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Abstract

Background: Internet hospitals and Internet + nursing service have recently emerged as new medical and nursing care models,
respectively. Both use Internet-based information platforms and combine online applications and offline services to provide
appropriate services. The rapid growth in the number of Internet hospitals in China has given rise to the Internet hospital + home
nursing (IHHN) service model. Research on this new model is limited, and the effectiveness of its implementation remains to be
clarified.

Objective: We sought to examine the effectiveness of IHHN model implementation by investigating service workload, patients
satisfaction, and nurses perception to provide a strategic reference for IHHN development.

M ethods: Data from patients who received for IHHN were collected from a hospital database. We analyzed the frequency of
patients applications and the timeliness of IHHN using descriptive statistics and Chi-squared tests. We used a frequency table to
assess the classification of patients’ illnesses, service items, and geographic distribution. Geographical distribution of patients
was visualized using spatial mapping techniques. Finally, we compared the cost of transferring patients to hospital by ambulance
for nursing services with that of IHHN using a simulation technique and t-test. Patients' satisfaction at two time periods was
compared using a Mann-Whitney U-test. Nurses' perceptions regarding IHHN were examined using a questionnaire survey.

Results: Medical records from 2,459 IHHN patients were examined. Most IHHN patients were over 60 years old (86.21%). The
number of IHHN applications differed significantly between age groups (2 = 29.86, P < 0.01). Oncological patients were the
most common type of IHHN users (19.80%). Intravenous blood collection was the most common service item (66.07%). IHHN
patients were mainly from six regions around the physical hospital (86.17%). All patients were served within 2 days after their
appointment. The waiting time length varied significantly with appointment time (2 = 290.88, P < 0.01). The cost of routine and
specialized service of IHHN was lower than the cost of transporting patients by ambulance to hospital (t = 53.63, P < 0.001, t =
2298, P < 0.001). However, there was no significant difference between the costs of IHHN long distance services and
transferring patients to hospital (t = 3.08, P = 0.77). Patient satisfaction was consistently high in two time periods, with no
significant difference (Mann-Whitney U= 5090149.00, P = 0.38). Nurses' perceptions were positive.

Conclusions: IHHN demonstrates as an effective approach for providing convenient, accessible, and economical home nursing,
addressing the shortcomings of online medical and nursing services such as difficulties in accessing medical care for the elderly
and mobility-impaired patients. IHHN has high patient satisfaction degree and nurse positive perceptions As population aging
progresses, IHHN services may expand. However, it is necessary to optimize services to ensure the safety of patients and nurses,
and to provide corresponding policy support.
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Abstract

Background: Internet hospitals and Internet + nursing service have recently emerged as new
medical and nursing care models, respectively. Both use Internet-based information platforms and
combine online applications and offline services to provide appropriate services. The rapid growth in
the number of Internet hospitals in China has given rise to the Internet hospital + home nursing
(IHHN) service model. Research on this new model is limited, and the effectiveness of its
implementation remains to be clarified.

Objective: We sought to examine the effectiveness of IHHN model implementation by investigating
service workload, patients’ satisfaction, and nurses’ perception to provide a strategic reference for
IHHN development.

Methods: Data from patients who received for IHHN were collected from a hospital database. We
analyzed the frequency of patients’ applications and the timeliness of IHHN using descriptive
statistics and Chi-squared tests. We used a frequency table to assess the classification of patients’
illnesses, service items, and geographic distribution. Geographical distribution of patients was
visualized using spatial mapping techniques. Finally, we compared the cost of transferring patients to
hospital by ambulance for nursing services with that of IHHN using a simulation technique and t-
test. Patients’ satisfaction at two time periods was compared using a Mann-Whitney U-test. Nurses’
perceptions regarding IHHN were examined using a questionnaire survey.

Results: Medical records from 2,459 IHHN patients were examined. Most IHHN patients were over
60 years old (86.21%). The number of IHHN applications differed significantly between age groups
(x* = 29.86, P < 0.01). Oncological patients were the most common type of THHN users (19.80%).
Intravenous blood collection was the most common service item (66.07%). IHHN patients were
mainly from six regions around the physical hospital (86.17%). All patients were served within 2
days after their appointment. The waiting time length varied significantly with appointment time (%’
= 290.88, P < 0.01). The cost of routine and specialized service of IHHN was lower than the cost of
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transporting patients by ambulance to hospital (t = 53.63, P < 0.001, t = 22.98, P < 0.001). However,
there was no significant difference between the costs of IHHN long distance services and transferring
patients to hospital (t = 3.08, P = 0.77). Patient satisfaction was consistently high in two time
periods, with no significant difference (Mann-Whitney U= 5090149.00, P = 0.38). Nurses’
perceptions were positive.

Conclusions: IHHN demonstrates as an effective approach for providing convenient, accessible, and
economical home nursing, addressing the shortcomings of online medical and nursing services such
as difficulties in accessing medical care for the elderly and mobility-impaired patients. IHHN has
high patient satisfaction degree and nurse positive perceptions As population aging progresses,
IHHN services may expand. However, it is necessary to optimize services to ensure the safety of

patients and nurses, and to provide corresponding policy support.

