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Abstract

Not only rescue equipments but human resources of our rescue team must be updated regularly. That is why we do recruiting new potential
members in 2-3 years frequency. New candidates must be well trained cavers with good technical skills, which we make possible by completing
the appropriate level of the Hungarian speleo education system. The applicants have to pass an entrance exam in a cave practice, where we
check that the applicant has those human qualities that cannot be tested by formal rules. Such are, for example: teamwork, problem-solving
ability, solidarity, sense of responsibility, tolerance, ability to withstand stress, endurance, stamina, endurance of difficulties, ability to make
decisions, ability to assess situations, self-awareness, fortitude, self-discipline, etc. Those who meet the admission requirements will partici-
pate in a four-day demonstration stretcher packing, moving a stretcher on easy terrain, safe moving a stretcher on sloping terrain, moving a
stretcher in narrow areas, building a stand, counterweight system, refitting systems into each other, lowering, head-to-foot maneuver, first aid,
communication, etc. After that they become probationary members and have two years to master the knowledge presented.Those who have
acquired the necessary knowledges and pass an exam on their knowledge within two years will become regular members of the HCRS. During
the real rescue operations, there are various sub-tasks, such as the construction of a communication system, the construction of traction sys-
tems in the vertical passages, stretcher transport, etc. These tasks are carried out in separate groups headed by the group leader. The group
leaders are selected from regular members of HCRS with several years of experience. The most prepared members can be rescue managers.
They can demonstrate this readiness by conducting complex rescue exercises.

1. Introduction

The quantity and quality of human resources are crucial in cave specialized training. However, this has changed drastically over the years.
rescue. When the Hungarian Cave Rescue Service (HCRS) was founded in Nowadays, being a skilled caver is not enough. To become a fully-fledged
1961, its membership consisted of 26 enthusiastic cavers who had already cave rescuer, one must master the use of modern rescue equipment and
participated in ad hoc rescue teams. Since then, the founders have aged advanced rescue techniques. The structured recruitment and training
out, and new generations have taken their place. Over the decades, a process necessary for this is now conducted in an organized manner.

total of 314 individuals have been members of the organization. Initially,
the team comprised well-intentioned and experienced cavers without

2. How does one become a cave rescuer?

The HCRS opens recruitment every 2-3 years (Heged(s, 2025), typi-
cally receiving 5-10 applicants per session. Being an experienced
caver remains a fundamental requirement. The necessary caving

knowledge can be acquired through the Speleo Education System,

organized and managed by the Education Department of Hungarian

Speleological Society (Heged(s, 2017). The minimum requirement

for application is a “Technical 2” (T2) level certification. Applicants
undergo a four-day selection process, during which their techni-
cal skills are assessed, as well as personal attributes necessary to technical 1 (T1)

integrate into the team. Teamwork is critical since individualism
has no place in real rescue operations. Problem-solving skills are
also essential, as each rescue mission differs in terms of location,
injuries, and challenges, requiring adaptability to extreme situa-
tions. Decision-making ability and a strong sense of responsibility 7

cave research leader

cave tour guide

= cducated and examined by HSS
= ot approved by state

basae course

Figure 1: Speleo education system in Hungary (Heged(s, 2017).
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are also vital. Rescuers must minimize trauma while saving people
in distress, often experiencing pain. Additionally, prolonged rescues in
difficult conditions are physically and mentally demanding, requiring

endurance, perseverance, tolerance, stress resistance, mental resilience,
and self-discipline.

Technical 2 (T2)

installation techniques
organized and examined by Edu

themes of courses:

* additional equipments for group caving
* single rope technique (SRT)

+ arising forces during SRT

* knowledges of different ropes

* security techniques

* using different knots

* create and set up different ropeways

* rope bridges

* SRT with 8 millimeter rope

* pulley blocks and counterweight systems
* partner rescue from rope

* bivaque

* alpine caving during winter

* preparation for accidents

+ cave protection during technical caving

raise the level of technical knowledge and to acquire rope

cation Committee of HSS

Figure 2: The T2 course material and the certificate of completion (Heged(is, 2017).

