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Abstract

Chronic Kidney Disease (CKD) represents a major public health con
cern in Taiwan, with prevalence estimated at 12% of the adult populat
ion. Two persistent gaps exist in current healthcare information syst
ems: consumers lack trustworthy at-home laboratory-value interpretati
on tools, while primary clinics lack low-cost, offline-capable platfo
rms that integrate triage, prescription, and drug-interaction checkin
g. This study addresses both gaps through a dual-layer architecture,
designing and implementing a medical assistance system composed of Cl
inCalc, a consumer-facing health self-assessment platform, and ExClin
Calc, a clinical assistance system for healthcare professionals, with
combined CKD-and-diabetes assessment as the primary design case spann
ing home self-check, appointment, nurse triage, physician SOAP-struct

ured charting, and pharmacist verification.

ClinCalc, built on Next. js App Router with a local real-time anal
ysis engine, covers 45 common laboratory indicators with bilingual la
bels, reference ranges, and health interpretations, and includes the
KDIGO 2024 CKD staging algorithm (Gl through G5, with G3 subdivided i
nto G3a and G3b — six categories total). All local analyses complete
within 50 ms without network access. An interactive SVG body map supp
orts symptom selection across 17 body regions and 44 common symptoms,
and the system optionally invokes the Google Gemini multimodal API fo
r medical-image OCR and bilingual lab-report translation. ExClinCalc
provides structured intake flows for 20 chief-complaint templates, a
seven-step SOAP note generator, a prescription module containing 12 c
ritical drug-interaction pairs and 30 commonly prescribed Taiwanese m
edications, and role-specific workbenches for six roles: physician, n

urse, pharmacist, administrative staff, administrator, and super-admi



nistrator. Login security is reinforced by TOTP two-factor authentica

tion.

Both subsystems share a single Supabase PostgreSQL database compr
ising 14 tables and 29 Row Level Security (RLS) policies, achieving f
ine-grained per-subsystem authorization at the database layer. A pati
ent-consent system enables consumers to authorize specific physicians
to access their personal health records via single-use tokens, allowi
ng cross-system data flow while preserving patient sovereignty. The s
ystem 1is deployed to Cloudflare Workers edge nodes with GitHub Action
s CI/CD. Functional testing across 10 end-to-end scenarios achieved 1
00% pass rate; security evaluation across 14 tables (28 positive/nega
tive scenarios) verified all 29 RLS policies and successfully blocked
every unauthorized access scenario; local analysis averaged 23 ms res
ponse time, and First Contentful Paint averaged 1.32 seconds. This st
udy demonstrates that a healthcare information system built on Postgr
eSQL Row Level Security and edge computing can provide a low-cost ref
erence implementation for digitizing primary care without dependence

on large hospital infrastructure.

Keywords: Medical Information System, Chronic Kidney Disease, SOA
P Notes, Row Level Security, TOTP Two-Factor Authentication, Edge Com

puting, Artificial Intelligence
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firssk A

b BRI SR IEER

T A ER AT A B3 553 Cloudflare Workers 23k if % & gh3R % 97
H 2Tk S8k “7F secret (API key -~ service role key) #7%* Cloudf

lare Workers Runtime Secrets # GitHub Actions Secrets @ # d1FA3tix @

git £ B -

P A ekl * i AFRpBIDHR
NEXT_PUBLIC_S = ®  GitHub Secret (b Supabase &% (% RLS %
UPABASE_URL =z ¢  yild-time inlin  URL %)

e)
NEXT_PUBLIC_S JWT GitHub Secret (b % & &4% > % v (% RLS
UPABASE_ANON_ uild-time inlin  RLS policy & %)
KEY e) L
SUPABASE_SERV  JWT  Cloudflare Worke fé:4& =& ix X
ICE_ROLE_KEY rs Runtime Secre — (4c#7H @ *

t 'F:]z A ﬁ—‘)b@l%??é‘_

z)