Keywords

Internet hospitals; home nursing; services; effectiveness; mixed-methods
Introduction

The Internet hospital model is a comprehensive medical service platform that utilizes network
information technology to integrate the functions of consultation, prescription, payment, and drug
delivery into a single platform using online follow-up and routine consultation [1]. Doctors at
Internet hospitals can effectively conduct disease diagnosis and consultation, and deliver medicines
to patients’ homes through express delivery. However, patients who require nursing services such as
pressure injury care, wound care, and intravenous blood collection are still required to visit a
physical hospital after online consultation. Thus, home nursing services could potentially make up
for the service shortcomings of Internet hospitals. Internet + nursing service (INS) refers to the
provision of nursing services by registered nurses from medical institutions utilizing an “online
application and offline service” approach for discharged patients, patients with mobility impairments,
and patients with chronic or common diseases using the Internet and other information technologies
[2]. INS is considered to be an economical and efficient supplement to physical hospital nursing
services, resolving the time and space limitations of the traditional nursing model and integrating
nurses’ fragmented time to provide nursing services [3,4]. In 2019, the China Health Commission
formally released the “Notice on Pilot Work of INS,” which began the implementation of INS.
Subsequently, nurses from public hospitals and community health centers in China have been
encouraged to provide home nursing through the “Nursing Plus” cloud-based care platform, and
patients can make online appointments for home nursing in Ningbo, Zhejiang Province. In December
2020, the “Notice on Further Promoting INS Pilot Work ” was issued. The INS model has been
widely applied to specialty care, chronic disease management, and geriatric care [6]. In 2021, Wuhan
Central Hospital released an “e-Home Nursing” platform, which was combined with community
health service centers to provide home nursing care for discharged patients and patients with

disabilities, advanced age, cancer, and unconsciousness through an online appointment system [7]. In
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addition to the case studies mentioned above, studies of INS have examined patient demand analysis
[8,9], treatment effect comparison [10,11], nurse’s cognition and willingness [12,13], and
comprehensive evaluation indices [14]. In the previous INS studies, the Internet has served only as
an information transmission channel and carrier for home nursing appointment, which can not
integrate online medical service by doctors or ensure the continuity of medical and nursing services.
However, in the context of the rapid development of Internet hospitals, patients with chronic or
common diseases have received online diagnosis and treatment. Some Internet hospital patients may
also require online nursing guidance or home nursing after online consultation, leading to the
development of the IHHN. IHHN refers to integrating both doctors’ medical services and nurses’
care services via an internet-based platform, so patients can obtain integrated online and offline
medical care services which also facilitates services supply. However, few studies have empirically
examined the innovative IHHN model.

Home-based care was developed relatively early in foreign countries, and has been widely used
in rehabilitation care, palliative care, geriatric care, maternal and child care, and wound careError:
Reference source not found. In the American Home Health Medical Care model, an interdisciplinary
team is led by a physician or advanced practice nurse, and provides longitudinal healthcare
management (including comprehensive health assessment, multidisciplinary care coordination, and
patient education) primarily for long-term household patients with chronic diseases and those over
85 years old. The American Home Health Care model is primarily delivered by registered nurses or
caregivers who provide nursing care to patients with mild cases and people with disabilities through
an appointment or governmental assessment process, and the service program requires the support of
a physician for prescribing medications [16,17,18]. Japanese home nursing has been independently
developed by different levels of medical institutions, which have formed professional teams of
caregivers, therapists, and general practitioners to provide primary care, medical care, and activities
of daily living support for elderly people who are unable to take care of themselves because of
disability, postoperative rehabilitation, or chronic disease [19]. The Hospital at Home department
was established in Australian public hospitals using My Health Record to share medical information,
enabling the multidisciplinary nursing teams to conveniently provide professional services such as
injections, wound care, and health education to meet the needs of the elderly patients with chronic
diseases, post-acute rehabilitation, and disabilities at home. Studies related to home-based care in
other countries have included comparative effectiveness research[22,23], nursing method research
[24,25], comprehensive evaluation [26], case promotion and application research [27], and nurse
training [28]. However, home-based care in foreign countries is mainly carried out by physical
hospitals, and no cases of IHHN have been reported.

In the context of the rapid development of Internet hospitals in China, and under the guidance of
INS policy, IHHN has emerged as a new nursing model that connects online medical with offline
nursing services. We hypothesized that this new model is convenient, accessible, and economical,

and that it has high patient satisfaction degree and nurse positive perception. A mixed methods
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design was used to test our hypotheses.
Methods

Data Source

We examined the Internet Hospital of Tianjin Medical University General Hospital (TMUGH)
as the research objective in the current study. This Internet hospital was established in March 2020 to
improve patients’ access to medical care and medication in the context of the prevention and control
of the COVID-19 pandemic. However, patients who needed to provide blood, urine, and stool
specimens, and those who required other nursing operations after online diagnosis and consultation
via the Internet hospital still needed to attend a physical hospital. To address the limitations of
Internet hospital services and patients’ needs for home nursing care, the Internet hospital
implemented home nursing services in November 2020, and established IHHN as a new service
mode. IHHN takes into account the service needs of patients in both Internet hospitals and physical
hospitals, adopts the service mode of online application in Internet hospital platform and offline
home nursing by registered nurses at the patient’s home, and provides diversified nursing services.
IHHN comprises three distinct service categories: specialized service, and long distance service.
Regular service refers to a nurse scheduling to serve multiple patients. Specialized service refers to a
nurse scheduling to serve a single patient. Long distance service refers to a nurse scheduling to serve
a single patient, with a distance of greater than 10 km and less than 100 km. The basic fees for these
three service types are shown in Table 1. The fee for each IHHN service item is charged separately,
which is the same system employed at physical hospitals.

At the THHN we examined, a total of 24 THHN service items are available, as follows:
intravenous blood collection, urine and stool retention, vital signs monitoring, blood glucose
monitoring, pressure injury care, wound care, hypodermic injections, peripherally inserted central
catheter (PICC) maintenance, intramuscular injections, stoma care, health education, urinary
catheterization, drainage bag replacement, peripheral intravenous needle maintenance, breast feeding
guidance, neonatal percutaneous bilirubin measurement, oxygen inhalation therapy, incontinence
care guidance, indwelling catheterization care, specialty wound care (pacemaker wounds, perineal
lateral incision wounds, bone traction one-stage healing wounds), extubation, oral care, incontinence
dermatitis care, and stress injury prevention. For every IHHN item, there are detailed instructions
regarding appropriate patients, service content, precautions, cancellation of appointments, and refund
mechanisms for patients’ understanding.