Following the selection process, different decisions can be made
regarding applicants. Those deemed suitable for training become pro-
bationary members of HCRS. The probation period lasts a minimum
of one year and a maximum of two years. During this time, candidates
must acquire the specialized knowledge necessary for fullmembership.
Italso helps determineif the initial evaluation of personal attributes was
accurate and whether they can integrate into the organization effectively.

Applicants who meet some requirements (e.g., possessing a T2 certi-
fication but lacking sufficient experience) may be offered the opportunity
to join as supporting members. Supporting members participate in the
organization’s activities and training exercises but are not involved in
actual rescues. They can reapply for full membership at a later time.

Probationary members attend training-specific small drills and
regular large-scale exercises that ensure HCRS remains prepared. Two
large-scale exercises are held annually, typically over a long weekend,
simulating complex cave rescues with a live person in a stretcher. The-
se exercises may have an international scope, involving collaboration
with cave rescue teams from neighboring countries. Smaller exercises,
mostly held in winter, are thematic and can vary in duration, ranging
from a weekday evening to a full weekend. Training is conducted both
on the surface and in caves.

Skills to be mastered include:

Stretcher packing

Moving a stretcher on easy terrain

Safe stretcher movement on sloping terrain
Maneuvering a stretcher in narrow passages
Building a stand

Counterweight systems

Integrating systems

Lowering techniques

Head-to-foot maneuvering

First aid

Communication

Etc.

Probationary members must demonstrate proficiency in each module
through an accreditation exam. Those who successfully acquire all skills
within two years, actively participate in HCRS activities, and demons-
trate the necessary personal qualities are assessed by the leadership
and granted full membership. At this point, they are recognized as cave
rescuers and can be deployed in real rescue situations.

3. Advancement to higher levels of expertise

3.1. Team Leaders

Rescue operations involve multiple tasks that must be carried out
independently or in small groups, such as:

+ Stretcher transportation
Ropeway construction
Communication system setup

Logistics
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Medical assistance etc.

Eachteam has aleader who supervises and directs the task at hand.
These leaders are experienced cave rescuers who have demonstrated
their ability to manage tasks effectively and make the best decisions
during training exercises. Leadership roles are assigned on a rotational
basis during exercises, allowing volunteers to test their capabilities.
Evaluations are conducted after each exercise to determine the appro-
priateness of self-assessments. This process determines eligibility for
leadership roles. Leaders are not permanently assigned to a specific
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task but are deemed qualified for it when necessary.

The medical team functions differently. Its leader is elected by the
medical team members and serves as their representative on the HCRS
board. The medical team determines the necessary equipment, medi-
cations, and supplies within the allocated budget and ensures the first
aid preparedness of the team through regular training and assessments.

3.2. Operation Leaders

Each rescue mission has a single responsible leader who oversees
the entire operation. They typically coordinate activities from the surface

4. Reserve Members

Individuals who, due to age, health, family, work, or other life cir-
cumstances, can no longer meet the demands of active membership may
request reserve status. They are not held to the same requirements as full
members and can participate in HCRS activities as their circumstances

5. Current Status

Over its 60+ year history, HCRS has had a total of 314 members. The
current organizational structure consists of a central unit in Budapest
and two regional units in Aggtelek and Pécs (Heged(is, 2022).

Figure 3: HCRS members between 1961-2022 (Heged(is, 2022).

Acknowledgments

We express our gratitude to our predecessors who founded our
organization over 60 years ago and to all those who have operated

and must have complete situational awareness. From this position, they
make overarching decisions and direct team leaders, managing both
underground and surface operations. Operation leaders are selected from
highly experienced cave rescuers. They prepare by planning, organizing,
and leading large-scale exercises with full authority, allowing them to
develop the necessary skills. While exercises differ from real rescues,
they provide valuable preparation. Exercises require site selection,
obtaining permits, and coordination, while real rescues involve liaising
with authorities and collaborating with other organizations. In real situa-
tions, the professional leader of HCRS designates the operation leader.

allow (e.g., training exercises). Their involvement in rescues depends
on the operation leader’s assessment. Reserve status is not necessarily
permanent—if circumstances change, a member can request reinsta-
tement as a full member.

