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Abstract
Purpose: The purpose of this study was to analyze the effects of high-�ow nasal cannula (HFNC) and
non-invasive ventilation (NIV) on the reintubation and mortality rates in adult patients with hypoxemia,
and explore the risk factors for reintubation in these patients.

Patients and methods: Clinical data were extracted from the MIMIC IV database. Demographic data, vital
signs, laboratory test data, and disease severity scoring systems were collected from the database. The
primary and secondary outcomes were de�ned as the rate of reintubation and mortality at 28 days,
respectively. Lasso regression was used to screen for factors in�uencing reintubation at 28 days in
patients with hypoxemia. Receiver operating characteristic (ROC) curves were used to predict reintubation
in patients with hypoxemia.

Results: In this study, 305 patients received HFNC therapy after extubation, while 234 patients received
NIV treatment. Inunivariate analysis, statistically signi�cant differences were identi�ed in terms of
respiratory support, paraplegia, sequential organ failure assessment (SOFA) score, overall anxiety severity
and impairment scale (OASIS) score, pH, length of stay (LOS) in hospital, LOS in ICU, and serum
potassium(p<0.05). In addition, we used lasso analysis and found that age, body mass index, breathing
support, oxygenation index, Charlson index, pH, serum potassium, SOFA score, and red blood cell (RBC)
count can affect the occurrence of reintubation in patients with hypoxemia. The area under the ROC
curves was0.77 (95% con�dence interval, 0.70–0.83).

Conclusion: The 28-day reintubation and mortality rates were lower inpatients with hypoxemia treated
with NIV than in those treated with HFNC. Breathing support, oxygenation index, serum potassium level,
SOFA score, and RBC count were factors in�uencing the 28-day reintubation in patients with hypoxemia.

Introduction
About 20–30% of patients in the intensive care unit (ICU)develop respiratory failure after extubation, and
nearly half of the meventually need reintubation, with the subsequent mortality rate reaching 30–40%.[1,
2] Non-invasive ventilation(NIV)can generate higher gas �ow and positive airway pressure, which is one
of the main treatment methods for hypoxemia; however, long-term NIV can easily cause �atulence and
increase the risk of aspiration and other complications.[3] Additionally, poor patient compliance because
of discomfort caused by NIV often leads to treatment failure.[4] High-�ow nasal cannula (HFNC)
treatment is used in many patients with hypoxemia because it can quickly improve oxygenation and
correct hypoxemia.[5] A number of studies have found that HFNC can improve the comfort of adult
patients, increase oxygenation levels, and reduce patient dyspnea.[6, 7] However, there is no consensus
on treatment results,such as intubation rate and mortality. Studies have shown that HFNC is superior to
NIV in preventing reintubation and respiratory failure after extubation.[8, 9] However, some studies have
shown that HFNC does notexhibit anobvious advantage in reducing reintubation rate and mortality.[10]
Therefore, the purpose of this study was to investigate the effects of HFNC and NIV on the reintubation
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rate and mortality of adult patients with hypoxemia, as well as to explore the risk factors for reintubation
in these patients.

Material And Methods

Data Source
The primary data for our study were derived from the MIMIC-IV database. The MIMIC-IV database is an
extensive and single-center database constructed by the institutional review board of MIT and the Beth
Israel Deaconess Medical Center. It contains data on admission and ICU records of more than 380,000
hospital patients admitted to the intensive care unit between 2008 and 2019. The data also includes
demographic statistics, vital signs, laboratory test results, nursing staff care logs, and other information.
Two of the authors obtained access to document the database after online training and were responsible
for data extraction (certi�cation ID: 6182750 and 42039823).

Population selection
Patients from 2008 to 2019 were identi�ed in the MIMIC-IV database.The inclusion criteria for patients
were as follows: (I) over 18 years of age; (II) planned extubation; (III) hypoxemia (100 < arterial partial
pressure of oxygen/fraction of inspiration (PaO2/ FiO2) ≤ 300 mmHg); and (IV) having received HFNC or
NIV therapy. The exclusion criteria were as follows: (I) prior ICU admission; (II) length of stay (LOS) in ICU
less than 24 hours; (III) missing data; and (IV) having received both HFNC and NIV therapy.