Table 1 Basic fees for three types of IHHN (Unit: Yuan)

Service type Distance<3 km  3<Distance<5 km  5<Distance< 10 km 10<Distance<30 km 30<Distance< 100 km
Regular service 80 90 100
Specialized service 140 160 189

300 450

Long distance

service
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We collected medical records of patients using IHHN from November 1, 2020 to October 31,
2024 from the hospital database. A total of 7,516 THHN records were extracted, which included
patients’ age, gender, home address, appointment time, service time, service item, service cost, major
disease diagnosis, and comprehensive evaluation data. We excluded 101 records with incomplete
identification information or disease diagnosis. Finally, 7,415 records attributed to 2,459 patients
were included. There were 498 patients with mobility impairments such as paralysis, bone fracture,
leg disease, unconsciousness, and being bedridden.

Study Design

We collected data on patients using IHHN and nurses’ perceptions. IHHN service flow was
compared with the physical hospital nursing service to verify its convenience. The distribution of
patients using IHHN and the service waiting time were used to verify its accessibility. The basic
IHHN fee was compared with the cost of transferring patients by ambulance to a physical hospital, to
validate its relative cost. Patients’ comprehensive evaluation scores were used to analyze the degree
of patient satisfaction. A questionnaire survey was used to obtain nurses’ perceptions.

Quantitative and Qualitative Methods

We used the chi-square test to analyze the distribution of patients of different genders and ages
in IHHN applications. Frequency tables were used to count the main disease diagnoses, geographical
distribution, and service items of IHHN patients. We mapped the geographic distribution of patients
at the district level using Arcmap 10.8 software. A Python program was written to access the Gaode
Map (Amap Software Co., Ltd, Beijing, China) web service application programming interface to
simulate the transport routes for patient with mobility impairments and to calculate the
corresponding distances and transfer costs. The details of the simulated cost of transferring patients
to hospital are provided in Attachment 1. A t-test was used to compare the basic cost of IHHN with
patient transfer costs.

From November 1, 2020 to October 31, 2021, IHHN was evaluated by patients using three
indicators: nurse professionalism, service punctuality, and service attentiveness, with 100 points for
each, and the mean of three indicator scores was the degree of satisfaction. To evaluate the degree of
satisfaction with IHHN in more detail, the evaluation index was modified on November 1, 2021. The
degree of satisfaction with IHHN was evaluated comprehensively using five indicators: service
attitude, service skill, service price, service punctuality, and service experience, with 100 points for
each, and the mean of five indicators scores was the degree of satisfaction. A Mann-Whitney U-test
was used to compare and analyze the degree of patient satisfaction during two time periods.

A questionnaire was developed and distributed to nurses who had participated in IHHN, which
included four sections: nurses’ basic information, attitudes toward IHHN, perceptions of IHHN, and

other suggestions for IHHN improvement as showed in Attachment 2.
Ethics Consideration
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The current study involved an analysis of patient data from the hospital database and nurse data
from survey, did not involve human experimentation or compensation. The data used for this
research were extracted from the hospital information system and questionnaire of nurses who
participated in IHHN with previous approval. To ensure patient and nurse privacy and
confidentiality, identifying information such as names, addresses, and contact details were removed
during data extraction. All patients and nurses related datasets met ethical and legal requirements for
data protection. In addition, the research team complied with all relevant local, national, and
international laws and regulations regarding the protection of personal information, privacy, and
human rights. The Ethics Committee of the Tianjin Medical University General Hospital granted
approval for this study following a thorough review of the research protocol (approval number
IRB2024-YX-066-01).

Results

Patients apply for home nursing services through mobile phone app of IHHN (Create Medical
Information Co., Ltd., Tianjin, China) after receiving medical service from the Internet hospital,
which eliminates the need to go back and forth to the physical hospital for making appointments,
payment, and receiving service. Patients can conveniently obtain medical service and home nursing
via IHHN at home.

[
Patients need nursing services after online
medical service in internet hospital

1
-

IHHN I_ﬁj

In person nursing services at

L D EemE-

physical hospitals

On-site appointments by patients
or family members

On-site confirmations by nurses

Payment by patients or family

= G=m Gt=m Gguu guu G

L —
IHHM appointments via mobile phone .
app by patients or family members

*
Online patients’ condition ”ﬂ

assessments by nurses

Payment by patients or family

members members
e
Patients go to the hospital or are Patients wait for nursing W
0) p¥ transferred by ambulances services at home E'
=
W 7 services are provided by nurses Nurses go to patients' houses K ﬂ
M/ P y and provide services E-l
| —
— " Mursing service quality evaluation IHHN service quality evaluation v
= by patients by patients via mebile phone app C)\

Finished

Figure 1 Flowchart of patient receiving nursing service in physical hospital and IHHN

Number of IHHN applications

The results revealed no gender-related differences in the number of IHHN applications (P =

0.54). However, we found a significant difference in the number of IHHN applications between
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patient cohorts of different ages (P < 0.01). Among age groups, patients over 60 years old had the
highest number of IHHN applications (2,120/2,459, 86.21%). Patients under 20 years old had the
lowest number of IHHN applications (8/2,459, 0.33%).

Table 2. Distribution of patients using IHHN by gender and age cohort (N = 2,459)

Characteristics One time, n(%) Two times, n(%) >Three times, n(%) x P value
Gender, n (%)

Female 738 /1350(54.67) 235 /1350 (17.41) 397 /1350(29.41) 1.23 0.54
Male 569 /1109(51.31) 182 /1109(16.41) 338/1109 (30.48)

Age(years), n(%)

<20 2/8 (25.00) 1/8(12.50) 5 /8(62.50)

20<a<40 105/151 (69.54) 24/151 (15.89) 22 /151(14.57)

40<a<60 100 /180(54.95) 28 /180 (15.56) 52 /180 (28.89) 29.86 <0.01
60<a<80 607/1214 (50.00) 214/1214 (17.63) 393/1214 (32.37)

>80 493/906 (54.42) 150 /906(16.56) 263 /906(29.03)

Patients’ major disease diagnosis classification

Patients with a major oncological disease diagnosis accounted for the largest proportion of
IHHN applications (1,468/7,415, 19.80%), while those with cardiovascular disease diagnosis
(876/7,415, 11.81%) and neurological disease diagnosis (747/7,415, 10.07%) had the second and
third highest number of IHHN applications, respectively.

