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Abstract

Background: Prehospital airway suction is a critical intervention for
maintaining airway patency in emergencies, especially in trauma, cardiac
arrest, or airway obstruction. Despite its clinical significance, research on
its effectiveness, device innovation, and procedural outcomes remains
underrepresented compared to other airway management practices.
Purpose: This study systematically maps the scientific landscape, research
trends, and thematic structures of prehospital airway suction, identifying
clusters, gaps, and future directions.

Methods: A bibliometric analysis was conducted using Publish or Perish to
retrieve articles from Scopus and PubMed (2005-2025) with the keyword
“prehospital airway suction.” Data were analysed using VOSviewer for co-
occurrence of terms in titles and abstracts, producing network, overlay, and
density visualisations.

Results: From 90 relevant publications, 71 (78.89%) directly addressed
prehospital airway suction. Five thematic clusters emerged: (1) airway devices
and preparation, (2) healthcare providers and prehospital procedures, (3)
suction effectiveness and safety, (4) advanced techniques such as Suction-
Assisted Laryngoscopy and Airway Decontamination (SALAD), and (5)
clinical outcomes and evaluations. Overlay visualisation revealed a recent
research shift (2020-2025) toward portable device innovation, advanced
suction methods, and simulation-based training. The most cited work was
Prekker et al. (2014), cited 79 times.

Conclusion: This first bibliometric study on prehospital airway suction
highlights priorities in procedural standardisation, portable and efficient
device development, effective suction techniques, and enhanced simulation-
based training. The findings offer a reference for future research targeting
specific populations, extreme emergencies, and the integration of emerging
technologies.

Keywords: airway suction; bibliometric analysis; portable suction;
prehospital; SALAD technique

Introduction

In the management of emergency patients, suction plays a vital role in
maintaining a clear airway free from secretions and obstructions that may
compromise oxygenation and ventilation (Carney et al., 2021). Given that
airway compromise can rapidly lead to hypoxia, respiratory arrest, or even
death, ensuring airway patency and function is a critical factor in supporting
patient survival (Berkenbush et al., 2023; Jarvis et al., 2024). International
guidelines and systematic research evidence underscore that prompt airway
intervention significantly contributes to clinical outcomes, particularly in
cases of severe trauma, out-of-hospital cardiac arrest, and other critical
conditions (Gage, Powell, Bosson, et al., 2023; Jacobs & Grabinsky, 2014).
One of the major challenges in the field is airway obstruction caused by
blood, vomitus, or excessive secretions. In such situations, the use of
suction devices becomes crucial to ensure airway patency and to prevent
potentially life-threatening aspiration (Sontakke et al., 2023). Consequently,
the demand for portable, efficient, and rapidly deployable suction equipment
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has become a primary concern in the development
of emergency medical technologies (Dunne et al.,
2020; Gage, Powell, Nassal, et al., 2023; Kibblewhite
et al., 2023).

Although airway suctioning has been
incorporated into basic paramedic training, scientific
literature that explores its effectiveness, associated
risks, and technological advancements remains
limited. Improper suctioning procedures may lead
to complications such as hypoxia, mucosal injury,
or exacerbation of aspiration (Brainard & Gerecht,
2015; Kibblewhite et al., 2023). Previous studies
have largely focused on endotracheal intubation
or advanced airway management, while basic
suctioning as a fundamental intervention is often
overlooked in systematic reviews (Warnock &
Gates, 2023).

Given the increasing complexity of emergency
cases and ongoing advancements in portable
suction technology, it is imperative to conduct a
comprehensive mapping of research trends and
the scientific knowledge structure in this field. A
bibliometric approach can reveal the relationships
between topics, key researchers, institutions,
and shifts in research focus over time (van Eck &
Waltman, 2010; Zupic & Cater, 2014). Therefore,
this study uses a bibliometric approach with the aim
of identifying trends, main themes, and directions of
research development regarding the use of airway
suction in prehospital situation, so as to provide a
comprehensive overview of scientific progress and
opportunities for innovation in the future.

Materials and Methods

Design

This study adopts a quantitative bibliometric
methodology to systematically examine prevailing
research trends and thematic patterns, with the
objective of identifying underrepresented areas that
present potential for novelty in subsequent scholarly
investigations (Donthu et al., 2021; Kumar et al.,
2024; Oztiirk et al., 2024).

