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Abstract

Objective: This study aimed to summarize the characteristics of the Internet hospital services of the Seventh Affiliated
Hospital of Sun Yat-sen University (SAHSYSU), describe diagnosis and treatment patterns in each department, determine
SAHSYSU Internet hospital’s role in pandemic control, and explore development strategies in non-pandemic situations.

Methods: Mixed-methods was used in this study. Qualitative organizational behavior analysis was conducted on hospital
meeting records and semi-structured interview records to determine the research analysis indicators. We quantitatively
analyzed online consultation record data of SAHSYSU Internet hospital from January to December 2020, and conduct clas-
sification analysis on departmental case studies using K-means clustering algorithm.

Results: 29,944 patient data items were retrieved. Internet hospital services synchronized with COVID-19 pandemic development in
China and Guangdong province. The service volume peaked during the period of January to March, which coincided with the
height of the pandemic. Out of the total visits, 58.90% were conducted during office hours while 41.10% were conducted during
non-office hours. The majority of the patients came from Guangdong (19.67%) and Hubei (9.09%) provinces. The cluster analysis
identified three clusters, each with different change rates and magnitudes of change for various departments.

Conclusion: Internet hospitals complemented conventional medical services, providing crucial medical care during the
COVID-19 pandemic. Internet hospitals are the future trend of medical services and should be improved based on each
department’s treatment characteristics.
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Introduction
The coronavirus disease 2019 (COVID-19) outbreak in
China in late 2019 and early 2020 rapidly attracted global
attention. Following the initial COVID-19 outbreak, a
series of variants emerged such as Delta and Omicron, as
well as subvariants, which were more infectious and pro-
longed the pandemic, with multiple outbreaks in China
and a new round of COVID-19 outbreaks in Shanghai,
Guangzhou, and other cities after 2020. The Chinese gov-
ernment implemented a series of administrative measures
to stop the spread of infection and to protect people’s
lives and health through establishing both portable and
Internet hospitals. Nonetheless, the COVID-19 pandemic
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had a huge impact on China’s healthcare system. Safeguard
measures during the pandemic, such as restrictions on
human activities and lockdowns, made it difficult for
medical organizations to operate in their previous manner
at a time when the pandemic required medical organizations
and Chinese institutions to play an even greater role. As
such, Internet hospitals emerged as the main form of tele-
medicine services for the public to meet the demand for
medical treatment during the COVID-19 pandemic.
Exploring the operation mode of Internet hospitals in
response to sudden major crises is of great practical signifi-
cance to strengthening the healthcare system in China as
well as for the sustainable and continuous development of
Internet hospitals during normal times.

Internet hospitals, as an online extension of brick-and-
mortar hospitals’ offline services in China, offer new
ways to provide outpatient healthcare services based on
Internet technology that enables patients to receive
medical and healthcare services across space.1,2 In addition,
China’s current Internet hospitals can also provide offline
outpatient appointment registration, examination report
inquiry, medical science and other diversified services.
Patients access the Wechat official account of Seventh
Affiliated Hospital of Sun Yat-sen University (SAHSYSU)
through mobile phones, tablets, and other mobile electronics
to use SAHSYSU’s Internet hospital service (The system
does not recognize and record its device type). Compared
with offline hospitals, Internet hospitals offer advantages
such as higher efficiency, lower costs, optimal resource allo-
cation, and non-contact treatment, while transcending spatial
limitations.3 However, technical support issues, limitations
of clinical care (limitations of physical examination), insuffi-
cient physicians available for such services, and the lack of
trust between patients and physicians remain as disadvan-
tages.4–8 Prior to the COVID-19 pandemic, telemedicine,
as an important function of Internet hospitals, was mainly
limited to providing care to populations in remote areas.9–
11 During the COVID-19 pandemic, Chinese healthcare pro-
viders still provided essential medical support to the public
through Internet hospitals, given the strict social distancing
requirements to promote self-care and self-protection, as
well as performing epidemiological screening, making it an
important component of infection prevention and control
measures.12–15 Given the background of normalized preven-
tion and control in the post-COVID-19 era, Internet hospitals
can provide a variety of medical services to overcome geo-
graphical and temporal barriers and assist in pandemic
control through providing equitable and inclusive online
services, while mitigating the effect of strained medical
resources and the increased burden of chronic diseases
as a result of virus transmission.13,16,17 However, all dis-
eases have their own characteristics in terms of diagnosis
and treatment. The diagnosis and treatment modes of
Internet hospitals may play different roles in different
departments. An assessment of disease characteristics

concerning each hospital department to identify differ-
ences in the role of Internet hospitals in terms of the diag-
nosis and treatment of each department may facilitate the
optimization of the operation mode and improve the
quality of Internet hospitals in a normal situation.

The SAHSYSU is a tertiary hospital directly affiliated to
Sun Yat-sen University, which was constructed by the
Shenzhen Municipal Government and is operated and
managed by Sun Yat-sen University. It is a key develop-
ment project within a three-goal strategy, namely, to intro-
duce and nurture leading medical specialists, to establish
reputable hospitals, and to develop clinics as centers of
excellence in Shenzhen. After the COVID-19 outbreak,
SAHSYSU rapidly launched an “Internet hospital” plat-
form using digital technology to provide online medical ser-
vices to facilitate medical care access for older adults as
well as for patients who were frail or who had impaired
mobility during the pandemic. Moreover, it reduced non-
essential offline medical visits for patients with minor ill-
nesses and educated the general public concerning
COVID-19. More importantly, the Internet hospital plat-
form reduced the potential for cross-infection when patients
and their families visited hospital as well as the possibility
of disease spread, thereby reducing the burden of
COVID-19 prevention and control.

In this study, statistical methods and cluster analysis
using machine learning were integrated to process
Internet hospital consultation data, online communication
texts between physicians and patients, patient evaluation
of physicians, and desensitized personal patient data. We
aimed to describe and summarize the characteristics of
SAHSYSU Internet hospital services in terms of patients’
usage time, sources, and physician–patient interaction
during consultation through extracting diagnosis and treat-
ment patterns in each Internet hospital department to
determine the role of the Internet hospital in COVID-19
prevention and control, and elaborate and explore the
development strategies of Internet hospitals in a normal
situation.

Methods
The objectives of this study were to investigate how an
Internet hospital undertook prevention, diagnosis, and treat-
ment during the COVID-19 pandemic, and to determine
how the disease characteristics of different departments
affected diagnostic behavior. We undertook to analyze the
diagnosis and treatment processes involved in Internet hos-
pital services and physician–patient interactions. Therefore,
adopting mixed-methods, this study drew on the research
paradigm combining case studies with machine learning
and performed exploratory data analysis with embedded
case studies to establish a study approach combining
theory and machine learning.18

2 DIGITAL HEALTH



Setting and participants

In accordance with the Chinese government’s requirements
for COVID-19 prevention and control to reduce non-
essential offline medical visits for patients with minor ill-
nesses, SAHSYSU launched an emergency “Internet
Hospital” platform on 26 January 2020, which opened up
online outpatient services of text consultations for various
departments, such as internal medicine, surgery, gyneco-
logical, pediatric, dermatological, and pharmaceutical
departments, to all users in China. In total, > 300 volunteer
physicians and pharmacists were recruited to provide
remote online services for patients.