Table 3. Top 10 major disease diagnoses of patients receiving IHHN

Major diagnosis Applications, n (%) Patients, n (%)
Oncological diseases 1468 (19.80) 415 (16.88)
Cardiovascular diseases 876 (11.81) 416 (16.92)
Neurological diseases 747 (10.07) 350 (14.23)
Metabolic diseases 665 (8.97) 129 (5.25)
Hematologic diseases 597 (8.05) 177 (7.20)
Autoimmune diseases 407 (5.49) 167 (6.79)
Respiratory diseases 360 (5.49) 74 (3.01)
Dermatological diseases 358 (4.83) 96 (3.90)
Genitourinary diseases 218 (2.94) 103 (4.19)
Renal diseases 187 (2.52) 95 (3.86)

Number of IHHN service items

Intravenous blood collection was the service that was most frequently applied for (4,899/7,415,
66.07%), followed by PICC maintenance (927/7,415, 12.50%) and urinary catheterization (506/7415,
6.82%).

Table 4. Top 10 service items of patients receiving IHHN

Service items Applications, n (%) Patients, n (%)
Intravenous blood collection 4899 (66.07) 1919 (78.04)
PICC maintenance 927 (12.50) 164 (6.67)
Urinary catheterization 506 (6.82) 161 (6.55)
Pressure injury care 322 (4.34) 55 (2.24)
Wound care 181 (2.44) 70 (2.85)
Peripheral intravenous needle maintenance 140 (1.89) 50 (2.03)
Indwelling catheterization care 71 (0.96) 6 (0.24)
Stoma care 63 (0.85) 21 (0.85)
Specialized wound care 43 (0.58) 18 (0.73)
Intramuscular injection 38 (0.51) 12 (0.49)

Patients’ geographic distribution

Patients using IHHN were mainly concentrated in the Nankai, Hexi, Heping, Hedong, Hebei,
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and Honggiao districts (2,119/2,459, 86.17%). Of these regions, Nankai district accounted for the
largest number of IHHN patients (524/2,459, 21.31%), and the largest number of times IHHN was
used (1,739/7,415, 23.45%). Jinnan, Binhai, Jinghai, and Jizhou districts were further away from
TIMUGH, and had fewer patients in Table 5. The regional distribution map of patients showed that

the patients’ locations were mainly centered around TIMUGH as showed in Figure 2.
Table 5. District-level geographical distribution of patients receiving IHHN

Applications  per

District of Tianjin City Patients, n (%) Applications, n (%) person, mean
Nankai District 524 (21.31) 1739 (23.45) 3.32
Hexi District 487 (19.80) 1439 (19.41) 2.95
Heping District 407 (16.60) 1002 (13.51) 2.46
Honggiao District 241 (9.80) 592 (7.98) 2.46
Hedong District 232 (9.43) 809 (10.91) 3.49
Hebei District 228 (9.27) 712 (9.60) 3.12
Xiqing District 128 (5.21) 535 (7.22) 4.18
Dongli District 90 (3.66) 183 (2.47) 2.03
Beichen District 76 (3.09) 277 (3.74) 3.64
Jinnan District 36 (1.46) 104 (1.40) 2.89
Binhai New Area 7(0.28) 13 (0.18) 1.86
Jinghai District 3(0.12) 10 (0.13) 3.33

Figure 2: District-level geographic distribution of patients.

Number of patients
TIMUGH
[ Jo-10
[ Ju-40
[ J41-130
[ ]1-25
Bl 251550

Patients’ appointment time and service waiting time

All patients had access to services within 1-2 days after making their IHHN appointments.
Table 6 showed that the different appointment times resulted in the variable waiting times (P <
0.001).

Table 6. Patients’ appointment time and waiting time (N = 7,415, %*'=290.88, P<0.001)

Waiting one day Waiting two days )
n/N(%) n/N(%) L

Time

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]
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Appointment between 6:00-12:00 1873/2885 (64.92) 2022/4530 (44.64)
Appointment between 12:00-18:00 1012/2885 (35.08) 2508/4530 (55.36) 290.88 <0.001

Comparison of patients’ fees between IHHN and patients transferring to hospital

We examined the addresses and floors of 498 patients with limited mobility, and used a
simulation method to calculate the cost of transferring them to physical hospitals for nursing service.
These processes are described in detail in Attachment 1. There was a significant difference between
the basic fees of routine and specialized services of IHHN compared with the cost of transferring
patients to physical hospitals (P < 0.001). There was no difference in the basic fee for long distance

service compared with the cost of transferring patients to physical hospitals (P = 0.767).
Table 7. Transferring patients to hospital costs and IHHN basic fees (Unit: Yuan)

Service type Transferring patients to hospital [HHN T-value P value
(MeanzSD) (MeanzSD)
Regular services 260.13+53.24 93.28+7.77 53.63 <0.001
Specialized services 283.41+63.84 173.62+12.18 22.98 <0.001
Long distance services 490.00+72.11 407.14+70.32 3.08 0.77

Patients’ degree of satisfaction
A total of 6,980 patients’ comprehensive evaluation scores of IHHN were available until
October 31, 2024. Patients’ degree of satisfaction with IHHN was consistently high in the two time

periods, with no significant difference between them (P = 0.38) in Table 8.
Table 8. Patients’ degree of satisfaction in two time periods (N=6980, Mann-Whitney U = 5090149.00, P = 0.38)