Study design
The baseline characteristics of the HFNC and NIV group patients(age, sex, body mass index [BMI], and
baseline disease)were collected. The documents containing data on vital signs and laboratory tests of
the two groups of patients were extracted. The following vital signs were included: body temperature(T),
heart rate (HR), respiratory rate (RR), systolic blood pressure (SBP), diastolic blood pressure (DBP), mean
blood pressure (MBP), and pulse oximetry-derived oxygen saturation (SpO2). Laboratory test data
included (PaO2/FiO2); potential of hydrogen(pH); PaO2; partial pressure of carbon dioxide (PaCO2);
platelet count; prothrombin time (PT); white blood cell count; red blood cell (RBC) count; and creatinine,
glucose, serum potassium, and serum sodium levels. The severity scoring system included the Charlson
Comorbidity Index, PaO2/FiO2, sequential organ failure assessment (SOFA), overall anxiety severity and
impairment scale (OASIS), and simpli�ed acute physiology score II (SAPSII). The primary outcome was
28-day reintubation. Secondary outcomes included 28-day mortality, LOS in hospital, and LOS in the ICU.
In addition, our study focused on the predictors of intubation after extubation in patients with hypoxemia.

Statistical analysis
Continuous variables were expressed as means (standard deviation [SD]), and categorical covariates
were expressed as numbers (percentages). The areas under the receiver operating characteristic curve
(AUCs) of the predictors for the 28-day reintubation rate were calculated. To determine the risk factors for
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reintubation in patients with hypoxemia, Lasso regression was used to screen the predictors of non-zero
coe�cients from baseline data and test indicators. Thereafter, the screened variables were considered as
independent variables and reintubation done as adependent variable to establish a logistic regression
model. Receiver operating characteristic (ROC) curves constructed using bootstrap resampling (times = 
500) were used to �nd the optimal cut-off values for the risk factors for reintubation. All statistical
analyses were performed with Empower Stats version 2.2(http://www.empowerstats.net/,X&Y Solutions,
Inc, Boston, MA), and p < 0.05 was considered statistically signi�cant.

Results

Patients Characteristics
As shown in Fig. 1, the MIMIC-IV database included 19,846 adult patients with hypoxemia, of which539
patients were �nally included in this study. In this study, 305 patients received HFNC therapy after
extubation, while 234 patients received NIV treatment. The mean (SD) age was 67.23 (12.67) years. The
mean (SD) ages were 67.03 (11.57) and67.38 (13.47) years in NIV and HFNC groups, respectively. In
addition, 67.53% and 32.47% of the participants were women in NIV and HFNC group, respectively. No
statistically signi�cant differences were identi�ed in terms of the baseline characteristics of age, sex,
SAPS II, and Charlson Comorbidity Index between the two groups (p > 0.05). However, at 28 days of
reintubation and 28 days of mortality, HFNC had a higher risk (p < 0.05), as shown in Table 1.
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Table 1
Baseline characteristics of participants strati�ed by ventilation status

Variables Total

n = 539

NIV group

n = 234

HFNC group

n = 305

Age, median mean (SD) 67.23 (12.67) 67.03 (11.57) 67.38 (13.47)

Gender      

Male, n (%) 364 (67.53%) 163 (69.66%) 201 (65.90%)

Female, n (%) 175 (32.47%) 71 (30.34%) 104 (34.10%)

BMI, mean (SD) 32.89 (9.69) 36.72 (11.22) 29.95 (7.05)

Baseline disease      

Myocardial infarctionn(%) 143 (26.53%) 58 (24.79%) 85 (27.87%)

Congestive heart failure, n
(%)

188 (34.88%) 89 (38.03%) 99 (32.46%)

Peripheral vascular disease,
n (%)

