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Purpose: To explore an effective model to promote the homogeneous development of intensive care units (ICUs) in grassroot,
impoverished and remote areas.

Methods: A three-level remote alliance model (in-place and online assistance) was adopted to guide the cross-talk of ICUs between
counties and cities. The observed indicators included the mortality of ICU patients and those with APACHE II scores >15 points, deep
vein thrombosis, ventilator-associated pneumonia, the completion rate of septic shock goals in 3-hour and 6-hour bundles, and the rates
of patient transfers.

Results: After the implementation of the remote alliance, there was significant reduction in the mortality of ICU patients in the county
and city-level tertiary hospitals (7.6% vs 4.5%, P = 0.004; OR = 1.734, 95% CI 1.189-2.532) and the mortality rates of patients with
APACHE II scores >15 points (11.9% vs 7.1%, P = 0.004; OR = 1.763, 95% CI 1.189-2.614). There was a significant reduction in the
incidence of ventilator-associated pneumonia (0.9% vs 5.0%, P < 0.001) and deep vein thrombosis (52.4% vs 13.6%, P < 0.001). The
completion rate of 3-hour bundle therapies for septic shock was significantly improved (95.7% vs 68.4%, P < 0.001), as well as 6-hour
bundle therapies for septic shock (97.9% vs 81.6%, P < 0.001). The hospital transfer rate decreased significantly in the grassroots and
impoverished areas (2.6% vs 4.7%, P < 0.001).

Conclusion: A three-level remote alliance might be helpful in improving the quality of critical care in remote areas and promoting the
homogeneous development of disciplines.
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Introduction

Critically sick patients are treated not just in metropolitan medical facilities but also in rural and outlying locations. Rural
health care institutions demand that medical staffs perform as skilled generalists because they often provide treatment to
patients with a variety of diseases during the same shift."* Critical care physicians working in rural or distant locations
may not have the chance to polish these more complicated skills or exercise them as often given that rural patients can be
just as complex as those presenting in more metropolitan health care settings.” All medical staffs working in rural or
distant locations must care for the severely sick when the circumstance requires it since there is sometimes a limited
number of critical care units. The regional development was uneven, with some remote and poor areas still utilising
archaic medical technology, particularly for critically ill patients.® In addition, the homogeneity of medical technology in
various regions is low.*”” Experts from developed areas have been dispatched to poor grassroots areas to provide support
in recent years.® Still, only a tiny expert pool is available for assignment to support these areas. This assistance has not
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been sufficient in addressing the problems with shortages in local medical personnel, outdated medical technology and
difficulty in training medical personnel.

A recent survey of medical practitioners showed that the primary medical personnel demand for remote training and
guidance reached 66.1% and 90.3%, respectively.” This approach is promising in narrowing the gap in medical quality
between urban and rural areas, as well as between rich and poor areas. Can remote training, advice and in-place teaching
quickly improve medical access in remote areas, adequately train medical personnel and allow patients to receive
standardised and homogenecous medical care? However, there are currently no relevant statistics to address these
questions.

For this reason, we developed a three-level remote alliance model for critical care medicine that guides grassroots
areas via in-place and online frameworks. In this study, we aimed to explore the effectiveness of this model in promoting
the rapid development of critical care disciplines in grassroots, poor and remote areas.

Methods
Study Design and Population

This study included all patients admitted to the intensive care unit (ICU) of Mianzhu People’s Hospital (a county-level
city hospital referred to as Mianzhu Hospital) from 2018 to 2019 and the People’s Hospital of County A in Liangshan Yi
Autonomous Prefecture (referred to as Hospital A). This study is retrospective, and the patient data is strictly confidential
and approved by the Ethics Committee of Mianzhu People’s Hospital. These were conducted depending on whether
patients were admitted before or after the alliance was established. Those patients admitted in the year before the
establishment (2018) were divided into the 2018 group, and the patients admitted one year after the establishment date
were added to the 2019 group.

