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intrahospital transport of critically
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Caihong Zhang and Jin Ma*

Department of Emergency Medicine, Affiliated Kunshan Hospital of Jiangsu University, Kunshan, China

Aim: The purpose of this study was to evaluate the effectiveness of the graded
transport mode in the intrahospital transport (IHT) of critically ill patients.

Methods: This is a retrospective study, including 800 patients and categorized
them into control and observation groups. The control group included 420 critically
ill patients who were transported via conventional methods from our emergency
resuscitation unit from June 2017 to December 2017. The observation group included
380 critically ill patients who were transported through a graded transport mode
from January 2018 to June 2018. We performed intergroup comparisons of the
incidence rates and causes of adverse events (AEs), transport time, length of stay, and
mortality rate.

Results: The observation group had significantly lower transport time and AE
incidence rates than the control group. However, no significant differences were
observed in terms of the length of stay and mortality rate between the two groups.

Conclusion: The most notable merits of the graded transport mode in the IHT of
critical care patients include the fact that it significantly reduces the incidence of AEs
during IHT, shortens the transport time, and improves transport efficiency, thereby
ensuring the safety of critically ill patients.

emergency treatment, critically ill patients, intrahospital transport, adverse events, graded
transport

Introduction

The emergency resuscitation room is the first admission unit for critically ill patients;
patients whose condition does not improve after the initial evaluation and resuscitation need
to be transported to appropriate departments for further diagnosis, examination, treatment, and
hospitalization, known as intrahospital transport (IHT) (1). IHT exposes patients to a mobile
environment and increases their susceptibility to the occurrence of adverse events (AEs). Severe
AEs can exacerbate diseases and even endanger patient lives and are associated with significant
mortality and increased healthcare costs. To ensure the timeliness and safety of IHT for these
patients, standardization and optimization of the IHT process are urgently required (2, 3).

In recent years, graded transport mode, as a new IHT method, has been widely applied in
Chinese hospitals. According to the severity of patients, the graded transport mode divides IHT
into three risk levels, namely Grade I (high risk), Grade II (medium risk), and Grade III (low
risk). However, the differences in transport time, length of hospital stay, and mortality between
graded transport mode and traditional transport mode remain unknown.
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In this study, we developed a new set of quality standards
for THT in critically ill patients. We aimed to explore whether
the graded transport mode can effectively reduce the incidence of
IHT related adverse events, shorten transport time and improve
transport efficiency.

Methods

Sample sources

We collected critically ill patients admitted to the emergency
department of our hospital from June 2017 to June 2018 and
divided them into graded transport and traditional transport. We
selected patients according to the following inclusion criteria: (1)
critically ill patients admitted to the emergency resuscitation room
requiring THT owing to the need for CT and other imaging
examinations, emergency interventions, emergency surgery, and
hospitalization; (2) age > 18 years; (3) signed informed consent
for the risk of transport obtained from the families of all
patients; and (4) complete medical records. Exclusion criteria were
pregnancy, infectious disease, hospital transfer, and patients with
missing values.

IHT modes

Patients in the control received conventional

group
transport. After the attending physician assessed the patients’
condition and permitted the transport, the families of the
patients were involved in the transport process. In addition,
emergency nurses and physicians carried respiratory support,
resuscitation supplies, cardiac monitors, and other facilities
for assistance.

Patients in the observation group received the graded transport.
The steps of graded transport are as follows: (1) evaluation of
transport risk grading: the transport risk grading is determined
according to the patient’s condition classification standard, and the
corresponding medical staff, instruments, equipment and drugs are
allocated according to different risk levels. Classification criteria are
mainly referred to Vital Signs, Glasgow Coma Scale (GCS) score
for consciousness state, Respiratory support, Circular support and
primary clinical symptoms; (2) preparation before transport: the
nurse in charge of transport must check the patients physical status,
equipment, drugs, etc., and fill in the form for graded transport;
(3) transport: during the transport, the patient’s physical condition
and condition change must be observed at all times, ensure the safe
placement and normal operation of medical equipment, prepare for
emergency treatment, and try to avoid the occurrence of adverse
events in transport; and (4) end of transport: the nurse in charge
of transfer shall evaluate the situation of the patient after transfer
and record the relevant contents of graded transport. Finally, the
doctor in charge of the transfer and the doctor of the department
receiving the patient jointly confirm the completion of the whole
transfer process. Transport risk was categorized into Grades I, II, and
III (from high to low), and the specific measures are presented in
Tables 1, 2.
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Observational indicators

