’ _I TELEHEALTH’

I AND E—

MEDICINE

TODAY

=1

USE CASE
Tele-ICU Management of a Trauma Patient at a Peripheral
Center

Sai Praveen Haranath, MBBS, MPH, FCCP'®; Hima Bindu Kotamarthy, MBBS, MD, FNB? ®;
Sri Ramya Ganti, MBBS, MD, MRCP? ®; and DS Srinivas, MBBS, MD*®

'Senior Consultant Pulmonologist & Critical Care Specialist, Medical Director; Apollo Access TelelCU Service, Apollo
Hospitals, Hyderabad, India; ?Consultant, Critical Care Medicine, Apollo Hospitals, Hyderabad, India; *Registrar; Critical
Care, Apollo Hospitals, Hyderabad, India; *General Physician, Sai Srinivasa Hospital, Telangana, India; >Apollo Hospitals,
Film Nagar, Telangana, India

Doi: https://doi.org/10.30953/thmt.v9.472
Corresponding Author: Hima Bindu Kotamarthy Email: himabindukotamarthy@gmail.com

Keywords: intensive care; monitoring; polytrauma; remote care; tele-ICU; teletrauma; trauma

Abstract

Methods: A 23-year-old male was admitted to a peripheral center following a fall from a tractor.
Examination at admission revealed a conscious, stable patient with significant chest pain. The tele-ICU
(intensive care unit) was called, and when they received the patient, he was stabilized and managed
immediately. The tele-ICU connection was provided through the Command Center in Apollo Hospitals,
Jubilee Hills, Hyderabad, India, which is connected to multiple spoke locations at peripheral centers using
audio-visual aids. An intensivist is available 24 h daily to provide critical care services to the peripheral
centers through audio-visual aids. The tele-ICU connection is provided to the peripheral centers through
commercial audio-visual and bedside data transfer devices. The tele-ICU team supervised the primary
survey remotely via a central monitor, viewing the patient’s vitals along with the audio/video calling capa-
bilities of the cameras as a part of the tele-ICU program.

Results: Chest X-rays showed bilateral pneumothorax, lung compression, and multiple rib fractures. The team at
the peripheral center was immediately advised to institute bilateral intercostal drainage (ICD). High-resolution
CT chest (HRCT) reveals extensive right and minor left pneumothorax, bilateral lung contusions, a right clav-
icle medial end fracture, and multiple rib fractures. Ultrasonography of the abdomen showed altered splenic
echo texture and moderate left pleural effusion. Flail chest and paradoxical breathing pattern warranted endo-
tracheal intubation. The patient was ventilated for 4 days. On day 3, the patient experienced an air leak from the
left ICD, increased drain output, and decreased hemoglobin. The tele-ICU team consulted the cardiothoracic
surgeon regarding the air leak and followed their advice to attach a vacuum bottle to the ICD. The patient’s
breathing improved gradually. Mechanical ventilator settings (i.e., tidal volume, respiratory rate, and peak air-
way pressures) were reviewed daily by the tele-ICU team during the regular morning and evening rounds. In
addition, the ventilator and the bedside monitor were continuously monitored from the Command Center
through video conferencing, which is integrated with electronic software and regularly captures the patient’s
vitals. After 4 days of mechanical ventilation, the patient was extubated and started on oxygen therapy. Oxygen
was gradually tapered and stopped. After 8 days of uneventful hospitalization, the patient was discharged.
Conclusion: Studies show that telemedicine can provide expert-guided mentoring for life-saving procedures,
including pre-hospital assessment and triage for polytrauma, tube thoracotomies, and extended focused
assessment with sonography in trauma (eFAST). Technology may help resource-constrained places adopt
telemedicine and its benefits.