Data Collection

The article search was conducted in July 2025 using
two research databases: Scopus and PubMed. Two
researchers independently performed the search
using the Publish or Perish application. Differences
of opinion between the two researchers were
resolved through discussion. Discussions were
conducted based on the inclusion and exclusion
criteria agreed upon at the outset and their relevance
to the study. The keyword used was prehospital
airway suction. The keywords are applied to
the title, abstract, and keywords. This is done to
ensure that all publications discussing prehospital
airway suction can be properly identified. Articles
collected were limited to those published between
2005 and 2025. The inclusion criteria for this study
were studies discussing prehospital airway suction.
Meanwhile, the exclusion criteria were editorial

articles, intrahospital suction, and surgical suction.
The article collection process can be seen in the
prisma diagram in Figure 1.

Data Analysis

The collected articles were subsequently analysed
using the VOSviewer application. The process
of entering data into the VOSviewer application
is carried out by one researcher. VOSviewer is a
software tool designed for analysing and visualising
bibliometric data (van Eck & Waltman, 2010).
Bibliometric visualisation was carried out using co-
occurrence of terms in titles and abstracts (Donthu
et al., 2021; Kumar et al., 2024) resulting in three
distinct types of visualisation: network visualisation,
overlay visualisation, and density visualisation
(Donthu et al., 2021; Kumar et al., 2024; Oztiirk
et al.,, 2024; van Eck & Waltman, 2010). Density
visualisation to illustrate term frequency, network
visualisation to depict the interconnections
between terms, and overlay visualisation to show
temporal distribution (van Eck & Waltman, 2010).
The minimum number of occurrences was set
at five in order to capture significant terms (Zupic
& Cater, 2014). Subsequently, all of the resulting
visualisations were verified, interpreted and
discussed by both researchers.

Ethical Consideration
This study is a bibliometric analysis that does not
involve human participants; therefore, ethical
approval was not required.

Results

Volume and Type of Publication
Based on the article search conducted using the
Publish or Perish application, a total of 90 research
articles related to prehospital airway suction
published over the past 20 years were identified. Of
these, 47 articles were sourced from Scopus and 43
from PubMed. All collected articles were screened
for duplication using Mendeley Desktop. Among the
90 articles, 71 (78.89%) addressed themes related
to prehospital airway suction. These comprised
85.92% original research articles (n=61), 7.04%
review articles (n=5), 2.82% case reports (n=2),
1.41% evaluation study (n=1), 1.41% abstract (n=1),
and 1.41% book chapter (n=1).

Following classification by type, the temporal
distribution of these publications was examined to
identify patterns in research growth.

Growth Research Analysis

Over the past two decades (2005-2025), the
number of research publications on prehospital
airway suction has fluctuated. During this period,
there were three years—2005, 2008, and 2013—in
which no publications on the topic were found. The
highest number of publications occurred in 2022,
with a total of 12 articles. Nevertheless, as shown in
Figure 2, the publication trend on prehospital airway
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Table 1. Top 10 Most Cited Publications about prehospital airway suction over the last two decades
(from 2005 to 2025)

Rangking

Author (year) Source Cited by

2nd Schalk et al. (2010) Resuscitation 70

4th Hossfeld et al. (2021) European Journal of 28

Anaesthesiology

6th Schalk et al. (2011) Prehospital Emergency 22

Care

8th Bernhard et al. (2015) Notfall und Rettungs- 20

medizin

10th Anaesthesist 19

Dengler et al. (2011)

Table 2. Publications related to portable suction (2005-2025) retrieved from Scopus and PubMed
databases

Author (year) Source

Dengler et al. (2011) Anaesthesist

Peri et al. (2025) Annals of Biomedical Engineering

Table 3. Publications related to the SALAD technique (2005-2025) retrieved from Scopus and
PubMed databases

Author (year)

Source

Otten et al. (2017) Journal of special operations medicine : a peer

reviewed journal for SOF medical professionals

Jain et al. (2020) Prehospital and Disaster Medicine

suction has demonstrated a steady increase from
2023 to 2025.

Most Cited Publications

As shown in Table 1, the ten most frequently cited
publications can be identified. Ranked first is an
article authored by Prekker et al., (2014), published
in Critical Care Medicine, which has been cited 79
times. Furthermore, Table 2 presents articles related
to prehospital airway suction over the past 20 years.
According to this table, four articles specifically
discuss portable suction devices, namely those by
Schalk et al., 2011, Dengler et al., (2011), Suzuki et
al., (2019), and Peri et al., (2025).

