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High Flow Nasal Cannula Decreased Pulmonary Complications in Neurologically Critically Ill Patients
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Objective: Pulmonary complications could badly affect the recovery of neurological function and neurological prognosis of neurological critically ill patients. This study evaluated the effect of high-flow nasal cannula (HFNC) therapy on decreasing pulmonary complications in neurologically critically ill patients.

Patients and Methods: The patients admitted to the intensive care unit (ICU) with serious neurological disease and receiving oxygen therapy were retrospectively reviewed (Ethical No. IRB2021-YX-001). Patients were divided into the HFNC group and the conventional oxygen therapy (COT) group. We analyzed the data within these two groups, including patients’ baseline data, short-term outcomes of respiratory complications, general outcomes including hospital stay, ICU stay and mortality, and neurological functions. To analyze the relevant factors, we performed multivariable logistic regression analysis.

Results: A total of 283 patients met the criteria, including 164 cases in the HFNC group and 119 cases in the COT group. The HFNC group had remarkably less mechanical ventilation requirement with lower phlegm viscosity. Even more, ICU stay and total hospital stay were significantly shortened in the HNFC group.

Conclusion: HFNC decreased pulmonary complications in neurologically critically ill patients and improved recovery of neurological function and neurological prognosis.
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INTRODUCTION

The neurologically critically ill patient is more susceptible to pulmonary complications, such as hypostatic pneumonia, acute respiratory distress syndrome (ARDS), aspiration pneumonia and pulmonary atelectasis (Stueber et al., 2017). Pulmonary complications with a respiratory function disturbed may lead to hypoxemia and hypercapnia (Hu et al., 2017). Subsequently, an oxygen-poor condition may also hamper the recovery and prognosis of neurological function in neurologically critically ill patients (Gaddam et al., 2015). Massive systemic inflammation factor release combined with neurologically critical conditions result in neurogenic pulmonary edema (an increase in pulmonary interstitial and alveolar fluid) of the patients. We try to explore an efficient way to reduce pulmonary complications and improve respiratory function, benefiting patients with neurologically critical conditions.

High-flow nasal cannula (HFNC) therapy involved a new heated and humidified system consisting of an air-oxygen blender, and a heated humidification equipment. Compared with Venturi-type masks, HFNC could provide a higher concentration of oxygen, more steady oxygen flow, better humidification function and reduce the workload of breathing (Chanques et al., 2013; Rittayamai et al., 2014). HFNC could provide precise and adjustable oxygen concentration to the patients while keeping positive airway pressure at a relatively low value (approximately 0.5∼1 cm H2O). HFNC could also improve patients’ functional residual capacity (FRC) (Maggiore et al., 2014).

In our clinical practice, HFNC seemed to be beneficial for keeping a humid airway and patient’s cough up sputum, as well as preventing the occurrence of hyperoxia and hypoxemia. Therefore, this study was conducted to investigate the role of HFNC in pulmonary complications in those neurologically critically ill patients.



PATIENTS AND METHODS


Patients

The patients admitted to the ICU of Tianjin Medical University General Hospital Airport Hospital with serious neurological disease and who received oxygen therapy between May 2015 and December 2019 were retrospectively reviewed (Ethical No. IRB2021-YX-001). Patients were 17∼91 years old. The inclusion criteria included the patients admitted to ICU within the first 24 h after disease attack (include traumatic brain injury, spontaneous intracerebral hemorrhage, cerebral infarction, spontaneous subarachnoid hemorrhage, spontaneous subdural hematoma, and spontaneous epidural hematoma) who had hypoxemia and required oxygen therapy. The exclusion criteria were patients with trauma-induced respiratory failure who needed mechanical ventilation and were difficult to wean, patients with malignant tumors, and patients with a history of serious cardiopulmonary dysfunction. All signed informed consents were obtained.

The patients’ baseline data including age, gender, total hospital stay, ICU stay, APACHE II (Acute Physiology and Chronic Health Evaluation II) and oxygenation index, etc. were collected.



