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Purpose: This study aimed at exploring the application of trauma time axis management in the treat-
ment of severe trauma patients by using the Medicalsystem trauma system.
Methods: We performed a retrospective cohort study involving patients with severe trauma. Patients
who were admitted before the application of the Medicalsystem trauma systemwere divided into before
system group; patients who were admitted after the application of the system were divided into after
system group. Comparison was made between the two groups. For normally distributed data, means
were reported along with standard deviation, and comparisons were made using the independent
samples t test. Categorical data were compared using the Chi-square test. The Mann-Whitney U test was
used to compare nonparametric variables.
Results: There were 528 patients admitted to the study during the study period. There was no significant
statistical difference in the time from the start of trauma team to arrive at the resuscitation room be-
tween the two groups. The time from arrival at hospital to endotracheal intubation, to ventilator therapy,
to blood transfusion, to completion of CT scan, to completion of closed thoracic drainage, to the start of
operation, as well as the length of stay in resuscitation room and hospital were significantly lower after
the application of the Medicalsystem trauma system. The mortality was decreased by 8.6% in the after
system group compared with that in the before system group, but there was no statistical difference.
Conclusion: The Medicalsystem trauma system can optimize diagnosis and treatment process for trauma
patients, and accordingly improve the treatment efficiency and shorten the treatment time. Therefore,
the Medicalsystem trauma system deserves further popularization and promotion.

© 2020 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

With the rapid development of modern society, high-energy
injuries caused by traffic accidents, falling, crushing, collapsing
and natural disasters occur frequently. Trauma has been the third
leading cause of death, the number one cause of death for people
aged 1e44 years, and also an important factor for disability.1 Severe
trauma is often the injury of multiple anatomical parts and organs
caused by high energy. This kind of trauma has a great influence on
the patients’ whole body physiological condition, which is easy to
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miss diagnosis and difficult to treat. If the wounded can not be
treated promptly and effectively, it may endanger life.2 At present,
most hospitals in China still adopt the mode of specialist consul-
tation. In the treatment process, each specialist only focuses on the
injured part of his own specialty. There are some disadvantages
such as poor treatment timeliness and patients stranded in the
emergency room.3

In recent years, various regions in China have been exploring
new ideas andmethods for the treatment of severe trauma, and the
construction of trauma care center is one of the major measures.4

Since our hospital became the provincial trauma center in
December 2016, the treatment effect of severe trauma patients has
been significantly improved. The emergency treatment of severe
trauma involves the coordination and cooperation of multiple
disciplines and specialties. The principle of “fast, accurate, correct
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and effective” must be followed in emergency treatment, among
which “fast and effective” is the embodiment of the timeliness of
emergency treatment.5 At present, most general hospitals in China
cannot share the information of patients effectively and timely
among pre-hospital first aid, in-hospital emergency, and surgical
specialties. This is not conducive to the treatment of trauma pa-
tients, the quality control of trauma care center and continuous
improvement of medical quality.6 In order to further improve the
treatment efficiency and shorten the treatment time of severe
trauma patients, our hospital introduced the Medicalsystem
trauma system. The Medicalsystem trauma system provides the
time records of the whole process including pre-hospital first aid,
emergency room, operating room, ICU and trauma ward treat-
ments. It forms a time axis and records the whole treatment pro-
cess of patients. More importantly, it can provide data for the
quality control of trauma care center and support for the
improvement of diagnosis and treatment process.

Methods

Trauma center model and treatment process in our hospital

The trauma care center of our hospital is the first batch of
trauma treatment centers certified by China Trauma Treatment
Alliance and the Provincial Trauma Care Center of Jiangsu Province.
Our trauma care center has established a multidisciplinary collab-
orative treatment platform with the emergency department as the
core. We have realized the seamless connection of all treatment
stages from pre-hospital to in-hospital by standardizing the treat-
ment process settings. Therefore, severe trauma patients can
receive the best integrated and team-oriented treatment so as to
improve the outcome of patients in the shortest possible time.

The trauma center team consists of pre-hospital first aid team,
emergency surgery team and specialist team. The trauma care
center team strictly implements the duty team leader responsibility
system, and the duty team leader must be a doctor with the title of
associate chief physician or above and rich experience in emer-
gency. Members include specialists in emergency surgery, neuro-
surgery, general surgery, cardiothoracic surgery, orthopedics and
ICU.

