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Introduction: Polytrauma remains a major global health challenge, with rapid intervention being critical for survival, especially
during the “Golden Hour”. This study examines the impact of Helicopter Emergency Medical Services (HEMS) on procedural care
during the transfer of polytraumatized patients to urban hospitals in Romania.

Methods: A retrospective cohort study was conducted at the County Emergency Hospital “St. Ap. Andrei” in Galati, covering
January 2020 to October 2021. The study analyzed data from 89 patients transported by the Romania’s Mobile Emergency Service for
Resuscitation and Extrication (SMURD) Galati air unit. Key parameters included demographics, injury mechanism, vital statistics, and
prehospital interventions. Statistical analyses were performed using SPSS, with significance set at p < 0.05.

Results: Out of 89 patients (mean age 21.6 years, 80.3% male), trauma causes were primarily traffic accidents (34.8%) and falls
(33.7%). A Glasgow Coma Scale (GCS) score <8 was noted in 28.1% of cases, with head trauma observed in 51.6% of patients.
HEMS interventions frequently involved oxygen therapy (89.5%) and patient stabilization maneuvers, leading to a mortality rate of
6.7%. Notably, helicopter transport enabled efficient transfer and improved survival outcomes in this cohort.

Discussion: HEMS demonstrated benefits in reducing intervention times and enhancing prehospital care quality for polytrauma
patients, especially in hard-to-reach areas. The study aligns with global data on HEMS’s role in trauma systems, underlining the
importance of multidisciplinary collaboration and rapid transport.

Conclusion: HEMS plays a crucial role in improving survival rates for severely injured patients through timely interventions and
specialized care. Further research comparing HEMS and ground services could refine trauma management protocols in similar settings.
Keywords: severely injured, air rescue crew, polytrauma management, multidisciplinary approach, patient transport

Introduction
Trauma remains a global health concern, contributing to over 8% of annual deaths worldwide (GBD 2019)." Young
people are especially vulnerable, as road injuries, self-harm, and violence rank among the top causes of mortality and
disability.” Rapid intervention within the critical “Golden Hour” is essential for improving trauma outcomes, under-
scoring the need for timely, efficient transport to specialized care facilities.®
The primary goal of trauma transport is to minimize morbidity and mortality by transferring patients quickly to the
appropriate hospital level. Transport methods vary by health system, ranging from ground ambulances to air services like
helicopters, each demanding robust infrastructure, reliable communications, and well-equipped vehicles.*> However, transport-
ing critical patients (injury severity score > 16) carries risks and requires a trained medical team skilled in advanced life support.®
Air transport, although costly and resource-intensive, offers key advantages: reduced time to hospital, high-quality
prehospital care, and access to remote trauma centers.* ® Nevertheless, the impact of helicopter transport on survival
remains unclear, influenced by factors such as injury severity, transport protocols, and access to trauma centers.” ' Patient
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movement during transport can cause hemodynamic, respiratory, and neurological issues, making continuous monitoring
of vital signs essential, particularly for severely injured patients with thoracic, abdominal, or extremity injuries.>

Romania’s Mobile Emergency Service for Resuscitation and Extrication (SMURD) has been conducting helicopter
medical interventions since 2003, aiming to swiftly rescue critically injured patients. Regulated under Government
Ordinance no. 126/2003® and the Methodological Norms approved by the Order of the Ministry of Administration and
Interior and the Minister of Health no. 277/777/2004,° this public service operates Eurocopter EC 135 helicopters
supplied by the Ministry of Health and managed by the Special Aviation Unit of the Ministry of Internal Affairs.
Although SMURD provides essential air transport services, comprehensive guidelines to determine the most suitable
mode of transport and to avoid over-triage for interclinic transfers are still lacking.'®

The aim of this study is to evaluate prehospital intervention times and systematically analyze the maneuvers used to
stabilize and diagnose polytrauma patients, based on a retrospective cohort study of SMURD interventions in Galati
County. Through this analysis, the research seeks to provide a detailed understanding of the variables that may influence
the management of polytrauma patients in the prehospital context, including interventions by air and ground teams.
A case study has been selected for illustrative purposes.

