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ABSTRACT
Objective: Availability of surgical equipment and access to essential clinical services remains an important barrier to surgical 
care delivery, particularly in low- and middle-income countries (LMICs). This study aims to characterize the relative availability 
of essential equipment for otolaryngology-head and neck surgery (OHNS) care across World Bank income groups.
Methods: We conducted a cross-sectional survey on otolaryngologists' perceptions on the availability of surgical equipment 
and ancillary services in their respective practice settings per a 5-point Likert scale ranging from never to always available. The 
study was disseminated online via professional societies, personal contacts, and social media. Eligible participants included oto-
laryngologists from 194 WHO-recognized countries, which were grouped by World Bank income group classification and WHO 
region.
Results: The study involved 146 otolaryngologists, 69 (47%) from high-income countries (HICs), and 77 (53%) from LMICs. 
LMIC respondents were predominantly from the African and South-East Asian regions, which comprised 48% and 7.8% of all 
LMIC respondents, respectively. Results revealed significant differences in the availability of otologic, rhinologic, and endoscopic 
airway equipment between HICs and LMICs. Differences existed among commonly used equipment such as tympanomastoid-
ectomy equipment and rigid bronchoscopy, to subspecialized equipment such as functional endoscopic sinus surgery equipment 
and cochlear implants (p < 0.05 each).
Conclusions: The study highlighted key disparities in the availability of essential equipment for baseline OHNS care, especially 
for pediatric airway and otologic conditions. These results can be used to guide investment and advocacy efforts to improve 
specialty-specific surgical infrastructure relative to the global burden of OHNS diseases in low-resource settings.
Level of Evidence: 3
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1   |   Introduction

Specialized equipment and infrastructure are key elements for 
providing global surgical care. Anesthetic, surgical, and ancillary 
medical services are essential for treatment of operable conditions, 
which comprise 28%–32% of the total global burden of disease 
[1, 2]. Surgery has been under-prioritized within global health ef-
forts due to the perceived high cost of surgical infrastructure and 
complexity of surgical care delivery [3]. Otolaryngology-head and 
neck surgery (OHNS) conditions are particularly understudied 
with respect to global surgical care delivery, despite OHNS condi-
tions representing a significant burden of disease [4]. Hearing loss 
affects 1.6 billion people and is the third largest cause of disability 
globally [5]. Otitis media, one of the most common preventable 
causes of hearing loss in children, has an estimated incidence of 
471–709 million cases per year [6], with sequelae of chronic oti-
tis media often requiring surgical intervention. Head and neck 
cancers account for 5.7% of global cancer-related mortality, in 
which low- and middle-income countries (LMICs) face signifi-
cantly higher mortality burden and economic loss compared to 
high-income countries (HICs) [7]. Finally, OHNS also comprises 
emergent care of life-threatening conditions, such as foreign body 
removal and craniomaxillofacial trauma. Investment in surgi-
cal infrastructure is particularly important in subspecialities like 
OHNS, which heavily rely on specialized equipment for otologic, 
rhinologic, and airway procedures.

Per World Health Organization (WHO) cost-effectiveness cri-
teria, surgical investment in LMICs can be considered cost-
effective and even very cost-effective [8]. Several validated tools 
[9–11] for evaluation of surgical capacity for trauma and emer-
gent conditions have revealed significant shortages of surgical 
equipment in several countries in sub-Saharan Africa [12–16], 
Asia [17–20], and Central and South America [21–23]. These 
findings underscore the need for government engagement in 
enhancing surgical capacity and infrastructure. Recently, pro-
fessional organizations have advanced surgical equipment 
appraisal to include specialty-specific equipment for anesthesi-
ology and pediatric surgical care [24, 25].