Three-Level Remote Alliance of Critical Care Medicine

The three-level remote alliance of critical care medicine was implemented between ICUs of three different care-level
hospitals: the ICU of West China Hospital of Sichuan University (referred to as West China ICU), ranked fourth in the
country in the “China Hospital Specialty Reputation Ranking” of Fudan University; Mianzhu Hospital, a grassroot,
tertiary-level B general hospital; and a second-class B-level public hospital, which is a grassroots hospital located in
a remote, poverty-stricken region. The three hospitals are remote and more than 300 kilometres from Hospital A. In
addition, they are located in areas with many mountainous roads and inconvenient transportation, with a one-way
commute averaging more than 6 hours.

The alliance was enacted on 21 December 2018. The ICU of West China Hospital is the leading guide of the ICU of
Mianzhu Hospital. The ICU of Mianzhu Hospital primarily guides the ICU of Hospital A. However, both ICUs of West
China and Mianzhu Hospitals advise the ICU of Hospital A on complex and unique problems, thus forming a three-level
alliance. The work is done with in-place and online mode combinations, described as follows:

In-place mode: The guiding department routinely sends medical staff to the instructed hospital to supervise at least
twice a month.

Online mode: All three hospital departments are equipped with hardware and software necessary for this method and
to achieve efficient network and medical record data exchanges at least once a week, such as computers, cameras,
microphones, RVs, and a Zhikang remote ward rounds system. Emergency guidance is available 24 hours a day with
responses within 15 minutes and includes “four-line” department instruction. The alliance also conducts multiple remote
academic activities such as medical record discussions, radiology reading meetings, educational lectures, scientific
research report readings and nursing training every week.

Indicators

A third party was hired to check Mianzhu Hospital’s inpatient statistics tables, hospital infection detection statistics log,
ICU nurse logs, acute physiology rates and chronic health status scoring system (acute physiology and chronic health
evaluation scoring system, APACHE) registration forms. Data collected included the mortality rate statistics of ICU
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patients, patient mortality rates with an APACHE II score >15 points, the prevention rates of deep vein thrombosis, the
incidences of ventilator-associated pneumonia, the completion rates of septic shock goals in 3-hour and 6-hour bundles
and the incidences of ventilator-associated pneumonia (VAP). In addition, they reviewed the hospitalisation work
statistics table of Hospital A and counted the patient transfer rates before and after the establishment of the remote
alliance with Hospital A.

Acute physiology score, patient age, and chronic health status constitute the APACHE II score.'® Twelve physiolo-
gical markers comprise the acute physiology score, including body temperature, blood pressure, heart rate, and others.
The worst number during the first 24 hours after hospital admission will be chosen. A patient’s chronic health status is
measured by how well their immune system is functioning. The APACHE 1I score might theoretically reach a maximum
of 71 points; the higher the score, the more serious the patient’s condition. After 48 hours of ventilator support treatment
and within 48 hours following tracheal intubation withdrawal, individuals with tracheal intubation may develop trachea,
bronchi, or lung infections known as VAP.'' The clinical condition known as acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) is characterized by a sudden deterioration of respiratory symptoms and airway function.'?

Statistical Analysis

The SPSS version 21.0 software (IBM Corp. Silicon Valley, CA, USA) was used for data processing. The continuous data were
tested for normality using the histogram or Q-Q plots. Variables with normal distribution were expressed as mean + standard
deviation and compared by the Student’ #-test. Variables with non-normal distribution were expressed as median (interquartile
range) and compared by the Mann—Whitney U-test. The categorical data were expressed as counts (percentage) and compared by
the Chi-square test. A two-tailed P-value of < 0.05 was considered statistically significant. PASS 15 Software (NCSS, LLC.
Kaysville, Utah, USA) was used for sample size calculation. The power for the primary endpoint mortality was calculated based
on the Chi-square test with a significance level of 5%. Group sample sizes of 736 in group 2018 and 736 in group 2019 achieved
90.019% power to detect a difference between the group proportions. The proportions in group 2018 and group 2019 were
assumed to be 8% and 4%, respectively. The significance level of the test (alpha value) is 0.05.

Results

Baseline Characteristics
The ICU of Mianzhu Hospital has treated 1981 patients in two years, with 921 in the 2018 group and 1060 in the 2019 group.
Hospital A admitted 56,245 patients, including 26,592 in the 2018 group and 29,653 in the 2019 group.