134 (24.86%) 36 (15.38%) 98 (32.13%)

Cerebrovascular disease, n
(%)

57 (10.58%) 19 (8.12%) 38 (12.46%)

Dementia, n (%) 9 (1.67%) 3 (1.28%) 6 (1.97%)

Chronic pulmonary disease,
n (%)

205 (38.03%) 105 (44.87%) 100 (32.79%)

Rheumatic disease, n (%) 16 (2.97%) 7 (2.99%) 9 (2.95%)

Peptic ulcer disease, n (%) 9 (1.67%) 5 (2.14%) 4 (1.31%)

Liver disease, n (%) 54 (10.02%) 15 (6.41%) 39 (12.79%)

Diabetes, n (%) 165 (30.61%) 83 (35.47%) 82 (26.89%)

Paraplegia, n (%) 10 (1.86%) 3 (1.28%) 7 (2.30%)

Renal disease, n (%) 130 (24.12%) 56 (23.93%) 74 (24.26%)

Malignant cancer, n (%) 40 (7.42%) 12 (5.13%) 28 (9.18%)

Charlson Comorbidity Index 6.00 (4.00–8.00) 6.00 (4.00–7.00) 6.00 (4.00–8.00)

PaO2/FiO2, mean (SD) 198.76 (49.99) 211.43 (50.65) 189.03 (47.31)

Note: * is p<0.05, NIV: noninvasive ventilation. HFNC: high-fow nasal cannula. BMI: body mass index.
PaO2/FiO2: arterial partial pressure of oxygen/fraction of inspiration O2. SOFA: sequential organ
failure assessment. OASIS: overall anxiety severity and impairment scale. SAPSII: simpli�ed acute
physiology score II. MBP: mean blood pressure. SpO2: blood oxygen saturation. pH: potential of
hydrogen. PaCO2: partial pressure of carbon dioxide. LOS: length of stay. ICU: intensive care unit.
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Variables Total

n = 539

NIV group

n = 234

HFNC group

n = 305

SOFA score, mean (SD) 7.64 (3.20) 7.05 (3.00) 8.09 (3.28)

OASIS score, mean (SD) 36.26 (8.52) 35.12 (8.57) 37.13 (8.39)

SAPSII score, mean (SD) 41.54 (13.42) 40.32 (12.96) 42.48 (13.71)

Heart rate, mean (SD) 81.89 (15.40) 82.40 (14.15) 81.50 (16.31)

Respiratory rate, mean (SD) 18.36 (4.58) 18.06 (4.25) 18.59 (4.81)

MBP, mean (SD) 76.36 (15.53) 74.87 (11.77) 77.51 (17.81)

SpO2,mean (SD) 97.22 (2.61) 97.58 (2.63) 96.94 (2.57)

Tempreture,mean (SD) 37.10 (0.61) 37.06 (0.46) 37.14 (0.70)

pH, mean (SD) 7.39 (0.06) 7.38 (0.06) 7.40 (0.07)

PaO2, median [Q1, Q3] 95.00 (80.00-122.50) 102.00 (83.25–
134.00)

91.00 (80.00-
117.00)

PaCO2, mean (SD) 42.39 (8.81) 44.70 (10.06) 40.62 (7.25)

Duration before extubation,
median

62.50 (29.88-158.81) 51.13 (22.70-
91.78)

162.32 (105.54-
227.13)

LOS in hospital, median
[Q1, Q3]

11.92 (7.53–17.76) 10.46 (6.60-13.89) 14.16 (8.21-21.00)

LOS in ICU, median [Q1, Q3] 5.30 (3.21–10.87) 4.05 (2.19–7.91) 6.91 (4.15–13.32)

Platelets 172.00 (131.00-232.00) 173.00 (135.25–
235.50)

171.00 (129.00-
231.00)

Lymphocytes 14.00 (8.30-21.75) 13.85 (8.63–
21.78)

14.24 (8.00-21.53)

Hemoglobin 10.61 (2.26) 10.40
(8.90–12.00)