The Global OHNS Initiative is an international consortium of 
OHNS clinical providers, trainees, and researchers dedicated 
to universal access to high-quality, safe, timely, and affordable 
OHNS care. The Initiative previously used Delphi methodology 
to identify a consensus of priority OHNS conditions and proce-
dures that national health systems should be capable of manag-
ing [26, 27]. These findings were used to derive an expert-driven 
list of the minimal equipment necessary for the medical and 
surgical care of these priority conditions [28]. By expanding the 
scope of current surgical capacity assessments to include OHNS 
care, this essential equipment list may facilitate the identifica-
tion of gaps in policy and enable targeted allocation of invest-
ments to strengthen health systems.

The Global OHNS Initiative has recently developed a series of 
multinational surveys to OHNS providers to generate primary 
data on the status of surgical infrastructure and barriers to care 
encountered in OHNS practice worldwide. The “Infrastructure” 
sub-study described here aims to characterize the perceived 
availability of OHNS equipment and infrastructure across re-
gions and income groups. We hope to identify key areas of 

prioritization for policy and advocacy efforts aimed at improv-
ing OHNS care in LMICs.

2   |   Methods

2.1   |   Survey Tool

The survey was developed through collaborative meetings in-
volving OHNS researchers from the Global OHNS Initiative 
and experts in survey design and biostatistics, representing 
diverse perspectives from multiple countries (Survey Tool in 
Appendix  S1). This survey was translated into the six official 
United Nations languages and administered via the Research 
Electronic Data Capture (REDCap) database, taking approxi-
mately 10 min to complete. Otolaryngologists were asked to re-
spond to questions about infrastructure, barriers to OHNS care, 
and the cost of OHNS care in their country of practice and prac-
tice setting. The following discussion focuses only on the infra-
structure and equipment subsection of the survey.

Eligible participants were otolaryngologists from the 194 
WHO member states and Taiwan. As detailed in a previous 
publication, we applied an international consensus-driven 
definition of “otolaryngologist” to mean a “doctor with a 
medical degree who has undergone specialized or accredited 
training in managing conditions of the ear, nose, and throat 
and head and neck. This definition does not include train-
ees” [29].

2.2   |   Data Collection

Survey consent and content were administered using the 
REDCap database [30]. To maximize outreach, a three-pronged 
approach was used for survey dissemination. First, survey 
links were sent to international and national professional 
OHNS societies. Professional OHNS societies were identified 
either via membership among the authors and other members 
of the Global OHNS Initiative, or via web search. Professional 
societies with active email addresses listed for contact were 
sent no more than three emails requesting distribution of the 
survey to their society membership; the means of internal dis-
semination was left to the purview of each society respectively. 
Such recruitment emails were sent to 11 global societies and 
106 national or regional OHNS societies (Figure S1). Second, 
Global OHNS Initiative representatives in each World Bank 
region utilized snowball sampling to personally invite partici-
pation from otolaryngologists in their region. These represen-
tatives were instructed to contact each potential participant 
no more than three times. Third, targeted social media posts 
including the survey link were shared via X Corp (formerly 
known as Twitter Inc.) three times, a month interspersed be-
tween posts. Survey recruitment occurred from October 2022 
through June 2023.

2.3   |   Statistical Analysis

Responses that were incomplete, had duplicate identifying in-
formation, or did not include a country of practice were removed 
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from the analysis pool (Figure S1). Countries were categorized 
by WHO region (African Region, Region of the Americas, South-
East Asia Region, European Region, Eastern Mediterranean 
Region, and Western Pacific Region) and fiscal year 2023 World 
Bank Country and Lending Groups classification (low-, lower-
middle, upper-middle, and high-income countries). Country 
population was obtained from World Bank estimates, except 
for Taiwan and Niue which were obtained from the Central 
Intelligence Agency World Factbook [31, 32].

A dichotomous variable denoting World Bank income group 
(HIC, LMIC) was used to create stratified demographic tables. 
Chi-squared tests were conducted to compare HICs to LMICs 
across discrete characteristics (i.e., gender, WHO region, facil-
ity level, rural/urban practice setting, and public/private/NGO 
practice setting). T-tests were applied to assess differences in 
averages of continuous variables (i.e., age) between HICs and 
LMICs. Chi-squared tests were used to assess the distribution 
of responses for 5-point Likert survey questions between HICs 
and LMICs (Survey Tool, Appendix 1). Two-sided p-values were 
employed; statistical significance was defined as p < 0.05 for all 
analyses. All statistical analyses were performed using R ver-
sion 4.2.3.