There were no statistically significant differences in essential characteristics such as age, gender, main disease composition,
APACHE-II scores in the first 24 hours and expected mortality between the two groups in Mianzhu Hospital, and all were
comparable. The results are shown in Table 1.

Table 1 Comparison of General Conditions of Two Groups of Patients in Mianzhu ICU

2018 Group 2019 Group P-value
(n=921) (n=1060)
Age, years 66.45+£14.93 66.67+14.06 0.977
Sex 569 (61.8) 670 (63.3) 0.513
APACHE Il score for the first 24 hours 16.89+7.88 17.6418.21 0.076
Expected risk of death 27.04+£20.53 28.19+£20.87 0.116
Disease 0.225
Infectious disease

Septic shock 39 4.2) 38 (3.6)

Pneumonia 54 (5.9) 77 (7.3)

Abscess 6 (0.7) 12 (1.1)

Other infections 44 (4.8) 48 (4.5)

(Continued)
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Table | (Continued).

2018 Group 2019 Group P-value
(n=921) (n=1060)
Acute injury 130 (14.1) 141 (13.3)
Cerebrovascular accident
Cerebral infarction 44 (4.8) 59 (5.6)
Brain hemorrhage 121 (13.1) 137 (12.9)
AECOPD 79 (8.6) 112 (10.6)
Cancer 127 (13.8) 154 (14.5)
Benign tumor 37 (4.0) 28 (2.6)
Lump 22 (24) 13 (1.2)
Cardiovascular events 35 (3.8) 56 (5.3)
Acute poisoning I (1.2) 8 (0.8)
Gastrointestinal bleeding 18 (2.0) 24 (2.3)
Epilepsy 8 (0.9) 11 (1.0)
Other disease 146 (15.9) 142 (13.4)

Note: Data were expressed as mean * standard deviation or n (%).
Abbreviations: APACHE, acute physiology and chronic health evaluation scoring system; AECOPD, acute exacerbation of chronic
obstructive pulmonary disease.

Table 2 Comparison of ICU Quality Indicators in Mianzhu Hospital

2018 Group 2019 Group P-value
(n=921) (n=1060)
Death events 70 (7.6) 48 (4.5) 0.004
Death events in patients with APACHE Il score 2 15 65 (11.9) 47 (7.1) 0.004
DVT 125 (13.6) 554 (52.4) <0.001
VAP 178 (5.0) 42 (0.9) <0.001
3h bundle 26 (68.4) 45 (95.7) <0.001
6h bundle 31 (81.6) 46 (97.9) <0.001

Abbreviations: APACHE, acute physiology and chronic health evaluation scoring system; DVT, deep venous thrombosis; VAP,
ventilator-associated pneumonia.

Quality Indicators from Mianzhu Hospital ICU

There was a statistically significant difference in the case fatality rates between 2018 and 2019 (P = 0.004). Further
comparison showed that the fatality rates in 2018 were significantly higher than in 2019. The mortality rate was further
analysed by stratified statistical analysis. In the first 24 hours, patients with APACHE-II scores > 15 points had
a statistically significant difference in mortality rate (P = 0.004). The difference was higher in the 2018 case fatality
rates than in 2019 (OR = 1.763, 95% CI range 1.189-2.614). These results are shown in Table 2. The DVT prevention
rate, VAP, and the 3- and 6-hour bundle completion rates in the 2019 group were all statistically significant (P < 0.001)

and higher than those in the 2018 group.

The Transfer Rate of Hospital A

There were 29,653 and 26,592 discharges in the 2018 and 2019 groups, respectively. After the application of the
model, the rate of patients transferred to higher-level hospitals in the 2019 group in Hospital A was significantly
lower than that in the 2018 group (2.6% vs 4.7%, P < 0.001).
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Discussion

In this study, we investigated the effect of a three-level remote alliance model for critical care medicine that guides
grassroots areas via in-place and online frameworks. The main findings were as follow: 1) the mortality of ICU patients
in the county and city-level tertiary hospitals decreased significantly after the implementation of the model; 2) there was
a significant reduction of ICU indicators including the incidence of ventilator-associated pneumonia and deep vein
thrombosis; 3) the completion rates of 3-hour and 6-hour bundle therapies for septic shock was improved; 4) The hospital
transfer rate decreased significantly in the grassroots and impoverished areas. In the future, this model is expected to
improve the quality of critical care in remote areas and promoting the skill development of medical staffs.