Therapeutic Methods

According to the guidelines, the treatment of neurological damage included, proper control of intracranial pressure, reducing brain tissue edema, nutrition support, balancing of blood pressure, blood glucose, ion and pH, etc. The patients with traumatic brain injury and cerebral hemorrhage were treated with hemostatic medication. The patients with cerebral infarction were given anticoagulation therapy and antiplatelet therapy. For the patients with spontaneous subarachnoid hemorrhage, hemostatic medication and preventive treatment of cerebral vasospasm were adopted. Surgical operation was conducted if there were indications of operation in the patients with traumatic brain injury, cerebral hemorrhage, cerebral infarction or spontaneous subarachnoid hemorrhage. If any was diagnosed as intracranial aneurysm among the patients with spontaneous subarachnoid hemorrhage, aneurysm occlusion or interventional aneurysm embolization therapy was performed.

After the above treatment, the patients in the HFNC group received HFNC using Airvo and Optiflow Interface (Fisher & Paykel Healthcare Ltd., Auckland, NZ). The oxygen concentration and gas-flow rate were adjusted according to the level of PaO2 and SpO2 which were maintained at 85∼100 mm Hg (PaO2) and 95∼100% (SpO2). The gas temperature was set as 37°C. The patients in the conventional oxygen therapy (COT) group, received COT including oxygen inhalation through a nasal catheter and mask oxygen inspiration. The oxygen concentration was adjusted to keep PaO2 at 85∼100 mm Hg and SpO2 at 95∼100%. The oxygen therapy continued during the ICU stay.



Follow-Up and Data Collection

The respiratory outcomes, including the incidence of pneumonia, mechanical ventilation, sputum viscosity was recorded. ΔGCS (changes in the Glasgow Coma Scale score at 14 days after the attack) was used as an indicator of short-term neurological outcome. The general outcomes were recorded including total hospital stay, ICU stay and in-hospital mortality.



Statistical Analysis

Statistical analysis was performed using SPSS 25.0 (SPSS Inc., Chicago, IL, United States). Data were presented as mean ± SD for continuous variables in a normal distribution, as M (Q1∼Q3) for quantitative variables not obeying normal distribution frequencies, and as percentages for categorical variables. Independent t-test or Wilcoxon rank-sum test was used for comparison of continuous variables between the two groups. The chi-square test or Wilcoxon rank-sum test was used for the comparison of categorical variables between the two groups. Multivariable logistic regression analysis or multiple linear regression analysis was performed for outcome variables that were statistically significant to determine the influencing factors. P-value < 0.05 was considered statistically significant.




RESULTS


Baseline Data of the Patients

In this study, 283 patients met the inclusion criteria and were enrolled into the study, including 164 cases in the HFNC group and 119 cases in the COT group. APACHE-II, GCS admission, and oxygenation index showed significant differences within these two groups (Table 1 and Figure 1).


TABLE 1. Comparison of clinical characters between COT group and HFNC group.
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FIGURE 1. Study flow chart. HFNC, High flow nasal cannula; COT, Conventional oxygen therapy.




Outcome Measurement and Comparison of Between the Two Groups


Respiratory Outcomes

Compared with the COT group, the HFNC group had significantly less need for mechanical ventilation (p < 0.01) (Table 2), and lower phlegm viscosity (Z = 12.175, p < 0.01). But there was no statistically significant difference in the incidence of pneumonia during hospitalization between the two groups (p > 0.05) (Table 2).


TABLE 2. Outcome of respiratory complications, short term neurological prognosis, and general outcomes.
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Our study primarily focused on the impact of HFNC on the respiratory system prognosis of patients with severe neurological diseases compared with traditional oxygen therapy. We conducted multivariable logistic regression analyses on the respiratory system prognosis (Tables 3–5), and found that: (1) Oxygen therapy was an important factor affecting the incidence of pneumonia during hospitalization (p = 0.009); (2) Oxygen therapy was an important factor affecting the occurrence of mechanical ventilation during hospitalization (p = 0.003); (3) Oxygen therapy was correlated with sputum viscosity as a critical parameter (correlation coefficient = −0.718, p < 0.01).