2.4   |   Ethical Approval

This study was approved by the Mass General Brigham 
Institutional Review Board (Protocol 2021P000076). Informed 
consent was collected from all participants via REDCap as the 
first step of survey administration [30].

3   |   Results

One hundred forty-six otolaryngologists, 69 from HICs and 77 
from LMICs, participated (Figure 1). All six WHO regions and 
various practice settings were represented. Respondents had a 
mean age of 45 years and 68% were male (Table 1). Respondents 
from the African and South-East Asian regions, in which most 
countries are LMICs, comprised 48% and 7.8% of all LMIC re-
spondents, respectively (Table 1, p < 0.001). The Western Pacific 
region represented 36% of all HIC respondents due to a high 
response rate from Australia (Figure 1). The other three WHO 
regions were represented by respondents from both HICs and 
LMICs. Across both HIC and LMIC strata, there was no signif-
icant difference in facility level, urbanicity, or clinical practice 
setting among respondents. Notably, private practice settings 

FIGURE 1    |    Heatmap of number of responses received from each country.
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represented 23% of responses from HICs and 30% of responses 
from LMICs (Table 1, p = 0.375).

Significant differences in availability were noted among 
equipment used for general OHNS examination, otologic, 
and head and neck surgery (Figure  2, Table  2). Most endo-
scopic equipment, including endoscopic airway and rhino-
logic equipment, is displayed separately (Figure  2, Table  3), 
given that use of this equipment requires the infrastructure 
of a light tower and visual display system. Among essential 
equipment needed for general OHNS care and examination, 
the availability of procedural microscopes and flexible endo-
scopes differed significantly in HICs versus LMICs (p = 0.008 
and p < 0.001, respectively). Twenty-one percent (16/76) and 
3.9% (3/76) of LMIC respondents stated that flexible endo-
scopes were “never” or “rarely” available, compared to only 
5.8% (4/69) of HIC respondents (Table 2). Availability for most 
other general OHNS equipment was similar between HICs 
and LMICs, except for point-of-care ultrasound, facial nerve 
monitoring, and bipolar diathermy (Figure S1).

There were several differences in the availability of otologic 
equipment between HICs and LMICs. Access to otologic drills 
and burrs, otoendoscopes, and tympanomastoidectomy sets 
was significantly different among HIC and LMIC respondents 
(Table  2, p < 0.001, p = 0.001, p = 0.001). This equipment was 
“never” or “rarely” available to 25%–35% of LMIC respondents, 
while the majority of HIC respondents denoted this equipment 
as “always” available (Table 2). The difference in cochlear im-
plant (CI) availability was also significant, with CIs “never” or 
“rarely” available to 66.1% of LMIC respondents compared to 
35% of HIC respondents (Table 2, p < 0.001).

Among essential equipment for head and neck surgery, there was 
a significant difference in the availability of neck dissection tools 
between HICs and LMICs (Table 2, p = 0.016). The difference in 
the availability of tracheostomy tubes and adenotonsillectomy 
equipment was not found to be significant (Table 2). Availability 
of additional advanced head and neck and microvascular surgi-
cal equipment is described in Figure S1.

For adult airway examination, there was no difference in the 
availability of the rigid lens endoscope (Hopkins rod), rigid 
bronchoscope, and ancillary bronchoscopic equipment; how-
ever, LMIC respondents reported lower access (p = 0.045) to 
direct laryngoscopy (DL) and biopsy equipment compared to 
HIC counterparts (Table 3). Only 7.2% (5/69) of HIC respon-
dents reported direct laryngoscopy equipment as “never” 
or “rarely” available, compared with 23.3% (18/76) of LMIC 
respondents (Table  3). Though not a significant difference 
between groups, adult rigid bronchoscopes were “never” or 
“rarely” available to 18.9% of HIC respondents and 31% of 
LMIC respondents (Table 3).