When receiving severe trauma patients, the pre-hospital res-
cuers will transmit the patients’ information to the hospital
through the vehicle-mounted information linkage system so that
in-hospital emergency department can have a certain under-
standing of the patients’ conditions and make appropriate prepa-
rations. After receiving the pre-hospital warning signal, the
emergency surgeons learned about the patient’s injury in advance,
and determined the next emergency measures to be taken ac-
cording to the patient’s injury information. While the relevant
personnel, equipment and materials get ready, the emergency
surgeons call the corresponding trauma treatment team members
Fig. 1. Radio frequency identification devices (RFID) wristband is automatically record each k
There is a QR code on the RFID wristband for quick identification by scanning the code. (C) In
and summarizes it into the Medicalsystem trauma system.
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to arrive at the emergency room in advance and wait for the arrival
of patients through the hospital call system. After severe trauma
patients are delivered to the hospital, the emergency surgeon
promptly judge patients’ condition and commence managing life-
threatened injuries according to the principle of “ABCDE".7,8 If
there are serious fatal conditions such as severe shock, active
bleeding, brain hernia, pericardial tamponade, big blood vessel
rupture, etc., the specialists of the trauma treatment teamwill carry
out life-saving operation in the operating room. The examination,
diagnosis and treatment should be carried out simultaneously as
fast as possible so that the patients can be actively and effectively
treated in the shortest time, and the patients can enter the oper-
ating room, ICU or special ward as soon as possible.9

Medicalsystem trauma system

The Medicalsystem trauma system can realize the digital up-
grade of rescue links including emergency vehicle, emergency
department, CT room, operating room, ICU and specialized ward,
and achieve the purpose of automatic real-time recording diagnosis
and treatment data in the treatment process; moreover, it can
reduce the trouble of manual supplementary recording after
medical treatment. The system completes the collection and
transmission of the patient’s vital signs on the vehicle side, and uses
the wireless network and the audio and video technology to
complete a joint consultation with the doctors in hospital. By
setting up timers formedical devices and installing unified clock for
client terminals, the time at all sites of the trauma diagnosis and
treatment link can be unified. When the patient enters the resus-
citation room or trauma recovery room, radio frequency identifi-
cation devices (RFID) (Fig. 1) on the wristband is bound to
automatically record each key time point. The system will extract
the holographic data of patients’ treatment, including pre-hospital
emergency, emergency disposal, emergency surgery, hospitaliza-
tion and rehabilitation, which can form a trauma data analysis
center and provide the basis for continuous improvement of the
trauma care center.

Quality control index of trauma axis

The Medicalsystem trauma system shares data with HaiTai
system in the inpatient department, so the following 25 quality
control indexes can be extracted and recorded in real time. The
quality control indexes can provide data for the quality control of
trauma care center and support for improvement of diagnosis and
treatment process.

Quality control indexes recorded by the Medicalsystem trauma
system included:

(1) Number of severe trauma (ISS �16)
(2) Average time of pre-hospital emergency treatment
ey time point. (A) The RFID wristband is bound to the patient's ID card information. (B)
each link of the patient's treatment, the RFID wristband automatically records the time
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(3) Pre-hospital arrival time (alarm time - arrival time)
(4) Time of pre-hospital information transmitted to a target

hospital
(5) Time from pre-hospital alarm time to arrival time of a target

hospital
(6) Time from the start of trauma team to arrive at the resusci-

tation room
(7) Time from arrival at hospital to endotracheal intubation
(8) Time from arrival at hospital to ventilator therapy
(9) Time from arrival at hospital to blood transfusion

(10) Time from arrival at hospital to completion of CT scan
(11) Time from arrival at hospital to completion of closed thoracic

drainage
(12) Time from arrival at hospital to determine the diagnosis of

fatal injury
(13) Time from arrival at hospital to the start of operation
(14) Length of stay in resuscitation room
(15) Rehabilitation treatment time
(16) Number and proportion of severe trauma patients infected