Data collection and analysis

The data for the exploratory analysis in this study included
the time and source location of online service users of the
Internet hospital, online communication texts between
doctors and patients, patient evaluation data of physicians,
and desensitized personal data of patients. The data were
collected from 26 January 2020 to 31 December 2020.
Among them, the system launched and mainly held consul-
tations concerning COVID-19-related symptoms from 26
January to 7 February 2020, and the consultations were
mainly on certain specific disease types from 8 February
to 31 December. Offline consultations resumed on 1
March, and both online and offline consultations were
undertaken thereafter. In this study, 29,944 valid doctor–
patient interactions were screened from all the data (exclud-
ing the texts in which consultation was not performed on
any specific disease type or only on COVID-19-related
information at the beginning of the Internet hospital, and
the low quality text including fewer than three doctor–
patient interactions or where the patient’s description of
the condition is too vague to elicit an effective response
from a medical professional), obtaining a total of approxi-
mately 7 million words of interaction texts.

In this study, archived data from each department during
the COVID-19 pandemic were collected, including meeting
minutes, internal communications, and discussion records.
The Internet hospital records of the case study departments
during the COVID-19 pandemic were also coded and ana-
lyzed. Moreover, patient evaluations of the physicians were
collected. Semi-structured interviews with the president and
vice-president of the SAHSYSU as well as the department
head in charge of the Internet hospital were performed to
explore the development of the Internet hospital.
Semi-structured interviews were also conducted with the
directors of the departments analyzed in this study, the phy-
sicians who participated in the Internet hospital in the
departments, and physicians who did not join the Internet
platform. The interviews included identifying department
strategies that had been developed to cope with changes
during the COVID-19 pandemic, how to familiarize with

and use the Internet treatment platform, difficulties identi-
fied during the use of the platform, how to overcome diffi-
culties and develop diagnosis and treatment modes, and
differences between the diagnosis and treatment using the
Internet hospitals compared with conventional outpatient
clinics. One research team member headed the Internet hos-
pital project of the SAHSYSU and was familiar with the
development of the project, the key time points during
development, and the operation of each department, which
assisted the research team in conducting in-depth departmental
interviews (Table 1, Supplementary Material 1).

In addition to the online service data of the SAHSYSU
Internet hospital from January to December 2020, data
from the public platform of the National Health
Commission of the People’s Republic of China, the
public platform of Guangdong Provincial Health
Commission, the China Health Statistical Yearbook 2021,
and the China Statistical Yearbook 2021 were also
extracted to obtain the number of confirmed cases of
COVID-19, the number of tertiary hospitals in each
region of China, the number of outpatient and emergency
visits at each department, as well as the population and
gross domestic product (GDP) of each region in China to
perform correlation analysis with the online service data.

Application of machine learning techniques

Step 1. Organizational behavior analysis: establishment of
departmental diagnosis and treatment modes for the Internet
hospital. The COVID-19 pandemic resulted in sudden
changes to social production and lifestyles. In response to
the pandemic, medical institutions urgently initiated
Internet hospital platforms to diagnose and treat patients
as well as provide health-related consultations. The speed
and magnitude of organizational change are important indi-
cators of an organization’s ability to respond to sudden and
profound changes. For Internet hospitals, it is more appro-
priate for a department to develop Internet-based medical
services if the treatment mode of the department can
rapidly adapt to the sudden changes in diagnosis and treat-
ment methods brought about by the COVID-19 pandemic.
Based on the practice of Internet hospitals, this study first
selected indicators that represented the “speed of change”
of the organization, including the response time of physi-
cians’ consultations and the number of patients per week.
Second, indicators that represented the “magnitude of
change” of the organization were selected, including the
number of messages sent by physicians during consulta-
tions and whether the consultation conversation ended in
a standard manner (Discussions concluded smoothly
without any disruptions due to technical or network issues
which indicates that the patient gained a clear understand-
ing of the information they sought, and they ended the con-
versation after engaging in thorough communication with
the healthcare provider.). These two indicators were used
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in relation to the responses of the departments during the
pandemic and formed the basis of analysis concerning
Internet-based diagnosis and treatment modes in each
department.

Step 2. Analysis unit selection: inductive case study. Case
studies are often based on the principle of theoretical sam-
pling, in which cases that would better answer the research
questions are selected as research objects.19 Therefore, this
study adopted an inductive case study approach with an
embedded single-case study design. We performed cross-
case analysis through using different departmental activities
in the Internet hospital as embedded cases as well as com-
parisons between sub-cases.20 The departmental diagnostic
and treatment mode involved considerations of flexibility
and speed of response. Research on departments in the
same organization may be used to control for the impact
of irrelevant variables and also facilitate in-depth analysis
of the establishment process and method of the

departmental diagnosis and treatment modes of the
Internet hospital. Moreover, the embedded single-case
study design enabled this study to comply with the require-
ments of the theoretical establishment of multiple cases,
thereby enhancing the generalizability of the findings.21,22

Based on the findings of the previous exploratory data
analysis, theoretical sampling was first performed in this
study. Specifically, this study identified three department
types based on different modes derived from exploratory
data analysis. The first category included departments
with rapid but small changes, such as the neurology depart-
ment. The second category included departments with slow
but large changes, such as the traditional Chinese medicine
(TCM) department. The third category included depart-
ments with both change speed and magnitude that were
higher than average, such as the gastroenterology depart-
ment (Table 2). Among the three types of departments
above, we selected specific departments for case studies
in this study. First, the departments with the highest

Table 1. Data source and content.

Data type Interviewees Interview content
Interview
time

Word
count

First-hand
information

President of SAHSYSU (2*) (A1), three
vice-presidents (A2, A3, A4), the project
leader of Internet hospital (6*) (B), and the
IT leader (3*) (C)

Organizational crisis response, difficulties
during the establishment of Internet hospital
and solutions, organization and mobilization,
measures to improve the efficiency of
organizational synergy, and iteration of the
Internet hospital technologies.

14 h 152,000
words

Eight heads of department (D1–D8),
five physicians with high frequency of
Internet hospital use and good service
ratings (E1–E5), and four IT personnel
involved in the establishment of the Internet
hospital (F1–F4)

Difficulties for each department during the
functioning of the Internet hospital, whether
the diseases of the departments were
suitable for Internet-based treatment, and
how to interact with patients to provide
better online medical services.

22 h 247,000
words

Total 23 people 36 h 399,000
words

IT: information technology.
*The total number of interviews with the same respondent; unmarked indicates 1 interview.

Table 2. Brief introduction of cases.

Department name Neurology Respiratory Ophthalmology TCM Endocrinology Nephrology
Gastro
enterology

Thoracic
surgery

Rate of change Above average Below average Above average

Magnitude of
change

Below average Above average Above average

TCM: traditional Chinese medicine.
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number of medical visits and the departments with the
lowest number of visits in each category were selected for
case studies. Such theoretical sampling would ensure the
representativeness of the cases as well as data availability.
Second, one department among the remaining departments
in each category was randomly selected as a case study to
improve the robustness of the cases. In this study, the
above method was repeated in all three department types
(i.e. three cases were proposed to be selected in each type
of department). However, since the departments with both
rate and magnitude of change higher than average only
included the gastroenterology and thoracic surgery depart-
ments, a total of eight cases were selected for analysis in
this study.

