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graph convolutional networks
Dear Editor,

The outbreak of coronavirus disease 2019 (COVID-19) since
late 2019 has imposed a heavy burden on health facilities
worldwide. In New Taipei City, the government designated
Far Eastern Memorial Hospital (FEMH) to establish two
medicalized hotels to provide basic medical care for
asymptomatic or mildly symptomatic patients with COVID-
19.1,2 One of the medicalized hotels in Banqiao used a
virtual cloud-based ward care system for medical staff to
execute daily ward rounds, medical consultations, and vital
signs measurements on a social media platform. During the
pandemics, symptomatic patients in New Taipei City were
advised to visit an emergency department of a nearby
hospital. If tested COVID positive, the patients with stable
clinical conditions were transferred to designated quaran-
tine facilities. When arriving, a medical staff would eval-
uate the patients in the ambulance for triage and transfer
unstable patients immediately to FEMH for further
treatment.

We retrospectively collected the data of 679 patients
transferred to a FEMH-operated medicalized hotel in Ban-
qiao between 28 May and 7 July, 2021. After excluding 47
patients being referred to FEMH at triage, a total of 632
patients were admitted to the medicalized hotel during the
41 days of operation, with a mean age of 41.5 � 19.11.
Basic vital signs, including body temperature (BT), pulse
rate (PR), peripheral oxygen saturation (SpO2), systolic
blood pressure (SBP), and diastolic blood pressure (DBP)
were measured at least twice per day, 8 h apart for all
patients. Between the severe and non-severe groups, pa-
tient age (51 � 20 vs 40 � 19, p < 0.001) and T2DM as a
comorbidity (15% vs. 4.7%, p Z 0.002) demonstrated sta-
tistical significance in univariate analysis.
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Hospital transfer risk scoring system

To identify patients at risk in time, we developed and
evaluated a deep learning-based hospital transfer risk
scoring system (website: http://med-ai-demo.lab.nycu.
edu.tw). Unlike existing COVID severity risk scoring
systems,4,5 our method was based only on longitudinal
vital signs and demographic data collected at the medi-
calized hotel. Particularly, we designed a Graph Convolu-
tional Network (GCN)3 model to capture daily patient
similarities and temporal dependencies for potential dis-
ease progression.

An overview of our approach is shown in Fig. 1, including
the following. First, patients were aligned at the day of
arrival and daily vital signs were extracted as features.
Second, a patient similarity graph was constructed using
the K Nearest Neighbors (KNN) algorithm and weighted by a
Gaussian kernel. Third, a temporal transition matrix was
calculated, based on which a graph convolutional network
classification model was built for transfer risk prediction.
The probabilistic nature of the proposed model allowed us
to predict current and next day transfer risk based on a
patient’s past t days’ records.

For model validation on the testing set, the area under
the ROC curve (AUC) scores for current day predictions for
t Z 1, 2, 3 were 0.98, 0.84, and 0.94, respectively, while
those for the next day predictions were 0.86, 0.96, and
0.69, respectively. A scoring system ranging from 0 to 100,
was designed based on the predicted transfer probabilities.
As shown in Fig. 1(F), individuals with scores 0e60 were
defined to be at low risk, 60e90 at middle risk, and
90e100 at high risk. Overall, our proposed hospital transfer
risk scoring system was able to make real-time predictions
ital transfer risk scoring system for a Taiwan COVID-19 medicalized
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Figure 1 The workflow of the proposed hospital transfer risk scoring system.
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based on the limited vital signs and demographic data
collected from medicalized hospitals.
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