Period Number, n(%)  MeantSD Mann-Whitney U P value
2020.11.1 to 2021.10.31 2068 (29.63) 99.80+2.65
5090149.00 0.38
2021.11.1 to 2024.10.31 4912 (70.37) 99.89+1.50

Nurses’ perceptions

We distributed 120 questionnaires to nurses who had engaged in IHHN, and 107 were returned
(recovery rate: 89.16%). Nurses’ basic information and the results of the questionnaire survey are
provided in Attachment 2. In summary, nurses supported IHHN (93/107, 86.91%) whose attitudes
toward IHHN were positive. Specialized training of IHHN was necessary (88/107, 82.24%). Detailed
knowledge of the patient's medical and allergy history was very important (97/107, 90.65%), The
key factors affecting IHHN quality was the professional skill and experience of nurses (91/107,
85.05%). The main factor affecting the safety of patients was sudden illness deterioration without
timely medical team support (97/107, 90.65%). The main factor affecting the safety of nurses was
the violent behavior of the patients or their family members (93/107, 86.92%). It is very necessary to
equip a video recorder and record the service process (100/107, 93.46%) as well as to have a special
person to accompany nurses (92/107, 85.98%) . It needs to clarify price standards and insurance
reimbursement policies (98/107, 91.59%). In the future, it is expected that specialized nursing care
(88/107, 82.24%), rehabilitation training (84/107, 78.50%) as well as comprehensive THHN
information system (90/107, 84.11%) should be provided.

Discussion
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Principal Findings

In the current study, we analyzed the measures and results of IHHN using various methods, and
verified its convenience, accessibility, and relative cost, as well as patients’ degree of satisfaction and
nurses’ perception. The results revealed that IHHN was able to effectively meet patients’ medical
service and home nursing needs, and with particular convenience for those with mobility
impairments, high patients’ satisfaction degree and positive nurses’ perceptions.

[HHN is designed to bridge the gap between medical and nursing services. INS platforms that
only recruit nurses to provide home nursing services were previously reported to have inconsistent
reliability and a lack of standardization [6]. The Internet hospital examined in this study relies on a
brick-and-mortar hospital, and provides patients with online consultation and diagnosis, prescriptions
of medicines, examinations, tests, nursing services. At this Internet hospital, it is also possible to
triage patients with critical conditions to the outpatient department, emergency department, or
inpatient department of a physical hospital for further treatment. However, patients with chronic
diseases such as cancer, cardiovascular diseases, and neurological disorders, as well as those with
mobility impairments who only require home nursing following consultations can avoid subsequent
in-person visits to physical hospitals. Thus, Internet hospitals need home nursing services such as
Intravenous blood collection, PICC maintenance and urinary catheterization to make up for the
limitations of their care provision. Because nurses lack prescription authority, which necessitates
physician-ordered treatments. Therefore, IHHN can effectively address the limitations of both
internet hospitals and INS, achieving all-round services of online consultation, diagnosis,
prescriptions and offline medication delivery, home nursing, and patient referral. This hybrid model
ensures care continuity while significantly improving patient accessibility and convenience.

IHHN expands the accessibility of treatment to a broader group of patients. Internet hospitals
have extended the service radius of physical hospitals, and an increasing number of patients are
choosing Internet hospital-based medical service[29]. INS is also widely accepted by patients and
nurses, and has been reported to effectively resolve the problem of access to nursing care for
mobility-impaired patients [8,12]. IHHN enhances the delivery method of delivering medical and
nursing care services by optimizing online and offline medical and nursing care services based on the
Internet hospital information platform, thereby providing integrated medical and nursing services to
all patients. The results indicate that patients preferred the IHHN, with many patients (735/2,459,
29.89%) using it more than three times. Of the various districts, Xiqing District exhibited the highest
number of usage frequency (mean: 4.18 times per patient). The IHHN mobile application, combined
with a guaranteed 2-day service response,significantly enhanced healthcare accessibility. With the
progression of population aging,the demand for INS has risen steadily [9], which is projected to
drive an increase in the number of IHHN patients.

IHHN should broaden its nursing care portfolio to address diverse needs. Through internet
hospital platforms, physicians deliver specialized diagnoses and treatment plans, while nurses offer

24 standardized in-person services, covering routine care procedures. In the current study,
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intravenous blood collection, PICC maintenance, and urinary catheterization were the three most
commonly requested service items, which differs from the service item composition of INS platform
for elderly patients reported in a previous study [30]. Low patient or family member’s perceiving
degree is the primary barrier to implementing new IHHN services. Therefore, the advancement of
IHHN necessitates a comprehensive understanding and assessment of patient’s health status to ensure
safety. From the perspective of ensuring patient safety, it is important for nurses to have clear
definitions regarding which patients are appropriate for IHHN. The feasibility of home nursing
interventions must be evaluated based on specific clinical needs and disease profiles. Subsequently,
IHHN services including specialized care and rehabilitation programs should be systematically
expanded to address these requirements.

The THHN model can reduce the cost of treating diseases. Internet hospitals are widely
considered to overcome the limitations of time and space [31]. IHHN can not only overcome time
and space constraints, but can also reduce the costs related to transportation,time and accompanying
personnel. When considering single-patient transportation cost, the cost of transferring mobility-
impaired patients to hospitals is much higher than that of IHHN. The economic advantage is evident
for patients who choose IHHN routine services and specialized services. The cost of long distance
service is the same as that of transferring patients to hospital by ambulance. Long distance service
involves increased transportation costs, but still saves patients and their family members indirect
costs such as time and companionship. At present, the number of patients receiving IHHN long
distance service is small, which also contributes to its high cost. In the future, long distance service
cost will gradually decrease as the number of service instances increases and economies of scale can
be achieved. Compared with the pricing model of single-patient dedicated ambulance transfer per
trip, long distance service demonstrates comparative cost-effectiveness once economies of scale are
achieved.