Figure 4: The organization of the HCRS (Heged(is, 2022).
The personnel composition is as follows:
+ 62 fullmembers
+ 12doctors
« 10 operation leaders
« 6 probationary members
+ 36 reserve members
« 5honorary members

» 38supporting members
(BMSZ,2025)

and developed it to a level where it can successfully conduct complex,
multi-day, internationally coordinated rescue operations.
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Figure 1: Basic data.

3. Data Analysis

| processed the collected data in multiple ways, and | present the
resultsin this study. | also use graphical representations, makingit easy to
observe changes in the nature of cave accidents over time, even without
extensive numerical analysis. Additionally, | identified which caves had
the highest number of incidents. These findings can help in preparing
for the most common types of emergencies and highlight caves where

4. Results

Between 1961 and 2020, HCRS conducted a total of 236 rescue
operations, assisting 339 individuals, some in life-threatening situations.
The following charts provide a more detailed breakdown of the results.

extra caution is necessary. The data also reveal how HCRS’s activities have
evolved. To ensure comparability and track changes over time, | divided
the period from 1961 to 2020 into ten-year intervals. Although | have data
beyond 2020, | chose not to include partial decades to maintain consis-
tency. However, the trends observed remain valid beyond 2020 as well.
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Figure 2: Number of rescue operations (1961-2020).
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Figure 9: Changing of rescue structure (%) between 1961-2020.

5. Conclusions

The data clearly show that in the early years of HCRS, cave rescues
dominated its activities. At the time, most caves were freely accessible,
with no legal restrictions on entry. Many rescues took place in caves in
and around Budapest, primarily due to people getting lost or lacking
proper equipment—especially adequate lighting. In some cases, children
attempted to descend into cave depths using clotheslines taken from
home. Over time, caves were gradually closed off, initially for safety
reasons and later increasingly for conservation purposes. Legal regula-
tions have since been established, strictly governing cave access. These
rules specify who can enter caves, in what group sizes, with what level of
experience, and with what equipment (currently we can not use carbide
lamp only electric lights), under the supervision of certified guides or
researchers. National parks issue permits outlining these regulations,
and park rangers enforce compliance.

In addition, the Speleo Education system was established in 1984
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ts, but some have always felt the need to document important events.
Cave accidents are always significant, especially for those involved. lam
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and renewed in 1999, providing structured training for cavers. The data
indicate that the number of cave accidents has decreased over time, and
HCRS has expanded its activities to other rescue operations. Today, HCRS
frequently assists peoplein distress in difficult-to-access surface locations.
State rescue organizations, such asfirefighters and paramedics, have increa-
singly recognized the specialized skills of cave rescuers in such situations.

One notable group requiring assistance is paragliders who some-
times end up stranded in treetops. Since 2007, HCRS has had a written
agreement with two paragliding associations to assist in these rescues.
Another interesting category includes non-human rescues, such as
retrieving dogs or cats that have fallen into wells, and similar tasks.

The chartsillustrate a significant shiftin HCRS’s activities. In the 1960s,
92% of its operations were cave rescues, but by the 2020s, this figure
had dropped to 30%. Today, the majority of HCRS’s rescue operations
involve the new challenges mentioned above.

incidents worth reporting. Some went beyond simple news coverage,
conducting interviews with cave rescuers and sharing valuable safety
advice to help prevent future accidents. Without their work, this data
collection would not have been possible.

Természetbarat Hirad6 (1991-2008)
Lot of newspapers

Listing all my data sources would far exceed the scope of this study, so
I will not attempt to do so. These results are being published here for
the first time
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Abstract

1. The accident

In April 2023 a group of cave explorers was slowly preparing to ascend
through a series of pits and narrow passages in a newly discovered cave
called Vranjedolska jama up to the entrance some 100 m above them.
After two years of arduous work the cave finally gave in and admitted
the explorers to access the lower cavernous passages with an active
stream - probably one of many sinks at the edge of the famous Cerknisko
karst polje. The girl followed her brother who was already above the first
re-belay and gave her rope free. She was still fiddling with her ascenders
just above the ground when the rest of the group heard a blunt thud
and a stonerolling on the ground somewhere in her direction. She hung
unconscious on the rope with a cracked helmet when the members of the
group cautiously approached her. Carefully they removed her from the
rope and lay her in a makeshift shelter. Some of them had just passed a
course of cavefirst aid, so in theory they knew what to do, but practising
theory on a seriously injured friend was another matter. But they had
to put feelings aside if they had her best interests at hard. According to
the book they checked breathing and heartbeat, possible large wounds,
made a body check, head immobilization and compiled the accident
module. Then two of them ascended to give the call for help.

