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Introduction

Preterm infants, born with immature lungs, often experi-
ence difficulty breathing independently1 and frequently 
require respiratory support.2 Various modalities for 
respiratory support with minimal damage have been 
developed over the decades,3 varying based on the 
infant’s gestational age, overall health, and respiratory 
status.4 One example is the heated humidified high-flow 
nasal cannula (HHHFNC), which administers humidi-
fied and heated oxygen at a high flow rate.5

In the last decade, HHHFNCs have become an alter-
native method for non-invasive ventilation in neonatal 
settings,3,6 enhancing spontaneous breathing by meeting 
inspiratory demands, decreasing oxygen dilution, wash-
ing out dead space, and providing distending pressure. 

This results in decreased breathing effort, fixed oxygen 
delivery, and improved lung compliance.7 However, the 
safety and efficacy of HHHFNCs in premature infants 
remain unclear.

Globally, there has been a recent increase in HHHFNCs 
utilization in neonatal intensive care units (NICUs),8 
showing efficacy similar to other non-invasive ventilation 
methods in preventing death and chronic lung disease.9 
Additionally, the use of HHHFNCs is associated with sig-
nificantly decreased nasal trauma.10 However, the inabil-
ity to monitor the distending pressure created by increased 
flow poses a risk of overdistension and lung injury.10

In 2012, a survey in the United Kingdom described 
the indications, patient characteristics, and percep-
tions of HHHFNC use in neonatal units,11 revealing 
widespread use without clear policies, guidelines, or 
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Abstract
Objective. To describe heated humidified high-flow nasal cannulas (HHHFNC) utilization in level III neonatal intensive 
care units (NICUs) in Saudi Arabia. Methods. A prospective cross-sectional study using an electronic web-based 
questionnaire. The survey targeted level III NICUs hospitals using HHHFNCs, covering HHHFNC availability, 
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Additionally, 51% reported using HHHFNC in infants of all gestational ages. The primary indication for HHHFNC 
use was weaning off nCPAP (34%), with 60% of the respondents noting its advantages for kangaroo care and 
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evidence supporting safety and efficacy. This indi-
cates the need to evaluate and describe the use of 
HHHFNCs in neonatal units. Therefore, this study was 
aimed to describe HHHFNC use in level III neonatal 
units in Saudi Arabia and establish the baseline for 
HHHFNC use, as no national-level study has been 
conducted.

Material and Methods

Study Design and Ethics Approval

This prospective cross-sectional study evaluated the 
usage of HHHFNCs in NICUs through an electronic 
web-based questionnaire. The study was conducted in 
Saudi Arabia between September 1, 2022, and March 
30, 2023. Ethical approval was obtained from the King 
Abdullah International Medical Research Center, 
Riyadh, Saudi Arabia (SP22R/072/05). Prior to the 
study, participants received a brief description of the 
study, its aim, and the identity of the principal investiga-
tor was provided. Participation was voluntary, and writ-
ten informed consent was obtained from all the 
participants prior to study initiation. The participants 
were assured of data confidentiality and anonymity.

Participants

All level III NICUs in Saudi Arabian governmental hos-
pitals utilizing HHHFNCs were eligible for this survey. 
Of the 47 eligible NICUs, 35 (74%) successfully com-
pleted it. Participants were contacted twice for follow-
up questionnaire completion following the initial 
distribution. If no response was received after the sec-
ond follow-up, it was deemed a lack of response for 
analysis purposes. This study is an exploratory analysis 
aimed at engaging all governmental hospitals. 

Consequently, no sample size calculation was con-
ducted. However, the collection of responses from 74% 
of all governmental units was achieved.