10.48 (2.17) 10.71 (2.33)

Variables Total

n = 539

NIV group

n = 234

HFNC group

n = 305

Hematocrit 32.31 (6.83) 32.13 (6.62) 32.45 (6.99)

Prothrombin time,PT 14.70 (13.10–16.60) 14.95 (13.40-
16.67)

14.60 (13.00-
16.50)

Note: * is p<0.05, NIV: noninvasive ventilation. HFNC: high-fow nasal cannula. BMI: body mass index.
PaO2/FiO2: arterial partial pressure of oxygen/fraction of inspiration O2. SOFA: sequential organ
failure assessment. OASIS: overall anxiety severity and impairment scale. SAPSII: simpli�ed acute
physiology score II. MBP: mean blood pressure. SpO2: blood oxygen saturation. pH: potential of
hydrogen. PaCO2: partial pressure of carbon dioxide. LOS: length of stay. ICU: intensive care unit.
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Variables Total

n = 539

NIV group

n = 234

HFNC group

n = 305

White blood cell count 12.00 (8.65–16.55) 12.50 (9.00-16.88) 11.80 (8.50–
16.10)

Red blood cell count 3.57 (0.79) 3.52 (0.75) 3.60 (0.81)

Creatinine 1.00 (0.80–1.40) 1.00 (0.80–1.30) 1.00 (0.80–1.40)

Glucose 127.00 (106.00-155.50) 124.00 (105.00-
156.00)

128.00 (107.00-
155.00)

Sodium 138.97 (3.87) 139.00 (3.81) 138.94 (3.92)

Potassium 4.37 (0.71) 4.43 (0.75) 4.32 (0.68)

Reintubation 28 day 41 (7.61%) 9 (3.85%) 32 (10.49%) *

Mortality 28 days 58 (10.76%) 18 (7.69%) 40 (13.11%) *

Note: * is p<0.05, NIV: noninvasive ventilation. HFNC: high-fow nasal cannula. BMI: body mass index.
PaO2/FiO2: arterial partial pressure of oxygen/fraction of inspiration O2. SOFA: sequential organ
failure assessment. OASIS: overall anxiety severity and impairment scale. SAPSII: simpli�ed acute
physiology score II. MBP: mean blood pressure. SpO2: blood oxygen saturation. pH: potential of
hydrogen. PaCO2: partial pressure of carbon dioxide. LOS: length of stay. ICU: intensive care unit.

 

Univariate analysis of reintubation in hypoxemia patients
Table 2 shows that in univariate analysis, respiratory support with HFNC increased the reintubation risk of
patients with hypoxemia [odds ratio: 2.93; 95% con�dence interval (CI):1.37–6.27;p < 0.05]. Statistically
signi�cant differences were identi�ed in terms of paraplegia, SOFA score, OASIS score, pH, LOS in
hospital, LOS in ICU, and potassium level (p < 0.05).
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Table 2
Analysis of in�uencing factors of reintubation in hypoxemia patients

Variable Statistics Univariate

β (95%CI)

Gender, n(%)    

Female 175 (32.47%) 1

Male 364 (67.53%) 1.18 (0.58, 2.36)

Age,mean ± S 67.23 ± 12.67 1.01 (0.99, 1.04)

BMI, mean (SD) 32.62 ± 9.80 0.96 (0.93, 1.00)

Respiratory support,n(%)    

NIV 234 (43.41%) Ref

HFNC 305 (56.59%) 2.93 (1.37, 6.27) *

Baseline disease    

Myocardial infarctionn(%)    

No 396 (73.47%) Ref

Yes 143 (26.53%) 1.48 (0.75, 2.92)

Congestive heart failure, n (%)    

No 351 (65.12%) Ref

Yes 188 (34.88%) 1.68 (0.89, 3.19)

Peripheral vascular disease, n (%)    

No 405 (75.14%) Ref

Yes 134 (24.86%) 0.60 (0.26, 1.39)

Cerebrovascular disease, n (%)    