(wounds, lungs)
(17) Length of stay in ICU, length of stay in hospital
(18) Hospitalization expenses
(19) Operation frequency during hospitalization
(20) Duration of ventilator use and incidence of ventilator-

associated pneumonia
(21) Success rate of rescue and mortality
(22) Coincidence rate between admission diagnosis and discharge

diagnosis
(23) Annual number of trauma patients admitted
(24) Proportion of patients referred from other hospitals
(25) Proportion of trauma patients requiring referral
Trauma time axis management

We used the Medicalsystem trauma system to implement full-
process time axis management for patients with severe trauma.
The systemwill record each diagnosis and treatment time nodes of
severe trauma patients from pre-hospital to discharge in real time,
and establish trauma database to complete the quality control.
Fig. 2 shows the treatment time axis of a severe trauma patient,
from which the patient’s treatment process from pre-hospital to
discharge can be clearly seen.
Fig. 2. Treatment time axis of
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During the construction of provincial trauma care centers, we
attached great importance to trauma time axis management. All
members of the trauma care center have a meeting to analyze and
summarize the quality control indexes every two months. The
quality control indexes we focus on include: time from the start of
trauma team to arrive at the resuscitation room, time from arrival
at hospital to endotracheal intubation, time from arrival at hospital
to ventilator therapy, time from arrival at hospital to blood trans-
fusion, time from arrival at hospital to completion of CT scan, time
from arrival at hospital to completion of closed thoracic drainage,
time from arrival at hospital to the start of operation, and the stay
time in resuscitation room. Through the research and summary of
the quality control indicators, we find the problems in the treat-
ment process and solutions so that we can constantly optimize the
process and shorten the treatment time.
Problems and solutions in the treatment of severe trauma patients

(1) There are often many patients in the emergency room.
Doctors and nurses are easily affected by the surrounding
conditions during the rescue process. Therefore, trauma care
center has established a trauma resuscitation room with
specialized nurses and the necessary bedside examination
equipment.

(2) Some surgeons are unskilled and non-standard in the trauma
treatment, so the trauma care center continuously
strengthens the standardized training for team members,
and some members have become trauma treatment training
in-structors.

(3) It takes a long time for severe trauma patients to transfuse
blood in accordance with the routine transfusion procedure,
so an emergency non-homogenous transfusion system has
been established. The emergency room should routinely
prepare a certain unit of whole blood of type O to meet the
needs of emergency transfusion for severe trauma patients.
In this way, the transfusion time was significantly short-
ened.

(4) Some bedside skills require specialist consultation and
operation, which increases the time for trauma treatment.
Therefore, every doctor in trauma care center must be pro-
ficient in endotracheal intubation, focused assessment of
trauma by sonography, closed thoracic drainage, and deep
vein catheterization.
a severe trauma patient.
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(5) Many emergency operations require the consultation and
treatment by corresponding specialists. In order to further
shorten the treatment time, emergency surgeons can carry
out emergency operations by themselves such as brain her-
nia, liver rupture, spleen rupture, intestinal rupture, etc.

(6) Since patients with severe trauma often have to wait for
surgery, a green channel was opened for these patients,
which significantly shortened the waiting time for surgery.

(7) Trauma patients could not be admitted to the ward in time
because of the shortage of beds in our hospital, so the trauma
care center stipulated that the trauma ward and trauma ICU
must vacate 4 beds for trauma patients every day.
Comparing the quality control indexes of severe trauma patients
before and after 6 months’ application of the Medicalsystem trauma
system

We performed a retrospective cohort study involving patients
with severe trauma who were admitted to the First Affiliated
Hospital of Soochow University from November 2018 to October
2019. Patients who were admitted before the application of the
Medicalsystem trauma system (from November 2018 to April 2019)
were divided into before system group. Patients who were
admitted after the application of the system (from May 2019 to
October 2019) were divided into after system group. The data was
obtained from the Medicalsystem trauma system.

Inclusion criteria for the patients in this study were as follows:
(1) Injury Severity Score (ISS)�16, age�16 years; (2) time from the
trauma to arrive at the resuscitation room�24h; (3) first diagnosis
made in our hospital after trauma. Exclusion criteria for the pa-
tients in this study were as follows: (1) ISS<16, age<16 years; (2)
the first visit in another hospital after trauma, then transferred to
our hospital; (3) pregnancy women.