Pediatric airway equipment exhibited statistically significant 
differences in availability compared to corresponding adult 
airway equipment. HICs and LMICs had significant differ-
ences in the availability of pediatric rigid lens endoscopes 
(Hopkins rod), ancillary bronchoscopic equipment, and DL 
and biopsy sets (p = 0.004, 0.028, and 0.018, respectively). 
Pediatric rigid bronchoscopes were “never” (27%) or “rarely” 

TABLE 1    |    Demographic survey responses by World Bank income 
groups: High-income countries (HICs) vs. low- and middle-income 
countries (LMICs).

Country income group

Characteristic N

HIC, 
N = 69 
(47%)

LMIC, 
N = 77 
(53%) p

Age 144 45 (38, 
58)

45 (36, 52) 0.091

Gender 146 0.648

Male 45 
(65%)

54 (70%)

Female 24 
(35%)

23 (30%)

Other 0 (0%) 0 (0%)

Region 146 < 0.001*

Americas 27 
(39%)

16 (21%)

Africa 0 (0%) 37 (48%)

Western 
Pacific

25 
(36%)

7 (9.1%)

Europe 13 
(19%)

6 (7.8%)

Eastern 
Mediterranean

4 
(5.8%)

5 (6.5%)

South-East 
Asia

0 (0%) 6 (7.8%)

Facility level 145 0.183

3 37 
(54%)

52 (68%)

2 21 
(30%)

15 (20%)

1 11 
(16%)

9 (12%)

Urbanicity-
Rurality

144 0.305

Urban 50 
(72%)

46 (61%)

Urban and 
rural

18 
(26%)

26 (35%)

Rural 1 
(1.4%)

3 (4.0%)

Practice setting 145 0.375

Public 52 
(75%)

50 (66%)

Private 16 
(23%)

23 (30%)

NGO 1 
(1.4%)

3 (3.9%)

*p < 0.05.
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(8.2%) available to 35.2% of LMIC respondents; similarly, 
35.8% of LMIC respondents denoted that ancillary equip-
ment for pediatric rigid bronchoscopy was “never” (29%) or 
rarely (6.8%) available. Notably, HIC respondents denoted that 
equipment for pediatric rigid bronchoscopy was “never” or 

“rarely” available to a higher degree than most other equip-
ment, namely 30% for rigid bronchoscopes and 35% for ancil-
lary equipment (Table  3). Thus, the availability of pediatric 
rigid bronchoscopes between HICs and LMICs was not statis-
tically different (Table 3, p = 0.408).

FIGURE 2    |    Visual depiction of highest-priority essential OHNS equipment in high-income countries versus low- and middle-income countries. * 
denotes significant difference between groups. [NS] denotes no significant difference between groups.
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TABLE 2    |    Survey responses on availability of essential equipment for OHNS care by World Bank income groups: High-income countries (HICs) 
vs. low- and middle-income countries (LMICs).

Country income group

Equipment availability N HIC, N = 69 (47%) LMIC, N = 77 (53%) p

Procedural microscope 145 0.008*

Never 1 (1.4%) 10 (13%)

Rarely 8 (12%) 6 (7.9%)

Sometimes 10 (14%) 8 (11%)

Mostly 4 (5.8%) 14 (18%)

Always 46 (67%) 38 (50%)

Flexible endoscope 145 < 0.001*

Never 0 (0%) 16 (21%)

Rarely 4 (5.8%) 3 (3.9%)

Sometimes 10 (14%) 12 (16%)

Mostly 11 (16%) 16 (21%)

Always 44 (64%) 29 (38%)

Otologic drill and burr 143 < 0.001*

Never 0 (0%) 16 (22%)

Rarely 2 (2.9%) 4 (5.4%)

Sometimes 11 (16%) 11 (15%)

Mostly 11 (16%) 14 (19%)

Always 45 (65%) 29 (39%)

Otoendoscope and ancillary equipment 143 0.001*

Never 4 (5.8%) 23 (31%)

Rarely 3 (4.3%) 4 (5.4%)