TABLE 3. Logistics regression analysis of mechanical ventilation.
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TABLE 4. Logistics regression analysis of pneumonia occurred during hospitalization.
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TABLE 5. Logistics regression analysis of sputum viscosity.
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Neurologic Outcome

For neurological function assessment, we used changes in GCS score at 14 days after onset as an indicator of short-term neurological outcomes, and we found that the HFNC group had better short-term neurological outcomes than the COT group (p < 0.01) (Table 2).

Developing a multivariable logistic regression model to analyze short-term neurological outcomes, we found that oxygen therapy was an important factor (p < 0.010) (Table 6), which indicates that oxygen therapy had an important effect on short-term neurological prognosis.


TABLE 6. Linear regression analysis on ΔGCS.
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General Outcomes

The length of ICU stay was 7.66 ± 3.47 days in the COT group and 5.81 ± 2.59 days in the HFNC group, respectively. The length of ICU stay showed a significant difference (p < 0.01). The total length of hospitalization in the COT group was 15.50 ± 4.06 days, compared with 12.89 ± 3.80 days in the HFNC group (p < 0.01) (Table 2).

There was no difference in mortality during hospitalization between the two groups (1/164 in the HNFC group and 2/119 in the COT group; p > 0.05) (Tables 2, 7).


TABLE 7. Logistics regression analysis of mortality rate.
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Multiple linear regression analyses the patients’ total hospital stay and length of stay in ICU, respectively. We have found that oxygen therapy was a significant factor in both total lengths of hospitalization (p < 0.01) and length of stay in ICU (p < 0.01) (Tables 8, 9).


TABLE 8. Linear regression analysis on length of ICU stay.
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TABLE 9. Linear regression analysis on length of hospitalization.
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DISCUSSION

In neurologically critically ill patients, pulmonary complications are still a serious challenge (Ji et al., 2013). Besides a longer hospitalization duration, this could result in a higher mortality rate (Maramattom et al., 2006; Park et al., 2021). We found that patients treated with HFNC had a lower mechanical ventilation requirement, thinner sputum, shorter ICU stays, and shorter overall hospitalization. To clarify the effect of HFNC in neurologic critic illness, 283 patients were enrolled for this retrospective analysis. Our study first reported HFNC could improve respiratory function and prevent pulmonary complications in neurologically critically ill patients.

In this study, patients with HFNC treatment were inclined to avoid mechanical ventilation (Table 2). Vargas et al. (2015) reported that HFNC improved respiration in critical care subjects. HFNC could reduce intubation rates in the ICU (Maggiore et al., 2014; Frat et al., 2015; Hernandez et al., 2016). These results are consistent with our findings. Endotracheal intubation was associated with mortality in ICH patients (Lioutas et al., 2018). Regression analysis also proved HFNC is an important influencing factor (Table 3). Our research supports HFNC could be beneficial for severely neurotic patients.

Compared with the incidence of pneumonia, no significant statistical difference was found between the two groups (Table 2). Watanabe et al. (2021) reported HFNC improved swallowing function and prevented aspiration pneumonia in a patient with low cervical spinal cord injury (CSCI) compared with COT. We found that the severity of the disease (APACHE II) was also an important factor (Table 4) by multivariable logistic regression analyses. We compared the baseline of the two groups of patients and found that the APACHE II score of the COT group was better than that of the HFNC group (Table 1). So, it could have a positive effect on the prevention of pneumonia.

Patients with severe neurological diseases are often accompanied by decreased airway protection function. HFNC can provide high flow gas with heating and humidification (Spoletini et al., 2015; Nishimura, 2016, 2019). Although HFNC did not reduce the incidence of pneumonia during hospitalization, it significantly made patients’ sputum thinner, which was conducive to sputum drainage (Table 5). This may be the reason there is an inclination to prevent mechanical ventilation in the HFNC group.

