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Abstract

Stroke causes significant mortality and morbidity. The clinical value of the nasopharyngeal snorkel was
investigated in stroke patients with disorders of consciousness. A total of 155 stroke patients were
randomly divided into two groups: a nasopharyngeal snorkel was used in the treatment group (n=78)
and an oropharyngeal snorkel was used in the control group (n=77). The PaO2 and PCO2 of both
groups improved 30 minutes after placement of the nasopharyngeal or oropharyngeal snorkel, with a
reduction of systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR). The
improvements in PCO2 was significant in the nasopharyngeal snorkel group (40.9 + 3.3) compared with
oropharyngeal snorkel group (47.8 + 5.3) (P<0.05). Tracheal intubation was carried out in 15 (19.2%)
patients in the nasopharyngeal snorkel group compared with 31 (40.3%) patients in the oropharyngeal
snorkel group. Pulmonary infection occurred in 11 (14.1%) patients in the nasopharyngeal snorkel
group and 19 (24.7 %) patients in the oropharyngeal snorkel group. The incidence of tracheal intubation
and pulmonary infection were significantly lower in the nasopharyngeal group (P<0.05). The placement
of a nasopharyngeal snorkel was an effective treatment for upper airway obstruction in stroke patients.
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Introduction

Stroke is a disease with a high mortality rate and high
morbidity [1-3]. Stroke patients are often hospitalized for
multiple complications [4-6], which may extend the length of
stay, increase healthcare costs, and increase mortality rates [7].
Severe stroke patients often experience disorders of
consciousness, such as muscle relaxation of the throat and
tongue, which may block the airway. Then they will have
hypoxia and carbon dioxide retention, and even acute
respiratory failure. Also they may be unable to expectorate
sputum independently, resulting in drainage issues, thereby
causing pulmonary infection. Pulmonary infection is the most
common complication of acute stroke [8]. Traditional methods
have employed tracheotomy in the vast majority of stroke
patients with disorders of consciousness [9,10], but this method
increases the risk of lung infection, and prolongs the need for
mechanical ventilation and intensive care unit (ICU) stay [11].
Therefore, our attention is focused on providing care to acute
stroke patients without the use of artificial airways. Improving
the airway management of these patients can reduce the
tracheal intubation (tracheotomy) rate and incidence of lung
infection.

Numerous studies have shown that the use of a nasopharyngeal
snorkel can relieve upper airway obstruction and allow air to
flow smoothly in patients with sleep apnea [12,13]. The
proportion of patients with sleep-disordered breathing is
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significantly higher after a stroke compared with the healthy
population [14,15]. However, the clinical role and value of the
nasopharyngeal snorkel for stroke patients remains unclear. We
hypothesize the placement of nasopharyngeal snorkels can
relieve airway obstruction in stroke patients. Besides, it is
convenient for sputum suction through nasopharyngeal
snorkel. This study investigated the use of nasopharyngeal and
oropharyngeal snorkels in stroke patients without the use of an
artificial airway. These two methods of pipe placement were
compared in terms of efficacy, and relative advantages and
disadvantages.

Methods

Clinical data

This study included 155 stroke patients without respiratory
failure or tracheal intubation who were admitted to Intensive
Care Unit (ICU) of Taizhou people’s hospital between May
2011 and May 2013. Individuals comprised 88 males and 67
females, aged 30 to 95 years with a mean age of 73 years, an
APACHE I score of between 5 and 13, and a Glasgow Coma
score (GCS) of between 7 and 13. The inclusion criteria
consisted of: stroke patients without artificial airways or
respiratory failure who stayed in the ICU for 12 hours;
disorders of consciousness of sleepiness, drowsiness, or light
coma, each one had a GCS score of between 7 and 13; aged 18
to 98 years old. We excluded patients undergoing neurosurgery
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within 48 hours; patients with other serious organ damage or
dysfunction; patients with central respiratory failure. The
medical staff involved in the study received training on
randomization techniques. Patients were randomly divided into
either the nasopharyngeal snorkel group (n=78) or the
oropharyngeal snorkel group (n=77). Age, sex, APACHE II
score, GCS, history of chronic obstructive pulmonary disease,
disease classification, and other patients characteristics were
comparable between the two groups (Figure 1). This study was
conducted in accordance with the declaration of Helsinki. This
study was conducted with approval from the Ethics Committee
of Taizhou People’s Hospital. Written informed consent was
obtained from all participants.