No 482 (89.42%) Ref

Yes 57 (10.58%) 1.84 (0.78, 4.38)

Dementia, n (%)    

No 530 (98.33%) Ref

Note: * is p<0.05.BMI: body mass index. NIV: noninvasive ventilation. HFNC: high-fow nasal cannula.
PaO2/FiO2: arterial partial pressure of oxygen/fraction of inspiration O2. SOFA: sequential organ
failure assessment. OASIS: overall anxiety severity and impairment scale. SAPSII: simpli�ed acute
physiology score II. MBP: mean blood pressure. SpO2: blood oxygen saturation. pH: potential of
hydrogen. PaCO2: partial pressure of carbon dioxide. LOS: length of stay. ICU: intensive care unit.
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Variable Statistics Univariate

β (95%CI)

Yes 9 (1.67%) 1.53 (0.19, 12.55)

Variable Statistics Univariate

β (95%CI)

Chronic pulmonary disease, n (%)    

No 334 (61.97%) Ref

Yes 205 (38.03%) 0.74 (0.37, 1.46)

Rheumatic disease, n (%)    

No 523 (97.03%) Ref

Yes 16 (2.97%) 0.24 (0.09,1,22)

Peptic ulcer disease, n (%)    

No 530 (98.33%) Ref

Yes 9 (1.67%) 1.53 (0.19, 12.55)

Liver disease, n (%)    

No 485 (89.98%) Ref

Yes 54 (10.02%) 0.97 (0.33, 2.83)

Diabetes, n (%)    

No 374 (69.39%) Ref

Yes 165 (30.61%) 1.50 (0.78, 2.89)

Paraplegia, n (%)    

No 529 (98.14%) Ref

Yes 10 (1.86%) 5.54 (1.38, 22.28) *

Renal disease, n (%)    

No 409 (75.88%) Ref

Yes 130 (24.12%) 1.17 (0.57, 2.40)

Note: * is p<0.05.BMI: body mass index. NIV: noninvasive ventilation. HFNC: high-fow nasal cannula.
PaO2/FiO2: arterial partial pressure of oxygen/fraction of inspiration O2. SOFA: sequential organ
failure assessment. OASIS: overall anxiety severity and impairment scale. SAPSII: simpli�ed acute
physiology score II. MBP: mean blood pressure. SpO2: blood oxygen saturation. pH: potential of
hydrogen. PaCO2: partial pressure of carbon dioxide. LOS: length of stay. ICU: intensive care unit.
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Variable Statistics Univariate

β (95%CI)

Malignant cancer, n (%)    

No 499 (92.58%) Ref

Yes 40 (7.42%) 1.84 (0.68, 4.98)

Charlson Comorbidity Index 5.91 ± 2.57 1.09 (0.96, 1.23)

PaO2/FiO2, mean (SD) 198.76 ± 49.99 1.01 (1.00, 1.01)

SOFA score, mean (SD) 7.64 ± 3.20 1.17 (1.06, 1.28) *

OASIS score, mean (SD) 36.26 ± 8.52 1.06 (1.02, 1.10) *

SAPSII score, mean (SD) 41.54 ± 13.42 1.02 (1.00, 1.04)

Heart rate, mean (SD) 81.89 ± 15.40 1.00 (0.98, 1.02)

Respiratory rate, mean (SD) 18.34 ± 4.60 1.04 (0.97, 1.11)

MBP, mean (SD) 76.36 ± 15.53 1.00 (0.98, 1.02)

SpO2,mean (SD) 97.23 ± 2.61 0.98 (0.87, 1.11)

Tempreture,mean (SD) 37.10 ± 0.61 0.61 (0.17, 2.12)

pH, mean (SD) 7.39 ± 0.06 5.71 (2.08, 6.34) *

PaO2, median [Q1, Q3] 114.91 ± 59.96 0.99 (0.99, 1.00)

PaCO2, mean (SD) 42.39 ± 8.81 0.96 (0.92, 1.01)

