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Abstract
Background: The aim of the present study was to evaluate the therapeutic effect of high-�ow nasal
cannula (HFNC) oxygen therapy on patients with aspiration pneumonia accompanied by respiratory
failure in the post-stroke sequelae stage, with the goal of providing more effective oxygen therapy and
improving patient prognosis.

Methods: Retrospective analysis was conducted on 103 elderly patients with post-stroke aspiration
pneumonia and moderate respiratory failure (oxygenation index: 100–200 mmHg) that had been
admitted. The patients were divided into two groups according to the mode of oxygen therapy that was
used: the Venturi mask group and the HFNC treatment group. The two groups were analyzed and
compared in terms of the changes in the blood gas indices measured at different points in time (4, 8, 12,
24, 48, and 72 h), the proportion of patients that required transition to invasive auxiliary ventilation, and
the 28-day mortality rate.

Results: 103 patients were retrospectively analyzed; 16 cases were excluded, and 87 patients were
included in the �nal patient group (42 in the HFNC group and 45 in the Venturi group). There was a
statistically signi�cant difference in the oxygenation indices of the HFNC group and the Venturi group (F
= 546.811, P < 0.05). There was a statistically signi�cant interaction between the monitored oxygenation
indices and the mode of oxygen therapy (F = 70.961, P < 0.05), and there was a statistically signi�cant
difference in the oxygenation indices for the two modes of oxygen therapy (F = 256.977, P < 0.05). HFNC
therapy contributed to the improvement of the oxygenation indices at a rate of 75.1%. The Venturi and
HFNC groups also differed signi�cantly in terms of the proportion of patients that required transition to
invasive auxiliary ventilation within 72 h (P < 0.05). The HFNC group’s risk for invasive ventilation was
0.406 times that of the Venturi group (P < 0.05). There was no statistical difference in the 28-day
mortality rate of the two groups (P > 0.05).

Conclusion: HFNC could signi�cantly improve the oxygenation state of patients with post-stroke
aspiration pneumonia and respiratory failure, and it may reduce the incidence of invasive ventilation.

Background
Approximately 15 million people worldwide experience a new or recurrent stroke each year, and up to two
thirds of these individuals suffer permanent disability or death [1, 2]. Dysphagia is very common in
patients that have experienced a stroke, with an incidence rate of 30–81%. Although the majority of
patients with dysphagia may spontaneously recover after a period of rehabilitation treatment, other
patients still have the sequelae of dysphagia six months after the stroke. There is evidence that
complications are the primary cause of morbidity and mortality after an acute stroke [3, 4]. The injury to
the patients’ neurological function affects the oropharynx and esophagus, which results in saliva,
drinking water, and food �owing back to the respiratory tract and causing pulmonary in�ammatory
disease. Respiratory failure caused by aspiration pneumonia is a major cause of death after a stroke and
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accounts for approximately 35% of patient deaths. For most patients with long-term dysphagia, the
incidence and mortality rates of aspiration pneumonia related to dysphagia will increase in the absence
of high quality care, resulting in poor patient prognosis [5]. Although aspiration pneumonia only accounts
for 5–15% of community-acquired pneumonia cases, it develops rapidly and has a high mortality rate in
comparison with other types of pneumonia. Previous studies have found that patients with respiratory
failure caused by aspiration pneumonia have a �ve-year mortality rate of 18.7%, which is higher than the
mortality rate of other types of pneumonia [6, 7]. Previous studies have also observed that aspiration is
the most important and direct cause of respiratory failure in patients that have experienced a stroke [8].
The main treatment of aspiration pneumonia follows antibiotic therapy with oxygen therapy to quickly
correct the patients’ systemic oxygenation state and avoid the subsequent occurrence of multiple organ
failure.

