-
ommended model for such situations [6]. Patient decision aids (PDAs) are evi-
dence-based tools designed to facilitate SDM, shown to improve knowledge and
reduce decisional conflict [7].

Despite the clear need, a specific, methodologically robust PDA for the ALSS
decision in ACLF is absent. Traditional PDA development is resource-intensive,
particularly the expert validation phase, which can be slow and challenging to co-
ordinate [8]. Recent advancements in large language models (LLMs) present a
novel opportunity to streamline and enhance this process [9] [10]. Therefore, the
dual objectives of this study were: 1) to systematically develop an interactive, bi-
lingual PDA for the ALSS decision, and 2) to pioneer and evaluate a novel valida-

tion methodology using a panel of LLMs, adhering to the principles of the Inter-
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national Patient Decision Aid Standards (IPDAS).

2. Methods
2.1 Study Design and Framework

A multi-phase, mixed-methods study was conducted, guided by the IPDAS check-
list. Key IPDAS criteria were systematically addressed, including a process for en-
suring a balanced presentation of options through multi-model LLM review and
a final expert check, and disclosing uncertainties in risk-benefit language, as de-
tailed in Section 2.4.1. The study comprised three phases: 1) Scoping and content
identification, 2) Prototype development and technical implementation, and 3) A
hybrid validation process involving LLM-driven content validation and human-

centered usability testing.

2.2. Phase 1: Scoping and Content Identification

A systematic literature search of PubMed, Embase, the Cochrane Library, and

» «

CNKI was conducted using terms including “acute-on-chronic liver failure”, “ar-
tificial liver”, “plasma exchange”, “patient experience”, and “decision making”.
We extracted data on ACLF definitions, ALSS modalities, efficacy, risks, and costs.

This evidence formed the foundational knowledge base for the PDA content.

2.3. Phase 2: Prototype Development and Technical
Implementation

Based on the evidence from Phase 1, the PDA content was drafted in plain lan-
guage (6th - 8th grade reading level). A responsive web-based application was de-
veloped using HTML5, CSS3, and JavaScript, featuring a modular interface, bilin-
gual (Chinese/English) functionality, an interactive decision balance sheet, and a

values clarification exercise. The final source code is provided in Appendix A.

2.4. Phase 3: Validation

2.4.1 Content Validation via Large Language Model (LLM) Consultation

In a departure from traditional expert panels, we designed and executed a struc-
tured, two-round validation process simulating a multi-disciplinary expert review
using five distinct LLMs: OpenAI’s GPT-4, Anthropic’s Claude 3 Opus, Meta’s
Llama 3, Google’s Gemini Pro, and a specialized medical LLM (e.g., Med-PaLM
2, specified for context). This novel approach was designed to rapidly assess and
refine the PDA’s content for accuracy, comprehensiveness, clarity, and neutrality.

Process:

1. Prompt Engineering: A structured prompt protocol was developed (Appen-
dix B). Each LLM was assigned a specific clinical persona (e.g., “You are a sen-
ior hepatologist specializing in ACLF”, “You are a critical care nurse with 15
years of ICU experience”, “You are a health literacy expert evaluating patient-
facing materials”).

2. Round 1 (Independent Review): The entire content of the PDA was fed to
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each LLM with the structured prompt. The models were instructed to perform
a line-by-line critique, identify inaccuracies, suggest clarifications, assess bal-
ance, and flag any missing crucial information.

3. Synthesis: All outputs from Round 1 were collated and analyzed. A human
researcher synthesized the suggestions, identifying points of consensus, diver-
gence, and unique insights from each model.

4. Round 2 (Consensus Building): A summary of the synthesized feedback and
points of divergence was fed back to the LLMs. They were prompted to review
the critiques from the other (anonymized) “experts” and either reaffirm their
position, modify it, or reach a consensus, simulating a Delphi-like process.