Materials and Methods

The study was conducted at the County Emergency Hospital “St. Ap. Andrei” in Galati between January 2020 and
October 2021, involving 89 patients including children, teenagers, and young adults up to 45 years of age. The study
database consisted of data collected through observation sheets of polytrauma patients who required intervention from
the SMURD Galati air unit for transport to the nearest hospital/trauma center for further investigations and specialized
treatment. Data regarding vital parameters, diagnostics, mechanism of injury, and primary evaluation and patient
stabilization steps were considered study variables.

Statistical analysis was performed using SPSS v26 software and Microsoft Excel version 2019. Significance was
considered at the P < 0.05 level with a confidence interval of 95%. Continuous values were presented as mean and
standard deviation, while categorical variables were presented as percentages. The study was conducted in accordance
with the Helsinki Declaration of the World Medical Association, following a protocol approved by the local Bioethics
committee and obtaining approval from the hospital administration.

Results

The distribution of patients within the group was evaluated based on socio-demographic characteristics such as sex,
living area, and age. Following frequency analysis conducted on these variables, a higher prevalence was found among
males (80.3%, 61 patients), while females represented only 19.7% (15 patients). In terms of living area, a nearly equal
distribution between rural and urban areas was observed, with a slightly higher prevalence in rural areas (57.9%, 44
patients), compared to urban areas (42.1%, 32 patients) (Table 1).

Table | Prevalence of Polytrauma
Patients Within the Group by Gender
and Living Area

Patients Number | %
Sex
Female | I5 19.7%
Male 61 80.3%
Living area
Urban 32 42.1%
Rural 44 57.9%
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The average age of the cohort was 21.6 years, with a standard deviation of 22.089. The minimum age within the
group was 0 (representing infants), and the maximum was 45 years. The skewness index had a value of 0.157, indicating
that the distribution of the group was positively skewed. This can also be seen in the histogram, with the peak subtly
shifted to the left. However, the distribution within this group closely resembled a Gaussian normal distribution (see
Figure 1).

The etiology of trauma was related to traffic-related causes in 31 (34.8%) cases, falls in 30 (33.7%), and aggressions
in 6 (6.7%) patients. The prevalence of other identified trauma-producing mechanisms is indicated in Figure 2.

Table 2 summarizes descriptive statistics for vital parameters and other measured parameters, such as GCS score,
blood pressure, oxygen saturation, pulse rate, respiratory rate, blood sugar, and temperature. A total of 25 patients,
representing 28.1%, had a GCS value of 8 or less.

Descriptive statistics were calculated for the key parameters selected within the study group.

In terms of the patients’ diagnoses, with a few exceptions (2 cases of hanging, psychomotor agitation due to ethanol
abuse, and 2 cases of drowning), the patients in the study group presented complex polytrauma affecting multiple body
regions: cranial and craniofacial traumas, thoracic traumas, abdominal and pelvic, spinal injuries, limb traumas
(Figure 3).

The presence of traumatic head injuries was higher among patients in the group (51.6% of cases). Data analysis
indicates that most patients presented with cranial traumas of varying severity (36%) or craniofacial trauma (15.7%),
often associated with thoraco-abdominal or limb injuries. Thoraco-abdominal trauma ranks second in the studied group
(20.2% of total cases), mostly associated with limb trauma. Spinal trauma was diagnoses in 10.1% of cases.

Among the most frequent complications of polytrauma within the patients in the study group were: coma with GCS<8
(14.6% of cases), cardiorespiratory arrest (11.2%), hypovolemic hemorrhagic or traumatic shock, hematoma, hemopneu-
mothorax, burns, spleen or kidney traumatic injury, respiratory distress syndrome (Figure 4). Ethanol intoxication was
identified in 12 cases (13.4%). Six patients (6.7%) died during the intervention.

The specific characteristics of the interventions carried out in pre-hospital care were evaluated to identify the types of
missions and specific trauma management approaches, such as extrication, immobilization, and stabilization of the
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Figure | Histogram for depicting the age distribution of the group.
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Figure 2 The prevalence of other identified trauma-producing mechanisms.

patient. The group’s most frequent types of interventions were primary (89.5%, 68 patients). One search and rescue
mission was recorded, and three (3.9%) extrication missions were recorded. Table 3 displays a summary of the mission
types and on-scene treatment.