In both groups, the average transport time was calculated
from the time the patients were transferred from the emergency
resuscitation room by the medical staff till they returned to the
hospital bed (or arrived at the relevant inpatient unit) after the
examination or treatment was completed. The transport time only
included the time spent during the transport process, excluding the
examination, treatment, and patient handover processes. In addition,
we performed intergroup comparisons of the incidence of AEs
related to IHT, including the AEs related to the disease (sudden
change of consciousness, increase or decrease in heart rate or blood
pressure by > 20%, decrease of peripheral oxygen saturation by
> 20 or < 90%, sudden cardiac arrest, and massive hemorrhage),
personnel (tube dislodgement, displacement, and communication
between the teams), and apparatus and drugs (apparatus malfunction
[oxygen/respirator failure, black screen, inadequate battery level,
non-inflatable cuff, and other technical problems] and inadequate
preparation of drugs). Finally, the total length of stay and 30-day
intrahospital mortality were compared between the two groups.

Statistical analysis

IBM SPSS version 25.0 was used for data analyses. Measurements
conforming to normal distribution were expressed as mean =+
standard deviation (x & SD). An independent samples ¢-test was used
to perform intergroup comparisons of the means. Enumeration data
were expressed as percentages. In addition, two rates or constituent
ratios were compared using the chi-square test, and ranked data
were compared using the rank-sum test for multiple ratios. P < 0.05
indicated a significant difference.

Results

Demographic characteristics

The critically ill patients transported via conventional methods
(control group) were collected from June 2017 to December
2017 (n = 420; mean age, 66.23 £ 19.64 [range, 18-92] years).
The observation group included critically ill patients who were
transported via graded transport from January 2018 to June 2018
(n = 380; mean age, 65.45 £ 20.37 [range, 18-94] years). The
control group comprised 92, 71, 63, 46, 65, and 83 patients with
neurological diseases, cardiovascular diseases, respiratory diseases,
digestive system diseases, trauma, and other diseases, respectively.
There were 79, 68, 60, 54, 63, and 56 patients with neurological
diseases, cardiovascular diseases, respiratory diseases, digestive
system diseases, trauma, and other diseases in the observation group,
respectively. In addition, no significant intergroup difference was
observed in the general information (P > 0.05) (Table 3).

IHT time of critically ill patients

The IHT time of patients in the observation group from
the emergency department to CT/MRI examination, interventional
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TABLE 1 Specific measures related to intrahospital transport for critically ill patients in the control and observation groups.

Measures

Control group (June 2017 to December
)

2017

Observation group (January 2018 to June
2018)

Transport training

(1) Maintenance of transport-related apparatus and equipment; (2)
Ensuring the presence of an emergency plan for cardiac arrest,
accidental extubation of artificial airway, malfunction of the
ventilator during transport, and insufficient oxygen source; (3)
Three theoretical lectures on cardiopulmonary resuscitation (CPR)
operation during transfer and team first aid; (4) Nurses and
physicians are required to have worked in emergency medicine for
more than 1 year and 6 months, respectively. In addition, they are
required to attend training and qualify in the theoretical, CPR, and
IHT simulation tests in emergency medicine before they can be
deemed independent in performing IHT for critically ill patients

(1) In addition to the traditional training methods, ensuring the
inclusion of special safety inspection training modules including
the DSA safety instruction, enhanced CT safety instruction, and
hyperbaric oxygen safety instructions; (2) Emphasis on training on
the use of transport vehicles, apparatus, and drugs (all participants
need to qualify in the examination); (3) Emphasis on the transport
mode in the status, background, assessment, and
recommendations

Risk grading
physician

Comprehensive assessment of vital signs by the attending

Grades I, I1, and III (Table 2)