Human Oversight: To mitigate the risk of LLM errors, a final human oversight
step was crucial. Following the synthesis of LLM suggestions, the corresponding
author, a clinical expert in hepatology, reviewed all high-consensus and divergent
suggestions before their incorporation. The expert then performed a final line-by-
line review of the complete, revised PDA content to ensure all changes were med-
ically sound, appropriate, and contextually correct before proceeding to user test-

ing.

2.4.2. Usability and Acceptability Testing

To assess user-friendliness, we recruited a convenience sample of 10 end-users (5
patients with chronic liver disease, 5 family members). Recruitment occurred at
the outpatient clinic of The Third Affiliated Hospital of Sun Yat-sen University.
Eligibility criteria included: adults (=18 years) who were either diagnosed with
chronic liver disease (but not in an acute ACLF state, to avoid undue distress) or
were a family member of such a patient, and were able to provide informed con-
sent and communicate in Chinese. This convenience sampling approach was
deemed appropriate for this stage of usability testing, which focuses on interface
clarity and user experience rather than clinical outcomes. Each participant en-
gaged in a “think-aloud” session while using the PDA. Subsequently, they com-
pleted the 10-item System Usability Scale (SUS) [11] (Appendix C) and a brief

semi-structured interview to gather qualitative feedback.

2.5. Ethical Considerations

The study protocol was approved by the Institutional Review Board of The Third
Affiliated Hospital of Sun Yat-sen University (RG2023-170-03). All human par-

ticipants (users) provided written informed consent.

3. Results
3.1 Final PDA Prototype
The final product is a stand-alone, interactive, bilingual web-based application. It

comprises five sections: 1) Introduction to ACLF; 2) Treatment Options; 3) Inter-

active Pros and Cons; 4) Values Clarification; and 5) A personalized summary

page.
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3.2 Content Validation by LLMs

The two-round LLM validation process was completed within 48 hours. A high
degree of consensus (>4 of 5 models) was observed for core medical definitions,
treatment mechanisms, and major risk categories. A total of 17 distinct, actionable
suggestions for content refinement were generated and subsequently incorpo-
rated. Thematic analysis of the LLM feedback revealed three key areas of improve-
ment:
Enhanced Precision: LLMs suggested replacing general terms with more spe-
cific information. For example, “lying in bed for a long time” was refined to
“lying relatively still for 2 - 4 hours per session”.
Nuanced Risk-Benefit Language: The models consistently reccommended sof-
tening deterministic language. For instance, “ALSS increases survival rate” was
revised to “ALSS may increase survival rate for certain patients”, better reflect-
ing clinical evidence uncertainty.
Addition of Practical Information: Suggestions included adding a brief note
about the need for family support during the lengthy treatment sessions and
clarifying the difference between ALSS and kidney dialysis, both of which were
integrated.

Points of divergence among models, such as the exact statistical range for sur-
vival benefit, were used to guide the final text towards more cautious and gener-
alized phrasing, explicitly stating that outcomes vary significantly. To better illus-
trate the quality of the feedback, more specific examples of actionable suggestions
included:

Refining Vague Descriptions: Changing “The treatment takes a long time” to
“Each ALSS session typically requires you to be relatively still for 2 - 4 hours”.
Quantifying where appropriate: Modifying “ALSS has a high cost” to include
a note: “Costs can be substantial and vary by region and the specific ALSS
mode used; please discuss the estimated financial impact with the hospital’s
billing department and your care team.”

Adding Patient-Centric Clarifications: One model, role-playing as a health
literacy expert, suggested adding the explicit comparison: “You can think of
ALSS as a form of ‘liver dialysis,” similar in concept to the kidney dialysis many

people are familiar with, but for the liver.”

3.3. User Characteristics

The 10 representative users included 5 patients (3 male, 2 female) and 5 family
members (2 male, 3 female). The demographic and clinical characteristics of the

sample are summarized in Table 1.

Table 1. Demographic and clinical characteristics of usability testing participants (N = 10).

