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Abstract: Background: Tracheotomy decannulation is critical for patients in the intensive care unit (ICU) to recover. 
In this study, we developed and validated an intuitive nomogram to predict the success rate of tracheotomy decan-
nulation. Methods: We collected the data of 627 ICU patients before open tracheotomy decannulation from two 
medical institutions, including 466 patients (135 success and 331 failure) from the First Affiliated Hospital of Anhui 
Medical University as a training cohort, and 161 patients (57 success and 104 failure) from the Second Affiliated 
Hospital of Anhui Medical University as an external validation cohort. A least absolute shrinkage and multivariate 
logistic regression analysis were performed to determine the independent risk factors and construct the nomo-
gram. The area under the receiver operating characteristic curve (AUC) was used to assess discrimination and 
the calibration plots were used to assess consistency. The clinical application was assessed using decision curve 
analysis and the clinical impact curve. Results: 7 independent risk factors were eventually included in the prediction 
model. The AUC of the training cohort, internal validation and external validation were 0.932, 0.926, and 0.915, 
showing good discrimination. The model performed well in terms of calibration, decision curve analysis, and clinical 
impact curves. The superior performance of the model was also confirmed by external validation. Conclusion: This 
nomogram can help ICU physicians identify high-risk patients for decannulation and plan their pre-decannulation 
treatment accordingly. 
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Introduction

Tracheotomy is a common method for estab-
lishing an artificial airway in the intensive care 
unit (ICU). It is an invasive operation that opens 
the airway by incising the anterior wall of the 
cervical trachea and placing a metal cannula  
or a silicone cannula. Traditionally a tracheoto-
my is performed as an open surgical operation 
with good cost-effectiveness [1]. Although per-
cutaneous dilational tracheotomy (PDT) has 
been relatively advanced in recent years, it can 
lead to longer apnea and exposure to generat-
ed aerosols [2]. There is a large body of litera-
ture comparing the techniques, and generally 

such studies do not show superiority of one 
technique over the other [3]. Up to 10% of 
patients requiring mechanical ventilation (MV) 
for at least three days will eventually undergo 
tracheotomy to prolong MV or airway support 
time [4]. Tracheotomy has many advantages 
over direct tracheal intubation, including re- 
duced throat injury, lower risk of sinusitis, de- 
creased need for sedation, and easy reinser-
tion in accidental decannulation [4]. It can be 
used to relieve dyspnea in critically ill patients 
due to retention of laryngeal, lower respiratory 
tract secretions, or reduced respiratory capaci-
ty [4]. 

http://www.ajtr.org
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The existence of tracheotomy tube can cause  
a series of complications such as tracheal ste-
nosis, bleeding infection, and aspiration pneu-
monia. Therefore, tracheotomy decannulation 
is critical for ICU patients to recover and is usu-
ally performed after removing the fundamental 
reasons for tracheotomy [5]. However, about 
2-32.4% of the cases failed in planned decan-
nulation according to the relevant literature [6, 
7]. Failure to tracheotomy decannulation is 
usually defined as the need for reinserting an 
artificial airway within 48 to 96 hours of planned 
decannulation [8]. Failure of decannulation and 
subsequent reinsertion may lead to increased 
duration of mechanical ventilation, prolonged 
length of ICU stay, increased nosocomial infec-
tions, and greater medical expenditures [9]. 
These negative effects require clinicians to 
manage the decannulation process carefully 
and develop a decannulation plan in advance. 

In clinical practice, whether a patient is ready 
for decannulation is only judged based on the 
complicated indications for decannulation and 
clinician experience, which may result in decan-
nulation failure owing to misjudgment and, ulti-
mately, detrimental consequences to patients. 
Notably, several advantages have been ob- 
served for online dynamic nomograms in pre-
dicting event outcomes, including visualization, 
digitization, and user-friendliness. However, no 
predictive model for the success rate of tra- 
cheotomy decannulation has been devised. 
Therefore, this analysis aimed to develop and 
validate a simple and clinically effective online 
dynamic nomogram to assist ICU physicians in 
assessing the success rate of decannulation of 
patients following tracheotomy.