Stabilizing the patient involves a series of complex interventions aimed at increasing the patient’s stability for
transport and reducing the immediate risk of death. Pre-hospital management of polytrauma includes immobilizing and
stabilizing the patient before and during transport to a specialized hospital unit.'" Cervical immobilization is required in
cases of cranio-cerebral trauma to preserve the integrity of the spinal cord. In this study group, cervical immobilization
using a cervical collar was utilized for the majority of 50 subjects (65.8%,), while 26 subjects (34.2%) did not require this
type of immobilization.

Within this study group, 51.3% of subjects did not require complete immobilization. Splints, primarily used for
complex limb injuries, were employed in 10.5% of cases. Scoop stretcher immobilization was applied in 36.8% (n=28) of
cases, while a vacuum splint was used in only one case (1.3%).

Bandages were applied in 34.5% of cases due to hemorrhagic wounds, with complex hemostasis necessary in only
11.8% of cases. Considering the complex pathophysiology of trauma, thermal risk is a critical factor. A spontaneous drop

Table 2 Descriptive Statistics of Study Group by Key Parameters

Parameter Mean Median Standard Range Clinical Relevance
Deviation

Glasgow Coma Scale (GCS) 11.64 15 4.93 3-15 GCS < 8 indicates high mortality risk

Respiratory Rate 9.47 12 9.11 045 Elevated rates may indicate respiratory distress

Ventricular Rate 76.58 87 44.52 0-154 Values outside normal range could indicate arrhythmia

Pulse 60.72 80 51.15 0-150 High/Low pulse could indicate shock or cardiac issue

Systolic Blood Pressure 126.9 124 35.26 60-300 Below 90 mmHg could indicate shock

Diastolic Blood Pressure 73.48 70 17.6 40-116 Low values may indicate shock or hypotension

Blood Oxygen Saturation 76.44 97 39.32 0-100 < 90% suggests need for oxygen therapy

Temperature (A°C) 37.1 37 1.2 3640 Outside 36—38°C range may indicate fever/hypothermia

Blood Glucose 200.56 124.5 245.78 78-1101 High values may indicate hyperglycemia or stress response
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Figure 3 The distribution of the types of trauma within the study group.
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Figure 4 The frequency of polytrauma complications in the study group.

in core body temperature post-trauma is correlated with poor prognosis.'? Consequently, thermal blankets were used for
all patients with massive hemorrhages.

Oxygen therapy was administered as a first-line treatment for signs of hypoxia, using either non-invasive methods
(mask or AMBU bag) or invasive methods [orotracheal intubation (OTI), mechanical ventilation (MV)]. An oxygen
mask was used for most subjects (63.2%); eight subjects (10.5%) were ventilated using an AMBU bag, and 6.6%
required mechanical ventilation. Two subjects (2.6%) required orotracheal intubation. Additionally, 14.5% required both
OTI and MV, with 6.6% not requiring induction, while 7.9% required drug induction. Aspiration through the intubation
tube was necessary for 5.3% of subjects.
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Table 3 Mission Types and Specific
Management and Stabilization Maneuvers
for Polytrauma Patients

Frequency | %

Intervention
Primary 68 89.5%
Secondary 5 6.6%
Trans-border 2 2.6%
Rescue search | 1.3%
Extrication
No 73 96.1%
Yes 3 3.9%
Cervical collar
No 26 34.2%
Yes 50 65.8%
Immobilization
No 39 51.3%
Splint 8 10.5%
Spade splint 9 11.8%
Spade 19 25.0%
Vacuum | 1.3%
Bandages
No 50 65.8%
Yes 26 34.2%
Thermal blankets
No 67 88.2%
Yes 9 11.8%
Hemostasis
No 67 88.2%
Yes 9 11.8%
Oxygen therapy
Mask 48 3.2%
Ventilator 5 0.6%
Balloon 8 0.5%
Intubated 2 0.6%
No 13 7.1%
Guedel airway
Yes 55 2.4%
No 21 7.6%
OTI+MV
No 65 5.5%
No induction 5 0.6%
Induction 6 0.9%

(Continued)
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Table 3 (Continued).