Step 3. Machine learning applications: k-means clustering.
Finally, machine learning was applied to improve the
scale and precision of theory construction. Machine learn-
ing methods may help to discover patterns from the data
and select the most predictive models.23 Commonly used
machine learning methods mainly include supervised and
unsupervised learning. Supervised learning may be used
in cases where a particular dataset (training set) has a
certain attribute (label) while the rest of the data are not
labeled or require a predict label. Unsupervised learning
can be used in cases where the dataset does not have a
given label (data is not pre-assigned) and where an algo-
rithm is required to identify potential relationships
between the data.24

In this study, unsupervised learning cluster analysis was
performed. Clustering is the process of classifying different
types or clusters based on data features, resulting in high
similarity among objects in the same cluster and large dif-
ferences in the objects between different clusters. Cluster
analysis is an exploratory analysis in which a classification
criterion is not necessarily provided in advance. Cluster
analysis is able to classify automatically from the sample
data. Therefore, clustering can be used as an independent
tool to obtain data distribution and to observe the character-
istics of each cluster, thus enabling further analysis on a
specific set of clusters. In this study, the classical k-means
clustering algorithm was used, where the input of the algo-
rithm was a sample set (or point set) in which the samples
were clustered. The first step was to select the number k of
categories to be clustered, namely, to select k centroids. The
second step was to identify the nearest centroid for each
sample point (find the classification), and classify the
closest point to the same centroid as one cluster. One clus-
tering process was completed through the above steps.
The third step was to determine whether classification of
the sample points before and after the clustering was the
same. If it was the same, the algorithm was terminated.
Otherwise, a fourth step was performed, which involved
calculating the centroids of the sample points in each
cluster as new centroids of the cluster, and the second

step was then performed. The above process was cycled
until no change was observed for the clustering before
and after two iterations. Therefore, in this study, k-means
clustering was suitable for the theoretical construction of
the treatment characteristics of the Internet hospital depart-
ments through exploring the text concerning physician–
patient interactions.

Statistical analysis

In this study, SPSS was used for data analysis to correlate
the monthly service volume of the SAHSYSU Internet hos-
pital with the number of confirmed cases of COVID-19 in
China and Guangdong province in each month of 2022,
the number of tertiary hospitals in each province, as well
as provincial GDP and the total population in each month
of 2022, so as to comprehensively explore the characteris-
tics of the Internet hospital services. The existence of a stat-
istically significant relationship (P< 0.05) between the two
data sets was first tested, and a P-value ≤0.05 was consid-
ered statistically significant. Pearson correlation analysis
was performed on two datasets with statistical significance.
The two sets were considered to have a strong correlation if
the absolute values of the correlation coefficients were >0.8,
a weak correlation if the absolute values were between 0.3
and 0.8, and no correlation if the absolute values were <0.3.

Results
The SAHSYSU Internet hospital received a total of 29,944
patient data items, which represents the number of complete
consultations (considering that the same patient may visit
multiple times), from January to December 2020, which
were analyzed in terms of date and time of use, patients’
geographic location, and specific patient–physician
interactions.

Characteristics of temporal distribution
of the consultations

The service volume of the SAHSYSU Internet hospital
reflected the development of the COVID-19 pandemic in
China, with the distribution of Internet hospital services
according to month synchronized with the pandemic. In
January 2020, the sudden onset of the COVID-19 pandemic
promoted online medical services. January (3772 items of
patient data, 12.60%), February (15,378 items of patient
data, 51.36%), and March (2894 items of patient data,
9.66%) were the most serious time periods of the
COVID-19 pandemic in China, and the consultation
volume in these three months was also the highest in
2020. The number of consultations increased dramatically
in February (a dramatic increase might have been expected
to have occurred in January, but the number of
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consultations was low in early January when COVID-19
had not yet developed on a large scale). From April to
June, the pandemic flattened and offline consultations grad-
ually resumed. The number of consultations dropped, with
the number of users being approximately 1300 per month.
From July to September, the pandemic slowed, and a sig-
nificant decrease was observed in consultation volume.
However, a sudden and dramatic increase was observed
in consultation volume in October, which then dropped
rapidly in November and December. A strong correlation
with high significance was observed between consultation
volume according to month and the number of confirmed
cases in China and Guangdong province in each month
(Table 3, Figures 1 and 2).

In terms of consultation time, there were 17,638
(58.90%) consultations during office hours (8:00–18:00 h)
and 12,306 (41.10%) consultations during non-office
hours. The dynamics of daily reported service volume per
hour showed that during business hours, the number of con-
sultations per hour was similar, whereas during non-
business hours, the peak of consultations occurred
between 18:00 and 22:00 h (Figure 3).

Geographical distribution of patients

A total of 29,348 data items contained geographic location
(596 missing data) from 31 provinces (autonomous
regions). Among these, high usage was observed in
Guangdong (5774, 19.67%), Hubei (2668, 9.09%), Henan
(2143, 7.30%), Hunan (2052, 6.99%), and Zhejiang
(2028, 6.91%) provinces, while Shandong, Sichuan,
Hebei, Anhui, Jiangxi, and Guangxi provinces had >1000
consultations. This high usage shows the key role of the
Internet hospital in cross-regional healthcare and the expan-
sion capacity of healthcare services. Due to the virtual treat-
ment services provided, the SAHSYSU Internet hospital
served more patients from Hubei, the province most
severely affected by COVID-19, among patients from
outside Guangdong province (Figure 4).

In terms of temporal trends, the overall trend in each
province was that a certain number of patients emerged in
January, with a dramatic growth in February, which then
reduced in March, with May and September being two
clear turnaround points. Guangdong province was the
main source of patients for the SAHSYSU both online
and offline as well as prior to and after the pandemic,
with little decline in the number of visits. Despite a decrease
in demand in September, consultations from Guangdong
province still maintained a double-digit number and a
certain level of demand was retained. From May 2020, as
the work and life of people, including those involved in
offline medical care, returned to pre-pandemic conditions,
all five provinces of Hubei, Henan, Hunan, Shandong,
and Sichuan, which had a high overall service usage, saw
a decrease in demand from May and a sharp decline from

September. Other provinces with fewer visits overall saw
a substantial drop in demand from May (Table 4).

Characteristics of treatment in the departments

In this study, quantitative data on consultation response
times and the number of patients a physician saw per
week were first analyzed to establish the diagnosis and
treatment modes of the Internet hospital departments.
Second, texts involving physician–patient interactions
were mined to determine whether conversations ended in
a standard manner. Table 5 shows the descriptive statistics
of the indicator variables mentioned above. Furthermore,
based on these indicators, this study performed statistical
analyses according to departments for comparison. The
analyses showed three different types of characteristics
during the operation of different departments. The first
type included departments where the change rate was
higher than average, but the magnitude of change was
lower than average. The second type included departments
where the change rate was lower than average, but the mag-
nitude of change was higher than average. The third type
included departments where both the rate and magnitude
of change were higher than average.