Sometimes 11 (16%) 14 (19%)

Mostly 12 (17%) 8 (11%)

Always 39 (57%) 25 (34%)

Tympanomastoidectomy equipment 144 0.001*

Never 1 (1.5%) 16 (22%)

Rarely 4 (6.0%) 4 (5.5%)

Sometimes 9 (13%) 6 (8.2%)

Mostly 8 (12%) 15 (21%)

Always 45 (67%) 32 (44%)

Cochlear implant 142 < 0.001*

Never 17 (25%) 43 (58%)

Rarely 7 (10%) 6 (8.1%)

Sometimes 6 (8.8%) 8 (11%)

Mostly 10 (15%) 5 (6.8%)

Always 28 (41%) 12 (16%)

(Continues)
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HIC and LMIC respondents reported disparate availability 
of all rhinologic/functional endoscopic sinus surgery (FESS) 
equipment (Figure  S1). The availability of straight 0° nasal 
endoscopes, angled 30° nasal endoscopes, and FESS ancillary 
equipment in LMICs varied considerably (Table 3). Tables 2 and 
3 represent a selection of those equipment with statistically sig-
nificant differences in availability between income groups or of 
highest importance to baseline OHNS care. Results on the avail-
ability of additional surgical equipment and ancillary services 
are included in Tables S1 and S2.

4   |   Discussion

This study is the first to characterize access to OHNS equip-
ment globally. Our results highlight inadequate access to es-
sential surgical equipment among otolaryngologists in LMICs. 
The most significant differences in equipment availability be-
tween income groups were found in otologic, rhinologic, and 
endoscopic equipment. We identify a few overarching reasons 
for these equipment disparities. First, equipment tailored 
for use on particular anatomic regions is often priced higher 
than equipment used for general surgical care. Therefore, the 
costs of specialty-specific equipment, such as otologic, rhino-
logic, and laryngologic equipment, may prohibit investment 
in resource-constrained settings. Second, many National 
Surgical, Obstetric, and Anesthesia Plans have identified 
maternal health and emergency surgery as areas of highest 

priority for investment [33, 34]. We argue that OHNS equip-
ment deserves higher prioritization for policy and financing 
given the high impact of OHNS conditions on patient qual-
ity of life and the global burden of disease [4–7]. Third, some 
equipment disparities may be attributed to differing regional 
priorities based on relative disease morbidity and mortality 
[35]. For example, FESS equipment, despite its significant im-
pact on quality of life [36, 37], may not be considered a priority 
for investment due to its expense and primary use for non-
emergent conditions [26]. Our results reveal a need to improve 
access to particular OHNS equipment crucial for addressing 
prevalent, high-priority conditions, especially in LMICs.

4.1   |   Otologic Equipment

Prior Delphi consensus studies of general and pediatric otolar-
yngologists have identified otitis media, mastoiditis, and related 
otologic disease processes to be among the top 10 highest-
priority OHNS conditions [26, 27]. The global incidence of com-
plications of suppurative otitis media is heavily skewed toward 
LMICs [6, 38]. Of these complications, preventable hearing 
loss, affecting approximately 20.4 million children worldwide, 
is of particular concern for pediatric patients due to long-term 
effects on language acquisition, cognitive development, and 
educational attainment [5, 6, 39]. Otologic drills and tympano-
mastoidectomy equipment, which are frequently used to address 
these preventable conditions, were never or rarely available to 

Country income group

Equipment availability N HIC, N = 69 (47%) LMIC, N = 77 (53%) p

Neck dissection equipment 142 0.016*

Never 4 (5.8%) 16 (22%)

Rarely 8 (12%) 4 (5.5%)

Sometimes 5 (7.2%) 7 (9.6%)

Mostly 9 (13%) 15 (21%)

Always 43 (62%) 31 (42%)

Tracheostomy tubes 143 0.200

Never 1 (1.4%) 6 (8.1%)

Rarely 9 (13%) 8 (11%)

Sometimes 7 (10%) 10 (14%)

Mostly 14 (20%) 20 (27%)

Always 38 (55%) 30 (41%)

Adenotonsillectomy equipment 142 0.262

Never 0 (0%) 1 (1.4%)

Rarely 7 (10%) 5 (6.8%)

Sometimes 7 (10%) 2 (2.7%)

Mostly 8 (12%) 8 (11%)

Always 46 (68%) 58 (78%)

*p < 0.05.