Methods

Patient data

This is an auxiliary analysis of a dual-center 
observational study conducted by the First 
Affiliated Hospital and the Second Affiliated 
Hospital of Anhui Medical University. The data 
of patients undergoing open tracheotomy de- 
cannulation in 13 ICUs of 2 medical centers 
within 36 months from December 1, 2017 to 
December 1, 2020 were retrospectively ana-
lyzed. All critical adult patients who underwent 
tracheotomy for the first time during hospital-
ization in ICU were screened after leaving me- 

chanical ventilation. Exclusion criteria are con-
traindications of random decannulation (un- 
consciousness, severe swallowing dysfunc- 
tion, airway patency or tracheotomy with airway 
control), age less than 18 years, or death 
expected to occur before discharge (according 
to Sabadell score, which is a measure of mor-
tality risk). Patients who received PDT, had an 
emergency tracheotomy in the ICU for sudden 
dyspnea, a history of laryngeal cancer or radio-
therapy to the head and neck, or a history of 
laryngeal fractures were also excluded. In our 
study, decannulation success was defined as a 
patient surviving 48 to 96 hours after decan-
nulation without reintubation. Decannulation 
failure was defined as: 1. Failure to block the 
catheter; 2. Re-establishment of the artificial 
airway within 48 to 96 hours after decannula-
tion, regardless of cause; 3. Death occurring 
within 48 to 96 hours after decannulation. A 
total of 667 eligible patients were included in 
the First Affiliated Hospital of Anhui Medical 
University through retrospective consultation, 
case retrieval and telephone follow-up. Among 
them, 35 patients were lost to follow-up or with 
incomplete information and 166 patients did 
not meet the indications and died without 
attempting decannulation, who were excluded. 
Similarly, a total of 275 eligible patients were 
included in the Second Affiliated Hospital of 
Anhui Medical University, of which 33 patients 
with incomplete information and 81 patients 
who died without attempting decannulation 
were excluded, and finally 161 patients were 
included in the external validation cohort. All 
relevant contents of this study were in strict 
accordance with the declaration of Helsinki and 
have been approved by the clinical medical 
research ethics committee of the First Affiliat- 
ed Hospital of Anhui Medical University (ethics 
approval No.: Quick-PJ 2022-01-32). In this 
study, the written informed consent of the sub-
jects and their families was obtained, and all 
data were guaranteed to be anonymous. 

Data collection

Basic information such as subject gender, age, 
height and weight were collected, as well as 
clinical data such as etiology, indication for sur-
gery, number of endotracheal intubation days 
(ETID), length of ICU stay (ICULOS), infection 
control, state of consciousness (conscious or 
comatose), endotracheal tube size (ETT. size), 
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and days of ventilator away underwent trache-
otomy (DVAUT). The occurrence of complica-
tions was recorded categorically, including inju-
ry to posterior trachea wall, clogged casing, 
tracheal stenosis, tracheoesophageal fistula, 
mediastinal emphysema, swallowing dysfunc-
tion, incision infection, incision bleeding, car-
diovascular disease (CVD, such as acute or 
chronic heart failure, coronary artery disease 
and cardiac respiratory arrest), respiratory sys-
tem disease (RSD, such as pneumothorax, 
interstitial lung disease, pulmonary infection, 
ventilator associated pneumonia and chronic 
obstructive pulmonary disease), neuromuscu-
lar disease (NMD, diseases involving respirato-
ry muscles, such as amyotrophic lateral sclero-
sis, severe Guillain-Barre syndrome and my- 
asthenia gravis crisis), renal insufficiency (RI), 
diabetes, hepatopathy, malignancy. The cough 
reflex (CR, good or poor), coagulopathy, serum 
albumin (ALB), hemoglobin (HB) levels, partial 
pressure of oxygen (PaO2), and partial pressure 
of CO2 (PCO2) data were collected three days 
before decannulation.