The call reached the Cave Rescue Service at 20:25 and the medical
team was with the victim just before midnight. On the AVPU scale they
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The impetus for development of a new head protection integrated with a stretcher for cave rescue came from experience. During a cave ex-
ploration in April 2023 a stone fell on the top of the head of a caver from a height of roughly 25 m. The impact resulted in instant coma with
suspicion to brain and backbone injury. The ensuing rescue lasted a day and a half due to the necessity of cave passage enlargement and fore-
most the inability to move her in accordance with medical guidelines. Luckily the nearby Italian CNSAS utilizes a stretcher with integrated head
protection enabling simultaneous head fixation and protection which they were willing to borrow. Unfortunately, we were unable to purchase
one after the rescue as the producer’s stock ran out and they were not planning another series. Thus we decided to develop our own solution
variant. This head protection can be mounted on or removed from the Petzl Nest stretcher. It is large enough to accommodate most head sizes,
control of and access to the patient is instant, it accommodates a breathing apparatus, and is designed to withstand tests in accordance with
the European standard EN 12492 in horizontal and in vertical positions.

identified almost total unresponsiveness - which did not improve throu-
ghout the rescue - and a suspect on sub cranial lesions and collar and
possibly thoracic vertebra damage. Luckily she was not hypothermic
and well tended for before their arrival. She was kept hydrated through
an intravenous channel and administered pain relief therapy and mild
sedation. For thefirst time in the Slovene cave rescue history she was also
strapped on a breathing apparatus and given pure oxygen for breathing.

The main problem consisted in moving her safely through the cave
to the exit. The passage between the chamber where the accident happe-
ned and the entrance was too narrow in many places for the stretcher
to pass (figure 1), let alone keeping it constantly in horizontal position.
The cave enlargement team toiled incessantly in several groups towards
their goal. At times the bivouac with the victim and the medical team
was left without communication for hours because of the interruptions
due to the blasting work. At the bottom of the cave attendants to the
medicalteam becameincreasingly worried about continuous discharging
of material through the lowest pit where the accident had happened.
Multiple attempts of cleaning the pit of material proved futile and there
was no alternative of safer rigging. Nobody wished a second victim to
care for. Therefore, there was only one passage of this perilous part with
ample spacing between successive climbers.
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ENTRANCE

Inset on the map

Figure 1: Extended view of the entrance passages of the cave Vranjedolska jama.

2. The problem of movement of victims with head injury in caves

The main problem consisted in moving the patient immobilized in
accordance with medical guidelines, or at least something close to that as
cave emergency procedures can only approach medical procedures on the
surface. The cave rescue adapted guidelines for safe transfer of patients
with head injury should include (Ah¢an 2006, Nathason et al. 2020):

«  The victim must lie flat with collar and head immobilization.

Movement of the victim must be limited to the bare minimum.

Movement of the victim to the stretcher must be done with 4
persons with strict fixation of the backbone.

All movement is done in horizontal position.

There should be a designated consultant in referring hospital
with overall responsibility for the organisation, of safe transfer
of the patient.

Local guidelines should be drawn up between the cave medical
team and the consultant. These should approach national gui-
delines as close a feasible.

Although transfer is often urgent, stabilisation of the patient
should be underway before transfer.

It is advised patients with a brain injury be accompanied by a
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clinician with appropriate training and experience in the transfer
of patients with acute brain injury. If unavailable, other medical
practitioners must attend.

Monitoring during transport should adhere to guidelines.

The transfer team should have the possibility of contact with
the consultant during transport.

The stretcher of choice being employed in the Slovene Cave Res-
cue Service is the Petzl Nest (NEST, 2025) and as far as our knowledge
goes, many other rescue teams all-over the world have adopted it. This
stretcher is not only present in caves, but by means of Petzl’s leading
role as a producer of rope access and rope rescue equipment, all sorts
technical rescue from urban to confined space. This stretcher offers
several advantages in caves: it is relatively light; it has an excellent
bridle with a good system of passing the stretcher from horizontal to
vertical orientation and back; its integrated TPU canvas flaps and hood
offer relatively good water protection; and not the least it has proven
as a sturdy and reliable piece of rescue equipment throughout many
practices and interventions.