Plain Language Summary

Medical care of a patient in a remote area where no critical care physicians were available was achieved
with the assistance of an intensive care unit telemedicine (tele-ICU) This technology-enabled care devel-
oped to address the need to access intensivists to deliver medical care readily. Here, the authors discuss
the case of a 23-year-old male with significant chest pain following a fall from a tractor. Examination at
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admission revealed a conscious, stable patient. In this case, telemedicine provided expert-guided mentoring for life-saving

procedures.
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his report discusses the remote management of

polytrauma in a young patient located in a remote

peripheral center devoid of critical care physicians.
Proper intensive care was made available through a tele-
ICU system. Trauma is a leading public health problem
worldwide, accounting for an estimated 10% of global
mortality.! Trauma is a neglected disease of modern
developing nations.? All trauma data from India emanates
primarily from road traffic injury estimates, which are
increasing at an annual rate of 3%.3

With a global death toll of over 1.35 million, road traf-
fic injury is the fourth most prevalent cause of mortality
globally*#* and the ninth contributor to the loss of dis-
ability-adjusted life years.® Nevertheless, in high-income
nations, there has been a downward trend in the incidence
of injuries. Unfortunately, road traffic fatalities remain
alarmingly high among those from lower socio-economic
strata.®’

Mortality among trauma patients in rural areas is
double that of similar patients in urban areas. Rural
emergency department staff see fewer trauma cases
than those seen by urban emergency department staff.?®
Reduced exposure to this low volume affects the quality
of care provided in rural areas.

The development of telemedicine for trauma and
emergency treatment (also known as “teletrauma’) might
potentially be a way to bridge this gap.’ Technology
advancements have successfully used telemedicine on a
national and global scale, bringing cutting-edge resources
and highly skilled professionals virtually to the most
remote areas.

Telemedicine connects pre-hospital, community-based,
and tertiary care via remote and internet-based systems,
providing specialty care formerly unavailable in local
healthcare.” Tele-technologies in medicine are useful in
managing trauma, but there remain barriers that limit
wider adoption.

Here is reported a young patient with trauma who
was admitted to a center without critical care specialists.
The local team effectively treated the patient and super-
vised by the remote tele-ICU team. Regular, intermittent
expert advice resulted in a discharge after 10 days.

Case Report

A 23-year-old male was admitted to a peripheral center
in Nalgonda, 100 km from Hyderabad (Figure 1), with a
history of trauma following a fall from a tractor at a work
field. The patient was conscious on presentation. He was
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hemodynamically stable and admitted for severe chest
pain and further evaluation of trauma injuries.

A tele-ICU connection is provided through the
Command Center located in Apollo Hospitals, Jubilee
Hills, Hyderabad. The Apollo Tele ICU Command
Center connects to multiple spoke locations (Figure 2) at
peripheral centers through audio-visual aids. Peripheral
locations are more than 50 to 100 km (31 to 62 miles)
from Hyderabad, where critical care specialists are lack-
ing. Accordingly, input from a critical care physician is
achieved using the tele-ICU. An intensivist is available 24
h daily to provide critical care services to the peripheral
centers through audio-visual aids. A tele-ICU connection
is provided to the peripheral centers through commercial
audio-visual aids and bedside data transfer devices.

In this case, after the patient arrived, the tele-ICU was
called immediately for assistance with stabilization and
management. The tele-ICU supervised the patient’s ini-
tial evaluation using a remote view of the central mon-
itor, which showed the patient’s vital signs along with
the audio/video calling capabilities of bedside cameras.
The bedside cameras are capable of pan/tilt/zoom (PTZ)
options, which allow the intensivist to monitor the
patient throughout the procedure and offer recommen-
dations to the primary care team regarding the exam-
ination methods for the spine, chest, and abdomen, as
well as to search for other injuries. The tele-ICU team
identified paradoxical breathing in this patient through
audio/video conferencing cameras. Hence, it was sug-
gested that a chest CT scan be obtained.

Chest X-ray (Figure 3) revealed bilateral pneumotho-
rax primarily on the left, with a mediastinal shift towards
the right side. A fracture of the right second and third
ribs and a segmental fracture of the right 4™ to 8" ribs
were suggestive of a flail chest. Gross pneumothorax of
the left lung resulted in a partial collapse of the left lung.
High-resolution computed tomography (HRCT) of the
chest revealed extensive right and minor left pneumotho-
rax, bilateral lung contusions, a right clavicle medial end
fracture, and multiple rib fractures.

After reviewing the HRCT (Figure 4), the peripheral
center team advised the emergency department team to
place an intercostal drainage bilaterally immediately.