TABLE 2    |    (Continued)
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TABLE 3    |    Survey responses on availability of essential endoscopic 
equipment for OHNS care by World Bank income groups: High-income 
countries (HICs) vs. low- and middle-income countries (LMICs).

Country income group

Equipment 
availability N

HIC, 
N = 69 
(47%)

LMIC, 
N = 77 
(53%) p

Adult rigid 
lens endoscope 
(Hopkins rod)

145 0.275

Never 4 (5.8%) 13 (17%)

Rarely 2 (2.9%) 2 (2.6%)

Sometimes 12 (17%) 10 (13%)

Mostly 10 (14%) 13 (17%)

Always 41 (59%) 38 (50%)

Adult rigid 
bronchoscope

144 0.513

Never 11 (16%) 20 (27%)

Rarely 2 (2.9%) 3 (4.0%)

Sometimes 14 (20%) 15 (20%)

Mostly 10 (14%) 11 (15%)

Always 32 (46%) 26 (35%)

Adult rigid 
bronchoscope 
ancillary 
equipment

143 0.118

Never 11 (16%) 19 (25%)

Rarely 3 (4.4%) 2 (2.7%)

Sometimes 13 (19%) 21 (28%)

Mostly 8 (12%) 12 (16%)

Always 33 (49%) 21 (28%)

Adult direct 
laryngo−/
esophagoscopy 
and biopsy 
equipment

145 0.045*

Never 3 (4.3%) 14 (18%)

Rarely 2 (2.9%) 4 (5.3%)

Sometimes 14 (20%) 9 (12%)

Mostly 7 (10%) 11 (14%)

Always 43 (62%) 38 (50%)

Pediatric rigid 
lens endoscope 
(Hopkins rod)

140 0.004*

Never 8 (12%) 21 (29%)

(Continues)

Country income group

Equipment 
availability N

HIC, 
N = 69 
(47%)

LMIC, 
N = 77 
(53%) p

Rarely 7 (10%) 7 (9.7%)

Sometimes 8 (12%) 11 (15%)

Mostly 3 (4.4%) 10 (14%)

Always 42 (62%) 23 (32%)

Pediatric rigid 
bronchoscope

142 0.408

Never 12 (17%) 20 (27%)

Rarely 9 (13%) 6 (8.2%)

Sometimes 8 (12%) 12 (16%)

Mostly 9 (13%) 10 (14%)

Always 31 (45%) 25 (34%)

Pediatric rigid 
bronchoscope 
ancillary 
equipment

142 0.028*

Never 13 (19%) 21 (29%)

Rarely 11 (16%) 5 (6.8%)

Sometimes 8 (12%) 18 (25%)

Mostly 7 (10%) 10 (14%)

Always 30 (43%) 19 (26%)

Pediatric direct 
laryngo−/
esophagoscopy 
and biopsy set

139 0.018*

Never 7 (10%) 18 (25%)

Rarely 8 (12%) 5 (7.0%)

Sometimes 9 (13%) 14 (20%)

Mostly 4 (5.9%) 9 (13%)

Always 40 (59%) 25 (35%)

Straight 0' nasal 
endoscope

144 0.007*

Never 0 (0%) 10 (13%)

Rarely 3 (4.3%) 4 (5.3%)

Sometimes 9 (13%) 4 (5.3%)

Mostly 10 (14%) 17 (23%)

Always 47 (68%) 40 (53%)

Angled 30' nasal 
endoscope

144 0.001*

(Continues)

TABLE 3    |    (Continued)



9 of 12

approximately a third of LMIC respondents (Table 2). Access to 
such equipment is a crucial step to addressing prevalent otologic 
conditions in LMICs.