The Glasgow Coma Scale was used to assess 
the patient’s level of consciousness, with a 
score of 8 indicating severe impairment of con-
sciousness and a score of less than 6 consis-
tently indicating a poor prognosis.

The Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score was obtained 
within the first 24 hours of admission to evalu-
ate the severity of the pathogenetic condition 
and death risk of ICU/high-dependency unit 
patients, and the score increased with the 
aggravation of the disease. Furthermore, all 
subjects’ 1-month and 3-month prognostic sur-
vival was collected.

Statistical analysis

The study followed Transparent Reporting of a 
Multivariable Prediction Model for Individual 
Prognosis or Diagnosis (TRIPOD) guidelines, 
and The TRIPOD checklist is shown in Table S1. 
Data from the First Affiliated Hospital served as 
the training cohort, while data from the Second 
Affiliated Hospital served as the external valida-
tion cohort. Differences in baseline character-
istics and clinical data between the training 
cohort and the external validation cohort were 
compared. 

The patients were divided into two groups for 
variable comparisons based on whether the 
tracheotomy tube was successfully removed 
later. Differences in clinical characteristics 
between the two groups of patients in each 
cohort were compared separately. For continu-
ous variables, the normal distribution data 
were described by mean ± standard deviation 
(SD), and the skewed distribution data were 
expressed by median (interquartile range, IQR). 
The Student t-test was used to compare the 
normal distribution data between groups, and 
the Wilcoxon rank-sum test was used to com-
pare the skewed distribution. Categorical vari-
ables were presented as frequencies and 
respective percentages and analyzed by chi-
square test. 

The receiver operating characteristic (ROC) 
curve was used to assess the diagnostic va- 
lue of tracheotomy decannulation-related vari-
ables. The least absolute shrinkage and selec-
tion operator (LASSO) was used and the best 
prediction factor was chosen through cross-
validation [10]. The two dashed lines represent 
two unique values: λmin on the left and λ1se on 
the right. In order to improve the accuracy of 
the model, we chose λmin to build the model. 
The values between these two values were 
deemed appropriate. Since some ICU hospi- 
talized patients were severely ill and stayed  
longer than a year, to avoid extreme values, we 
obtained the optimal cut-off value for the mean 
ICULOS by the ROC curve and converted it into 
a dichotomous variable. Following that, a multi-
variate logical analysis was performed to iden-
tify true independent risk factors. To investi-
gate the internal correlation between the 
variables, correlation heatmaps were created. 
With an optimal model, a nomogram predicting 
the outcome of tracheotomy decannulation 
was finally established. The discrimination and 
calibration curves were used to evaluate the 
nomogram’s performance.

The area under the receiver operating charac-
teristic curve (AUC), which ranges from 0.5 (no 
discrimination) to 1 (perfect discrimination), 
was used to determine the model’s discrimina-
tive ability [11]. An internal validation method of 
10-fold cross-validation was also applied to cal-
culate a corrected AUC. To determine the net 
benefit prediction thresholds, decision curve 
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Figure 1. Flow chart of this study. ROC: Receiver Operating Characteristic; 
LASSO: Least Absolute Shrinkage and Selection Operator.

analysis and clinical impact curves were estab-
lished [12]. Shiny, version 0.13.2.26, was used 
to create an interactive web-based dynamic 
nomogram application to facilitate its applica-
tion in clinical practice.

All the calculations were carried out under the 
R software (Version 4.1.1) and various packag-
es. Results with a p-value < 0.05 were consid-
ered statistically significant.