l 181 patients enrolled I

23 cases did not meet the inclusion criteria:

16 cases underwent surgery within 48 hours
4 cases with respiratory failure
3 cases with diabetic nephropathy

[ Qualified cases (n=158) ]

3 cases did not meet the inclusion criteria:
2 cases with respiratory tract bleeding
1 case with pneumothorax

[ Random grouping (n=155) ]

[ Oropharyngeal snorkel group ] [ Nasopharyngeal snorkel group ]

n=77 n=78

Data analysis Data analysis
n=77 n=78

Figure 1. Case selection and grouping flowchart.

Treatment

Each patient in two groups received oxygen therapy using a
high-flow humidification oxygen system (Fisher & Paykel
MRS850 humidification, Fisher & Paykel Healthcare, New
Zealand). A nasopharyngeal snorkel was placed on individuals
in the treatment group, with the model type based on patients’
height and weight. The length of the nasopharyngeal snorkel
was based on the distance between the patient's nose and the
earlobe, plus 3 cm. The snorkel was coated with sterilized
paraffin oil prior to placement, the exposed latex tubes were
fixed with tape, and the surface of the nasal mucosa was
sprayed with ephedrine hydrochloride. The nasopharyngeal
snorkel was replaced daily to prevent the development of a
mucus plug. Suctioning was performed with a silicone rubber
suction tube that went through the nose/mouth or through the
nasopharyngeal snorkel. An oropharyngeal snorkel was placed
on individuals in the control group, with model size based on
patients' height and weight. Suctioning was performed with a
silicone rubber suction tube that went through the nose/mouth
or through the oropharyngeal snorkel. The technical line is
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shown in figure 2. The medical staff involved in the study
received training on nasopharyngeal and oropharyngeal snorkel
placement. The negative pressure of suction for patients in both
groups maintained at -30 to ~ -50 mmHg, with suction
performed by experienced nurses. The indications for
immediate tracheal intubation were [16]: worsening
neurological status; deterioration of respiratory function;
respiratory rate >35 breaths/min or significant accessory
muscle activity and paradoxical abdominal motion; by
increased oxygen inhalation, SpO2 <92% or PaO2 <65 mmHg;
pH <7.3 and progressive increases in PaCO2 > 50 mmHg or
PaCO2; loop instability.

Medical staff tramning ]

[ Random grouping of the selected samples

using random number table

Data collection

Data collection

Comparison of clinical observation index ]

Result analysis

Figure 2. Research technical route in this study.

Measurement of clinical outcomes

The SBP, DBP, HR, SpO,, and PaCO, of patients in both
groups were measured prior to placement of the snorkel (T0),
and 10 min (T10), 20 min (T20), and 30 min (T30) after
placement of the snorkel. Spontaneous ventilation and the
intubation rate, and the incidence of lung infection, according
to the diagnostic criteria of lung infection, were recorded [17].

Statistical analysis

Statistical analysis of the data was carried out using SPSS 19.0
(SPSS Inc, Chicago). Measurement data were expressed as
mean * standard deviation, and were statistically analyzed
using t-test. The disaggregated data were compared using x2
test, continuity correction y2 test, or exact probabilities. A P
value <0.05 was considered to be statistically significant.

Results

Patient characteristics

The nasopharyngeal snorkel group and the oropharyngeal
snorkel group comprised 41 males and 37 females, and 40
males and 37 females, respectively. There were no significant
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differences between the two groups in terms of gender, age,

weight, and GCS score (Table 1).

Table 1. General information of the two groups (x % s).