Based on the findings of the exploratory data analysis,
this study analyzed the interview data of eight selected
cases to extract two core constructs that characterized the
rate and magnitude of change in a department, namely,
the convenience level of physician–patient interaction and
the level of standardization of the treatment mode. In add-
ition, in the exploratory data analysis, the physicians’ con-
sultation response time and the number of patients they saw
per week were used as variables to measure the “rate of
change” in the department in the adaptation to online con-
sultation. The number of messages sent during consultation
and whether the conversation ended in a standard manner
were used as variables to measure the “magnitude of
change” in the department during adaptation to online con-
sultation. In the case studies, two variables were further
extracted, namely, “whether the physician received patients
on weekends” and “the rounds of consultation,” where the
former was a measure of how quickly a physician
responded to patients’ requests, while the latter character-
ized the magnitude of the change of the diagnosis and treat-
ment mode of the physician, that is, whether the physician
could grasp and respond to the patients’ consultations
rapidly. The faster the “convenient interaction,” the faster
the department adapted to online treatment. A higher
level of “mode standardization” indicated that a department
had changed considerably to adapt to the changes in online
diagnosis and treatment. Based on the case studies, this
study further refined the clustering metrics of machine
learning (Table 6).

In this study, text analysis on physician–patient inter-
action data with >7 million words was first performed to
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extract organizational variables from unstructured text data
through natural language processing. Based on these find-
ings, a classical k-means clustering algorithm was used to
analyze the data of 35 departments that carried out online
diagnosis and treatment during the COVID-19 pandemic,
and the number of clusters K was set as 3. According to
the iteration results, three different types of diagnosis and
treatment patterns were observed in the Internet hospital
departments. The first type included departments where
the rate of change was higher than the mean and the magni-
tude of change was smaller than the mean. The second type
included departments where the rate of change was lower
than the mean and the magnitude of change was higher
than the mean. The third category included those where
both the speed and magnitude of change were higher than
the average. The three mode types were consistent with
the hypothesis in the statistical analysis above. The
cluster characterization indicators of each variable specific
to the three types of departments are shown in Table 7.
Variables characterizing the rate and magnitude of organ-
izational change were extracted based on the combination
of exploratory data analysis and embedded case study
results to identify three organizational reconfiguration
modes of Internet hospitals, thereby obtaining three differ-
ent types of diagnosis and treatment characteristics of the
departments in the Internet hospital. Furthermore, the
eight cases selected for analysis in this study were included
in the cluster analysis to derive different reconfiguration
modes and the values of each variable for the eight depart-
ments (Table 8).

Discussion
The COVID-19 pandemic led to an unprecedented “lock-
down” of countries and societies worldwide.25–27 While
mandatory restrictions and extensive lockdowns may have
limited the spread of this highly infectious disease, they
also inevitably disrupted the routine treatment of patients

with other diseases or normal access to medical care, limit-
ing the capacity of healthcare systems to serve and treat
uninfected populations. Without continuous medical care,
tens of millions of patients with a variety of chronic condi-
tions may have suffered from potentially worsening health
conditions, and patients with new health issues would have
faced challenges receiving appropriate treatment.3 Internet
hospitals were necessary during COVID-19 outbreaks in
China, providing continuous medical care to the public
while limiting nosocomial transmission of the virus, and
remain essential not only for dealing with COVID-19 but
also for future infectious disease outbreaks.3

This study described the initial construction and imple-
mentation of an Internet hospital in response to the
COVID-19 pandemic. Through a comprehensive analysis
of patient data from the SAHSYSU Internet hospital
service in 2020, this study found that the SAHSYSU
Internet hospital service contributed to providing continu-
ous medical care during the COVID-19 pandemic and pro-
moted cross-regional healthcare services. Analysis of the
diagnosis and treatment characteristics according to each
department provided evidence-based references and
insights for future construction of Internet hospital plat-
forms in general hospitals.

The efficacy of Internet hospitals

Internet healthcare guaranteed continuous medical care. The
study findings indicated that the data volume of the
SAHSYSU Internet hospital services in 2020 was strongly
correlated with the number of confirmed cases of
COVID-19 in China as well as in Guangdong province,
indicating an association between the demand for Internet
hospital services and the development of the COVID-19
pandemic, which is consistent with previous studies. To
stop transmission of infectious diseases so as to protect
people’s lives, restrictions and quarantine measures for pre-
vention and control of COVID-19 in China related

Table 3. Correlation coefficients between the number of confirmed cases in China, the number of confirmed cases in Guangdong province,
and the consultation volume at the SAHSYSU internet hospital from January to December 2020.

Number of confirmed
cases in China

Number of confirmed cases in
Guangdong province

Consultation volume at the
SAHSYSU Internet hospital

Number of confirmed cases in
China

1 (0.000***) 0.916 (0.000***) 13 (32.5)

Number of confirmed cases in
Guangdong province

0.916 (0.000***) 1 (0.000***) 0.923 (0.000***)

Consultation volume at the
SAHSYSU Internet hospital

13 (32.5) 0.923 (0.000***) 1 (0.000***)

Data source: National Health Commission of the People’s Republic of China, Health Commission of Guangdong Province.
*** represented 1% significance levels, respectively.
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positively to the scale of the COVID-19 outbreak; however,
strict restriction measures affected the performance of conven-
tional medical services. The volume of Internet hospital ser-
vices has also been shown to positively correlate with the
scale of the COVID-19 outbreak, indicating the effectiveness
of Internet hospitals in supplementing conventional offline
medical services during the pandemic as well as ensuring con-
tinuous healthcare services during the pandemic.

The utilization rate according to time, “forward triage”,
and the effectiveness of Internet hospital services in provid-
ing comprehensive services were described through
balanced services between office and non-office hours, indi-
cating that the Internet hospital guaranteed the continuity of
medical services.1

Internet healthcare promoted cross-regional healthcare
equity. The geographic origin data of patients at the
SAHSYSU Internet hospital also showed that Internet hospital
services took full advantage of digital technology to enable
accessibility in remote areas. Internet hospital services also
remotely supplemented healthcare human resources in the
most affected areas of the pandemic to ensure the capacity
of medical service provision.4 Through a comprehensive ana-
lysis of the two dimensions of “month” and “geographical dis-
tribution” in the patient data, the total number of patients and
the number of patients outside Guangdong province were

found to be higher during the development of the pandemic
when control measures were strict. The number of patients
decreased when the pandemic eased, with higher sensitivity
and magnitude of the decrease observed in relation to the
number of patients outside Guangdong province in line with
a decrease in the scale of the pandemic. As pandemic preven-
tion and control policies directly affected standard face-to-face
medical visits, it was evident that Internet-based healthcare
and conventional healthcare complemented each other.