Frequency | %

IV line

No 13 7.1%
Peripheric x2 20 6.3%
Peripheric + central | | 0.3%
Central | 0.3%
Peripheric 41 3.9%
Aspiration

No 71 3.4%
Asp OTI 4 0.3%
Oral cavity | 0.3%

Intravenous access for medication administration was critical for patient stabilization. In this study group, 13 subjects
(17.1%) had an intravenous line inserted. Most subjects (53.9%) had a peripheral line, while two were inserted for
26.3%. One patient (1.3%) had a central line inserted, and one had both central intravenous and peripheral lines.

Intervention times for polytrauma cases were also evaluated. Four distinct times were identified, each representing
a specific phase of the intervention: T1 — time from the call to patient pickup; T2 — transport time until patient handover
to the specialized ground crew; T3 — time from patient handover to refueling (optional based on intervention distances);
and T4 — return time to the Galati Aeromedical Operation Point.

The average intervention time for T1 was 24.30 minutes (standard deviation 11.66), with a minimum of 6 minutes and
a maximum of 70 minutes. The average intervention time for T2 was 23.09 minutes (standard deviation 9.8), with
a minimum of 5 minutes and a maximum of 58 minutes.

Discussions
In this study, we found that primary interventions were frequently used as the initial response for events causing
polytrauma. The average response time was approximately 24 minutes from the initial call to patient pickup, and the
transport and handover to the ground emergency team had a similar average duration. This highlights the efficiency of
helicopter services; especially over medium and long distances where rapid transport is essential. Literature indicates that
the total response time for helicopter emergency medical services (HEMS), from the initial call to hospital arrival, varies
between 20 and 30 minutes for distances up to 80 km and between 30 and 60 minutes for longer distances.'’

Managing polytraumatized patients is one of the greatest challenges in trauma care, and optimizing these interven-
tions remains a major goal in clinical research. Trauma-related deaths are most common within the first hour after an
accident, also known as the “golden hour of trauma.” Therefore, effective interventions during this period are essential
for survival and recovery.'*'* In air ambulance interventions, the treatments applied on-site and during transport must
focus on life-saving procedures that do not delay rapid transfer to specialized treatment centers.'>

Our study showed that the emergency helicopter responded to numerous patients with severe polytrauma, with
injuries to the head, chest, limbs, spine, abdomen, or pelvis. The average Glasgow Coma Scale (GCS) score of patients
was 11, with a minimum of 3 and a maximum of 15; in 46 cases, the GCS score was below 8 (51.6%), indicating severe
brain injuries. Recorded complications included hemorrhagic shock, hypovolemic shock, pneumothorax, open fractures,
traumatic amputations, respiratory failure, cardiac arrest, and coma—each presenting significant threats to patients’ lives.

Rapid interventions and effective collaboration with ground emergency teams saved lives in most cases. Out of a total
of 89 patients, six deaths were recorded (6.7%). The air medical team conducted primary evaluations, administered
oxygen (in 89.5% of cases), controlled bleeding, immobilized fractures, performed cardiac massage (in 12 cases of
cardiac arrest, representing 13.5% of patients), and provided thermal protection. Central or peripheral venous lines were
also placed, essential for the rapid administration of fluids and medications.
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Consistent with recent literature, our study highlights the benefits of air medical transport for critically injured
patients, including advanced intervention teams, fast transport times, and access to remote areas. A large study in the US
involving 258,827 trauma patients transported either by helicopter (16%) or ground ambulance (84%) showed a 22%
reduction in mortality for those transported by helicopter, independent of the patient’s age or trauma mechanism.'?
Another recent study, based on data from the Trauma Register DGU, Germany (2013-2017), indicated a 50% reduction
in adjusted mortality risk for pediatric polytrauma patients transported by helicopter.'’

In recent years, the number of specialized hospitals—including trauma centers, spinal care, pediatric care, burn
treatment, stroke management, cardiology, and advanced resuscitation services—has increased in our country.'®

Rapid transport to these facilities is essential for optimal care. The following case study illustrates the critical role of
air medical services, ground medical teams, and multidisciplinary hospital teams in the survival and management of
severe polytrauma cases.

We included the case study with the intention of providing a concrete example of how HEMS (Helicopter Emergency
Medical Services) can facilitate rapid and coordinated pre-hospital care in cases of severe trauma. The case study
highlights the specifics of air emergency interventions and emphasizes HEMS’s role in optimizing medical response by
ensuring quick access to patients in hard-to-reach areas and efficient transport to specialized trauma centers. This section
is intended to complement the statistical data in the study with a practical description, underlining the utility of HEMS in
a real context.