Ultrasonography of the abdomen revealed altered
splenic echo texture and moderate left pleural effusion.
The patient’s flail chest and paradoxical breathing pattern
warranted endotracheal intubation. The tele-ICU team
monitored the patient during intubation and the initiation
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Fig 1. The map shows the geographical location of Nalgonda, 100 km (62 miles) from Hyderabad, India.
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Fig 2. Tele ICU Command Center and its peripheral con-
nected centers.

of ventilation with the help of high-definition cameras.
High-definition cameras with PTZ capabilities were con-
trolled by the tele-ICU team at the Command Center.
Patient monitors were connected to a central monitor, giv-
ing the tele-ICU team access to the central monitor and
patient vitals, which were auto-charted in the software.

This video conferencing solution is integrated with
electronic medical record software as part of the tele-ICU
program. Mobile networking was also utilized, with duty
mobile at the peripheral center hospital and Command
Center mobile at the Command Center, if technical diffi-
culties caused a delay in the data transfer.

With these advanced bedside data transfer systems
and high-definition cameras with PTZ capabilities,
we were able to monitor the process of intubation as
well as observe the ventilator graphics. The ventilator
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curve graphs (Figure 5) were monitored to look for
any breath stacking occurring in the background of
the flail chest. In this way, mechanical ventilation was
continued for 4 days with regular support from the
tele-ICU team.

After 3 days of mechanical ventilation, the patient
experienced an air leak from the left ICD, increased drain
output, and decreased hemoglobin. Immediately, the tele-
ICU team intervened and referred the case to a cardiotho-
racic surgeon from the healthcare center.

The cardiac surgeon recommended replacing the inter-
costal tube drainage bag with a bottle and coupled to
30-cm H,O-negative suction. The tele-ICU team reviewed
images and recommended daily chest X-rays. And the
drain output gradually decreased in tandem with good
lung expansion. The tele-ICU team evaluated the patient’s
spontaneous breathing, carefully examining the tidal
volumes, calculating the rapid shallow breathing index
(RSBI), and advising the peripheral center team when to
remove the patient from the ventilator. The ability to view
the patient and the ventilator at the same time with the
help of the PTZ cameras helped the intensivist accurately
analyze the spontaneous breathing trial and RSBI.

The patient’s breathing gradually improved. On Day 95,
the patient was extubated following 4 days of mechanical
ventilation after ensuring good lung expansion and evaluat-
ing spontaneous breathing using the rapid shallow breath-
ing index (Figure 6). A repeat HRCT confirmed that lung
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expansion was adequate. Oxygen was gradually tapered and
then stopped, and the patient was discharged after 10 days.

Discussion
Telemedicine has broken barriers across countries and
grown significantly in the last decade. Today, sophisticated

Fig 3. Chest X-ray of the patient revealed pneumothorax
(right arrow) and rib fractures (left arrow).

systems utilize advanced medical instruments capa-
ble of effectively managing a large number of patients
across several locations simultaneously. The concept of
tele-ICU revolves around the operation of a Command
Center in the centralized approach!® situated in a stra-
tegically advantageous location within a larger hospital.

This placement enables the Command Center to have
comprehensive access to one or multiple ICUs from a
remote monitoring center using advanced technology and
effective communication channels. This facilitates timely
consultations with a diverse range of specialists. In addi-
tion, the tele-ICU is also referred to as “telepresence” due
to its ability to connect smaller, remote healthcare institu-
tions with highly skilled critical care physicians at larger
centers. This ensures continuous 24-h access to healthcare."

The application of the tele-ICU extends beyond sim-
ple video-teleconferencing, encompassing the expert
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Fig 4. High-resolution computed tomography of the chest showing pneumothorax and lung contusions.

4

(page number not for citation purpose)

Telehealth and Medicine Today © 2024, 9: 472 - https://doi.org/ 10.30953/thmt.v9.472


https://doi.org/10.30953/thmt.v9.472

assessment of patients and procedures, as we have done in
our patient management. Commencing with a preliminary
examination of trauma patients, it includes all elements
of patient care. This case report illustrates the operational
efficacy of a tele-ICU program that has existed for over a
decade.

The workflow of tele-ICU setup was discussed in
“Telemedicine to Expand Access to Critical Care
Around the World” by Ganapathy et al.!> The tele-ICU
program in Apollo is well structured and organized.
The workflow starts when the tele-ICU staff is promptly
informed of a patient’s admission by the peripheral
center. Continuous monitoring is immediately initiated,
and the patient’s condition is discussed with the doctor
and nurse at the spokeswoman’s location. From admis-
sion to discharge, the patient is continuously monitored
from the Command Center directly using audio-visual
aids (Figure 7).