Oropharyngeal snorkel group Nasopharyngeal snorkel group P value
Gender (male/female) 42/35 46/32 0.578
Age (years) + Mean (SD) 63 + 33 61+ 34 0.711
Weight (kg) + Mean (SD) 75.3+17.2 79.2+18.5 0.176
Mean GCS score 8915 91+13 0.376
Mean APACHEII mean (SD) 235+23 241+25 0.122
COPD history (cases) 9 10 0.83

Note: The difference of age, sex, weight and GCS score between the two groups was not statistically significant (P>0.05).

Respiratory and circulatory changes

The PaO, and PCO, of the oropharyngeal snorkel group
improved (P<0.05), while SBP, DBP, and HR decreased 30
minutes after placement of the oropharyngeal snorkel (P<0.05).
The respiratory status of patients in the nasopharyngeal snorkel

group was improved compared with the oropharyngeal snorkel
group 30 minutes after placement of the snorkel, with
significant improvements in PCO,, SBP, DBP, and HR
(P<0.05) (Table 2).

Table 2. Comparison of breathing cycle indicator for patients in the two groups (X % s).

Oropharyngeal snorkel group

Nasopharyngeal snorkel group

Indicators

T0 T10 T20 T30 T0 T10 T20 T30
SBP 179.2+11.6 168.3+9.3a 165.3+7.8a 165.5 £ 5.9a 175.3+12.8 140.5 £ 10.1ab 150.5 + 9.2ab 149.8 + 8.2ab
DBP 113.5+7.3 101.5+9.3a 100.5 £ 8.3a 100.3+7.3a 1102+7.2 90.2 + 10.2ab 89.2+10.1ab 88.1+9.9ab
HR 914+52 85.4+5.9a 84.4 +5.5a 84.7 +5.8a 86.9+6.1 76.9 + 8.1ab 74.8 + 8.0ab 743+ 7.7ab
RR 18.9+3.5 17.9+4.9a 16.8 £4.7 16.9£5.1 19.3+4.1 15.3£6.1ab 15.1 £ 5.1ab 14.7 £ 5.3ab
Pa02 85.5+8.6 88.3+7.9a 88.1+6.9a 90.9 + 8.6a 83.1+9.8 86.1+7.8a 88.1+6.9a 87.2+7.1a
PCO2 495+28 48.5+3.3a 47.5+4.3a 47.8 £5.3a 51.2+3.1 42.2 +5.2ab 41.3+3.2ab 40.9 + 3.3ab

Note: Compared with before snorkel placement, aP<0.05; compared with oropharyngeal snorkel group, bP<0.05. TO: before placing snorkel. T10: 10 minutes after

snorkel placement. T20: 20 minutes after the snorkel. T30: 30 minutes after the snorkel.

There were 31 patients (40.3%) in the oropharyngeal snorkel
group with tracheal intubation versus 15 patients (19.2%) in
the nasopharyngeal snorkel group (P<0.05). There were 19
patients (24.7%) in the oropharyngeal snorkel group with
pulmonary infection versus 11 (14.1%) patients in the

Table 3. Comparison of complications in the two groups.

nasopharyngeal snorkel group (P<0.05) (Table 3). The duration
of ICU stay (20.5 days) was significantly shorter in the
nasopharyngeal snorkel group compared with the
oropharyngeal snorkel group (25.3 days) (P<0.05) (Table 3).

Results Oropharyngeal snorkel group (n=77) Nasopharyngeal snorkel group (n=78) P value
Pulmonary infection [Cases (%)] 20 (26.0) 10 (12.8)A 0.038
Tracheal intubation [Cases (%)] 31 (40.3) 15(19.2) A 0.004
ICU stay (days) 253+2.3 20.5+2.1A 0.000

Note: Compared with oropharyngeal snorkel group, AP<0.05.
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Discussion

Airway patency is an important factor in the prognosis of
patients with stroke. The masseter muscle and mandibular joint
of comatose stroke patients are relaxed, which can often result
in the tongue falling, thereby partially or completely blocking
the airway. This is the main cause of airway obstruction in
patients with acute stroke. Rofes et al. [18] believed that the
stroke can cause damage to the medullary center (V, VII, IX, X
cranial nerve, and the nucleus of the solitary tract), which in
turn causes bulbar palsy or bilateral cortical brain stem
damage. This results in limited mobility of the tongue and
throat muscles, with closure of the laryngeal vestibule and
prolonged opening of the esophageal sphincter. Airway
obstruction can also lead to ventilatory dysfunction, which can
cause dysphagia and an increased risk of aspiration, and
therefore an increased risk of aspiration pneumonia. Generally,
only timely holding of the patient's lower jaw in a forward and
up position (Jackson bit, commonly known as "jaw hold up")
can remove the upper airway obstruction caused by a fallen
tongue [6]. However, this can only be used as a temporary
measure to improve symptoms.