Characteristic Category n (%)
User Type Patient with Chronic Liver Disease 5 (50%)
Family Member 5 (50%)
DOI: 10.4236/health.2025.1711095 1431 Health
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Continued
Age (years), range 35-65
Gender Male 5(50)
Female 5(50)
Education Level Middle school or below 3 (30)
High school/Technical school 4 (40)
College degree or above 3 (30)
Diagnosis (Patients only, n = 5) Hepatitis B-related Cirrhosis 3 (60)
Alcoholic Cirrhosis 1(20)
Other 1(20)

3.4. Usability and Acceptability

All 10 users completed the usability testing. The mean SUS score was 87.5 (SD 6.2;
range 75 - 95), indicating “excellent” usability and placing it in the 90 - 95th per-
centile [11]. Qualitative feedback was highly positive, with themes of clarity, the
value of interactivity, and empowerment through family communication via the

bilingual feature emerging consistently.

4. Discussion

This study reports on the successful development of a high-quality PDA for the
ALSS decision in ACLF. More significantly, it pioneers a novel, efficient, and ro-
bust methodology for content validation using a panel of LLMs. This approach
addresses a major bottleneck in traditional PDA development, offering a scalable
and rapid alternative to the initial stages of expert review.

The principal strength of the LLM validation method is its speed and breadth.
It can synthesize vast amounts of published literature and guidelines in seconds,
providing a comprehensive check for accuracy and completeness that may surpass
that of a single human expert. The use of multiple, diverse models and persona-
based prompting simulates a multi-disciplinary panel, allowing for cross-valida-
tion and reducing the risk of individual model bias. Our results show this method
yielded specific, high-quality refinements comparable to those expected from a
human panel.

The methodological rigor of our study, combining this innovative LLM valida-
tion with gold-standard human-centered usability testing, ensures the final prod-
uct is both evidence-aligned and user-friendly. The high SUS score and positive
qualitative feedback confirm the PDA’s potential to be a valuable clinical tool.

We acknowledge several limitations. First, the primary limitation is the reliance
on LLMs for content validation. LLMs can “hallucinate” or provide outdated in-
formation and lack real-world clinical experience and nuance [12]. To mitigate
this, we used multiple models, cross-verified outputs, and had a clinical expert
(the corresponding author) perform a final review of all AI-suggested changes, as

detailed in our methods. We position this method as a powerful accelerator for

DOI: 10.4236/health.2025.1711095

1432 Health


https://doi.org/10.4236/health.2025.1711095

J. Wangetal.

initial development and refinement, not a complete replacement for final human
oversight. Second, the user testing was conducted with a small, single-center sam-
ple, which may limit generalizability. Third, this study does not assess the PDA’s
clinical efficacy.

The clear next step is a randomized controlled trial (RCT) to evaluate the PDA’s
effectiveness in a clinical setting. Specifically, this future RCT should measure pri-
mary outcomes such as a change in the Decisional Conflict Scale (DCS) score, and
secondary outcomes including patient knowledge of ALSS, alignment between pa-
tient values and the chosen treatment (decision-value congruence), and patient

satisfaction with the decision-making process.

5. Conclusion

We have rigorously developed and validated an interactive, bilingual PDA for the
ALSS decision in ACLF using a novel combination of LLM-driven content refine-
ment and end-user testing. The tool is content-sound, highly usable, and ready for
clinical evaluation. This study demonstrates that a structured, multi-model LLM
consultation can serve as a powerful and efficient alternative to traditional meth-
ods for the initial content validation of patient-facing medical tools, heralding a

new paradigm in the agile development of digital health interventions.
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Appendix A: Final Source Code of the Patient Decision Aid

<!DOCTYPE html>
<html lang="zh">
<head>

<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>ACLF N THHAIT R T A - Artificial Liver Decision Aid</title>
<style>