Tele-ICU management of a trauma patient

Morgan et al."® examined the challenges and patient
outcomes related to emergency trauma care in rural
areas. The evidence suggests that rural and distant com-
munities face unique challenges in providing emergency
trauma care. Issues include delays in transferring patients
to tertiary care, limited resources in the remote center,
risk factors unique to the community, weather and sea-
sonal variations, and accessibility to trained trauma care
personnel. These factors often lead to higher morbidity
and mortality. The mortality can be mitigated, and these
factors can be overcome using the advantage offered by
the tele-ICU Command Center.

Very few studies on Indian patients have evaluated the
impact of tele-ICU on patient mortality and outcomes
and the usage of telemedicine in trauma management.
An Indian study by Haranath et al.'* described eight tele-
consults for trauma-brain injury patients over 16 months
from a remote Command Center to peripheral ICUs.

Fig. 6. The patient’s X-rays (day 1 through day 6) reveal gradual improvement. On Day 5, the patient was extubated following 4

days of mechanical ventilation.

Fig. 7. The physician at the tele-ICU monitors the patient at the spoke location. (1) A central monitor shows the vitals of all
patients in the intensive care unit. (2) The intensivist monitors the patient’s (two-dimensional) echocardiography via the peripheral
center’s pan/tilt/zoom camera. The physician performs two-dimensional echo scanning at the peripheral center. (3) The medical

software captures and displays the patient’s vital signs.
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Healthcare personnel in both hospital settings and in
the field can receive remote guidance and access essential
physiological measurements. Establishing and maintain-
ing best practices can be facilitated by using tele-ICU
guidance alerts and instructive moments of significance.
Intensivists can offer expert advice and direction to front-
line healthcare personnel about emergency trauma treat-
ment and other areas in the intensive care setting.!’

Duchesne et al.'® described the impact of telemedicine
on rural trauma care, wherein during 5 years, 463 out
of 814 trauma patients were studied for length of hos-
pital stay and survival rate, and found that telemedicine
support increased the evaluation and management of a
patient. It also decreased the total hospital cost. But there
was no difference in the mortality rate.

Deploying resources of a tele-ICU in a peripherally
connected center for trauma care can improve patient
outcomes.!”!® The patient’s data (vital signs, medications
administered, and radiology findings) can be transmit-
ted to a tele-ICU. As in our case, telemedicine can offer
expert-led guidance in critical surgical procedures, such
as pre-hospital evaluation and prioritization for orthope-
dic and neurosurgical injuries, tube thoracostomies, and
extended focused assessment with sonography for trauma
(EFAST) assessments. The utilization of technology has
the potential to facilitate the adoption of telemedicine
in resource-limited regions, thereby enabling access to its
associated health advantages.

Despite the increasing adoption of telemedicine across
various healthcare sectors in India, its application in
trauma and critical care is in the early stages of devel-
opment and implementation. This is underscored by the
absence of published literature, suggesting a substantial
gap and a pressing need for research, documentation, and
dissemination of knowledge in this particular area.

This manuscript aims to contribute to filling this evi-
dent gap by providing insight and sharing experiences
from implementing a tele-ICU initiative in a trauma care
context in India. We believe this work will catalyze further
research and publications in this field, ultimately fostering
a more robust body of knowledge and encouraging the
adoption of telemedicine practices in trauma and critical
care nationwide. We hope this manuscript will add value
to the existing global literature on telemedicine in trauma
care and inspire and pave the way for future Indian studies
and publications in this crucial field.

Conclusion

The implementation of telemedicine in trauma resus-
citation is very challenging, yet potentially rewarding.
Integrating telemedicine consultations into emergency
departments located in remote hospitals augments the
facility’s ability to administer trauma treatments, leading
to improved patient outcomes.
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Presently, there is a scarcity of case reports and research
studies investigating the impacts of tele-ICU in rural
trauma clinics in the Indian environment. This case study
serves as an introductory exploration in this field, under-
scoring the necessity for further randomized controlled
studies to comprehensively examine telemedicine’s impact
on emergency trauma care.
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