Tertiary hospitals in China provide medical and health
services across regions, provinces, and cities as well as to
the whole country, and are medical prevention technology
centers with comprehensive medical, teaching, and research
capabilities. As high-quality medical resources, the distri-
bution of tertiary hospitals strongly correlated with regional
economic development level and population. Some of the
areas with lower economic development levels as well as
remote areas had lower medical care levels (Table 9). The
SAHSYSU Internet hospital services radiated to remote
areas as well as to counties and cities within China that
lacked medical services, which enabled more people to
access timely and efficient medical resources and helped
to resolve difficult and costly access issues in relation to
medical care in these areas, having been shown to serve
as an option to narrow the gap between the capacity and
quality of urban and rural medical services.28

Figure 1. Number of confirmed cases in China and the number of consultations at the SAHSYSU Internet hospital from January to
December 2020.
Data source: National Health Commission of the People’s Republic of China.
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From a policy perspective, it is a feasible policy direction to
utilize the Internet hospital to provide training platform for
medical personnel in rural areas who are difficult to receive
updated and advanced medical knowledge training in a
timely manner, which is conducive to improving the profes-
sional quality of rural medical personnel. Actively building
the communication and consultation mechanism of urban
and rural hospitals through the Internet hospital platform can
also effectively play the supporting role of Internet hospitals
for areas lacking medical resources. It can be seen that the
Internet hospital provides a viable solution to inequities in
medical resources and improves the accessibility and equity
of medical services, so the government can strengthen its
support and input due to the extension effect that Internet hos-
pitals may bring. However, as Internet hospitals expand their
footprint, measures to ensure quality of care and data protec-
tion become critical, hence the need for a more complete regu-
latory framework, which is noteworthy.

Internet healthcare promoted patient satisfaction. Though the
hospital studied in this study does not set up evaluation
feedback for patients after each service, patients are
allowed to voluntarily submit their comments after receiv-
ing online diagnosis and treatment. By conducting content
analysis of these collected messages, it becomes that the
adoption of online diagnosis and treatment significantly

enhances patient satisfaction. The observed increase in
patient satisfaction can be primarily attributed to two key
factors: the reduction of medical expenses due to the
online medical services, and the convenience brought by
Internet hospital which allows patients to receive medical
care without the need to visit healthcare facilities in person.

Through the use of telemedicine platforms, an emerging
technology, doctors can diagnose and treat patients
remotely, reducing the time and cost of patient visits and
improving patient satisfaction. So we can see that our find-
ings also align with the results of existing literature, reinfor-
cing the notion that a user-friendly medical service
experience is positively associated with heightened
patient satisfaction.29,30 This underscores the importance
of integrating online diagnosis and treatment platforms
into traditional healthcare delivery methods, as it has the
potential to address some of the prevailing challenges and
improve patient outcomes.

The departmental treatment mode showing the
applicability of Internet-based treatment in each
department

Based on the results of the case studies and cluster analysis,
the core constructs that characterized the speed and

Figure 2. Number of confirmed cases in Guangdong province and the number of consultations at the SAHSYSU Internet hospital from
January to December 2020.
Data source: Health Commission of Guangdong province.
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magnitude of changes in departments in terms of depart-
mental diagnosis and treatment for Internet hospitals were
extracted, namely, the convenience of physician–patient
interaction and standardization of diagnosis and treatment.
The high speed of change in a department, that is, the fast
speed of convenient physician–patient interaction, indi-
cated that a department had quickly adapted to online

treatment. The large magnitude of departmental change
indicated that treatment had become highly standardized,
such that greater adjustments were required for departments
to adapt to differences between offline and online treatment.
To achieve the goals of convenient interaction and standar-
dized consultation, the hospital reconstructed its organiza-
tional operation system and established a new operation

Figure 3. Number of consultations according to time at the SAHSYSU Internet hospital from January to December 2020.

Figure 4. The number of consultations at the SAHSYSU Internet hospital according to province (region) in China, January to December
2020.
Data source: National Health Commission of the People’s Republic of China.
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Table 4. The number of consultations in different provinces (regions) at the SAHSYSU internet hospital in China, Jan-Dec 2020.

Month
Province 1 2 3 4 5 6 7 8 9 10 11 12 Total

Guangdong Province 451 2383 772 510 475 357 247 231 162 70 46 70 5774

Hubei Province 450 1469 275 144 92 71 53 56 19 16 16 7 2668

Henan Province 315 1331 186 94 64 53 34 31 16 10 2 7 2143

Hunan Province 240 1061 201 111 104 103 82 41 52 26 17 14 2052

Zhejiang Province 98 298 44 16 10 7 10 16 66 1461 1 1 2028

Shandong Province 279 1031 157 67 31 34 18 15 8 2 4 5 1651

Sichuan Province 193 851 130 87 66 61 42 33 25 9 11 10 1518

Hebei Province 178 693 86 49 21 14 17 15 10 4 3 2 1092

Anhui Province 228 599 91 40 41 30 15 15 12 7 1 7 1086

Jiangxi Province 140 540 88 55 58 48 38 47 19 18 6 7 1064

Guangxi Zhuang Autonomous Region 141 542 118 52 53 57 30 36 15 8 4 6 1062

Shaanxi Province 101 445 56 30 27 16 11 15 7 4 3 1 716

Jiangsu Province 122 438 50 22 10 10 4 8 6 1 1 3 675

Heilongjiang Province 78 390 64 32 25 15 15 14 4 1 0 2 640

Fujian Province 65 330 50 20 25 24 15 11 11 6 1 1 559

Shanxi Province 91 296 56 25 29 15 6 14 6 2 4 0 544

Liaoning Province 85 331 51 22 26 11 6 2 3 3 2 2 544

Guizhou Province 76 266 40 10 21 27 17 9 9 3 2 3 483

Chongqing 71 278 50 23 18 5 12 8 9 1 0 1 476

Yunnan Province 49 197 39 13 20 16 15 21 8 8 2 5 393

Gansu Province 55 213 37 14 15 9 9 8 12 2 2 0 376

Jilin Province 35 215 33 13 13 11 4 6 4 3 1 2 340

Inner Mongolia Autonomous Region 51 155 27 7 9 9 8 10 2 1 1 1 281

Hainan Province 24 99 26 13 17 10 7 15 10 4 3 6 234

Shanghai 21 148 17 7 1 3 4 2 0 0 0 0 203

Beijing 26 121 37 7 3 3 0 2 2 0 0 0 201

Xinjiang Uygur Autonomous Region 18 107 10 14 7 4 4 4 8 1 0 1 178

(continued)
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mode. Thus, convenience of interaction and mode standard-
ization have become core constructs for characterizing
organizational agility in the organizational restructuring
phase during a crisis. The analysis in this study identified
differing types of reconfiguration modes and indices con-
cerning eight departments, which were categorized as
three different organizational reconfiguration modes to
demonstrate the different characteristics of different depart-
ments in Internet-based diagnosis and treatment as well as
different applicability of the departments in Internet-based
diagnosis and treatment.

Mode 1: fast and convenient interaction with low
standardization levels of treatment mode. The departments
that demonstrated the characteristics of the first mode
included the neurology, respiratory medicine, and ophthal-
mology departments. Both the number of consultations and
the change in speed in these three departments were higher
than the mean, that is, the interaction was faster and the
magnitude of change was lower than the average, indicating
that the level of mode standardization was low. Neurology
and respiratory medicine departments were selected for spe-
cific analysis as follows.