Survey

The questionnaire was designed and administered using 
Google Forms (www.google.com, Mountain View, CA, 
USA) and distributed through WhatsApp to garner 
responses from heads of different NICUs. Notably, it has 
been previously validated and used in the United 
Kingdom.11 A permission of using the questionnaire was 
obtained. The questionnaire covers demographic char-
acteristics, including the region within Saudi Arabia, 
hospital type, bed capacity, and NICU level. Furthermore, 
it also comprises items relating to the availability and 
type of HHHFNCs, existing protocols, patient charac-
teristics, and indications. Finally, it gathers perspectives 
from NICU heads regarding the advantages of 
HHHFNCs over nasal continuous positive airway pres-
sure (CPAP).

Statistical Analysis

Descriptive analyses were performed, presenting all cat-
egorical variables as numbers and percentages. 
Statistical analyses were carried out using STATA ver-
sion 17 software (StataCorp LP, TX, USA).

Results

Thirty-five NICUs, which accounted for 76% of govern-
ment-level III NICUs in Saudi Arabia, participated in 
the study. Over half of the surveyed units (n = 19; 54%) 
were located in Riyadh with a median bed capacity was 
40. Only 46% of the units had established policies or 
clinical guidelines for HHHFNC use (Table 1).
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Characteristics of Eligible Infants and 
HHHFNC Setup

The gestational age and weight of infants connected to 
the HHHFNC are shown in Table 2 and Figure 1, respec-
tively. Approximately 51% of the NICUs used 
HHHFNCs on infants of all gestational ages, with 32% 
using them on preterm infants born at ≥ 32 weeks. 
Regarding infant weight, 54% of the NICUs used 
HHHFNCs on children of any weight, while 31% on 
children weighing 1000 to 2000 g.

Table 3 provides information on HHHTNC setups. A 
majority of units (54.3%) used flow rates of 2 to 5 L/
minute. Additionally, 49% of the units chose the cannula 
interface that offered the best fit, while 31% selected the 
fitting interface that allowed for leakage. Approximately 
69% of the units did not employ active measures to keep 
the infants’ mouths closed. HHHFNC weaning was uni-
formly described as a reduction in the flow rate across 
all units (100%).

Indications and Advantages of Using 
HHHFNC

The most common indication for HHHFNC use was 
weaning off CPAP (34%), followed by managing apnea 
of prematurity (23%). Moreover, approximately 17% of 
units used HHHFNCs as an alternative to CPAP. A 
majority of units (60%) agreed that HHHFNCs held a 
unique advantage over CPAP by enabling kangaroo care 
and breastfeeding. Figure 2 illustrates the additional 
reported advantages of using HHHFNCs.

Discussion

In our survey, over half of the units lacked policies or 
guidelines for HHHFNC use. Additionally, more than 
half of the NICUs used HHHFNCs at any gestational 
stage and/or weight. Approximately 60% of NICUs 

emphasized HHHFNC’s superiority over CPAP in facili-
tating kangaroo care and breastfeeding.

Despite the common use of HHHFNCs, only 46% of 
the surveyed units had policies or clinical guidelines, 
which are important for providing efficient patient 
care.12 In the absence of evidence-based policies, units 
may rely on professionals’ knowledge, hindering patient 
safety and quality of care, especially among vulnerable 
preterm infants.13

In our study, most units used HHHFNCs in preterm 
and term infants of any gestational age or weight. The 
national popularity adoption of HHHFNC therapy 
stems from its established safety and efficacy in neona-
tal care, corroborated by findings elucidated in prior 
Cochrane review.6 This review have supporting the 
favorable outcomes associated with HHHFNC therapy 
in neonatal populations.6 However, 20% of the units 
used HHHFNCs in extremely preterm infants (infants 
with a gestational age <32 weeks). This finding chal-
lenges the justification for not utilizing HHHFNCs in 
late preterm and full-term infants, despite evidence sup-
porting their efficacy.6 This could be attributed to the 
low percentage of units with established policies or 
clinical guidelines, as observed in our study.