Shorter ICU stays or hospital stays often mean faster recovery and less cost. Patients treated with HFNC have shorter ICU stay and overall length of hospitalization (Figure 2). A study on COVID-19 also finds that early HFNC treatment can shorten the length of hospital stay and ICU stay (Deng et al., 2021). Another study shows that HFNC combined with an external diaphragmatic pacemaker (EDP) can significantly shorten the length of NICU stay in patients with severe intracerebral hemorrhage (Yan et al., 2020). Wang et al. (2021) found the ICU stay of the HFNC group was shorter than the NIV group. Through linear regression analysis, we found that HFNC was one of the important factors for both of them (Tables 8, 9). At present, there was no study on the therapeutic effect of HFNC for severe neurological diseases. Our data supported that HFNC treatment might shorten the length of ICU stay and hospital stay in these patients.


[image: image]

FIGURE 2. (A) Comparison of length of hospitalization between two groups; (B) comparison of length of ICU stay between two groups (A,B).


The neurological outcome should be taken into consideration when assessing the outcome of neurological critic-illness patients. Studies showed that respiratory complications induced adverse effects on patients with severe neurological diseases (Ji et al., 2013; Divani et al., 2015; Park et al., 2021). We found that HFNC improved not only respiratory outcomes but also short-term neurological outcomes (Figure 3). We also found that factors affecting short-term neurological outcomes included age, the severity of disease (APACHE II), admission GCS score, and oxygen therapy. HFNC may improve the oxygenation of patients and reduce the secondary damage to the nervous system. Our study supports that HFNC is suitable for the treatment of elderly patients, patients with serious diseases, and patients with the neurological critical disease.
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FIGURE 3. Comparison of ΔGCS between two groups.


There was no difference in mortality during hospitalization between the two groups in our study. Some studies showed that HFNC reduced mortality in hospitals (Frat et al., 2015; Kim et al., 2018; Nagata et al., 2018; Deng et al., 2021), while other studies showed that HFNC did not (Wang et al., 2020). We speculated that the severity of the primary disease might be the main factor affecting mortality during hospitalization, which needs further study.

We have first reported that the role of HFNC in the treatment of severe neurological diseases, and respiratory complications in severe neurological patients. The prevention of respiratory complications can improve the short-term neurological prognosis, and shorten the ICU stay and the length of hospitalization. HFNC treatment for patients with severe neurological diseases requiring oxygen therapy may be beneficial to improve their prognosis and shorten their hospital stay.

That conclusion is based on an analysis of clinical factors. There are several limitations: first, this is a retrospective study, and further prospective studies may be needed to verify our conclusions; second, the sample size is not large enough. More patients will be included in future studies.
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APACHE I 0.092 0.054 0.125 1712 0.088
GCS_admission —-1.063 0.1183 -0.558 -9.402  0.000*
Diagnosis 0.016  0.102 0.007 0.157  0.876
Oxygen therapy —2.408 0278 -0.381 -8.668  0.000*

*<0.05 indicate the significant result in the assessment.
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Intercept and Coefficient  Odds ratio (95%CIl) p-value
variable

Mortality  Itercept 10.747 46512.673 0.290

Rate Gender 0.349 1.418 (0.058-34.937) 0.831
Age 0.066 1.068 (0.961-1.188) 0.224
APACHE I —0.009 0.991 (0.682—-1.441) 0.962
GCS_admission —2.069 0.126 (0.015-1.080) 0.059
Diagnosis -0.262 0.769 (0.120-4.926) 0.782
Oxygen therapy —2.411 0.090 (0.004-2.110) 0.135
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Intercept and B SE B t p-value
variable

AGCS  ltercept 4210 0.634 6.644 <0.010
Gender —-0.270 0.137 —-0.011 —0.195 0.846
Age 0.018  0.005 0.254 3.260 <0.010*
APACHE I —-0.108 0.025 -0.417 —-4.367 <0.010*
GCS_admission ~ —0.227 0.052 —-0.338 —4.371 <0.010*
Diagnosis 0.020 0.047 0.025 0.417 0.677
Oxygen therapy 0.485 0.127 0.219 3.807 <0.010*

*<0.05 indicate the significant result in the assessment.