In daily clinical practice, aspiration pneumonia in patients with stroke is often considered to be caused by
pulmonary infection as a result of aspiration. Aspiration pneumonia after a stroke can have many serious
complications, including airway obstruction, exogenous lipoid pneumonia, diffused bronchiolitis, and
pulmonary abscess. In addition, patients that have experienced a stroke have lower cough and
expectoration re�exes and a limited self-expectoration ability. Although effective antibiotic and oxygen
therapies have been used clinically, the problems of anoxia and high mortality have not been solved [9,
10]. Patients with acute respiratory distress syndrome (ARDS), which is characterized by severe hypoxia
and diffused in�ammatory in�ltration of the pulmonary tissue, require longer hospital stays, incur higher
treatment costs, and experience a poor quality of life and a high mortality rate [11, 12]. Therefore, it is
necessary to �nd a mode of oxygen therapy that can quickly correct the respiratory failure caused by
aspiration pneumonia and, as a result, improve the prognosis of patients after a stroke.

As modern oxygen therapy technology continues to progress, high-�ow nasal cannula (HFNC) oxygen
therapy has been widely used in patients that experience acute respiratory failure after post-surgery
extubation. In those patients, HFNC has been shown to signi�cantly reduce the incidence of re-intubation,
lower the cost of treatment, shorten the length of stay, and improve patient prognosis [13]. However, few
studies have considered the use of HFNC in patients with respiratory failure after a stroke. The purpose of
the present study was to explore how a more effective mode of oxygen therapy can improve the
prognosis of patients with aspiration pneumonia and respiratory failure. The study retrospectively
analyzed the changes in oxygenation status and differences in outcome in patients that underwent
different oxygen therapies to treat aspiration pneumonia and respiratory failure after a stroke.

Materials And Methods
1. General materials

The study enrolled 103 elderly patients with post-stroke aspiration pneumonia and moderate respiratory
failure (oxygenation index (PO2/FiO2): 100–200 mmHg) that had been admitted to the Emergency
Department of the Fourth Hospital of Hebei Medical University between November 2018 and November
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2019. Patients met the following diagnostic criteria of aspiration pneumonia [14]: patients had aspiration,
X-ray or computerized tomography imaging showed that the new pulmonary in�ltrative lesions were in
accordance with the in�ammatory changes, and patients had any two of the following symptoms: (1) an
increase in leukocyte or neutrophil counts as indicated by routine blood tests; (2) fever, with a body
temperature >38.3℃ or an increase of ≥1℃; (3) cough and expectoration of an increased amount of
phlegm with a change in nature; and (4) signs of moist rales in the lungs or lung consolidation.

The inclusion criteria were as follows: patients over 65 years old; patients with more than one stroke
attack (including hemorrhagic and ischemic stroke) at least 24 weeks prior; patients with moderate
hypoxemia (oxygenation index: 100–200 mmHg) at the time of the �rst blood gas analysis after
admission to the emergency room; patients with the results of blood gas analysis at set points after
admission (0, 4, 8, 12, 24, 48, and 72 h); and patients admitted for at least 72 hours of observation, or
admitted for hospitalization. The exclusion criteria were as follows: patients with aspiration pneumonia
not caused by stroke; patients with serious disturbance of consciousness (coma); patients with
endotracheal intubation upon admission or emergency endotracheal intubation within eight hours of
admission; patients whose family did not allow regular blood gas analysis; and patients with incomplete
data. The present study was reviewed and approved by the ethics committee of the hospital.

2. Analytic methods

The patients were divided into the Venturi mask group and the HFNC group. Monitoring by
electrocardiogram and �nger pulse oxygen monitor was performed in both groups immediately after
admission. For the HFNC group, the �ow velocity was set at 50 L/min with a humidi�cation temperature
of 37℃. The oxygen concentrations in the two groups were adjusted to keep the level of oxygen
saturation above 90%. General clinical indicators were collected for both groups, including age, gender,
type of stroke, state of consciousness, and accompanied organ failure. Blood gas analysis was used to
evaluate the oxygenation status and was carried out immediately after admission (0 h) and again at 4, 8,
12, 24, 48, and 72 h after admission. Data were also collected for both groups concerning the 28-day
mortality rate and the proportions of patients that required transition to invasive auxiliary ventilation at
different times.