:root { --primary-color: #2980b9; --secondary-color: #ecf0fl; --text-color:
#34495e; --card-bg: #ffffff; --border-color: #bdc3c7; } body { font-family: -ap-
ple-system, BlinkMacSystemFont, "Segoe UI", Roboto, "Helvetica Neue",
Arial, "Noto Sans", sans-serif; margin: 0; padding: 20px; background-color:
var(--secondary-color); color: var(--text-color); line-height: 1.6; } .container
{ max-width: 900px; margin: auto; background-color: var(--card-bg); padding:
20px 30px; border-radius: 8px; box-shadow: 0 4px 8px rgba(0,0,0,0.1); } header
{ text-align: center; border-bottom: 2px solid var(--primary-color); padding-
bottom: 15px; margin-bottom: 25px; position: relative; } header hl { color:
var(--primary-color); margin: 0; } .lang-switch { position: absolute; top: 0;
right: 0; } .Jang-switch button { background-color: var(--primary-color); color:
white; border: none; padding: 8px 12px; border-radius: 5px; cursor: pointer;
font-size: 14px; transition: background-color 0.3s; } .Jang-switch button:hover
{ opacity: 0.9; } .lang-switch button.active { background-color: #1a5276; font-
weight: bold; } .card { background: var(--card-bg); border: 1px solid var(--bor-
der-color); border-radius: 8px; padding: 20px; margin-bottom: 20px; box-
shadow: 0 2px 4px rgba(0,0,0,0.05); } h2 { color: var(--primary-color); border-
bottom: 1px solid var(--secondary-color); padding-bottom: 10px; } .options
{ display: grid; grid-template-columns: 1fr 1fr; gap: 20px; } .option-card { bor-
der: 2px solid var(--border-color); border-radius: 8px; padding: 15px; text-
align: center; } .option-card h3 { margin-top: 0; } .pros-cons-grid { display:
grid; grid-template-columns: 1fr 1fr; gap: 15px; } .pros, .cons { padding: 15px;
border-radius: 5px; } .pros { background-color: #e8f6f3; border-left: 4px solid
#labc9c; } .cons { background-color: #fdedec; border-left: 4px solid
#e74c3c; } .pros h4, .cons h4 { margin-top: 0; } .pros h4 { color: #16a085; } .cons
h4 { color: #c0392b; } ul { padding-left: 20px; } li { margin-bottom: 10px; } .val-
ues-clarification-grid { display: grid; grid-template-columns: repeat(auto-fit,
minmax(250px, 1fr)); gap: 15px; } .value-item { background-color: #fdf2e9;
padding: 15px; border-radius: 5px; border-left: 4px solid #e67e22; } .decision-
balance-table { width: 100%; border-collapse: collapse; margin-top: 20px; } .de-
cision-balance-table th, .decision-balance-table td { border: 1px solid var(--
border-color); padding: 12px; text-align: left; } .decision-balance-table th
{ background-color:  var(--secondary-color); color:  var(--primary-
color); } .important-btn { background-color: #f1c40f; color: var(--text-color);

border: none; padding: 5px 10px; border-radius: 5px; cursor: pointer; font-
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size: 12px; margin-left: 10px; float: right; } .important-btn.clicked { back-

ground-color: #f39c12; font-weight: bold; } #summary-card li { list-style-type:

. s } @media (max-width: 768px) { .options, .pros-cons-grid, .values-clari-

fication-grid { grid-template-columns: 1fr; } .lang-switch { position: static;