IHHN was supported by both patients and nurses. As a patient-centered care model,adopts an
approach analogous to personalized private healthcare services integrating medical treatment and
specialized nursing. Nurses who carry out IHHN have comprehensive professional knowledge and
clinical experience. Before working in IHHN, these nurses needed to receive specialized training to
cope with emergencies such as additional requests, verbal threats, and physical confrontations from
patients or family members in the process of home nursing. Previous research has demonstrated that
competency-based training programs significantly enhance patient satisfaction scores [28]. During
clinical implementation, nurses must systematically evaluate patient’s medical histories and allergy
profiles to determine IHHN eligibility, followed by the formulation of evidence-based,
individualized care plans tailored to specific diagnostic categories. Patients receiving home nursing
experience care quality comparable to hospital settings, leading to enhanced care experiences and
satisfaction degree. In the present study, systematic patient assessments revealed consistently high
satisfaction degrees with IHHN, as measured through standardized evaluation instruments. Nurses
generally hold favorable perceptions of IHHN. In the context of IHHN, it is crucial to emphasize that
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attention must be devoted to nurses’ professional proficiency as well as their accumulated
experience. Moreover, the implementation of multi-functional information systems is indispensable
to guarantee both the quality assurance and the safety assurance of ITHHN.

Several critical challenges require urgent resolution in IHHN implementation. Primarily, the
ambiguity in liability attribution during acute clinical deterioration episodes posses significant risks,
particularly for patients requiring time-sensitive emergency interventions that exceed the scope of
home nursing care capabilities. It is necessary to establish a dynamic mechanism to evaluate the
patient’s condition and to define IHHN items clearly. To protect patients’ safety and IHHN quality, it
is recommended that demands beyond the scope of IHHN following a nurse’s assessment be
addressed at a physical hospital. Second, the lack of safety measures and legal protection for nurses
is not only a major concern for hospitals but also the main reason why many nurses are reluctant to
participate in IHHN. It will be necessary to use a variety of measures such as body-worn cameras,
remote monitoring systems, one-button alarm systems, and assigning specialized personnel to
accompany nurses during home nursing services to ensure nurses’ safety and to enhance the
transparency and traceability of the service process, as well as to provide effective evidence for
handling THHN disputes [32]. Third, well-defined health insurance and standardized pricing
frameworks are necessary to ensure the availability of comprehensive and specialized home nursing

services.

Strengths and Limitations

To the best of our knowledge, this study is the first to systematically describe IHHN as an
innovative approach to implementing the INS policy. We evaluated implementation outcomes from
multiple perspectives, and the results offer an empirical foundation for enhancing IHHN. However,
the study has several limitations that should be considered. First, as this was a single-center study,
the findings may not account for variations in care model, pricing, and home nursing services across
different hospital types. Additionally, the results could be influenced by selection bias; therefore,
future multi-center studies are needed. Second, we used a standardized patient evaluation method to
measure patients’ satisfaction degree, with relatively simplified indicators design and measurement
dimensions. Therefore, future research should adopt more detailed indicators tailored to the IHHN
context, which would enhance patient feedback collection and service quality improvement. Third,
while the IHHN provided citywide coverage across Tianjin City, only a small proportion of patients
utilized long distance services.This limitation requires further investigation to identify barriers and
develop strategies for scaling up service delivery efficiently.

Conclusions
This study comprehensively analyzed the effect of the IHHN services as an innovative model of

INS, which offers the advantages of convenience, accessibility, and relatively cost. IHHN can

address limitations of online medical and nursing services, improve access to medical and nursing
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care for the elderly and mobility-impaired patients, and achieve high patient satisfaction degree and
nurse positive perception. As population aging progresses, IHHN services are likely to become
increasingly widespread. It is important to optimize these services from the perspective of ensuring

patients’ treatment safety and nurses’ personal safety, and corresponding policy support.

Acknowledgment

The authors sincerely thank the information center of Tianjin Medical University General Hospital
for retrieving medical records. This study was supported by grants from Tianjin Municipality
Education Commission Major Research Project of Social Sciences (2022JWZD21).

Data availability

The datasets generated or analyzed during this study are available from the corresponding author on
reasonable request.

Author contributions

YL contributed to the conceptualization and writing-orginal draft. YW contibuted to the
methodology and validation. ZJ contibuted to the writing-review & editing. CJ contibuted to the data
curation. FH contributed to the supervision. TY contributed to the project administration and funding
acquisition.

Conflicts of interest
None declared.

Multimedia Appendix

1.Comparison of costs between IHHN and transferring patients to hospital based on GIS (geographic
information system)-based simulation technology
2.Nurses’ basic information and questionnaire survey results

Reference
[1] Jiang J, Zheng Z. Medical Information Protection in Internet Hospital Apps in China: Scale
Development and Content Analysis.JMIR Mhealth Uhealth. 2024 Jun 21;12:e55061. doi:

10.2196/55061. PMID: 38904994; PMCID: PMC11226934.

[2] Wang, Z. Y., Pang, X. L., Wang, Y., et al. (2021). Bibliometric and visual analysis of domestic
"Internet +" nursing services research based on CNKI database. Journal of Nurse Training, 36(11),
961-966+972.

https://doi.org/10.16821/j.cnki.hsjx.2021.11.001

[3] Zhan, Y., Zhao, R. Y., Lan, M. J,, et al. (2022). Construction of the “Internet +” home care quality
evaluation index system. Chinese Nursing Management, 22(11), 1722-1727.
https://doi.org/10.3969/j.issn.1672-1756.2022.11.024

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

[4] Chiu YL, Wang JN, Yu H, Hsu YT. Consultation Pricing of the Online Health Care Service in
China: Hierarchical Linear Regression Approach. J Med Internet Res. 2021 Jul 14;23(7):e29170. doi:
10.2196/29170. PMID: 34259643; PMCID: PM(C8319787.