Duration before extubation, median 7.08 ± 44.99 0.99 (0.95, 1.02)

Variable Statistics Univariate

β (95%CI)

LOS in hospital, median [Q1, Q3] 15.17 ± 12.70 1.06 (1.04, 1.08) *

LOS in ICU, median [Q1, Q3] 8.18 ± 7.89 1.13 (1.10, 1.17) *

Platelets 191.04 ± 90.71 1.00 (1.00, 1.00)

Lymphocytes 15.68 ± 11.62 1.00 (0.97, 1.03)

Hemoglobin 10.61 ± 2.26 1.12 (0.98, 1.28)

Note: * is p<0.05.BMI: body mass index. NIV: noninvasive ventilation. HFNC: high-fow nasal cannula.
PaO2/FiO2: arterial partial pressure of oxygen/fraction of inspiration O2. SOFA: sequential organ
failure assessment. OASIS: overall anxiety severity and impairment scale. SAPSII: simpli�ed acute
physiology score II. MBP: mean blood pressure. SpO2: blood oxygen saturation. pH: potential of
hydrogen. PaCO2: partial pressure of carbon dioxide. LOS: length of stay. ICU: intensive care unit.
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Variable Statistics Univariate

β (95%CI)

Hematocrit 32.31 ± 6.83 1.04 (0.99, 1.09)

Prothrombin time, PT 16.10 ± 8.71 1.02 (0.99, 1.04)

White blood cell count 13.61 ± 7.95 0.96 (0.91, 1.02)

Red blood cell count 3.57 ± 0.79 1.45 (0.98, 2.15)

Creatinine 1.34 ± 1.35 0.96 (0.74, 1.26)

Glucose 143.49 ± 72.93 1.00 (1.00, 1.00)

Sodium 138.97 ± 3.87 1.02 (0.94, 1.11)

Potassium 4.37 ± 0.71 0.49 (0.29, 0.84) *

Note: * is p<0.05.BMI: body mass index. NIV: noninvasive ventilation. HFNC: high-fow nasal cannula.
PaO2/FiO2: arterial partial pressure of oxygen/fraction of inspiration O2. SOFA: sequential organ
failure assessment. OASIS: overall anxiety severity and impairment scale. SAPSII: simpli�ed acute
physiology score II. MBP: mean blood pressure. SpO2: blood oxygen saturation. pH: potential of
hydrogen. PaCO2: partial pressure of carbon dioxide. LOS: length of stay. ICU: intensive care unit.

 

Variable selection
Nine non-zero coe�cients (age, BMI, breathing support, oxygenation index, Charlson index,pH, serum
potassium level, SOFA scores, and RBC count) were screened using the LASSO logistic regression model
in the training set (Fig. 2A and B).

Prediction of re-intubation in patients with hypoxemia
In addition, we test the lasso regression results with the generalized linear model, and the results showed
that breathing support, oxygenation index, serum potassium level, SOFA scores, and RBC count can
affect the occurrence of reintubation in patients with hypoxemia, as shown in Table 3. ROC curves were
used to determine the optimal cut-off values for prediction of events during follow-up by using bootstrap
resampling (times = 500), which showed an area under the curve of 0.77 (95%CI: 0.70–0.83; Fig. 3). A
nomogram for predicting factors in�uencing reintubation in patients with hypoxemia are plotted in Fig. 4.
A web calculator for predicting reintubation in patients with hypoxemia after extubation (based on the
coe�cients in Fig. 4) can be found at https://pendan2020206.shinyapps.io/DynNomapp/for use by
clinicians. The calculator presents a graphical, numerical, model summary, as well as cut-offs.