text-align: center; margin-top: 10px; } }

</style>
</head>
<body>

<div class="container"><header><h1 data-lang-zh="ACLF A\ T JFEJT ¥k
4B T H" data-lang-en="Artificial Liver Decision Aid for ACLF"></h1><p data-
lang-zh="% B M IE I KN T MR YT £, M Bod & PE . " data-lang-
en="Helping you and your family understand the treatment options and make the
decision that is best for you."></p><div class="lang-switch"><button id="btn-zh"
onclick="switchLanguage('zh)"> ' 3 </button><button id="btn-en" on-
click="switchLanguage('en')">English</button></div></header><div
class="card"><h2 data-lang-zh="5—2: T fRIEHINH" data-lang-en="Step 1:
Understand Your Condition"></h2><p data-lang-zh="1&#% 12 Wi i@ ma v
W (ACLF). XRRHE A KSR (i) B EEA, T
FPREZhRE SURI T B, JF T RERZm A8 H AR e KD B9ThRE. X2 —A
e SEHERPRGL, FESLAVHEATAIAYT .« " data-lang-en="You have been diag-
nosed with 'Acute-on-Chronic Liver Failure' (ACLF). This means your existing
chronic liver disease (like cirrhosis) has suddenly worsened, leading to a rapid de-
cline in liver function and potentially affecting other organs (like kidneys, brain).
This is a very critical condition that requires immediate and aggressive treat-
ment."></p></div><div class="card"><h2 data-lang-zh="% —20: T #EIIEIT
1F%" data-lang-en="Step 2: Understand Your Treatment Options"></h2><p data-
lang-zh="§t X} ACLF, H £ EA PRHGTT AN . EHIERST A& 5 e
— P E A EATIE DL . " data-lang-en="For ACLF, there are currently two
main treatment strategies. Your medical team will discuss with you which one is
more suitable for your current situation."></p><div class="options"><div
class="option-card"><h3 data-lang-zh="1%+ A: Fr#ENFHEIT (SMT)" data-
lang-en="Option A: Standard Medical Therapy (SMT)"></h3><p data-lang-zh="
RRFEAMNATT, BIEEHAY (nAEA. PUERD  BIRSCRE. WEIFAE

UK RO 45, HAFRRREms, SRS IRE B1EHE. " data-lang-

en="This is the foundational treatment, including medications (like albumin, anti-
biotics), nutritional support, and managing complications (like ascites, hepatic en-
cephalopathy). The goal is to stabilize the condition and support the body's own
repair mechanisms."></p></div><div class="option-card"><h3 data-lang-zh="1%
$B: NLHCRERS (ALSS) + SMT" data-lang-en="Option B: Artificial Liver
Support System (ALSS) + SMT"></h3><p data-lang-zh="7E i PN BHETT LAl
s BN TR o XA FRLENT ISR, - SR 5
RiGERER, BB A AEDIRE, AT R R SRS A IT AIE L 2

"data-lang-en="In addition to standard medical therapy, artificial liver treatment
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is added. It's a technology similar to 'dialysis' that uses a machine to help your body
clear toxins, temporarily replacing some liver functions, creating an opportunity
for liver recovery or bridging to a liver transplant."></p></div></div></div><div
class="card"><h2 data-lang-zh="%% —J: BUHTH|¥E" data-lang-en="Step 3: Weigh
the Pros and Cons"></h2><p data-lang-zh="FANIEFHS A HAR s B 5. TEAF
YR, I A MR BAREE 42, ARic A E R I H o IX LT H
B2 BB G PR P K . "data-lang-en="Each option has its pros and
cons. Please read them carefully and click the Tmportant to me' button on the right
to mark the items you care about most. These items will be summarized in the final
decision balance table."></p><h3 data-lang-zh="1&+# A: fr#ENENARIT (SMT)"
data-lang-en="Option A: Standard Medical Therapy (SMT)"></h3><div
class="pros-cons-grid"><div class="pros"><h4 data-lang-zh="1Ji 15" data-lang-
en="Pros"></h4><ul><li data-id="smt-pro-1" data-lang-zh="Jo@{7{%: #EGH T
5B EMRRAR Cint I, J&4Y) . " data-lang-en="Non-invasive: Avoids risks
associated with catheter insertion (e.g., bleeding, infection)."></li><li data-
id="smt-pro-2" data-lang-zh="%% FI XS LK. T NLYIMSCFRRIT IR .