But it has its pitfalls too. Its supporting structure is not totally stiff
(cannot be treated as a spinal board). The absence of attention to head
protection and head immobilization is blatant. Various groups have
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devised a multitude of techniques for head immobilization in this
stretcher. They may be categorized in two groups. The first employs an
additional stretcher that is put into the Nest (e.g. a spinal board). The
second consists in fixing directly on the stretcher additional means of
head and neck immobilization (e.g. block head immobilizers). None of

3. The state of the art

These flaws are not unknown to the rescue community and have
been more or less successfully addressed already by some producers
such as Ferno (FERNO 2025). They developed durable polycarbonate
head protectors (literally lids covering the top part of the stretcher)
intended to be coupled with their Titan basket stretcher. There are
two variants: a more compact one intended for technical applications
(FERNO LITTER 2025) and a taller general purpose one (FERNO LITTER
PLUS 2025). Both protect the head and the neck against falling objects
while leaving the possibility to apply proper head fixation and if need be
breathing support. While these head protection solutions are indicated
for usage and much welcome in free spaces, they are prohibitively large
in confined environments such as conduits piping or in our case caves.

Figure 2: The Italian CNSAS solution of head protection fastened to the
AlpDesign Barella speleo stretcher (ANTONINI et al., 2015).

The Italian Mountain and Cave Rescue organization identified both
shortcomings, the lack of proper head protection in existing cave-going
stretchers and the prohibitive size of existing head protections for cave

them, however, is without flaws. The insertion of another stretcher into
the Nest means that the rescue team has to carry two instead of one
and the addition of block head immobilizers prevents any sort of head
protection from foreign objects as they prevent the wearing of a helmet.

rescue. They were testing various concepts of compact yet effective
head protection already 15 years ago. Eventually, they came up with an
adapted shape of a motorcycling helmet with a flat backside that could
be fastened to a board by means of a hook and loop self-adhesive tape
and additionally fixed by tightening it to the board with webbing (figure
2 and 3). It is composed of three protective elements: the base of the
shell with cushioning for the head is fixed to the board; the top of the
shell coming attached to the base by means of metal fasteners; and a
polycarbonate visor hinged to the top part of the shell.

Figure 3: The Italian head protection being fixed on the stretcher in practice.

As mentioned, the stock of these head protections was depleted so
they could not offer us one. In addition to that they decided to develop
anew version. The improvement to the old version should be lightness
and easier assembly.

4. The stretcher integrated head protection

The Italian team, however, was only ininitial stages of the project not
knowing when or if the new head protection will be ready. Theimportant
difference to our organization was that they already had a solution that
they could deploy in the case of an accident, while we did not have it.

At that stage the decision was taken. We had able engineers and
certification and PPE production specialists in our ranks. Financing was
granted through our financer the Administration for Civil Protection and
Disaster Relief through a dedicated project.

By being a member of the European Union Slovenia has to comply
with its legislative framework. That is why we initially enquired at one of
the notified bodies what category a head protection fixed on a stretcher
might be in. First to come to our minds are probably the groups of perso-
nal protective equipment (PPE) and medical devices (MD). The definition
of PPE as stated by the Regulation on Personal Protective Equipment
(Regulation 2016/425/EU) is somewhat peculiar. It states that PPE means:

a. equipmentdesigned and manufactured to be worn or held by a
person for protection against one or more risks to that person’s

health or safety;

interchangeable components for equipment referred to in point
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(a) which are essential for its protective function;

connexion systems for equipment referred to in point (a) that
are not held or worn by a person, that are designed to connect
that equipment to an external device or to a reliable anchorage
point, that are not designed to be permanently fixed and that
do not require fastening works before use.

The response of the representative of the notified body was that the
described head protection is not an item of PPE. It is neither worn nor
held nor itis a component or a connexion system. It actually fixed on a
stretcher, which is not an item of PPE. The primary function of stretchers
is not harnessing a body but a means of transporting it.