Co-occurrence Terms and Topic Analysis

Based on the network visualisation, the bibliometric
structure revealed five main clusters, each
represented by a different colour, indicating the
relationships among terms within the literature (van
Eck & Waltman, 2010). Each cluster represents
a distinct research focus (Donthu et al., 2021).
The red cluster consists of 25 terms focusing on
airway devices and preparation. Advanced airway
management is critically required in the prehospital
setting to improve patient outcomes (Carney et
al., 2021; Nah et al., 2024). The green cluster
comprises 24 terms related to healthcare personnel
and the management of prehospital airways. The
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Identification of studies via databases

Records identified from:
% Databases (n = 123)
% Scopus (n = 64)
@
=2 Pubmed (n = 59)

24 articles were exclude
l » | according to limiters

Limiter
- (n = 99)
= " 9 articles were exclude based on
§ l » | abstact and tittle review with
3 following reasons, same article in

Tittle and abstract screened

(n = 90) Full text eligibility screening to

ensure articles are relevant to the
. | topic of Prehospital Airway
" | Suction and not:
- 1. Editorial articles

o Studies included in bibliometric
@ .
- analysis
=
2 |[w=90

Figure 1. Prisma 2020 Flow Diagram Adapted for Bibliometric Analysis
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Figure 2. Graph illustrating the growth of research outputs on prehospital airway suction from 2005

blue cluster includes 23 terms concerning the use of
suction and evidence-based clinical efficacy. Current
systematic reviews on the use of portable suction
devices have identified a lack of standardisation
and high-quality evidence regarding their safety,
effectiveness, and potential adverse effects in

prehospital settings, particularly in the management
of combat casualties (Jain et al., 2020). The yellow
cluster is composed of 23 terms that centre on
intubation procedures and field-related challenges.
The final cluster, represented in purple, consists of
21 terms highlighting a focus on clinical outcomes
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Figure 3. Co-occurrence network visualisation of title and abstract terms in prehospital airway suc-
tion research between 2005 and 2025
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Figure 4. Overlay visualisation of co-occurring terms in the title and abstract of prehospital airway
suction publications (2005-2025)
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Figure 5. Density visualisation of co-occurring terms in the title and abstract of prehospital airway
suction publications (2005-2025)

and the evaluation of prehospital care.

The overlay visualisation (Figure 4) indicates
that terms such as bag-valve mask, preparation,
and emergency medicine were dominant in earlier
years, particularly between 2014 and 2016, as
represented by bluish-purple colouring. In contrast,
more recent years have seen the emergence of
terms such as airway decontamination, SALAD, and
suction device, which are highlighted in bright yellow.
This trend reflects a shift in focus from basic airway
adjuncts to more advanced tools such as portable
suction devices (Peri et al., 2025) and innovative
suction techniques like SALAD (Guillote et al.,
2024), as well as increasingly complex procedures
in airway management.

To explore this trend further, the researchers
conducted an in-depth review of the 90 articles
retrieved from Scopus and PubMed using the
Publish or Perish application. The aim was to
identify articles discussing portable suction devices
and advanced suction techniques. As a result, five
articles addressing portable suction were identified
(Table 2), along with six articles focusing on the
SALAD technique (Table 3).

The density visualisation (Figure 5) highlights
the most frequent and densely occurring terms,
such as effectiveness, safety, prehospital care,
suction device, attempt, emergency physician,
and paramedic. These terms represent the most
extensively discussed areas in global research
on prehospital airway suction. Their bright yellow
colouring indicates both high frequency and strong

connectivity within the bibliometric network (Donthu
et al., 2021; van Eck & Waltman, 2010).

Discussion

The analysis using VOSviewer revealed that all
articles discussing prehospital airway suction formed
five main clusters. The red cluster consists of 25 terms
focusing on Airway Devices & Preparation, including
terms such as bag-valve mask, endotracheal tube,
emergency medicine, preparation, capnography,
confirmation, cervical collar, and alternative airway
device. This cluster conceptually represents a
paradigm shift in pre-hospital airwmay management,
from a device-based approach to a holistic approach
that emphasises clinical readiness and physiological
confirmation prior to intervention. Current trends
indicate that successful airway management is
determined not only by technical skills, but also by
systematic preparation, pre-intubation assessment,
and real-time capnography monitoring, which have
been shown to improve first-pass success and
the chances of return of spontaneous circulation
(ROSC) (Berkenbush et al., 2023; Jarvis et al.,
2024; Liagat et al., 2025; Panchal et al., 2020).

The green cluster focuses on healthcare
professionals and the management of prehospital
airways. Key terms within this cluster include
paramedic, emergency physician, prehospital
airway management, laryngeal tube, laryngeal tube
suction, attempt, and emergency medical technician.
This cluster highlights studies that emphasise the
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role of medical professionals, the effectiveness
of airway manoeuvres, and the implementation
of airway procedures. A study on out-of-hospital
cardiac arrest patients demonstrated that the
success rate of advanced airway placement by
paramedics increased significantly when operators
had high case exposure and participated in regular
simulation-based training (Tuttle & Hubble, 2018).
Moreover, paramedics with experience in using
laryngeal tubes and laryngeal tube suction achieved
higher first-pass success rates (Dyson et al., 2017).