Logistical support
staff

Dedicated transport elevators equipped with a dedicated operating

(1) Relatively fixed transport logistics staff are trained; (2) The
number of transport elevators is increased each building is
installed with a dedicated elevator for transport; ensuring that
elevator staff members wear identification badges, carry wireless
intercom to contact in advance to prepare for transport, and
possess excellent service attitudes; (3) Emergency drills for safe
transport are regularly performed

Communication and cooperation
staff and relevant departments

Routine telephone communication between medical and nursing

(1) Efficient communication between the physician and the
examining department to reduce waiting time. (2) Health
education and psychological care by nurses to calm anxious family
members of patients; (3) Transport operation by experienced
medical personnel; (4) Radiological examination report should be
issued within 15 min (examination report for special patients
should be issued immediately); (5) Verification of patient, drug,
and catheter information by medical personnel when handing over
patients to other departments

Quality control analysis
adjustments, and improvements

Quarterly quality control analysis of the pertinent problems,

(1) Lectures are conducted to train medical staff to identify the
disease etiologies; (2) Transport defect analysis for critically ill
patients is performed once a month (defects were analyzed using a
simple root cause analysis method to reduce risk)

room, surgery room, ICU ward, and general wards was significantly
lesser than that of patients in the control group (P < 0.05) (Table 4).

Incidence of AEs during the IHT of critically
ill patients

One hundred patients in the control group developed AEs during
transport (AE incidence rate, 23.81%). In addition, 43 patients in the
observation group developed AEs during transport (AE incidence
rate, 11.32%). Therefore, there was a significant intergroup difference
in the AE incidence (P < 0.05). In the control group, the incidence
rates of disease-, personnel-, apparatus-, and drug-related AEs were
8.81, 5.71, 5, and 4.29%, respectively, whereas the incidence rates for
patients in the observation group were 4.73, 2.63, 2.11, and 1.84%,
respectively; both groups showed significant intergroup differences
(P < 0.05) (Table 5).

Length of stay and 30-day intrahospital
mortality rate

The total lengths of stay of patients in the observation and control

groups were 19.63 £ 13.95 and 19.18 £ 13.58 days, respectively.
Furthermore, the 30-day intrahospital mortality rates were 16.58 and
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17.62%, respectively, in the two groups (Table 6). There were no
significant intergroup differences in terms of the length of stay and
30-day mortality (P > 0.05).

Discussion

IHT is a crucial and unavoidable step for critically ill patients
to receive further diagnosis and treatment. However, such patients
are susceptible to significant changes during IHT owing to reasons
related to disease progression, apparatus used, medications, and
transport personnel, which may cause serious complications and
could even result in mortality (4). Findings of a recent meta-analysis
indicated that critically ill patients may develop AEs during THT,
with a 26.2% incidence rate of mild-to-moderate AEs but a relatively
low incidence rate of severe AEs (5). This meta-analysis facilitated
a risk-benefit analysis of the diagnostic or therapeutic procedures
for critically ill patients requiring THT. In addition, the incidence
rate of AEs was reportedly as high as 79.8% in a study on 441
patients admitted to the ICU undergoing IHT (6). Effective care
during THT is a challenge (7, 8). Owing to the high demand for
emergency transport and the exposure to the patient’s family during
the transport process, medical disputes frequently occur, which
places a considerable burden on transport physicians and nurses (9).
Consequently, improving the safety of IHT is an area of great interest
in research. Overall, meticulous transport planning and procedures,
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TABLE 2 Transport risk grading.