Endoscopic ear surgery is a safe and effective method for a range 
of middle ear pathologies [40–43]. Compared to microscopic 
surgical setups, endoscopic ear surgery may be substantially 
less expensive to set up in low-resource settings, with lower 
shipping costs, less bulky equipment for transportation, and 
shared use of existing endoscopic infrastructure across surgical 
departments [44]. However, access to otoendoscopes in LMICs 
was also constrained, with 31% of LMIC respondents stating that 
they “never” had access (Table 2). Consequently, investment in 
otoendoscopes may be a promising and cost-effective method 
to expand OHNS access in LMICs in rural or district hospital 
settings.

Finally, cochlear implants are extremely valuable interventions 
that may avert lifelong effects of hearing loss [45–48]. Fifty-eight 
percent of LMIC respondents (as well as 35% of HIC respondents) 
reported “never” having access to CIs (Table 2, p < 0.001). Our 
results indicate that current access to CIs is insufficient in both 
HICs and LMICs. Pre- and post-operative audiology and speech 
therapy services are critical to the success of CIs [49]; thus in-
vestment in ancillary clinical services is necessary to scale CI 
capacity (Table S2).

4.2   |   Endoscopic Airway Equipment

Endoscopic equipment for pediatric airway surgery was identi-
fied as another major gap (Figure 2). Pediatric otolaryngologists 
have identified rigid and flexible bronchoscopy, esophagoscopy, 

and DL to be among the 10 highest-priority procedures within 
their subspecialty [27]. Rigid bronchoscopy can be a life-saving 
procedure for children who have aspirated foreign bodies, and 
both DL equipment and rigid lens endoscopes (Hopkins rod) 
may be required depending on the anatomic location of the 
foreign body [50, 51]. Airway foreign body removal must be 
performed with appropriately sized bronchoscopic and endo-
scopic equipment for children under 5 years [52]. Yet, pediatric 
endoscopic airway equipment exhibited low availability ratings 
among LMICs (Table 3).

Notably, both HIC and LMIC respondents endorsed limited 
availability of pediatric rigid bronchoscopes in their respective 
settings. Recent estimates show that pediatric foreign body as-
piration causes 317.9 per 100,000 disability-adjusted life-years 
(DALYs) for children under 5 years of age and is increasing in 
incidence in HICs [53]. Lack of appropriate equipment, in con-
junction with skill acquisition, may be a contributor to global 
morbidity and mortality from airway foreign bodies [50, 51]. Our 
findings suggest that access to equipment to manage pediatric 
airway foreign bodies is a critical area for investment across re-
source and practice settings.

4.3   |   Implications

The reported equipment disparities may affect accessibility to 
OHNS care in multiple respects. First, our results feature a 
similar distribution of responses across practice settings, with 
private settings representing 23% and 30% of responses in 
HICs and LMICs, respectively (Table 1, p = 0.375). Even if es-
sential equipment is present in private practice settings, costs 
of private facilities are often beyond the means of the general 
population in both HICs and LMICs [54]. Findings from the 
“Barriers to Care” subsection of the Global OHNS Provider 
Survey (publication forthcoming) and similar studies may 
elucidate impediments faced by patients in accessing OHNS 
care, including distribution of resources between private and 
public facilities.

Second, our results are limited to the responses of otolaryngolo-
gists and may not reflect the accessibility of equipment to other 
specialists in the same setting. This may be the case for head and 
neck surgeries and airway emergencies, which may fall under 
the purview of other surgical or interventional specialties. A re-
cent study found that the OHNS workforce provides the major-
ity of care for ear and hearing conditions, rhinologic and sinus 
conditions, benign laryngeal disorders, and mucosal cancers in 
more than 70% of countries worldwide [29]. Thus, reports from 
OHNS providers on lack of equipment are likely to reflect ac-
tual gaps in their respective health systems to address common 
OHNS conditions.