3. Statistical methods

The SPSS 21.0 software package (IBM Corp., USA) was used for the statistical analysis of the data. The
measurement data were expressed as mean ± standard deviation (x ± s) and the repeated measurement
statistics were used. The c2 test was used for enumeration data. P < 0.05 was considered statistically
signi�cant.

Results
In the present study, 103 patients were retrospectively analyzed; 16 cases were excluded, leaving 87
patients for �nal inclusion in the analysis. The HFNC group comprised 42 patients, and the Venturi group



Page 5/10

comprised 45 patients. The general clinical data of all patients were statistically analyzed using the χ2

test. Twenty-four patients (57.1%) in the HFNC group and 14 patients (31.1%) in the Venturi group had a
stroke duration ≤ 48 weeks; the difference in the two groups was statistically signi�cant (P < 0.05).
Multiple organ failure occurred in 15 patients (35.7%) in the HFNC group and in 29 patients (64.4%) in the
Venturi group; the difference between the two groups was statistically signi�cant (P < 0.05). There were
no statistically signi�cant differences in the other clinical indicators of the two groups (P > 0.05)
(Table 1).

Table 1
Statistic results of the general clinical characteristics between the two groups

Observation indexes Case (%) χ2 P
value

Venturi
Group

HFNC
Group

Gender (female)* 23 (51.1%) 22 (52.4%) 0.014 0.906

Age (≥ 75 years old)* 21 (46.7%) 25 (59.5%) 1.441 0.230

The proportion of those with multiple organ
failureΔ

29 (64.4%) 15 (35.7%) 7.174 0.007

State of consciousness (somnolence)* 23 (51.1%) 18 (42.9%) 0.594 0.441

Duration of stroke (≥ 48 weeks)Δ 31 (68.9%) 18 (42.9%) 5.984 0.014

Type of stroke (ischemic)* 16 (35.6%) 17 (40.5%) 0.223 0.636

*: No statistical difference between the two different therapeutic groups (P > 0.05).

Δ: With a statistic difference between the two different therapeutic groups (P < 0.05).

A two-factor repeated measures ANOVA was used to analyze the changes in the oxygenation indices of
the two groups as measured at different points in time. The ANOVA results demonstrated that there was a
signi�cant difference in the oxygenation indices of the HFNC and Venturi groups as measured at different
points in time (F = 546.811, P < 0.05). There was also a statistically signi�cant interaction between the
monitored oxygenation indices and the mode of oxygen therapy (F = 70.961, P < 0.05). HFNC therapy
contributed to the improvement of the oxygenation indices at a rate of 75.1%. There were statistically
signi�cant differences in the oxygenation indices of the two groups under different modes of oxygen
therapy, as measured over time (F = 256.977, P < 0.05) (Fig. 1).

The two groups were also compared in terms of the 28-day mortality rate and the proportion of patients
that required transition to invasive auxiliary ventilation. The results showed that there was a signi�cant
difference between the two groups in the intubation rate within 72 hours (P < 0.05), where the risk of
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invasive auxiliary ventilation was relatively low in the HFNC group. However, there was no statistically
signi�cant difference in the 28-day mortality rate of the two groups (P > 0.05) (Table 2).

Table 2
The proportion of patients with transition to the invasive auxiliary ventilation(%) and the 28-day mortality

between the two groups
Venturi group HFNC group χ2

value
P-
value

OR 95%CI

Invasive auxiliary
ventilationa

26 (63.4%) 15
(41.3%)

4.244 0.039 0.406 0.171 ~ 
0.964

28-day mortalityb 6 (11.9%) 5 (13.3%) 0.000 1.000 0.878 0.247 ~ 
3.125

a: With a statistic difference in the proportion of patients with transition to the invasive auxiliary
ventilation between the two groups (P < 0.05).

b : No difference in the 28-day mortality between the two groups (P > 0.05).