Page 12/20

Table 3
Multivariate logistic regression analysis of reintubation in patients with hypoxemia after extubation

  Estimate SE z value exp(coef) 95%CI P.value

age 0.02 0.02 1.18 1.02 (0.99∼1.05) 0.24

BMI -0.01 0.02 -0.51 0.98 (0.94∼1.03) 0.61

breathing support 1.03 0.45 2.31 2.81 (1.17∼6.76) <0.05

oxygenation index 0.01 0.00 2.83 1.01 (1.00∼1.02) <0.01

Charlson Comorbidity Index 0.03 0.08 0.32 1.03 (0.88∼1.20) 0.75

pH 3.05 2.72 1.12 21.13 (0.10∼4410.00) 0.26

potassium -0.71 0.28 -2.59 0.49 (0.28∼0.84) <0.05

SOFA scores 0.15 0.05 2.89 1.16 (1.04∼1.29) <0.01

Red blood cell count 0.49 0.22 2.22 1.63 (1.06∼2.51) <0.05

Note: BMI: body mass index. pH: potential of hydrogen. SOFA: sequential organ failure assessment.

Discussion
HFNC is comparable to NIV as a mode of respiratory support for patients with respiratory failure, and it
signi�cantly improves pulmonary oxygenation and corrects hypoxemia.[11]In this study, the 28-day
mortality and reintubation rate of patients with hypoxemia after receiving high �ow oxygen were
signi�cantly higher in the HFNC group than inthe NIV group (p = 0.044, p = 0.004). Our result was similar
to a meta-analysis published in 2017,[12] but Hernández[4] suggested that HFNC has obvious
advantages over NIV. In our study, reintubation rates of the patients with hypoxemia in the HFNC and NIV
groups were 10.49% and 3.85%, respectively, which were lower than those reported in other studies,[4, 12]
while 28-day mortality was also signi�cantly lower than that reported in other studies.[13]

The incidence of reintubation of patients with hypoxemia is affected by many factors. A study[14]has
shown that the reintubation rate of elderly patients is signi�cantly higher than that of young patients.
Suraseranivong recruited 127 intubated elderly patients and found a correlation between physiologically
relevant parameters and reintubation in elderly patients.[14] Additionally, several studies have shown that
age is an important risk factor for reintubation.[15, 16] In our study, we observed that age was an
important factor in intubation in patients with hypoxemia. This may be related to the physiological state
of the elderly patient. With an increase in age, the elderly have stiffer thorax, increased residual volume
during respiration, weakened respiration, impaired gas exchange, and cannot adapt to changes in
respiration after extubation, all of which increasethe risk for reintubation.[14, 17]

In addition, this study found that several metabolic parameters (blood urea nitrogen, sodium, and calcium
levels and anion gap) were signi�cantly associated with the rate of reintubation. However, our study
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found that the serum sodium did not affect the reintubation rate in patients with hypoxemia, whereas the
serum potassium was signi�cantly correlated with reintubation rates. Previous studies have shown that
hemoglobin and albumin are in�uencing factors for reintubation,[18] and that patients with low
hemoglobin levels are at an increased risk of reintubation. However, this phenomenon was not observed
in our study. This may be related to the inclusion of elderly patients in Konishi's study which found that
NT-proBNP was the only independent factor that could predict weaning failure in premature infants, but
was unaffected by the serum potassium level.[19] However, we also observed this result using the lasso
model. Electrolyte levels are closely related to mechanical ventilation. Zhu20 analyzed the relationship
between different levels of electrolytes and the success rate of short-term weaning and found that
compared with the group with normal potassium levels, the hyperkalemic group had a signi�cantly lower
success rate, However, there were no signi�cant differences between the normal potassium group and
hyperkalemia group.[20] Hypokalemia mainly affects electrically excited tissues, namely the heart and
muscle. It can cause arrhythmia, aggravate heart failure, and even lead to cardiac arrest. It can cause the
contraction ability of skeletal and smooth muscle to decrease, which manifests as myasthenia, muscle
pain, and spasm, among others. Gastrointestinal tract and urinary tract smooth muscle dysfunction
include abdominal distension, paralytic intestinal obstruction, constipation, and urinary retention. This
study showed that potassium is an important in�uencing factor for reintubation in hypoxic patients,
which may be related to a dysfunction in electrical excitation caused by hypokalemia.