Statistical analysis

Statistical analysis was performed by using SPSS 25.0 (IBM,
Armonk, NY). For normally distributed data, means were reported
along with standard deviation (SD), and comparisons were made
using the independent samples t-test. Categorical data were
compared using the chi-square test. The Mann-Whitney U test was
used to compare nonparametric variables. A p-value of less than
0.05 was considered statistically significant.

Results

There were 528 patients admitted to the study during the study
period. There were no significant statistical differences between
the two groups in age, gender, mechanism of injury, ISS (Table 1).
There was no significant statistical difference in the time from the
Table 1
Comparison of the demographic and clinical characteristics of patients between the
two groups.

Variables Before system After system p value
(n ¼ 257) (n ¼ 271)

Age (mean ± SD) (years) 45.2 ± 14.5 46.5 ± 15.1 0.37
Gender (male/female) 168/89 171/100 0.59
Mechanism of injury (%) 0.86
Traffic related injuries 65.0 67.2
Fall from height 21.7 20.3
Fall of heavy object 1.9 2.2
Blow or assault 5.8 6.6
Others 5.5 3.7

ISS 27.5 ± 8.6 28.1 ± 9.2 0.49
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start of trauma team to arrive at the resuscitation room between
the two groups. The time from arrival at hospital to endotracheal
intubation, to ventilator therapy, to blood transfusion, to comple-
tion of CT scan, to completion of closed thoracic drainage, to the
start of operation, as well as the length of stay in resuscitation room
and hospital were significantly lower after the application of the
Medicalsystem trauma system than before. The mortality was
decreased by 8.6% in the group after application of the Medical-
system trauma system compared with that in the group before the
system application, but there was no statistical difference (Table 2).

Discussion

Studies have shown that 50% of traumatic deaths occur within
1 h after accident, indicating that traumatic rescue is significantly
time-dependent.10,11 How to evaluate trauma objectively and
accurately in the shortest time and perform effective treatment has
become an eternal topic in the field of traumatology.12,13 In recent
decades, Chinese medical personnel have made unremitting
exploration and efforts to achieve this goal. Although they have
made gratifying achievements, there is still a certain gap compared
with developed countries, especially the timeliness of emergency
care.14,15 The timeliness of severe traumameans that severe trauma
patients can achieve the best results through corresponding mea-
sures within the “time window”. Once the time is delayed or ex-
ceeds the “time window”, patients may lose the best treatment
opportunity, and mortality and the incidence of complications will
greatly be increase.16

The idea that trauma is a time-dependent disease is widely
accepted by trauma medical workers. In the emergency treatment
of patients with severe trauma, Physicians must recognize the
relationship between the effect of first aid and time. “Time is life,
time is speed” explains the general requirements of traumatol-
ogy.17,18 It consist of a correct and effective treatment in the shortest
time, especially the first aid, injury assessment, preoperative ex-
amination and preparation in the shortest time.19,20

The Medicalsystem trauma system is a solution to achieve the
purpose of automatic real-time recording of diagnosis and treat-
ment data in the treatment process, and reduce the trouble of
manual supplementary recording after medical treatment. The
most important thing is to establish trauma database and complete
the quality control and management of each data. We analyze the
trauma database and strengthen the management of the trauma
time axis to find problems in the treatment process and find so-
lutions to continuously optimize the process. Through the analysis
of quality control indexes, it is found that after strengthening the
time axis management, time from arrival at hospital to endotra-
cheal intubation, time from arrival at hospital to ventilator therapy,
time from arrival at hospital to blood transfusion, time from arrival
at hospital to completion of CT scan, time from arrival at hospital to
completion of closed thoracic drainage, time from arrival at hos-
pital to the start of operation, and the length of stay in resuscitation
room were significantly lower than those before the application of
the Medicalsystem trauma system. By doing so we can see that the
treatment effect of patients with severe trauma has been signifi-
cantly improved.