Neurology department (internal medicine department—
neurology). In SAHSYSU’s Internet hospital platform,
neurology is the department with the largest number of con-
sultations among all departments, which is closely related to
the COVID-19 epidemic (In China, there are specialized
psychiatric hospitals, and some general hospitals also
have psychiatric departments, but SAHSYSU does not
have a psychiatric or psychological department.). The
COVID-19 pandemic brought uncertainty, isolation, dis-
ruption to daily life, and concerns about health and well-
being. For neurology patients, stress and the lack of
adequate care would likely result in a deterioration in
their conditions.31 Moreover, on a macro level, for most
of the healthy population, the rapid development of the
COVID-19 pandemic with the social restrictions imposed
resulted in panic, depression, anxiety, and psychological
stress to the public, thus contributing to the onset and wor-
sening of common symptoms in department of neurolo-
gy(internal medicine) such as headache, migraine, and
insomnia, keeping the volume of neurology consultations
at an all-time high level. Therefore, the motivation for
online consultation was relatively high, exhibiting a rapid
change. Neurology involves a wide range of topics with a
variety of diseases.13,32–34 Multiple types of diseases may

Table 5. Statistical analysis results of variables.

Theoretical dimension Variable name Mean Standard deviation Minimum

Rate of change Consultation response time (M1) 0.153 0.311 0.000

Number of patients seen by the physician per week (M2) 37.985 73.610 2.000

Magnitude of change Number of messages sent by the physician (M5) 6.401 6.170 1.000

Whether the consultation conversation ended normally (M6) 0.696 0.460 0.000

Table 4. Continued.

Month
Province 1 2 3 4 5 6 7 8 9 10 11 12 Total

Tianjin 27 107 13 3 6 3 1 5 2 0 0 0 167

Ningxia Hui Autonomous Region 15 74 7 3 4 2 3 5 3 1 0 1 118

Qinghai Province 8 46 2 7 0 2 0 1 1 0 0 0 67

Tibet 2 11 2 0 0 0 0 0 0 0 0 0 15

Missing values 596

Data source: National Health Commission of the People’s Republic of China.
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be associated with the same symptoms, and the complex
nature of the discipline itself requires an in-depth under-
standing and analysis of patients’ symptoms. Moreover, a
patient’s feelings about the symptoms may affect a physi-
cian’s assessment of the disease and such feelings may
not be derived from pathological causes but from the soma-
tization of psychological or emotional issues, the level of
tolerance also affects how patients perceive the severity
of their symptoms. It may be difficult to draw conclusions
based on patients’ symptom statements and relevant exam-
ination results in both online and offline diagnosis and treat-
ment in the neurology department. A deeper understanding
of a patient’s physical and psychological state and daily life
is required, that is, more personalized and active inquiries
need to be conducted based on a patient’s condition.
Therefore, less adjustment is required for the online diagno-
sis and treatment in the neurology department compared
with offline, thus exhibiting a lower magnitude of change.

During the pandemic, negative emotions were reported
to result in the onset and exacerbation of neurological dis-
orders,35 while Internet hospitals may have helped reduce
psychological burden and raise disease awareness through
providing official and responsible information, thus allevi-
ating somatization symptoms of psychological stress.14,36

Therefore, in future development of the neurology depart-
ment in Internet hospitals, comprehensive information con-
cerning patients’ symptoms may be collected via
pre-consultation questionnaires to conduct relevant ana-
lysis, so as to improve the efficiency and accuracy of
online diagnosis and treatment. In the post-COVID-19
era, neurology departments in Internet hospitals should
also rely on and aim to improve health consultations as
well as universal access to public health.

Respiratory medicine. The total consultation volume in the
respiratory medicine department was high, but with
obvious temporal distribution characteristics compared with
other departments. The consultations occurred mostly from
January to March. The geographical distribution was

balanced, with little difference between data from inside
and outside Guangdong province. COVID-19, an acute
respiratory infection, began to spread rapidly in China, and
then worldwide, from Wuhan, Hubei in late January 2020.
The initial unknown nature and the transmission pathway
of COVID-19 caused widespread panic throughout China.
People lacked knowledge in terms of self-protection, epi-
demiological history, and disease characterization, resulting
in large-scale demand and action in consultations within
respiratory medicine; thus, this department demonstrated a
high rate of change.13 With gradual control of the
COVID-19 pandemic and the popularization of related
knowledge, the public’s understanding of the virus gradually
became more objective and their fears declined, which was
accompanied with a decreased demand for respiratory medi-
cine consultations. The COVID-19 outbreak significantly
boosted the volume of Internet consultation services in
respiratory medicine. Respiratory diseases are common and
frequent diseases, with a variety of types and multiple pos-
sible lesion locations within the respiratory tract. Common
symptoms include cough, sputum, dyspnea, and chest pain.
However, differing combinations of symptoms as well as
subtle differences in similar symptoms (e.g. the different
nature of sputum) may be manifestations of different dis-
eases. The characteristics of respiratory diseases combined
with the impact of the COVID-19 pandemic made it neces-
sary for physicians to proactively obtain more detailed and
individualized information for disease screening. Therefore,
respiratory medicine exhibited a lower magnitude of
change and still required detailed and personalized consulta-
tions similar to offline consultations to make a correct
diagnosis.

The high demand of Internet-based diagnosis and treat-
ment in the respiratory medicine department in 2020 was
clearly affected by the large-scale COVID-19 outbreak,
while the demand for the online diagnosis and treatment
in terms of respiratory medicine after COVID-19 mostly
involved the treatment of common minor and chronic dis-
eases. The current Internet-based medical practice of the

Table 6. Results of variable analysis.

Theoretical dimension Variable name Mean Standard deviation Minimum

Convenience of interaction Consultation response time (M1) 0.153 0.311 0.000

Number of patients seen by the physician per week (M2) 37.985 73.610 2.000

Availability on weekends (M3) 0.277 0.448 0.000

Level of mode standardization Rounds of consultation (M4) 3.221 3.470 1.000

Number of messages sent by the physician (M5) 6.401 6.170 1.000

Whether the consultation conversation ended normally (M6) 0.696 0.460 0.000
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respiratory medicine department has produced favorable
results in the management of chronic respiratory diseases
and in the diagnosis of low-risk patients with acute respira-
tory symptoms.37,38 Therefore, during departmental devel-
opment, while continuing to promote efficient
personalized consultation, the quality of medical services
may also be improved in terms of the management of
chronic diseases through the organization and analysis of
diagnosis and treatment data of patients with chronic dis-
eases. Moreover, introducing common symptoms and treat-
ment plans to the general public may help patients to
self-evaluate their conditions to improve the overall effi-
ciency of medical services.

The departments exhibiting high change speed and low
magnitudes of change had a higher consultation volume
with rapid responses to patient interaction. However, the
disease characteristics of the relevant departments made it
challenging for physicians to reach diagnostic conclusions
based only on the patients’ self-reports and the assistance
of relevant examinations and test reports in both online
and offline consultations. The relatively low reliance on
on-site examination for preliminary diagnosis required a
smaller magnitude of change for the departments, that is,
with a less standardized mode. Therefore, the efficient
and accurate collection of relevant information on patients’
individualized symptoms is essential to improve the accur-
acy and efficiency of relevant Internet-based healthcare.