" data-lang-en="Relatively lower cost: Mainly consists of medication and support-
ive care costs."></li></ul></div><div class="cons"><h4 data-lang-zh=" "} £i "
data-lang-en="Cons"></h4><ul><li data-id="smt-con-1" data-lang-zh=""2{ & 1]
BEATBR: XFFARH ™ HE [ ACLE, AIRETIEATRGRERIAAN KER R, W
" data-lang-en="May have limited effect: For very severe ACLF, it may not effec-
tively clear the large amount of toxins in the body to reverse the condi-
tion."></li><li data-id="smt-con-2" data-lang-zh="FE 1% 1] fig B 5y : X TSk
HTHE, AHAT ALSS BRI A REE 5. " data-lang-en="Potentially
higher mortality: For some moderate to severe patients, the short-term mortality
rate may be higher without ALSS."></li></ul></div></div><h3 data-lang-zh="1%
P B: NTHFFRS(ALSS) + SMT" data-lang-en="Option B: Artificial Liver
Support System (ALSS) + SMT" style="margin-top: 20px;"></h3><div
class="pros-cons-grid"><div class="pros"><h4 data-lang-zh="1f 5" data-lang-
en="Pros"></h4><ul><li data-id="alss-pro-1" data-lang-zh="1] & &= A= 175 : i
TR, X THRPE B, ALSS MIREFRFINIZET 2, JuFHIER S U RS A
31} ], "data-lang-en="May increase survival rate: Studies show that for specific
patients, ALSS may reduce short-term mortality, buying time for liver recovery or
transplant."></li><li data-id="alss-pro-2" data-lang-zh="fUE AR : BEA L
TEERIBLR . WAEHR, T AERIE O SR AT PR %R - "data-lang-
en="Rapid symptom improvement: Can effectively clear toxins like bilirubin and
ammonia, potentially improving symptoms like jaundice and hepatic encephalo-
pathy quickly."></li></ul></div><div class="cons"><h4 data-lang-zh=" i s
"data-lang-en="Cons"></h4><ul><li data-id="alss-con-1" data-lang-zh="1z A\
A T EAESTREORMRA KM BN RS, AN, &Y. Mk
B RS . "data-lang-en="Invasive procedure: Requires inserting a catheter into
a large blood vessel in the neck or thigh, with risks of bleeding, infection, and
thrombosis."></li><li data-id="alss-con-2" data-lang-zh="%% Ff| &1 &1 : HLIKIAIT 3%
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Rim, HEEHEZIIRT, NREET B KFRK . "data-lang-en="High
cost: The cost per session is high, and multiple sessions are usually required, posing
a significant financial burden on the family."></li><li data-id="alss-con-3" data-
lang-zh="J7 RAAHE : FFAXPITA BEHA R, Mo BFWERRZ 7T, W
TEA AT REAR 524k . "data-lang-en="Uncertain efficacy: It is not effective for all
patients, and some may continue to deteriorate despite treatment."></li><li data-
id="alss-con-4" data-lang-zh="VRJ7 I FE A REANIE : 75 ZEAEM IR P S0,
Al Re LM R e B . FEAE B, "data-lang-en="Potential discomfort during
treatment: Requires lying relatively still for 2-4 hours per session, and may cause
blood pressure fluctuations, chills, etc."></li></ul></div></div></div><div
class="card"><h2 data-lang-zh="%5 P40 . JE=E A A X bR B 2 ? "data-lang-
en="Step 4: Think About What's Most Important to You"></h2><div class="val-
ues-clarification-grid"><div class="value-item"><strong data-lang-zh="2¢T "1
Ml2>: " data-lang-en="About Survival Chance:"></strong><p data-lang-zh="1&J&
BN T IR AR AR AN A AL 2, T SR KU L & SRR T 2
data-lang-en="Are you willing to try a risky and expensive treatment to increase
even a small chance of survival?"></p></div><div class="value-item"><strong
data-lang-zh=" ¢ T 4 & Jii & : " data-lang-en="About Quality of
Life:"></strong><p data-lang-zh="%[&k i, ¥ %697 1R P 1R o AAE A
Z #H¥L? " data-lang-en="How important is it for you to avoid pain and discomfort
during treatment?"></p></div><div class="value-item"><strong data-lang-zh="
KT HEEFMHH: "data-lang-en="About Family Burden:"></strong><p data-lang-
zh="Y0 7 M 2l & X S R EE R 2 KNP ALK 77?7 " data-lang-
en="How much financial and psychological stress will the cost of treatment place
on your family?"></p></div></div></div><div class="card" id="summary-
card"><h2 data-lang-zh="38 Ti3f: TEHJHRFEF-H7" data-lang-en="Step 5: Your
Decision Balance Sheet"></h2><p data-lang-zh="1x /& R4 #& NI A A5 1 1 xf 3
IREEHIH, BRI NSRS, . A DB B A5 S BEAA
FKATHB I %Al "data-lang-en="This is a personal decision summary generated
based on the items you marked as Tmportant to me'. You can use this summary as
a basis for discussion with your doctor and family."></p><table class="decision-
balance-table" id="decision-balance-table"></table><p id="no-selection-msg"
data-lang-zh="fIE B AT IEFAEMT EE T H o TR B8 =20, midifE o0
H 50 FRAR B 2444 . "data-lang-en="You haven't selected any important
items yet. Please go back to Step 3 and click the Tmportant to me' button next to
the items you care about."></p></div></div>