Case Presentation

We present the case of a 44-year-old man who survived a railway accident due to the prompt intervention of the air
rescue team’s medical crew from the Galati Aeromedical Operation Point in Romania and the comprehensive multi-
disciplinary management provided upon his admission to the Intensive Care Unit. The patient was the driver of a car
struck by a train near a rural village, 85 km from the nearest multidisciplinary hospital. The helicopter emergency
medical service was alerted, departing and arriving at the scene within 17 minutes. Concurrently, a ground paramedic
crew from the local territory arrived at the accident scene (Figures 5 and 6). The paramedics identified the patient as
a victim of a road-rail collision.

The patient was conscious but agitated and confused, with a Glasgow Coma Scale (GCS) score 12. He had normal, reactive
pupils bilaterally, periorbital and right palpebral hematomas, and bilateral anterior epistaxis. His airway was open and clear,
respirations were normal at a rate of 16 breaths per minute, and he had a present and rhythmic peripheral pulse. Cardiac
assessment showed a sinus rhythm with a narrow QRS complex, ventricular rate of 125 beats per minute, rhythmic heart
sounds, and a blood pressure of 120/70 mmHg. There were no focal neurological deficits observed. Vesicular breath sounds
were present bilaterally, though diminished in the right pulmonary area, with an oxygen saturation of 75%. The patient’s skin
was warm, dry, and cyanotic, and his abdomen was normal. The Revised Trauma Score was 11.

After the primary assessment, advanced airway management was performed through orotracheal intubation with
pharmacological induction using atropine, midazolam, etomidate, fentanyl, succinylcholine (Lysthenon), and rocuronium
(Esmeron), followed by controlled mechanical ventilation. Cervical spine immobilization was achieved using a cervical

Figure 5 The intervention of ground medical crews played a crucial role in managing the polytrauma of the patient.
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Figure 6 The intervention of medical helicopter crew played a crucial role in managing the polytrauma of the patient.

collar, and total spinal immobilization was performed using a rigid spine stretcher with lateral head stabilizers and front
as well as chin restraints. Peripheral venous access was established with two 14-gauge lines for administering anti-
inflammatory corticosteroids (methylprednisolone sodium succinate) and maintenance of anesthesia (etomidate, mid-
azolam, rocuronium).

The patient arrived at the hospital within 90 minutes and was received by a multidisciplinary team. Upon admission to
the Emergency Department, the patient had a GCS score of 3 due to a pharmacologically induced coma, was
mechanically ventilated, and hemodynamically stable. Imaging investigations were promptly performed, revealing the
following:

A cervical spine CT scan showed a right transverse process of C2 fracture with transverse involvement. The cervical
lines were normally aligned. Right lateral cervical subcutaneous emphysema and a small pneumorrhachis.

A Non-enhanced head CT scan (the gold standard for investigating head trauma).'” (Figures 7—11) revealed a right
frontoparietal epicranial hematoma with an underlying fracture. Right frontoparietal biconvex hyperdense extra-axial
well-defined collection-epidural hematoma (11 mm thickness).'® Bilateral cerebral subarachnoid hemorrhage; supra- and
infra-tentorial pneumocephalus. No midline shift and no herniation were present. Right lateral and medial orbital wall
fractures. Fractures of the anterior and posterior walls of the right frontal sinus, with hemosinus. Bilateral maxillary and

Figure 7 Non-enhanced head CT scan. Axial brain window. Right epicranial frontoparietal hematoma (white arrows). Right frontoparietal biconvex hyperdense extra-axial
well-defined collection-epidural hematoma (black arrow).
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Figure 8 Non-enhanced head CT scan. Axial brain window. The right frontoparietal epidural hematoma has an inhomogeneous density, with a hyperdense area (black
arrow) and a hypodense spot (solid black arrow), indicating active bleeding during scanning.