Insufficient OHNS workforce may potentiate the relationship 
with equipment and infrastructure. Africa and Southeast 
Asia have particularly low OHNS clinician density, with an 
estimated 0.18 to 1.12 OHNS clinicians per 100,000 popula-
tion, respectively [29, 55]. In settings with few OHNS pro-
viders, general otolaryngologists require access to otologic 
and pediatric airway equipment, among other general equip-
ment. Limited numbers of OHNS clinicians within the global 

Country income group

Equipment 
availability N

HIC, 
N = 69 
(47%)

LMIC, 
N = 77 
(53%) p

Never 0 (0%) 16 (21%)

Rarely 5 (7.2%) 6 (8.0%)

Sometimes 9 (13%) 5 (6.7%)

Mostly 12 (17%) 14 (19%)

Always 43 (62%) 34 (45%)

Functional 
endoscopic 
sinus surgery 
equipment

143 < 0.001*

Never 1 (1.4%) 12 (16%)

Rarely 8 (12%) 4 (5.4%)

Sometimes 10 (14%) 6 (8.1%)

Mostly 4 (5.8%) 15 (20%)

Always 46 (67%) 37 (50%)

*p < 0.05.

TABLE 3    |    (Continued)
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surgical workforce may result in limited allocation of hospital 
resources toward OHNS practice and relatively fewer voices 
to advocate for OHNS investment. Furthermore, the maldis-
tribution of OHNS providers between urban and rural settings 
(a focus of the “Barriers to Care” subsection of our provider 
survey) may exacerbate disparities in equipment availability 
at district-level hospitals in LMICs.

4.4   |   Limitations

We chose to utilize snowball sampling to maximize visibility 
and access of the survey beyond smaller academic OHNS com-
munities. We attempted to increase our study's accessibility by 
translating the survey into the six official United Nations lan-
guages. Open recruitment tactics, including mailing list and so-
cial media distribution, precludes the calculation of a response 
rate, as it is unknown how many providers viewed the survey 
consent but declined to participate. Inability to calculate a re-
sponse rate, while important to acknowledge, is a common lim-
itation of snowball sampling methodologies.

Snowball sampling via mailing lists and social media yielded 
a diverse, international sample of providers, resulting in an 
overall large sample size and breadth of responses across coun-
tries. However, our sample varied in representation, with a few 
countries very frequently represented and others without any 
responses. Thus, analysis was conducted along a broad dichoto-
mous variable of HIC versus LMIC status, which may limit gen-
eralizability of findings to all settings within each category.

Finally, this survey assessed providers' subjective perceptions 
of equipment availability rather than objective data from health 
facilities. Equipment availability can be assessed in a variety of 
ways, including hospital or clinic-level appraisals, which may 
provide more accurate assessments of whether equipment is 
present in a system. For example, surgical equipment belong-
ing to another department in the same hospital (i.e., plastic sur-
gery) may not be reported as “available” by OHNS clinicians per 
this methodology. However, this may also be a unique strength 
of our study, as using providers' perceptions may capture a 
more nuanced picture of whether equipment, even if physically 
present in a practice setting, is accessible for use by OHNS cli-
nicians. Future studies may compare physician-reported avail-
ability data with more objective hospital-level assessments of 
equipment presence; differences between these reports may in-
dicate other barriers to equipment usage that should be further 
investigated.

4.5   |   Conclusion

In this multinational survey study of otolaryngologists world-
wide, we provide the first global snapshot of specialty-specific 
surgical equipment availability for OHNS procedures. This 
study revealed that providers in LMICs often had inadequate 
access to essential otologic, rhinologic, and pediatric endo-
scopic airway equipment. These were identified as high-priority 
areas for strategic investment to equip clinicians to treat com-
mon OHNS conditions. Further work is needed to elucidate 
equipment availability at the local level within LMICs and to 

understand how the availability of essential equipment and 
services may influence clinician distribution. We further rec-
ommend research and policy be directed toward mitigating the 
glaring equipment disparities between countries. Investment 
in essential equipment will enable OHNS clinicians worldwide 
to adequately address the global burden of otolaryngologic 
disease, ensuring improved patient outcomes for OHNS care 
delivery.
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