In our study, more than half of the units used a flow 
rate of 2 to 5 L/minute based on infant weight and respi-
ratory status, which is consistent with previous rates for 
preterm infants.14 Furthermore, approximately half of 
the units chose the cannula that provided the best fit, 
potentially increasing distending pressure.15 To address 
this concern, especially in preterm infants, it is recom-
mended to use a cannula that allows leakage.16,17

Approximately one-third of the units used HHHFNCs 
to wean infants off CPAP, and only 17% used it as an 
alternative. This aligns with the general opinion that 
HHHFNC is inferior to CPAP due to the lack of conclu-
sive evidence regarding the safety and efficacy of 
HHHFNCs.6 However, two-thirds of NICUs considered 
HHHFNCs better than CPAP for kangaroo care and 
breastfeeding, given the challenges associated with 
securing the CPAP interface.18

Our study has several strengths. First, the responses 
covered three-quarters of the population of interest, 

Table 1. Characteristics of the Participating Units.

Unit’s characteristic n = 35

Region  
 Central 19 (54%)
 Western 7 (20%)
 Eastern 6 (17%)
 Southern 2 (6%)
 Northern 1 (3%)
Unit’s bed capacity, median [IQR] 40 [29-70]
Units with policy or clinical guidelines 16 (46%)
Data presented as n (%) unless otherwise stated

Abbreviation: IQR, interquartile range.

Table 2. Description of HHHFNC Use in Units Based on 
Gestational Age.

Gestational age n = 35

All gestational age 18 (51%)
Only below 28 weeks of gestational age 1 (3%)
Only for gestational age from 28 to 31 weeks 6 (17%)
Only for 32 weeks and more 10 (29%)

Abbreviation: HHHFNC, heated humidified high-flow nasal cannula.
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Figure 1. Data regarding the weight characteristics of infants connected to the heated humidified high-flow nasal cannulas 
(HHHFNC).

Table 3. Data Regarding Setting Up and Using HHHFNCs.

Setup of HHHFNCs n (%)

Range of flow rates generally used  
 Below 2 L/minute 5 (14.3)
 2-5 L/minute 19 (54.3)
 6-7 L/minute 0 (0)
 >8 L/minute 4 (11.4)
 Depending on the baby’s size 6 (17)
 Not reported 1 (3)
Types of nasal cannulas used  
 0.2 cm outer diameter 3 (8.5)
 0.3 cm outer diameter 3 (8.5)
 Depending on the baby’s size—that which provides the best fit 17 (49)
 Depending on the baby’s size—that which fits but allows for leakage 11 (31)
 Not reported 1 (3)
Active measures taken to keep the infant’s mouth closed  
 No active measurement taken 24 (69)
 Use a dummy/pacifier 5 (14)
 Use a chin strap 6 (17)
HHHFNC weaning strategies  
 Reduce flow rate 35 (100)
 Giving time off HHHFNC 0 (0)
 Stop completely 0 (0)

Abbreviation: HHHFNCs, heated humidified high-flow nasal cannulas.
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which increases the representativeness of our findings. 
In addition, NICUs’ heads completed the responses; 
therefore, the responses may have reflected each unit’s 
common practices rather than the individual practices of 
healthcare professionals.

However, our study has some limitations. First, this 
study was conducted at the national level, which limits 
the generalizability of our findings to other countries. 
Second, since the heads of NICUs completed the survey 
questionnaire, conformity bias was possible. Third, no 
power calculation for sample size was conducted.

Nevertheless, our findings demonstrate the impor-
tance of establishing and implementing evidence-based 
policies and clinical guidelines for using HHHFNC in 
NICUs. This study informs quality improvement projects 
for HHHFNC setup and practices.

Conclusion

HHHFNCs are widely used in NICUs in Saudi Arabia, 
specifically for preterm neonates of any gestational age 
or birth weight. However, a notable need exists for addi-
tional policies and guidelines to inform the proper use of 
HHHFNCs in these units. Therefore, establishing evi-
dence-based policies and guidelines for using HHHFNCs 
in NICUs is urgent.
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