GEMINI_API_KE % ¢  Cloudflare Worke Google Gemini X
Y rs Runtime Secre API w##v4

t
CLOUDFLARE_AP = 2  GitHub Secret GitHub Action X
I_TOKEN s 205 ¥

# Al RERZBE-F

wrangler. toml K T =& (7 7 AR E)
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name = "exclincalc"

main = ".open-next/worker. js"

compatibility_date = "2025-01-01"

compatibility_flags

[assets]

["nodejs_compat" ]

directory = ".open-next/assets"

binding = "ASSETS"
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ffT$% B GitHub Actions Workflow B &k

;)'I_/—‘—r

%B%DRIE

AL A BF AARERPF e B oworkflow 323t & repo 7 . github/work

flows/ P &% :

Workflow g% i

deploy.ym push % main 4~ p #3 {7 opennextjs-cloudflare build & depl

1 F oy » #B AT A% 3 Cloudflare Workers

keep-aliv. Cron # 3 = 1 ¥ /api/ping # ¥ GET 3% > % 4 Supabase
e.yml 6:00 ( AP P RFEE T opAER A KR

)
sync-refe Cron #* 1 p #-w =5 referenceRanges. ts FEd B 20 B AT A
rences.ym 08:00 % B » medical _references # > & ¥ %3+

1 PR

check-ver Cron #* 1 p #HEeh% API # & KDIGO ~ ADA ~ ACC/AHA *
sions.yml (8:30 il 2 B AT ASL . 3 LATRIPY GitHub Iss
ue p oL

deploy.yml f§ i* 5% 407

name: Deploy to Cloudflare Workers
on:
push:
branches: [main]
jobs:
deploy:
runs-on: ubuntu-latest

steps:
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- uses: actions/checkout@v4
- uses: actions/setup-node@v4
with:
node-version: 22’
cache: "npm’

- run: npm ci

name: Build and deploy
run; npx opennextjs—cloudflare build && npx opennextjs—cloudflare d
eploy
env:
CLOUDFLARE_API_TOKEN: ${{ secrets. CLOUDFLARE_API_TOKEN }}
NEXT_PUBLIC_SUPABASE URL: ${{ secrets. NEXT PUBLIC SUPABASE URL }}
NEXT_PUBLIC_SUPABASE_ANON_KEY: ${{ secrets. NEXT PUBLIC_SUPABASE A
NON_KEY }}
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fifer C  EHERIER DDL fig 2
TH AR AL FALA2ZHE DL 2 created_at ~ updated_at ~ che
e .,

”g
D2

r2e

ck constraint X =L &4 5 Wi SR A2 S B & supabase/co

mplete_setup. sql °

— R ﬁ#ﬁ‘i? (£ auth. users 1:1)

CREATE TABLE profiles (

id UUID PRIMARY KEY REFERENCES auth. users(id),
name TEXT,
1S_pro BOOLEAN DEFAULT FALSE,

pro_role TEXT CHECK (pro_role IN
(" doctor’, nurse’, 'pharmacist’ ,” admin_staff’, admin’, ’ super_a
dmin’ ))
E
ALTER TABLE profiles ENABLE ROW LEVEL SECURITY;

G BB ek

CREATE TABLE health records (

id UUID PRIMARY KEY DEFAULT gen_random_uuid(),

user_id UUID NOT NULL REFERENCES auth. users(id),

type TEXT NOT NULL CHECK (type IN (' manual’, scan’,’ demo )),
data JSONB NOT NULL,

ai_analysis TEXT
);
ALTER TABLE health_records ENABLE ROW LEVEL SECURITY;

— PR FIBE

CREATE TABLE doctor_patients (
id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
doctor_id UUID NOT NULL REFERENCES auth. users(id),
name TEXT NOT NULL,
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birth_date  DATE,

gender TEXT,
nhi_card TEXT,
phone TEXT

)3
ALTER TABLE doctor_patients ENABLE ROW LEVEL SECURITY;

**?gﬁfﬁﬁﬁ
CREATE TABLE appointments (

id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
doctor_id UUID NOT NULL REFERENCES auth. users(id),
patient_id UUID NOT NULL REFERENCES doctor_patients(id),
queue_number INTEGER NOT NULL,

visit_date DATE NOT NULL,

status TEXT CHECK (status IN

("waiting’,’ in_progress’,’ completed’,’ cancelled’ )),
chief_complaint TEXT,
checked_in_at  TIMESTAMPTZ
E
ALTER TABLE appointments ENABLE ROW LEVEL SECURITY;