Potential measures to solve the problem of a fallen tongue
include placement of an oropharyngeal or a nasopharyngeal
snorkel. The oropharyngeal snorkel has a wide range of
applications in clinical and theoretical research. Although the
oropharyngeal snorkel is easy to place, rarely causes damage or
bleeding, it becomes loose easily, is difficult to fix in position,
the hard material stimulates the oropharyngeal mucous
membrane, and awake or uncooperative patients often find the
snorkel unacceptable [19]. The clinical advantages of a
nasopharyngeal snorkel include easy placement; flexible
material; well tolerated; a lower incidence of nausea, vomiting,
and laryngospasm response in comparison with oropharyngeal
snorkel; easy to fix in position; and the snorkel can be used for
a prolonged period of time [20]. In addition to preventing
upper airway obstruction in patients with acute stroke, the
biggest advantage of a nasopharyngeal snorkel is that it will
not affect any other type of medically assisted ventilation
measures. Scholars Nahmias et al. [21] placed a 5 mm
nasopharyngeal snorkel on the epiglottis for treatment of sleep
apnea syndrome, with a treatment success rate of 66.7%, and
without any significant complications arising. Huo et al. [22]
reported similar results. There have been several studies
reporting on the use of the nasopharyngeal snorkel to improve
upper airway ventilation both in China and internationally [23,
24]. Moreover, the suction tube can effectively remove
oropharyngeal secretions through the nasopharyngeal snorkel
for stroke patients with swallowing difficulties [25], and in
whom oropharyngeal secretions cannot be cleared. Lung
infections are a common complication of stroke patients, with
an incidence of up to 10% [26]. A nasopharyngeal snorkel can
help maintain airway patency, and also help prevent
endotracheal intubation of patients. Therefore, reducing the
incidence of lung infections and improving the prognosis of
stroke.
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The nasopharyngeal snorkel had two main functions. Firstly, it
maintains the smooth flow of air. Stroke patients with
consciousness disorders usually breathe through their mouth,
have dyspnea, significant accessory muscle activity and
contradictory chest abdominal movement, all of which are
caused by upper airway obstruction as a result of a reduction in
throat muscle tension and a fallen tongue. These features are
particularly common in patients who are obese or those with a
history of snoring. Secondly, the snorkel promotes mucus
drainage. Stroke patients with consciousness disorders usually
have poor swallowing function and are unable to clear oral
secretions and secretions expelled from the airways to the
mouth; however, these can be removed by suction using the
nasopharyngeal snorkel.

Our study showed that the placement of a nasopharyngeal or an
oropharyngeal snorkel can effectively improve ventilatory
dysfunction of stroke patients, improve hypoxia and carbon
dioxide retention, which means that can relieve upper airway
obstruction and maintain a smooth flow of air. Also we saw
cardiovascular  changes following insertion of a
nasopharyngeal or an oropharyngeal snorkel. But the effect of
the nasopharyngeal snorkel group was more obvious. We also
found the placement of a nasopharyngeal snorkel can reduce
the risk of pulmonary infection and intubation by effectively
reducing suction. These results indicate that insertion of a
nasopharyngeal snorkel is an effective way of solving airway
obstruction in patients with stroke.

Limitations of this study include that only a single ICU center
was used to carry out the research, the sample size was too
small, and the time points for sampling PaO2, PCO2, SBP,
DBP and HR were limited, which may have affected the final
results. Additionally, this study only provided evidence for the
management of clinical breathing in patients with stroke. The
value of the nasopharyngeal snorkel in patients with stroke
requires further investigation.
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