The Medicalsystem trauma system shares data with HaiTai
system in the inpatient department, so 25 quality control indexes
can be extracted and recorded in real time. The quality control in-
dexes can provide data for the quality control of trauma care center
and support for the improvement of diagnosis and treatment pro-
cess. The time concept of emergency treatment for severe trauma
can be developed from a faster and better qualitative process to a
precise quantitative process through the Medicalsystem trauma
system. With the application of Medicalsystem trauma system, the



Table 2
Comparison of quality control indexes before and after applying the Medicalsystem trauma system.

Quality control indexes Before system After system Decreasing amplitude (%) p value

Time from the start of trauma team to arrive at the resuscitation room (min) 4.5 ± 2.1 (n ¼ 257) 4.2 ± 2.7 (n ¼ 271) 6.7 0.16
Time from arrival at hospital to endotracheal intubation (min) 22.8 ± 8.4 (n ¼ 121) 16.1 ± 6.2 (n ¼ 147) 29.4 <0.001
Time from arrival at hospital to ventilator therapy (min) 24.1 ± 9.7 (n ¼ 103) 17.8 ± 9.1 (n ¼ 129) 26.1 <0.001
Time from arrival at hospital to blood transfusion (min) 39.5 ± 17.4 (n ¼ 166) 28.2 ± 14.8 (n ¼ 184) 26.3 <0.001
Time from arrival at hospital to completion of CT scan (min) 39.6 ± 23.2 (n ¼ 241) 30.8 ± 17.8 (n ¼ 263) 22.2 <0.001
Time from arrival at hospital to completion of closed thoracic drainage (min) 51.3 ± 27.1 (n ¼ 89) 37.4 ± 22.5 (n ¼ 95) 27.1 <0.001
Time from arrival at hospital to start of operation (min) 85.8 ± 39.2 (n ¼ 187) 59.4 ± 31.5 (n ¼ 219) 30.1 <0.001
Length of stay in resuscitation room (h) 4.5 ± 1.8 (n ¼ 257) 2.8 ± 1.2 (n ¼ 271) 37.8 <0.001
Length of stay in hospital (d) 15.6 ± 4.2 (n ¼ 257) 13.3 ± 3.7 (n ¼ 271) 14.7 <0.001
Mortality (%) 9.3 (n ¼ 257) 8.5 (n ¼ 271) 8.6 0.76
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treatment effect of patients with severe trauma has been improved.
The length of stay in hospital was significantly lower than those
before the application of the system. The mortality decreased by
8.6%, but there was no statistical difference. With the further in-
crease of the sample size in the follow-up study and the further
improvement of trauma treatment, the mortality rate will be
further reduced.

Although the treatment effect of patients with severe trauma
has been improved, there is still a big gap compared with devel-
oped countries in Europe and the United States, especially the pre-
operative preparation time and the length of stay in resuscitation
room, which is related to China’s national conditions.21,22 There are
more elective operations in many tertiary medical centers in China,
and less operating rooms are reserved for emergency patients with
severe trauma, which eventually leads to the result that these pa-
tients can not be operated at the first time. The trauma wards and
trauma ICU beds in many tertiary medical centers can not meet the
needs of more andmore trauma patients, resulting in more time for
patients staying in the emergency room.23 We believe that with
administrative support and government funding stimulation, more
operating rooms and ICU beds in trauma centers will be set up for
amelioration of these patients’ treatment.

Both government departments and medical institutions in
China have realized the importance of severe trauma treatment and
trauma care center construction, and increased economic input to
provide stronger guarantee for the treatment of severe trauma
patients.24 On December 7, 2019, the National Health Commission
set up the national trauma care center with Peking University
People’s Hospital as the main body, which was the first time to set
up a medical center in the field of trauma. The national trauma care
center began to promote the establishment of regional trauma care
system so as to further improve the ability of trauma treatment, and
reduce the mortality and disability rate of trauma patients.25

In conclusion, the Medicalsystem trauma system provides the
time records of the whole process from rescue, observation, ICU to
the ward, which forms a time axis and records the whole treatment
process. Moreover, the system can provide data for the quality
control of trauma care center and support for the improvement of
diagnosis and treatment process. The system can optimize diag-
nosis and treatment process for trauma patients, and accordingly
improve the treatment efficiency and shorten the treatment time.
Therefore, the Medicalsystem trauma system deserves further
popularization and promotion.
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