<script>

const translations = {}; function collectTranslations() { docu-

ment.querySelectorAll('[data-lang-zh]').forEach(el => { const key =

el.tagName + "' + (elid || Array.from(elattributes).map(a =>

a.name).join('_")); translations[key] = { zh: el.getAttribute('data-lang-zh'), en:

el.getAttribute('data-lang-en') }; el.dataset.translationKey = key; }); } function

switchLanguage(lang) { document.documentElementlang = lang; docu-
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ment.querySelectorAll('[data-translation-key]').forEach(el => { const key =
el.dataset.translationKey; if (translations[key] && translations[key][lang])

{ elinnerHTML = translations[key][lang]; } }); document.getEle-
mentBylId('btn-zh').classList.toggle(‘active’, lang === 'zh'); document.getEle-
mentByld('btn-en').classList.toggle('active', lang === 'en'); generateDecision-
BalanceTable(lang); } let importantltems = new Set(); function tog-

glelmportant(btn, id) { btn.classList.toggle('clicked'); if (importan-
tltems.has(id)) { importantItems.delete(id); } else { importantItems.add(id); }
const currentLang = document.documentElement.lang || 'zh'; generateDeci-
sionBalanceTable(currentLang); } function generateDecisionBal-
anceTable(lang) { const table = document.getElementByld('decision-balance-
table’); const noSelectionMsg = document.getElementById('no-selection-
msg); let tableHTML = ‘<thead><tr><th>${lang === 'zh' ? "JHIT L&' :
"Treatment Option'}</th><th>${lang === 'zh' ? ‘X FREE I 25" : 'Pros that
Matter to Me'}</th><th>${lang === "zh' ? "X FHH L [JHk 51" : 'Cons that Mat-
ter to Me'}</th></tr></thead><tbody><tr><td><strong>${lang === "zh' ? "}z
HEWNEHGIT (SMT)' : 'Standard Medical Therapy (SMT)'}</strong></td><td
id="summary-smt-pros"></td><td id="summary-smt-cons"></td></tr><tr>
<td><strong>${lang === 'zh' ? ' A\ T.Jif (ALSS) + SMT" : 'Artificial Liver
(ALSS) + SMT'}</strong></td><td id="summary-alss-pros"></td><td
id="summary-alss-cons"></td></tr></tbody>"; table.innerHTML =
tableHTML; let hasSelection = false; importantItems.forEach(id => { hasSelec-
tion = true; const element = document.querySelector(" [data-id="${id}"]"); if
(element) { const text = element.getAttribute(' data-lang-${lang}"); const li =
‘<di>${text}</li>"; if (id.startsWith('smt-pro")) document.getEle-
mentByld('summary-smt-pros').innerHTML += li; if (id.startsWith('smt-
con')) document.getElementByld('summary-smt-cons').innerHTML += li; if
(id.startsWith('alss-pro")) document.getElementById('summary-alss-
pros).innerHTML += li; if (id.startsWith('alss-con')) document.getEle-
mentByld('summary-alss-cons').innerHTML += li; } }); if (hasSelection) { ta-
ble.style.display = 'table’; noSelectionMsg.style.display = 'none'; } else { ta-
ble.style.display = 'none'; noSelectionMsg.style.display = 'block’; } } function
addImportantButtons() { document.querySelectorAll('li[data-id]").forEach(li
=> { const id = li.dataset.id; const btn = document.createElement('button’);
btn.className = 'important-btn'; btn.setAttribute('data-lang-zh', "X} FAR 5 %
"); btn.setAttribute('data-lang-en’, Tmportant to me'); btn.onclick = () => tog-
gleImportant(btn, id); li.appendChild(btn); }); } document.addEventLis-
tener('DOMContentLoaded’, () => { addImportantButtons(); collectTransla-
tions(); switchLanguage('zh'); });