‘ Evaluation items  Grade |

Vital signs Unstable

Grade Il

Relatively stable with life support

10.3389/fpubh.2022.979238

Grade IIl |

Stable without life support

Glasgow Coma Scale
(GCS) score for
consciousness state

Deep coma (GCS score < 9)

Moderate coma (GCS score of 9-12)

No coma or light coma (GCS score >
12)

Respiratory support Artificial airway with high respiratory support

conditions (PEEP > 8 cm H,0 and FiO, > 60%)

Artificial airway with poor respiratory support
conditions (PEEP < 8 cm H,0 and FiO, < 60%)

Autonomous expectoration without
artificial airway support

Circular support Pumping of > two vasoactive drugs

Pumping of > one vasoactive drugs

No vasoactive drugs required

monitor, transport ventilator, oropharyngeal
airway, micropump, automated external
defibrillator (AED), portable sputum aspirator,
intubation supplies, and puncture supplies

Primary clinical Acute myocardial infarction, severe arrhythmia, ECG-suspected myocardial infarction, Chronic diseases
symptoms severe dyspnea, recurrent convulsions, fatal non-COPD patients with pulse oxygen of <90%,
trauma, and arterial dissection surgical acute abdomen, severe headache, and
severe persistent hyperthermia
Medical and nursing Two physicians and two nurses One physician and two nurses One physician and one nurse
staffing
Apparatus and drugs Apparatus: two bottles of oxygen, transport Apparatus: one bottle of oxygen, transport Apparatus: one bottle of oxygen,

monitor, simple ventilator, oropharyngeal
ventilator, micropump, AED, and puncture
supplies

handheld pulse oximeter, simple
respirator, and puncture supplies

Drugs: epinephrine, dopamine, amiodarone,
midazolam, lidocaine, and atropine

Drugs: epinephrine, midazolam, and saline

Drug: saline

TABLE 3 Baseline characteristics of patients.

Control group

Observation group

—_—

(n = 420) (n = 380)
Gender 0.83
Male 244 (58.1%) 224 (58.9%)
Female 176 (41.9%) 156 (41.1%)
Age 66.23 £ 19.64 65.45 £ 20.37 0.56
Diseases 0.37
Neurological diseases 92 (21.9%) 79 (20.8%)
Cardiovascular diseases 71 (16.9%) 68 (17.9%)
Respiratory diseases 63 (15.0%) 60 (15.8%)
Digestive system diseases 46 (11.0%) 54 (14.2%)
Trauma 65 (15.5%) 63 (16.6%)
Other diseases 83 (19.8%) 56 (14.7%)
Mortality 74 (17.6%) 63 (16.6%) 0.70

well-performing transport equipment, and well-trained professional
teams are necessary to ensure the safety of critically ill patients during
transport and reduce the incidence rate of AEs, thereby facilitating
the treatment of patients (10-13).

The results of the present study suggested that the IHT time of
patients in the observation group from the emergency department
to CT/MRI examination, interventional room, surgery room, ICU
ward, and the general ward was significantly shorter than that of
patients in the control group. This phenomenon could be attributable
to the following factors: First, the dedicated transport elevator and
staff reduced the waiting time for the elevator; second, transport risk
grading allowed medical staff to prepare supplies rapidly and reduce
omissions; third, rational manpower allocation and collaboration
of medical and nursing teams improved the transport efficiency
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(14); fourth, communication with medical and technical departments
before transport reduced unnecessary waiting time; fifth, changes
in the perceptions of medical and technical staff and pre-transport
examination of critically ill patients by experienced technicians
shortened the transport time. These factors reduced the stress and
anxiety of patients and their families and saved the time of medical
staff. Furthermore, the reduced waiting time alleviated the lack of
oxygen storage, which reduced AEs caused by the low battery level
of the monitor and ventilator.

In the present study, the incidence rates of AEs during ITH
showed significant intergroup differences, i.e., 23.81 and 11.32% for
the control and the observation groups, respectively. In addition,
the incidence rate of AEs related to personnel, apparatus, and
environment (or hidden problems) was significantly lower in the
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TABLE 4 Incidence of adverse events (AEs) in the observation and control groups.

Disease-related AEs

Personnel-related AEs

Apparatus-related AEs

10.3389/fpubh.2022.979238

Drug-related AEs

Observation group (n = 380) 18 (4.73%) 10 (2.63%) 8 (2.11%) 7 (1.84%)
Control group (n = 420) 37 (8.81%) 24 (5.71%) 21 (5%) 18 (4.29%)
X 5.1685 4.6589 4.7851 3.9350
P-value 0.0230 0.0309 0.0278 0.0473

TABLE 5 Intrahospital transport time of patients in the observation and control groups.