Discussion
Aspiration pneumonia combined with respiratory failure is a common cause of death in patients that
have experienced a stroke. The primary treatment of this condition is to rapidly correct the hypoxia state,
improve the oxygen supply to the tissue, and use antibiotics to prevent multiple organ failure from
hypoxia [15]. HFNC is a new type of oxygen therapy that not only can provide relatively stable oxygen
concentrations and highly e�cient airway humidi�cation but also can regulate the �ow velocity to
provide positive end-expiratory pressure in the respiratory tract, similar to that which would be provided by
a ventilator. HFNC is also better tolerated and has a better treatment effect than traditional invasive
modes of oxygen therapy [16, 17]. Studies from many countries have shown that, in addition to
signi�cantly improving oxygenation status and tolerance, HFNC can reduce the incidence of re-intubation
in patients with chronic obstructive pulmonary disease [18, 19]. HFNC has also played an important role
in the treatment of viral pneumonia, including MERS-CoV pneumonia, H1N1 pneumonia, and novel
coronavirus pneumonia. It has become part of a relatively standardized treatment protocol and has
achieved a good therapeutic effect [20]. The traditional mode of oxygen therapy often has a poor effect
for patients that experience complications from aspiration pneumonia after a stroke: Injury to their central
nervous system leads to limited respiratory function and a reduced ability to discharge phlegm
autonomously, and these patients will inevitably require invasive auxiliary ventilation, increasing their
medical burden. In addition, the prognosis of patients that also experience ventilator-associated
pneumonia is very poor.

To improve the oxygenation status of patients and avoid tracheal intubation, it is necessary to identify a
non-invasive mode of oxygen therapy that is more effective than traditional modes of oxygen therapy.
Through the retrospective analysis of 87 patients with post-stroke aspiration pneumonia and respiratory
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failure, it was found that HFNC signi�cantly improved the patients’ oxygenation status and was
especially effective for the early and rapid correction of hypoxia. As shown by the contour map (Fig. 1),
the oxygenation indices of the HFNC group began to improve approximately 4 h after therapy, and the
improvement in oxygenation indices after 8–24 h was signi�cantly greater than in the traditional Venturi
mask treatment group. Repeated measurement statistics demonstrated that HFNC therapy contributed to
the improvement of oxygenation indices at a rate of 75.1%. In addition, the proportion of patients with
stroke sequelae was signi�cantly higher in the Venturi group than in the HFNC group. Thus, the poorer
results for the Venturi group may re�ect both a longer stay in bed as well as serious pulmonary tissue
injuries. In addition, it was also found that, within 72 hours after treatment, a signi�cantly lower
proportion of patients from the HFNC group required invasive ventilation than in the Venturi group, where
the incidence of invasive ventilation in the HFNC group was 0.406 times than of the Venturi group. This
suggests that HFNC could signi�cantly reduce the incidence of transition to invasive auxiliary ventilation.
However, the 28-day mortality rate of the two groups showed no obvious statistical difference.

The analysis of the general data for the patients in the two groups also revealed differences in terms of
organ failure. A higher proportion of patients experienced multiple organ failure in the Venturi group than
in the HFNC group. A study by He Ping et al. [21] found that the improvement of 90-day neurological
function in patients that had experienced an acute stroke could be attributed to the improvement of
oxygenation of organs, including brain tissue, during the early post-stage. However, the study did not
speci�cally analyze the time at which the patients’ hypoxic state was signi�cantly corrected, and all of
the enrolled patients were in the acute stage of stroke (within 24 hours of onset) and had not experienced
organ failure. By contrast, the patients enrolled in the present study were all in the post-stroke sequelae
stage, and some were experiencing multiple organ failure. As a result, this study found signi�cantly
higher rates of mortality and invasive auxiliary ventilation than were reported in the study mentioned
above.

The present study had some limitations. First, the results may have been impacted by the sample size.
Second, the results may have been biased because the study was not strati�ed according to the speci�c
organs that failed, the number of organs that failed, or the duration of stroke sequelae. The results must
be veri�ed by a strati�ed randomized controlled study.

Conclusion
Compared with the Venturi mask, HFNC oxygen therapy can improve the oxygenation status of patients
with aspiration pneumonia and respiratory failure in the post-stroke sequelae stage and reduce the
incidence of invasive auxiliary ventilation. However, HFNC therapy was found to have no effect on the 28-
day mortality rate.
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Figures

Figure 1

The changing tendency of the oxygenation index with time