Figure 9 Non-enhanced head CT scan. Axial brain window. Bilateral linear hyper densities between parietal gyri-subarachnoid hemorrhage (black arrowheads).
Pneumocephalus (black solid arrow).

sphenoid sinus fractures with hemosinus. Right temporal and zygomatic processes of the temporal bone fractures. The
hyperdense content of the left mastoid cells is indicative of a left mastoid fracture.
Contrast-enhanced CT scan of the chest, abdomen, and pelvis revealed the following (Figures 11 and 12):

e Right hemopneumothorax (15 mm thick hemothorax). Partially collapsed right lung with right lower lobe passive
atelectasis. Small ground-glass opacities in the right upper lobe and left lower lobe. Hyperdense non-enhancing
collection in the anterosuperior mediastinum with air inclusion suggests a hematoma. Deep lateral-thoracic
emphysema. Manubrial fracture and fractures of the right third, fourth, and fifth lateral costal arches.

e No traumatic lesions of the liver, spleen, pancreas, or kidneys. There were no free intraperitoneal fluid or fractures.

The right pneumothorax was surgically drained in the Emergency Department, with radiological confirmation of right
lung re-expansion. After stabilization, the patient was admitted to the Neurosurgery Intensive Care Unit.
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Figure 10 Non-enhanced head CT scan. Axial brain window. Hyperdense content of the right maxillary sinus-hemosinus (black solid arrow).

e l—__—__ﬂlP

Figure 11 Chest CT scan-axial lung window. Deep lateral-thoracic emphysema (black solid arrow). Right pneumothorax (black arrowheads).

Due to the active bleeding described after the initial imaging, a 24-hour follow-up non-enhanced head CT scan was
performed. The right frontotemporal epidural hematoma (10 mm thickness in the frontal area and 8 mm in the anterior
temporal region) did not reach the size for which surgery needed to be performed. Bilateral temporal-parietal subar-
achnoid hemorrhage. No midline shift and no herniation were present. There were no other notable changes compared to
the previous CT scan.

After receiving conservative treatment for 20 days, the patient’s condition progressively improved, restoring con-
sciousness and pulmonary functions to physiological limits.

The goals of pharmacotherapy are to reduce morbidity and prevent complications."®

The behavior of patients who try to hide their conditions can represent an important lesson for clinical practice.”

People with polytrauma must receive ongoing assistance and care to handle the long-term repercussions of their
injuries on their mental health.?'

Instability or neuroticism, as a personality feature, amplifies the occurrence of burnout syndrome.*>

The increase in burnout among medical staff of Emergency Department is directly proportional to the nature of the
work. >
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Figure 12 Chest CT scan-axial lung window. Partially collapsed right lung with right lower lobe passive atelectasis (solid black arrow). Small anterior pneumomediastinum
(black arrowhead).

Neurological examination showed no abnormalities and psychiatric assessment did not reveal any cognitive disorders.
As a result, the patient was discharged.

Conclusions
This study affirms the beneficial role of helicopter emergency medical services (HEMS) in the pre-hospital management
of polytrauma patients, highlighting the importance of high-level treatment protocols and the expertise of the rescue team
in enhancing patient survival. While we do not claim that HEMS saves more lives than other transport methods, our
findings emphasize its effectiveness in rapid response and specialized care, especially in scenarios where time and access
are critical factors.

The successful pre-hospital management in our study was largely based on patient stabilization and immobilization,
involving specific interventions to prevent hypoxia, hemorrhagic shock, and hypothermia. Equipment such as cervical
collars, vacuum splints, and isothermal foil played an essential role in this process, while both air and ground teams
collaborated to deliver timely and coordinated care, which positively influenced patient outcomes.

Moreover, this study underscores the need for a collaborative approach in trauma care, involving advanced airway
management, imaging, surgical interventions, and intensive care. Imaging, in particular, proved critical in complex
trauma cases, providing essential insights that guide diagnosis, clinical decisions, and ongoing monitoring.

Our study’s findings reveal that early intervention, coordinated transport, and a multidisciplinary approach are critical
in improving outcomes for trauma patients. However, further research comparing HEMS outcomes with other transport
methods and exploring specific factors contributing to its effectiveness could provide additional insights and refine pre-

hospital care strategies for trauma patients.

Abbreviation

CT, computer tomography; GCS, Glasgow Coma Scale; HEMS, Helicopter Emergency Medical Services; No, number;
MYV, mechanical ventilation; OTI, orotracheal intubation; SMURD, Romania’s Mobile Emergency Service for
Resuscitation and Extrication.

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics
Committee of Clinical Emergency Hospital, Galati, Romania. (Project identification code: 974/04/2021).
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