- FE S0P

CREATE TABLE soap_notes (
id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
doctor_id  UUID NOT NULL REFERENCES auth.users(id),
patient_id UUID REFERENCES doctor_patients(id),
title TEXT,
subjective TEXT,
objective  TEXT,
assessment TEXT,
plan TEXT,
draft BOOLEAN DEFAULT TRUE
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)3
ALTER TABLE soap_notes ENABLE ROW LEVEL SECURITY;

ffﬁﬁwﬁﬁki(ﬁﬁﬁﬁfﬁﬁﬁfﬁﬂﬂc@%?ﬁ)

CREATE TABLE patient_consents (
id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
user_id UUID NOT NULL REFERENCES auth. users(id),
doctor_id UUID REFERENCES auth. users(id),
invite_token TEXT UNIQUE NOT NULL,
expires_at TIMESTAMPTZ NOT NULL,

used_at TIMESTAMPTZ,

status TEXT CHECK (status IN ( pending’,  accepted’,’ expired ,’ revo
ked” ))
E

ALTER TABLE patient_consents ENABLE ROW LEVEL SECURITY;

—— FEFEpEE (90 * FF)
CREATE TABLE audit_logs (

id UUID PRIMARY KEY DEFAULT gen_random_uuid(),
actor_id UUID REFERENCES auth. users(id),

action TEXT NOT NULL,

resource TEXT,

resource_id UUID,
metadata JSONB,
ip_address INET,
created_at  TIMESTAMPTZ DEFAULT NOW()
E
ALTER TABLE audit_logs ENABLE ROW LEVEL SECURITY;

=% 14 %% ( 7z medications ~ medical_references ~ pro_resources - refe
rence_pdf links ~ triage vitals ~ drug_interaction checks ~ prescriptions) 2z

DDL ## 3% 29 i RLS policy # 2 B ki s B2 supabase/ B 4 e
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fff$% D EZE RLS Policy f#3%

TAE® 14 RFTHAY I3 EALAK policy (RE 29 EFARGTRE s

upabase/complete_setup. sql )

= # Policy &# 4 4 30T AR
1 profiles Users see own ix®inz  SELECT auth. uid(O) = id
profile i W~ﬁ
2 profiles  Pro can list pro % ¢  SELECT £ TR
profiles in s
ame clinic
3 health_rec Users manage et ALL auth. uid() = us
ords own records % er_id
4 health rec Doctor reads doctor SELECT EXISTS (consent
ords consented rec s WHERE accepte
ords d)
5 doctor pat Doctors see o doctor ALL doctor_id = aut
ients wn patients h. uid(O)
6 appointmen Pro see clini nurse/ph SELECT 2t
ts c appointment armacist
S
7 soap_notes Doctors edit doctor ALL doctor_id = aut
own notes h. uid()
8 soap_notes Pharmacists v pharmaci SELECT ™ B B3
iew encounter st

notes
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9 prescripti Pharmacists u pharmaci UPDATE P

ons pdate dispens st
ing fields
10 medication Anyone reads DIRFE SELECT is_pro IS NULL
s OR true

11 medication Admins write admin/su INSERT/UP role check
S per_admi DATE/DELE

n TE

12 medical _re Super_admin w super_ad INSERT/UP role check

ferences rites min DATE/DELE
TE
13 audit_logs Admins read admin/su  SELECT role check
per_admi
n

% D-1 # 2 J+ RLS Policy # &

2B policy K3ikyp2 RAl: (- ) FHERBAIE | R [46]
=z ) #&* JWT # & auth.uid() ¥ auth. jwt() ->> "role’ it {73248 %7
(Z) PZop FEART R LELHTR 224 (2) adnin
22 super_admin 2. £ %@ A EFE B %51}?‘ %% & (medical _references)
HepiprUip ke 5 () #75 scpd4ki® (&4 BT ~ > 22 ~SOAP #2c ~ TOTP

€% ) Hp#H » audit_logs °
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