[5]Zhou Xinghua, Zhang Junwei, Li Weiwei. Service experience of "Internet + Nursing Service" in
Ningbo[J]. China Rural Medicine, 2020, 27(03):63-64. DOI:10.19542/j.cnki.1006-5180.003669.
https://doi.org/10.19542/j.cnki.1006-5180.003669

[6]National Health Commission. Circular of the General Office of the National Health Commission
on Further Promoting the Pilot Work of "Internet + Nursing Service" [EB/OL]. (2020-12-08)[2023-
02-26]. http://www.nhc.gov.cn/vzygi/s7653pd/202012/abdde45b8f1d4343ae41452d738dbf73.shtml

[7]1Zhang, Y., Fu, A. D., Xu, L. W,, et al. (2022). Nursing informatization facilitates nursing service
innovation and enhances public health outcomes: A practical experience of "Internet + Nursing
Services" at Wuhan Central Hospital. Chinese Journal of Clinical Nursing, 14(9), 529-531.

https://doi.org/10.3969/j.issn.1674-3768.2022.09.001

[8]Wang X, Chen J, Feng M, Zhuang M, Wang J, Zhang L, Liu Y, Chen H. Demand and influencing
factors of "Internet + Traditional Chinese Medicine" home nursing service for older adult patients
with chronic diseases: a mixed research perspective. Front Public Health. 2023 Oct 17;11:1271082.
doi: 10.3389/ fpubh.2023.1271082. PMID: 37927869; PMCID: PMC10622788.

[9] Gong Y, Zhou J, Ding F. Investigating the demands for mobile internet-based home nursing
services for the elderly. J Investig Med. 2022 Mar;70(3):844-852. doi: 10.1136/jim-2021-002118.
Epub 2021 Dec 6. PMID: 34872934; PMCID: PM(C8899476.

[10] Li Y, Xue D, Lu L, Chen X, Lu P, Ni Q. Analysis of the application value of internet home
nursing in the prevention of lymphedema after breast cancer operation. Minerva Med. 2022

Jun;113(3):597-599. doi: 10.23736/50026-4806.21.07601-1. Epub 2021 Jul 8. PMID: 34236158.

[11] Peng Y, Wan H, Hu X, Xiong F, Cao Y. Internet+Continuous Nursing Mode in Home Nursing of
Patients with T-Tube after Hepatolithiasis Surgery. Comput Math Methods Med. 2022 May
31;2022:9490483. doi: 10.1155/2022/9490483. PMID: 35685900; PMCID: PM(C9173949.

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

[12] LiY, Li L, Deng R. Internet + Nursing Service Perception Among Nursing Staff: A Cross-
Sectional Study at Guizhou Province, China. Risk Manag Healthc Policy. 2024 Nov 26;17:2929-
2935. doi: 10.2147/RMHP.S487878. PMID: 39619626; PMCID: PMC11608056.

[13] Tian F, Peng Z, Mi Y, Gui S, Liu M, Zhang T, Liu J, Qu X, Zhang Z, Xi Z. Development and
validation of a rating scale for barriers to and facilitators of nurses' participation intentions in
"Internet + Nursing Service". BMC Nurs. 2024 Aug 13;23(1):559. doi: 10.1186/s12912-024-02215-
1. PMID: 39135197; PMCID: PMC11321183.

[14] Ye L, Yang S, Jiang B, Liu C, Jin X, Chang P. Developing a quality indicator system for
evaluating internet plus home care nursing services based on the SERVQUAL model: a Delphi-
analytic hierarchy process study. PeerJ. 2024 Nov 12;12:e18281. doi: 10.7717/peerj.18281. PMID:
39553706; PMCID. PMC11566512.

[15]Tian, J. X., Sun, X. Y., Zhao, M. S., et al. (2019). Advances in home nursing services abroad: A
review and implications. Chinese Journal of Nursing, 54(4), 637-640.

https://doi.org/ 10.3761/j.issn.0254-1769.2019.04.034

[16] Harrison KL, Leff B, Altan A, Dunning S, Patterson CR, Ritchie CS. What's Happening at
Home: A Claims-based Approach to Better Understand Home Clinical Care Received by Older
Adults. Med Care. 2020 Apr;58(4):360-367. doi: 10.1097/MLR.0000000000001267. PMID:
31876645; PMCID: PMC7071951.

[17] Ritchie CS, Leff B, Garrigues SK, Perissinotto C, Sheehan OC, Harrison KL. A Quality of Care
Framework for Home-Based Medical Care. J Am Med Dir Assoc. 2018 Oct;19(10):818-823. doi:
10.1016/j.jamda.2018.05.020. Epub 2018 Jul 25. PMID: 30056010; PMCID: PMC6392035.

[18] NORMANGJ, WADEAJ, MORRISAM, et al. Home and community-based services

coordination for home bound older adults in home-based primary care [J]. BMC geriatrics, 2018,

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

18(1): 2

[19] Doyle C, Setoya N, Goeman D, Kayama M. The Role of Home Nursing Visits in Supporting
People Living with Dementia in Japan and Australia: Cross- National Learnings and Future System
Reform. Health Syst Reform. 2017 Jul 3;3(3):203-213. doi: 10.1080/23288604.2017.1342178.
PMID: 31514667.

[20] Hambleton SJ, Aloizos Am J. Australia's digital health journey. Med J Aust. 2019 Apr;210 Suppl
6:S5-S6. doi: 10.5694/mja2.50039. PMID: 30927473.

[21] Dickins M, Joe A, Enticott J, Ogrin R, Lowthian J. Trajectories of home nursing use for older
women in Melbourne, Australia: 2006-2015. Australas J Ageing. 2020 Sep;39(3):e295-e305. doi:
10.1111/ajag.12735. Epub 2019 Oct 15. PMID: 31617291.