The blue cluster is related to the use of suction
and evidence-based clinical efficacy. Key terms
appearing in this cluster include suction device,
effective suction, safety, effectiveness, evidence,
information, improvement, ISO, and mean time.
This cluster reflects scientific interest in the safety
and efficiency of portable suction devices in a pre-
hospital setting, while highlighting the technical
challenges that remain in the field. Recent research
shows that many portable suction devices still have
limited suction power, are heavy, and have slow
emptying times, thereby reducing their effectiveness
in emergency situations that require a rapid
response (Jain et al., 2020; Peri et al., 2025). In line
with this, several studies emphasise the importance
of standardising device performance based on ISO
regulations and evidence-based evaluation, so that
suction devices can guarantee patient safety and
consistency of clinical results in various pre-hospital
settings (Dudzinski et al., 2023). This trend indicates
a shift in research focus from simply testing device
functionality towards developing suction technology
that is ergonomic, energy efficient, and integrated
with clinical safety protocols.

The vyellow cluster focuses on intubation
procedures and field-related challenges. Key terms
in this cluster include rapid sequence intubation,
video laryngoscopy, airway decontamination,
difficulty, successful intubation, SALAD technique,
ambulance, median, and mouth. Several previous
studies have shown that training in the Suction-
Assisted Laryngoscopy and Airway Decontamination
(SALAD) technique significantly reduces intubation
failure rates, decreases aspiration volume, and
achieves first-pass success rates comparable
to conventional methods (Berkenbush et al.,
2023; Guillote et al., 2024; Jensen et al., 2020).
Scientifically, this trend indicates a shift in research
focus towards improving operator safety and
mitigating aspiration risks through simulation-based
techniques and visualisation technologies such
as video laryngoscopy, which is now the standard
of modern training in ambulance and emergency
services environments. Thus, this cluster
emphasises the importance of integrating technical
skills, visual aids, and airway decontamination
strategies to optimise the success of intubation in
challenging field conditions.

The purple cluster highlights a focus on clinical
outcomes and the evaluation of prehospital care.
Key terms in this cluster include prehospital

care, morbidity, frequency, evaluation, return of
spontaneous circulation (ROSC), quality, further
research, and relationship. This cluster conceptually
represents a shift in research orientation from
technical procedures towards assessing the
effectiveness and quality of services, reflecting
global efforts to assess the extent to which pre-
hospital interventions contribute to patient safety and
outcomes. Evaluations of prehospital care systems
have identified variations in outcome quality,
highlighting the need for ongoing performance
monitoring, benchmarking, and targeted training
to reduce morbidity and mortality (Amaleh et al.,
2024). In addition, recent research emphasises the
importance of integrating clinical outcome indicators
such as ROSC and resuscitation quality as key
parameters in evaluating the quality of emergency
services (Takayama et al., 2025; Wang et al., 2022).
This cluster underscores an emphasis on patient
outcomes, the effectiveness of interventions, and
research areas that warrant further exploration.

Data analysis reveals that the primary focus of
globalliterature centres around three key aspects: the
efficacy of suction procedures, technical challenges
in the field, and the role of healthcare providers.
Terms such as effectiveness and safety indicate a
strong emphasis on evidence-based procedural
validation (Berkenbush et al., 2023). Meanwhile, the
emergence of terms like “airway decontamination”
and “SALAD” reflects the adoption of novel
techniques to address complex airway challenges
(Guillote et al., 2024; Jensen et al., 2019). Several
studies have demonstrated that video laryngoscopy
and SALAD (Suction-Assisted Laryngoscopy and
Airway Decontamination) enhance airway visibility
and improve first-pass intubation success rates
(Berkenbush et al., 2023; Eberlein et al., 2019;
Maissan et al., 2022). Additionally, prior research
has emphasised that the effectiveness of suction is
highly dependent on both the equipment used and
the skill level of the operator (Dudzinski et al., 2023;
Peri et al., 2022).