Groups CT/MRI examination Intervention room Operating room ICU (n)/time General ward
(n)/time (min) (n)/time (min) (n)/time (min) (min) (n)/time (min)
Observation group 312/15.64 + 4.87 42/12.45 + 2.98 42/14.67 + 3.54 153/14.89 + 4.22 227/15.81 + 533
Control group 383/17.83 + 5.27 49/14.14 £ 321 47/16.13 £ 2.82 168/15.96 + 3.81 252/17.40 + 5.15
T-value 5.6194 25856 2.1652 23990 33195
P-value 2.17E-08 0.0113 0.0331 0.0170 0.0010

TABLE 6 Length of stay and 30-day intrahospital mortality in the
observation and control groups.

Total length of 30-day
SEVACEW) intrahospital
mortality
Observation group (n = 380) 19.63 £+ 13.95 16.58% (63)
Control group (n = 420) 19.18 4 13.58 17.62% (74)
t/x? 0.4547 0.1521
P-value 0.6494 0.6965

observation group than in the control group. This phenomenon
may be attributed to the following factors. First, after defining
and classifying AEs, we changed the perceptions of medical and
technical personnel. After realizing the importance of the safety
of THT in the treatment of critically ill patients, the medical
and nursing staff carefully evaluated the patients before transport,
provided considerable attention to the associated details, and
strengthened the assessment of all aspects of the process, which
reduced the incidence rate of disease-related AEs. In addition,
the selection and use of a graded transport list greatly reduced
the lack of pre-transport materials. Furthermore, after theoretical
training, operational training, objective structured examinations,
and monthly quality control improvements, the medical personnel
were calm, prepared, and skilled in the face of emergencies and
could appropriately and promptly handle changes related to specific
conditions, thereby reducing the incidence rate of personnel-related
AEs. Finally, the provision of dedicated transport elevators and
operating personnel reduced the unnecessary waiting time, transport
time, and power consumption by hypoxia monitors and ventilators,
thereby reducing the incidence rate of the environment- and
apparatus-related AEs (11).

Studies on the relationship between IHT and the length of stay
and mortality in critically ill patients have reported inconsistent
findings. Several studies have demonstrated the correlation of the
number of IHTs with delirium, length of stay, and mortality (15—
17). Meanwhile, Erika et al. (18) observed no significant impact
of IHT-related AEs on patient hospitalization. Despite the absence
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of any significant intergroup differences in terms of the impact of
IHT-related AEs on the length of stay and mortality, further measures
should be implemented to reduce these adverse factors.

A graded transport model can significantly improve transport
efficiency, shorten transport time, and reduce the incidence rate
of AEs during the transport process. This mode is a successful
innovation in emergency medicine as it can reasonably optimize the
allocation of emergency medical resources and improve the safety
and efficiency of IHT. Unlike previously used transport modes, the
graded transport mode contributes to the establishment of a safe
and efficient IHT system for emergency patients. Different transport
modes can be applied to corresponding levels of transport to achieve
rationalization and safety of medical resource allocation. In addition,
effective assessment and grading of the risk of patient transport and
prompt preparation according to the actual situation can aid the
reasonable allocation of medical resources and further improve the
safety of transport, thereby enabling better treatment of critically
ill patients.

Limitations

This study has some limitations. First, the sample size of this
study was relatively small. In addition, the retrospective nature of
this study may have led to bias in patient selection. Moreover, we
could not conduct a survey on the satisfaction of patients and the
receiving departments owing to the specificity of the emergency
setting. Finally, patient hospitalization costs could not be analyzed
in comparative studies. Consequently, further studies are warranted
to validate our findings.

Conclusion

In summary, the graded transport mode has a unique value in
clinical settings. It can effectively improve the safety of transport and
reduce the incidence of AEs. As a result, vital signs of patients at all
risk grades can be effectively maintained during the transport process.
Although no significant intergroup differences were observed in
terms of the length of stay and 30-day mortality, the graded transport
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mode can shorten the IHT time of critically ill patients and reduce the
AE incidence rates.
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