Mode 2: slow interaction and the highly standardized
treatment mode. The departments that demonstrated the
characteristics of the second mode were the TCM,

endocrinology, nephrology, and rheumatology depart-
ments. The rate of change in these departments was lower
than the mean, that is, the interaction was slower, while
the magnitude of change was higher than the mean, indicat-
ing that this mode was highly standardized. The TCM
department was selected for detailed analysis below.

Diagnosis in TCM emphasizes the integrated use of the
four diagnostic techniques of making observations, listen-
ing to breathing, asking about symptoms, and taking the
pulse, which involves tongue signs, facial features, sound
patterns, and body odors. The pulse findings and patients’
self-reported symptoms were used as diagnostic informa-
tion. Without face-to-face interaction, physicians were
unable to obtain pulse and odor information using the
Internet alone. The accurate acquisition of data concerning
tongue and facial features as well as voice may also be
limited by technology (e.g. screen and volume and tone
clarity) and communication methods (text communication
instead of video communication), making diagnosis diffi-
cult. Moreover, it was also difficult to perform non-
pharmacological treatments (important in TCM) using
Internet-based diagnosis and treatment. Information
obtained using Internet-based diagnosis and treatment in
the TCM department was been largely restricted these
objective considerations, exerting relatively limited
effects. An accurate diagnosis still cannot be separated
from an offline face-to-face consultation. Therefore, there
was a large gap between Internet-based TCM diagnosis
and treatment and offline face-to-face consultation, result-
ing in relatively low levels of personalization in consulta-
tions during online diagnosis and treatment, which

Table 7. Clustering results.

Convenience of interaction Mode standardization

Variable Mean Variable Mean

Mode 1 Consultation response time (M1) 0.120 Rounds of consultation (M4) 1.782

Number of patients seen by the physician per week (M2) 185.650 Number of messages sent by the physician (M5) 4.814

Availability on weekends (M3) 0.346 If the conversation ended normally (M6) 0.566

Mode 2 Consultation response time (M1) 0.179 Rounds of consultation (M4) 3.397

Number of patients seen by the physician per week (M2) 11.366 Number of messages sent by the physician (M5) 6.507

Availability on weekends (M3) 0.197 If the conversation ended normally (M6) 0.785

Mode 3 Consultation response time (M1) 0.157 Rounds of consultation (M4) 3.205

Number of patients seen by the physician per week (M2) 53.406 Number of messages sent by the physician (M5) 6.879

Availability on weekends (M3) 0.283 If the conversation ended normally (M6) 0.695
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manifested as a highly standardized consultation mode.
Patients were also aware of the impact of Internet-based
diagnosis on the effectiveness of TCM consultations, and
their expectations would have been relatively low.
Therefore, in future developments of TCM departments in
Internet hospitals, a comprehensive collection and analysis
of the four diagnostic indicators along with the develop-
ment and improvement of related auxiliary diagnosis and
treatment products (such as electronic nose/electronic
olfactometry, pulse diagnostic instrument, and other
related products), and the application of information tech-
nology (IT) are necessary to advance Internet-based diagno-
sis and treatment.39

Endocrinology and nephrology departments required
biochemical examinations to determine endocrine and
renal function. Moreover, similar to challenges faced in
the TCM department, the diagnosis and provision of treat-
ment plans using Internet-based consultations was challen-
ging, resulting in a highly standardized consultation mode.
The diagnostic and treatment characteristics of the relevant
diseases would affect patients’ expectations and behavior in
medical visits, resulting in a lower overall number of visits
to the departments in the second mode than in the first
mode. Moreover, the visits were more dispersed tempor-
ally, that is, the change speed was relatively low.

The number of diagnoses and treatments in departments
with low change speed and a large magnitude of change
was relatively small, and the data showed relatively

scattered visit times, resulting in relatively slow interaction.
Owing to these departments’ discipline and disease charac-
teristics, it was difficult for both departments to perform
online consultations and to use their main diagnostic tools
online; therefore, physicians appeared to make more adjust-
ments during the online consultations compared with their
offline consultations, exhibiting a higher level of standard-
ization of consultation modes. Physicians often recom-
mended patients to consult with them offline after the
COVID-19 pandemic had subsided. Therefore, intelligent
peripheral products that can overcome temporal and
spatial limitations are a possible way to optimize
Internet-based treatment in related departments.

Mode 3: convenient and fast interaction, and high
standardization level of diagnosis and treatment mode. The
gastroenterology and thoracic surgery departments demon-
strated mode 3 characteristics, in which the rate of change
was higher than the mean, that is, the speed of convenient
interaction was faster. Moreover, the magnitude of change
was lower than the mean, that is, the pattern was more stan-
dardized. The gastroenterology department was selected for
detailed analysis below.

During the COVID-19 outbreak, in addition to
lung-related symptoms, gastrointestinal and liver-related
symptoms were also important manifestations in infected
patients, which may even precede the respiratory symp-
toms. Symptoms of taste disturbance were also observed

Table 8. Internet treatment mode in different departments.

Department

Characteristics of Internet-based diagnosis and treatment mode

M1 M2 M3 M4 M5 M6

Cluster 1: Convenient interaction (fast) versus mode standardization (low)

Neurology 0.145 82.692 0.300 2.492 6.156 0.564

Respiratory medicine 0.126 178.717 0.283 2.420 5.211 0.625

Ophthalmology 0.044 74.611 0.278 2.075 3.942 0.474

Cluster 2: Convenience of interaction (slow) versus level of mode standardization (high)

Traditional Chinese medicine 0.218 19.311 0.266 3.811 8.583 0.785

Endocrinology 0.262 25.290 0.242 3.353 7.170 0.741

Nephrology 0.276 16.845 0.245 5.320 10.465 0.772

Cluster 3: Convenience of interaction (fast) versus level of mode standardization (high)

Gastroenterology 0.160 42.028 0.308 3.905 7.647 0.696

Thoracic surgery 0.107 62.993 0.325 4.183 8.668 0.744
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in a large number of infected patients. Digestive diseases,
especially gastrointestinal diseases, are common diseases
with high demand for treatment. The possible gastrointes-
tinal symptoms of COVID-19 and the subsequent panic
owing to the pandemic have been reported to have
increased the volume of Internet-based diagnosis and treat-
ment in gastroenterology.40–42 Moreover, Internet-based
diagnosis and treatment were feasible in the medical prac-
tice of the gastroenterology department. Internet-based
diagnosis and treatment can be undertaken through
remote management and continuous care of common and
chronic diseases in gastroenterology, such as inflammatory
bowel disease, functional gastrointestinal disease, and
chronic liver disease, and may even improve the quality
of related medical services.40,43–46 For diagnostic effective-
ness in gastroenterology in terms of the distribution of diag-
nostic symptoms, the main clinical diagnostic symptoms in
new patients seen through the Internet medical platform and
face-to-face consultations were abdominal pain and consti-
pation/diarrhea, which presented little variability.47 In terms
of the diagnostic process, Internet-based medicine was able
to substantially reduce the need for face-to-face consulta-
tions in relation to gastrointestinal diseases, and a large
number of Internet-based medical consultations for gastro-
intestinal diseases were completed within 20 min. The
above findings confirmed the practicability of
Internet-based medical consultation in gastroenterology
and the effectiveness of diagnoses.40,48 When making a
diagnosis in the gastroenterology department, simple
abdominal palpation may be performed via text or image
guidance in Internet-based diagnosis, which may provide
certain references to facilitate a physician’s diagnosis and
may differ somewhat from the high technical requirements
of relevant tests in departments such as endocrinology.
Gastroenterology was more suitable for online diagnosis
and treatment based on the characteristics of the discipline
itself, and the mode was highly standardized.