</script>

</body>
</html>
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Appendix B: Structured Prompt Protocol for LLM Validation
(Example)

Objective: To systematically evaluate the content of a patient decision aid
(PDA) for ALSS in ACLF. The following prompt structure was used for each LLM.

--- START OF PROMPT ---

Persona Assignment:

You are a world-leading [Assigned Persona: e.g., ‘Hepatologist specializing in
liver failure’, ‘Critical Care Nurse with 15 years ICU experience’, ‘Health Literacy
Expert focused on patient communication’, ‘Medical Ethicist specializing in end-
of-life decisions’, ‘Biostatistician focused on clinical trial evidence’]. You are part
of a simulated expert panel reviewing a new patient decision aid.

Task:

Critically evaluate the following text from a patient decision aid for accuracy,
comprehensiveness, clarity, and neutrality, from the perspective of your assigned
persona. Provide your feedback in a structured format.

Evaluation Criteria:

1. Accuracy: Is the medical information factually correct according to the latest
clinical evidence and guidelines (e.g., APASL, EASL)? Identify any statement
that is inaccurate, misleading, or outdated.

2. Comprehensiveness: Is any critical information missing? Are there im-
portant risks, benefits, alternatives, or uncertainties that a patient and their
family absolutely must know but are not included?

3. Clarity & Plain Language: Is the language simple, clear, and free of jargon?
Is it likely to be understood by a patient with a middle-school education level?
Suggest alternative wording for any complex sentences.

4. Neutrality & Balance: Is the information presented in a balanced, unbiased
way? Does it avoid steering the patient toward one option over another? Flag
any loaded or emotionally charged language.

Content for Review:

[Insert a section of the PDA content here, e.g., the "Pros and Cons of ALSS”
section]

Output Format:

Please provide your feedback as a list of specific, actionable points. For each
point, state:

o Item: The specific text you are critiquing.

» «

o Issue: The problem you have identified (e.g., “Inaccurate,” “Lacks clarity,” “Bi-

» <«

ased language,” “Missing information”).
e Rationale: A brief explanation of why it is an issue from your persona’s per-
spective.
e Suggestion: A concrete recommendation for revision (e.g., “Change X’ to Y’,”
“Add a sentence explaining Z”).
If you find no issues with a section, state “No issues found in this section.”

--- END OF PROMPT ---
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Appendix C: The System Usability Scale (SUS)

Instructions: For each of the following statements, please mark one box that best

represents your reactions to the decision aid tool.

Statement Df::;‘;i‘fl) @) 3) @ ztg’r‘;:*‘f;’)
1. I think that I would like to use this system frequently. 0 o o 0O d
2.1 found the system unnecessarily complex. d o 0O 0O O
3.1 thought the system was easy to use. 0 o O O d
4. I think that I would need the support of a technical person to be able to use this system. 0 o O O 0
5.1 found the various functions in this system were well integrated. 0 o o 0O 0
6. I thought there was too much inconsistency in this system. 0 o o 0O ]
7.1 would imagine that most people would learn to use this system very quickly. 0 o o 0O d
8.1 found the system very cumbersome to use. d o 0O 0O O
9. I felt very confident using the system. 0 o o O d
10. I needed to learn a lot of things before I could get going with this system. 0 o o O 0

Scoring: For odd-numbered items, subtract 1 from the user’s response. For even-numbered items, subtract the user’s response from

5. Sum the scores for all 10 items and multiply by 2.5 to obtain the overall SUS score (0 - 100).
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