According to an earlier study,[18]LOS in the ICU was signi�cantly shorter in the weaning success group
than in the reintubation group. In our study, LOS in the ICU was an independent factor in�uencing
reintubation in patients with hypoxemia. The longer the stay in the ICU, greater risk of infection, which
increased the risk of reintubation. In addition, we used lasso analysis and found that sex, age, serum
potassium level, LOS in the hospital, LOS in the ICU, respiratory support, and SPO2 can affect therisk of
reintubation in patients with hypoxemia. However, after adjusting for the factors of LOS in the ICU and
hospital for this model, we found that age, serum potassium level, respiratory support, and SPO2are the
factors in�uencing reintubation in hypoxemia patients.

LIU[21]considers HR/SpO2 as an easily accessible and a signi�cant indicator for predicting treatment
failure with HFNC. In our study, we found that SPO2was a major factor in�uencing reintubation in
patients with hypoxemia. SpO2 is the most commonly used clinical parameter that can be obtained by
noninvasive methods and be continuously monitored as an effective index for judging oxygenation. It
hasbeen widely used as an independent index for judging the prognosis of ARDS.[22] SPO2 directly
re�ects the respiratory status of the body. The normal range of SpO2 is 95%-100%. After extubation, the
gas exchange in patients with hypoxemiais impaired, and the level of SPO2 is low, which can predict the
success of weaning to a certain extent. In previous studies, SPO2 was an important o�ine predictor.[23]

This study discusses HFNC treatments after extubation and hypoxemia NIV therapy in patients at risk of
intubation, and found that age, serum potassium level, respiratory support, and SPO2are factors
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in�uencing reintubation in hypoxemia patients, which can be applied to predict successful extubation in
real life.

Limitations

There is a signi�cant difference in quality between type 1 and type 2 respiratory failure, but only patients
with hypoxemia were included in this study, and no distinction was made between the two types. In
addition, previous studies have shown that patients with hypoxemia have a high probability of
reintubation 24–48 hours after extubation, but this study only included the reintubation rate 28 days after
extubation. Thus,further studies emphasizing these aspects are required.

Conclusion
Compared with HFNC, the 28-day reintubation rate and mortality of patients with hypoxemia treated with
NIV were lower. Serum potassium, age, SpO2, and respiratory pattern were the factors in�uencing 28-day
reintubation in patients with hypoxemia.
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Figures

Figure 1

Flow chart of the study
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Figure 2

Texture feature selection using the least absolute shrinkage and selection operator (LASSO) binary
logistic regression model A, Tuning parameter (λ) selection in the LASSO model used 10-fold cross-
validation via. The area under the receiver operating characteristic (AUC) curve was plotted versus log (λ)
minimum criteria. The lower x-ax is indicates the log (λ) The y-axis indicates binomial deviances. Dotted
vertical lines were drawn at the optimal values by using the minimum criteria and the 1 standard error of
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the minimum criteria (the 1-SE criteria). A (λ) value of 0.0101, with log (λ) -4.5986 was chosen (1-SE
criteria) according to 10-fold cross-validation. (B) LASSO coe�cient pro�les of the 150 texture features. A
coe�cient pro�le plot was produced against the log(λ) sequence. Vertical line was drawn at the value
selected using10-fold cross-validation in A, where optimal (λ) resulted in 10 nonzero coe�cients.

Figure 3

ROC curves for the prediction of the risk factors for reintubation in patients with hypoxemia. Using
Bootstrap resampling (times=500) for the risk factors for reintubation. AUC con�dence interval and



Page 20/20

signi�cance tests using Bootstrap resampling. The best cut point was based on maximizing the sum of
sensitivity and speci�city. The analysis reveals that the percentage of the risk factors for reintubation
(AUC:077, 95%C1 0.71-0.84: sensitivity:73.2%; speci�city:72.5%). ROC, receiver-operating characteristic:
AUC, area under the curve; CI, con�dence interval.

Figure 4

A nomogram for predicting factors in�uencing reintubation in patients with hypoxemia