The number of consultations in the thoracic surgery and
gastroenterology departments was high and consultation
times were concentrated. Moreover, the physicians’

online response and consultation reaction times were
faster, showing a highly convenient interaction. These
departments were relatively suitable for online diagnosis
and treatment in terms of the disease characteristics and
the treatment process. Moreover, the mode was highly stan-
dardized, which enabled rapid resource allocation and
switch of treatment methods to adapt to the online treatment
environment and respond more efficiently.

The demand for Internet-based medical care was influenced
by the disease characteristics and was driven by the COVID-19
pandemic. Given the background of normalized prevention
and control of COVID-19 and IT development in the post-
pandemic era, the development of Internet hospitals has
become an inevitable trend. Some disease types are more suit-
able for Internet-based diagnosis and treatment, and can be
diagnosed accurately online. However, it was difficult for
some departments to fully rely on online communication for
diagnosis or greater adjustments were required compared
with face-to-face consultations. Therefore, for specific depart-
ments, decisions on whether to strengthen the development
of Internet hospitals and provide more professional and perso-
nalized online diagnosis and treatment, or whether to focus on
coordinating online and offline visits more effectively, should
be based on the feasibility and effectiveness of the online diag-
nosis and treatment in the respective departments. According to
our research, in the process of carrying out Internet diagnosis
and treatment, hospitals should give priority to developing
departments suitable for Internet diagnosis and treatment
such as ophthalmology and neurology, continuing to explore
the rules of Internet-based medical services and accumulate
experience in Internet-based medical services, and then grad-
ually open to other departments.

Challenges and future directions of the development
process of Internet hospital

Limitations and challenges of the Internet hospital.
Utilization of Internet hospitals is developing but is not
without potential challenges and limitations. Internet
healthcare faces the some challenges. Disparities in regional

Table 9. Correlation coefficients between the number of tertiary hospitals in 2020, regional GDP in 2020, and regional population in 2020
according to region in China.

Number of tertiary hospitals in the
region in 2020

Gross regional product of the
area in 2020

Regional population in
2020

Number of tertiary hospitals in the
region in 2020

1 (0.000***) 0.804(0.000***) 0.843(0.000***)

Gross regional product of the area
in 2020

0.804(0.000***) 1 (0.000***) 0.875(0.000***)

Regional population in 2020 0.843(0.000***) 0.875(0.000***) 1 (0.000***)

*** represent 1% significance levels, respectively.
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development, including varying economic conditions,
levels of technical expertise, and uneven distribution of
medical resources may impede certain regions from provid-
ing effective online medical services, as they lack essential
resources and technical support. Secondly, data security
concerns, as Internet healthcare involves sensitive informa-
tion such as patient personal data and medical records,
requiring measures to ensure data integrity, security, and
privacy. Also, certain departments rely on physical exami-
nations, posing a risk of inaccurate diagnoses. Doctors also
have offline responsibilities for diagnosis and treatment,
sometimes difficult to ensure real-time online consultations,
and the delayed response times may adversely impact the
patient experience and satisfaction.

In light of these challenges and limitations, more system-
atic and comprehensive strategies are needed to enhance the
deployment and usability of Internet hospitals.

Development directions of the Internet hospital operation. The
use of emerging technologies offers promising prospects for
Internet hospitals which may effectively improve perfor-
mances of Internet hospitals. Besides facilitating resource
allocation and reducing costs, telemedicine platforms can
facilitate interaction and consultation of doctors across
regional health sectors and benefit from artificial intelli-
gence to aid clinicians in diagnoses and personalized treat-
ment plans. Remote monitoring devices, such as wearables,
enable real-time health tracking for conditions like sleep
disorders. Advanced image analysis technology enhances
diagnostic capabilities for online consultations, such as
using tongue image analysis for remote TCM diagnosis.49

The integration of image recognition algorithms and artifi-
cial intelligence opens up more possibilities for remote
diagnostic methods, and with the continued development
and application of visual analysis technique or monitoring
equipment may, more departments suitable for online
medical services, while also improving diagnostic
accuracy.

Limitations and future research directions

This study had some limitations.
First, we collected and analyzed patient data of online

text consultations from the SAHSYSU Internet hospital
from January to December 2020. The research would be
enriched if there were multiple types of doctor–patient con-
sultation data, but since SAHSYSU Internet hospital only
opened text consultation, we could not get relevant data
such as video or telephone consultation. In the future, it
would have been helpful to obtain sufficiently large
patient data from the Internet hospital prior to the
COVID-19 outbreak (pre-January 2020) and during the
later COVID-19 era (post-December 2020) to better
discuss the characteristics and effectiveness of Internet

hospital-based diagnosis and treatment in China, thus pro-
viding better solutions for improving service quality.

Second, only diagnosis and treatment data obtained from
the Internet hospital were analyzed. In future studies, the
actual online and offline conversion rate of Internet hospi-
tals may be investigated through a comprehensive analysis
of Internet hospital data and offline medical services after
2020 to provide more solutions for the improvement of
Internet hospitals in the post-COVID-19 era.

Third, the SAHSYSU is a comprehensive modern scien-
tific medical hospital. The diagnosis and treatment mode as
well as service type of modern scientific medical hospitals
differ from those of TCM hospitals. The conclusions
obtained in this study may not be fully applicable to clinical
practice in TCM hospitals. Relevant research on the charac-
teristics and patterns of Internet-based diagnosis and treat-
ment in TCM hospitals may be conducted in future.

In addition, exploring the potential of incorporating
advanced technologies such as artificial intelligence image
analysis into Internet hospitals to improve the level of
remote diagnosis and treatment is also a feasible research
direction.

Conclusions
The COVID-19 pandemic provided the impetus and the
need to develop Internet hospitals, which are still required
in the post-COVID-19 era to improve the quality of health-
care services. This study presented the practical experience
of an Internet hospital based on a tertiary general hospital in
China, and discussed the characteristics and advantages of
Internet hospital services in time and space. Moreover,
this study explored the characteristic modes of
Internet-based diagnosis and treatment in different depart-
ments, and demonstrated the effectiveness of Internet hospi-
tals in providing continuous and multidisciplinary medical
services. With ongoing IT development, the further
improvement of Internet hospitals has become an inevitable
trend in the post-pandemic era. This study may provide
references and lessons for general hospitals in the construc-
tion of Internet hospitals and improving medical services in
response to the current medical demands or possible future
pandemics.
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