Our findings are consistent with Kalb et al'*'* This is mainly related to in-place and online complementary support
operation modes. Online training systematically improves the theoretical level, and in-place guidance makes up for the
lack of an image of online advice and demonstration. The 24-hour online and 15-minute remote response has guaranteed
the homogeneity of current diagnosis and treatment technologies. The normalised distance teaching has made up for the
difficulties of continuing education for medical staff in the border area and the slow improvement of their technical level.
Information sharing and remote external communication have expanded the academic vision of grassroots doctors and
overcome the shortcomings of grassroots doctors with little knowledge of cutting-edge information. These results ensure
the continuous improvement of current and future medical quality at the grassroots level.

The long-term and orderly operation of the alliance has several advantages. First, it achieves the convergence and
shunting of patients and is a win—win situation for all parties. Through online ward rounds, patients with complex,
challenging and rare diseases will be transferred to tertiary hospitals, achieving accurate hierarchical diagnosis and
treatment. It can not only alleviate the problem of the shortage of beds in tertiary hospitals but also make full use of the
abundant bed resources of primary hospitals to provide convenience for people.'® Second, the alliance has transcended
time and space constraints and enabled superior resources to be used more efficiently,'® which is conducive to the rapid
improvement of medical levels in the grassroots, border and poor areas. Ordinary people can enjoy high-level and
homogeneous medical services without leaving the county, which alleviates the difficulty and cost of seeing a doctor and
improves people’s ability to obtain medical treatment.'” Third, it overcomes the difficulty of the shortage of human
resources and improves efficiency. A high-level department can guide multiple hospitals with only a tiny number of
human resources and is further enlarged by the second-level hospitals in the alliance. Fourth, the alliance guidance is
more professional. Compared with the incumbent support of a single medical staff, the alliance is one department
corresponding to another department. Its sub-specialty coverage is more comprehensive, and the guidance is more
professional. Fifth, the alliance enables the rapid improvement of the medical quality of ICUs in hospitals at all levels
and eliminates the concern of patients being siphoned away. Hospitals and departments are willing to participate actively.
Sixth, the alliance provides opportunities and resources for physicians to learn and improve, meet their needs’ and
enables physicians to participate actively.'®

The lack of sharing and integration of medical resources is the main obstacle hindering the progress of medical and
health care.'” The alliance is highly dependent on the internet and information sharing, and trouble-free communication
and data transmission play a decisive role in “online” work. It is necessary for the smooth development and the important
content of alliance cooperation.’”?? Therefore, alliance cooperation should strengthen the informatisation framework
within the alliance, break down information barriers and realise the interconnection and interoperability of medical
resources, information and services to improve operational efficiency.”® At the same time, attention should be paid to
information security and patient privacy protection.”*

There were some limitations in this study. First, this was a study involving several centers in specific areas with
a relatively small sample size. The results may be vulnerable to potential selection bias. Second, the ICU of Hospital
A was newly established, and there was no data about before the alliance and the disease spectrum of Hospital A. This
study was carried out under a close medical alliance and a support obligation relationship among these hospitals.
Therefore, the generalizability of findings may be limited and subsequent studies are needed to validate the effectiveness
of the model. Currently, the medical insurance of each medical unit in China’s medical consortium implements a unique
payment method, which cannot reflect a win—win benefit distribution mechanism. Previous studies have shown that the
remote alliance needs to formulate unified charging standards, medical insurance distribution mechanisms and
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supervision mechanisms, clarify responsibilities and rights and form a closer and more effective interest alliance to

25728 which is also one of the future perspectives on this

ensure the healthy and sustainable development of the alliance,
issue.

In conclusion, this three-level remote alliance model might be helpful in improving medical quality of critical care
and promoting the homogeneous development of ICUs in grassroots, poor, and remote areas despite various challenges

including unbalanced medical resources and space constraints.
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