Stretchers could also fall within the scope of medical devices and
as an extension of that head protectors could make part of it. But again
the notified body’s specialist rejected such a hypothesis.

From the legislative point of view there was no coverage of such
a device. On one side of the coin the news was bad, since the market
could not take advantage of standardized safety regulations put forward
by technical experts and the legislation. On the other side of the coin,
however, this was good because, we were notimpeded by the mentioned
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framework to produce, use and sell such equipment. In case of accidents
it would have to be demonstrated that we as producers and users took
care of the following:

« Requirements for the equipment should reflect the state of the
artin similar equipment such as helmet for mountaineering (in

accordance with EN 12492 or the UIAA 106).
+ Production followed a quality assurance programme;

An instructions manual was available explaining correct usage,
limitations, markings, transport, storage, maintenance, inspec-
tions and lifetime.

The Cave Rescue Service made available a publication on proper
techniques of usage of this equipment.

Allusers passed an equipment awareness course with documen-
ted attendance and examination.

The EN 12492 and the UIAA 106 standards are very similar in their
requirements, but in some points the UIAA 106 is stricter. Figure 4 is
graphically explaining the main tests required for the conformity to be
reached. Peak impact forces are not relevant in the case of head protection
since the energy is transferred to the stretcher, not the head of the victim.

EN-12492
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the test mathods and requ

HELMETS UIAA-106
EN 12492 and UIAA 106 does not contain the full details of
in these sta it gives only a simplified pictorial

0o
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Figure 4: requirements of the EN 12492 and the UIAA 106 (UIAA 2020).

The main three tests consist of:

A blunt 5 kg mass falling on the centre of the head protection
from a height of 2 m;

An anvil like 5 kg mass falling from a height of 0,5 m;

A pointed 3 kg mass falling from a height of 1 m.

None of the tests must result in the mass touching the head of the
mannequin. For our application all mentioned tests must be performed
in horizontal and in vertical position.

The chin strap test is not relevant for the head protection. The sli-
ppage test, on the other hand, can be used to test the resilience of the
visor against opening.
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Additional requirements set for the head protection were that:

Figure 5: First printed prototype of the head protection mounted on an
older Petzl Nest model.

itis easily attached on and detached from the stretcher;

it should fit all head sizes and head forms;

it should accommodate head fixation and head bandaging
compatible with medical guidelines;

it is packable in a way that it can be transported in standard
caving packs;

itis reasonably lightweight;
access to the patient’s head is quick;

control of the patient’s state of consciousness must never be
hindered;

it does not impede breathing;
it protects against dripping water and spray;

within reason it should prevent the accumulation of condensation
(ventilation should be good);

it should not give the patient a feeling of discomfort due to
confinement or seclusion.

Based on these propositions we made the first prototype and tested
its functionality (figure 5 and 6).

Figure 6: First head protection prototype accommodating a KED and a
neck brace.

With the first prototype we identified some dimensional shortco-
mings for the largest head sizes and we had to produce a second model
before going for production.

The final products will not be 3D printed but layered composites
consisting of a mix of carbon layers for strength and rigidity and fiberglass
for durability and impact absorption.
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The production series is initially only meant for the Slovene Caver
Rescue Service needs. If established as useful and safe we will not limit
other interested parties to order them.

4. Conclusion

We left the girl in deep coma with group of concerned doctors and
rescuers still down at the bottom of the cave and we feel we owe you a
proper finish of the story.

Petzl Nest stretcher was not up to the task. Therefore, our medical
doctor ordered the to surface the Italian stretcher to be brought. The
Italians were more than willing to oblige and in a matter of hours the
stretcher was with the victim. Before the start of evacuation she was
administered stronger sedation to keep her calm and given a new bottle
of oxygen. The evacuation was risky because of the movement itself
but also because of the necessity to verticalize the stretcherin a couple
of tight spots. Despite that she remained stable sleeping her Sleeping
beauty sleep. The head protection worked flawlessly. In a slanting crack
we had to tilt the stretcher sideways and it slid a bit into the crack. | saw
the head protection scratching against the wall and deforming a bit as
we were struggling to push it through the squeeze, but the face inside
the protection rested calm and unperturbed.

34 hours after the accident she left the cave in a similar state as
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