The correlation between terms indicates a strong
association between prehospital care and terms such
as evidence, morbidity, and evaluation. Prehospital
airway suction is a critical intervention in cases of
trauma, cardiac arrest, or respiratory arrest due to
airway obstruction (Jain et al., 2020; Lorenzen et
al., 2024). The success of suction procedures has a
direct impact on Return of Spontaneous Circulation
(ROSC) and contributes to reducing both morbidity
and mortality (Carney et al., 2021; Takayama et
al.,, 2025; Wang et al., 2022). This highlights the
importance of outcome measurement in the context
of airway interventions in out-of-hospital settings
(Nishimura et al., 2022).

The terms paramedic, emergency physician,
and emergency medical technician underscore the
critical importance of operator skill in the success
of suction procedures. Previous studies have shown
that paramedic competence in airway suctioning is
directly correlated with patient outcomes (Carney et
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al., 2021; Panchal et al., 2020). Therefore, regular
simulation-based training and protocol updates
are strongly recommended. Earlier research has
highlighted the significance of simulation-based
training in enhancing airway suction skills (Jensen
etal., 2019).

The overlay visualisation indicates that terms
such as SALAD, airway decontamination, and
improvement have emerged more recently (2020—
2022), signalling current research directions.
Additionally, the appearance of the term further
research highlights existing gaps in the literature,
particularly regarding new devices (Johnson et al.,
2022), extreme emergency environments (Jain et
al., 2020), and longitudinal evaluation of suction
procedures (Jarvis et al., 2024). This presents an
opportunity for larger clinical studies with prospective
designs.

Limitation of the study

This is the first bibliometric study to specifically
explore the topic of prehospital airway suction. As
such, the findings of this research may serve as a
valuable reference for future researchers in selecting
themes for further investigation within the domain of
prehospital airway suction. Nevertheless, this study
has several limitations that should be acknowledged.
First, it relied solely on two publication databases
(Scopus and PubMed). Second, the analysis was
limited to the keyword prehospital airway suction,
thereby excluding relevant studies that may have
used alternative terms such as prehospital airway
management. It is hoped that these limitations can
be addressed in future bibliometric research.

Implication of the study

Implication for nursing research

This bibliometric analysis shows that research
discussing prehospital airway suction is still limited
in number. More specifically, there is a lack of
research discussing the effectiveness of portable
suction devices, suction techniques such as SALAD,
and the effect of suction on patient outcomes in
emergency conditions. This gap indicates a need
for further research on these topics. Furthermore,
this bibliometric analysis also shows a shift in
trends towards innovation in advanced devices
and simulations. These results open up great
opportunities for nursing researchers to collaborate
with experts in the field of electromedicine to
design advanced portable suction technology that
is effective in improving patient outcomes and, at
the same time, is easy to move and robust (can be
used in all types of terrain outside the hospital area,
especially on extreme emergency scenarios).

Implication for nursing education

The results of this bibliometric analysis confirm
that the skills of personnel (including nurses)
greatly influence the success of airway suction

outside of hospitals, especially when dealing with
airway contamination (such as blood, vomit, or
thick secretions). Therefore, nursing education
institutions must strengthen their curriculum
on airway management. This can be achieved
through simulation-based training with scenarios
involving severe contamination. The improvement
of these skills must go beyond technical aspects to
include clinical decision making, risk assessment,
and critical situation management. Furthermore,
continuing education for emergency nurses and
ambulance nurses must be conducted regularly to
maintain and improve their skills.

Implication for nursing practice

The results of this study emphasise the need for
standardization of suction procedures. This is to
ensure that suction techniques are safe, effective,
and produce consistentresults, including in situations
outside of hospitals. Emergency nurses must perform
suction procedures in accordance with evidence-
based practices, which include decontamination
techniques, safe suction duration, selection of
appropriate suction devices, and management of
challenging emergency environments. Furthermore,
nurses must continuously improve their suction
skills in accordance with standardized procedures.
With improved nursing skills, suction equipment
readiness, and compliance with procedures, nursing
practice will directly contribute to successful airway
management and improved patient safety.

Conclusion

This bibliometric study indicates that prehospital
airway suction is an evolving topic, with research
focusing on effectiveness, technical challenges,
and the role of medical personnel. The emergence
of terms such as further research, improvement,
and evaluation suggests that although substantial
evidence on prehospital airway suction is available,
many variables remain unstandardized. There is
a clear need for procedural standardization (Peri
et al.,, 2025), the development of portable and
efficient devices (Jain et al., 2020), advancement
of effective suction techniques (Patterson et
al., 2021), and the enhancement of simulation-
based clinical training for paramedics and medical
personnel (Halabi et al., 2022; Zucca et al., 2024).
Future research should target specific populations,
extreme emergency scenarios, and the integration
of emerging technologies due to the lack of research
on these themes. Even though these themes are
real conditions that occur in prehospital emergency
services.
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