[22] Azuma T, Onozawa S, Miyamoto Y, Katayama N. Effects of Home Nursing and Rehabilitation
on Daily Life and Outgoing Activities in a Patient With Interstitial Pneumonia Supported by a High-
Flow Nasal Cannula: A Case Report. Cureus. 2024 Oct 30;16(10):e72691. doi:
10.7759/cureus.72691. PMID. 39618567; PMCID: PMC11605772.

[23] Brand H, Fryer M, Mehdi AM, Melon A, Morcombe B, Choong K, Subedi S. Home nursing and
self-administered outpatient parenteral antimicrobial treatment: a comparison of demographics and
outcomes from a large regional hospital in Queensland, Australia. Intern Med J. 2024

Aug;54(8):1351-1359. doi: 10.1111/imj.16394. Epub 2024 Apr 9. PMID: 38591847.

[24] Jeppestal K, Kirkevold M, Bragstad LK. Early warning scores and trigger recommendations
must be used with care in older home nursing care patients: Results from an observational study.
Nurs Open. 2023 Jul;10(7):4737-4746. doi: 10.1002/nop2.1724. Epub 2023 Mar 14. PMID:
36916829; PMCID. PMC10277451.

[25] Chang SO, Kim EY. Ways that nursing home nursing staff build resilience: a phenomenographic

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

approach. BMC Geriatr. 2022 Nov 16;22(1):861. doi:. 10.1186/s12877-022-03582-7. PMID:
36384565; PMCID: PM(C9667428.

[26] Ziembicka DM, Lukaszuk B, Marcinowicz L. Evaluation of the functioning of long-term at-
home nursing care in Poland from the perspective of care providers: Mixed methods study. J Clin

Nurs. 2023 Feb;32(3-4):485-493. doi: 10.1111/jocn.16255. Epub 2022 Feb 27. PMID: 35225374.

[27] Sharma P, Bhowmick S, Nayak K, Bhattacharjee S, Lahiry S. Home nursing in clinical trials:
Results from semi-structured qualitative interviews. Perspect Clin Res. 2024 Apr-Jun;15(2):94-98.

doi: 10.4103/picr.picr_218_22. Epub 2023 Dec 6. PMID: 38765545; PMCID: PMC11101005.

[28] Astle A, Heath R, Sanders K, Jack K. Raising the profile of care home nursing through
collaborative working. Nurse Educ Pract. 2021 May;53:103054. doi: 10.1016/j.nepr.2021.103054.
Epub 2021 Apr 14. PMID: 34051489.

[29] Yu T, Li W, Liu Y, Jin C, Wang Z, Cao H. Application of Internet Hospitals in the Disease
Management of Patients With Ulcerative Colitis: Retrospective Study. J Med Internet Res. 2025 Mar

18;27:60019. doi: 10.2196/60019. PMID: 40101745; PMCID: PMC11962335.

[30]Gong Y, Zhou J, Ding F. Investigating the demands for mobile internet-based home nursing
services for the elderly. J Investig Med. 2022 Mar;70(3). 844-852. doi: 10.1136/jim-2021-002118.
Epub 2021 Dec 6. PMID: 34872934; PMCID: PM(C8899476.

[31] Xu X, Cai Y, Wu S, Guo J, Yang L, Lan J, Sun Y, Wang B, Wu J, Wang T, Huang S, Lin Y, Hu Y,
Chen M, Gao X, Xie X. Assessment of Internet Hospitals in China During the COVID-19 Pandemic:
National Cross-Sectional Data Analysis Study. J Med Internet Res. 2021 Jan 20;23(1):e21825. doi:
10.2196/21825. PMID. 33417586; PMCID: PMC7819672.

[32] Loomer L, McCreedy E, Belanger E, Palmer JA, Mitchell SL, Volandes AE, Mor V. Nursing

Home Characteristics Associated With Implementation of an Advance Care Planning Video

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

Intervention. J Am Med Dir Assoc. 2019 Jul;20(7):804-809.e1. doi: 10.1016/j.jamda.2019.01.133.
Epub 2019 Mar 7. PMID. 30852167; PMCID: PMC6599557.

Abbreviations

INS: internet + nursing service

IHHN: internet hospital + home nursing

PICC: peripherally inserted central catheter

TIMUGH: Tianjin Medical University General Hospital

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

Supplementary Files

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

Figures

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints

Liuetal

It isflowchart of patient receiving nursing service in physical hospital and IHHN.

Payment by patients or family
members

Patients go to the hospital or are
transferred by ambulances

Services are provided by nurses

PRl DEDE

— by patients

Hursing service quality evaluation

»

Patients need nursing services after online

miedical service in internet hospital
I person nursing services at IHHH mﬂ
physical hospitals l  — ]
On-site appointments by patients IHHHM appointments via mobile phone
or family members app by patients or family members

€ ] *
On-site confirmations by nurses Online patients’ condition m
assessments by nurses e

s s s s =

Finished

S

.
Patients wait fior

mhu:lhmumm "!l
Ha.lmgutnpa'amhmraﬁ "fl
and provide services l_-l
IHHM senvice quality evaluation

by patients via mobile phone app

E N
|

https://preprints.,jmir.org/preprint/ 76761

[unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

It shows patients district-level geographic distribution.

TIMUGH

Hebei

Honggiao

Hedong

Binhai New Area

Jin gh ai
Number of patients
TIMUGH
[ Jo-w
[ |11-40
Nankai Hexi

| 41-130
] 131-250
B 251550

https://preprints.,jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

Multimedia Appendixes

https://preprints.jmir.org/preprint/ 76761 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Livetd

We compare costs between IHHN and transferring patients to hospital using GIS (geographic information system)-based
simulation technol ogy.
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The figure shows that a doctor visits patients after online consultation.
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