Results

Overall characteristics of patients and correla-
tion between clinicopathological variables and 
decannulation outcome

Figure 1 showed the whole process of this 
study. From December 1, 2017 to December 1, 
2020, 942 patients underwent open tracheoto-
my decannulation in 13 ICUs of 2 medical cen-

ters. During the study, 68 pa- 
tients with missing or incom-
plete data and 247 patients 
who died without attempting 
decannulation due to ineligibil-
ity were excluded. Finally, 466 
and 161 subjects were includ-
ed in the training cohort and 
the external validation cohort, 
respectively. Among the ICU 
patients enrolled in this study 
who underwent tracheotomy, 
30.6% (192/627) were suc-
cessfully decannulated. Throu- 
gh extensive literature review, 
we finally determined the clini-
cal cut-off values of relevant 
variables, which were age ≥ 60 
years and < 60 years, ETID ≥ 7 
days and < 7 days, ETT. Size ≥ 
7.5 millimeters (mm) and < 7.5 
mm, DVAUT ≥ 30 days and < 
30 days, PaO2 ≤ 75 millimeters 
of mercury (mmHg) and > 75 
mmHg, PCO2 ≥ 45 mmHg and < 
45 mmHg, Hb ≥ 90 grams per 
liter (g/l) and < 90 g/l, Alb ≥ 35 
g/l and < 35 g/l, respectively 
[13-23]. The comparison of cli- 
nical characteristics between 
the two cohorts were shown in 
Table 1, and no significant dif-
ferences were observed. Table 

2 showed the differences in clinical character-
istics between the different decannulation out-
come groups in the two cohorts, respectively. 
According to the results of the univariate analy-
sis for the training cohort and external valida-
tion cohort, the variables that were significantly 
associated with the outcome of decannulation 
included ETID (P < 0.001, P < 0.001), ICULOS  
(P < 0.001, P < 0.001), APACHE II (P < 0.001, P 
< 0.001), DVAUT (P=0.039, P=0.262), PaO2 (P 
< 0.001, P < 0.001), PCO2 (P < 0.001, P < 
0.001), Hb (P=0.016, P=0.006), ALB (P < 
0.001, P=0.015), CS (P=0.009, P=0.015), CR 
(P < 0.001, P < 0.001), NMD (P=0.038, 
P=0.423), CVD (P=0.013, P=0.022) and RSD 
(P=0.033, P=0.010). 

At one-month follow-up after tracheotomy in 
the training cohort, there were 0 deaths (0%), 
135 survivors (100%), and 0 lost to follow-up 
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Table 1. Baseline characteristics and clinical data before decannulation

Characteristics The First Affiliated Hospital 
(Training Cohort)

The Second Affiliated Hospital 
(External Test Cohort) P value

N 466 161
Age n (%) 0.792
    < 60 years 224 (48.1%) 80 (49.7%)
    ≥ 60 years 242 (51.9%) 81 (50.3%)
Gender n (%) 1
    Female 159 (34.1%) 55 (34.2%)
    Male 307 (65.9%) 106 (65.8%)
Height (Mean (SD)) 166.9 (9.78) 166.86 (11.7) 0.608
Weight (Mean (SD)) 66.53 (11.74) 67.94 (13.73) 0.143
BMI (Mean (SD)) 23.63 (3.23) 23.85 (3.19) 0.347
Etiology n (%) 0.874
    Non-nervous System 176 (37.8%) 59 (36.6%)
    Nervous System 290 (62.2%) 102 (63.4%)
COT n (%) 0.053
    Hard to offline 415 (89.1%) 134 (83.2%)
    Retention 51 (10.9%) 27 (16.8%)
ETID n (%) 0.485
    < 7 209 (44.8%) 78 (48.4%)
    ≥ 7 257 (55.2%) 83 (51.6%)
ICULOS (Mean (SD)) 29.27 (49.88) 30.09 (32.56) 0.280
APACHE II (Mean (SD)) 20.69 (4.85) 20.2 (5.33) 0.158
ETT. size n (%) 0.981
    ≥ 7.5 445 (95.5%) 153 (95%)
    < 7.5 21 (4.5%) 8 (5%)
DVAUT n (%) 0.111
    ≥ 30 11 (2.4%) 8 (5%)
    < 30 455 (97.6%) 153 (95%)
PaO2 n (%) 0.542
    ≤ 75 153 (32.8%) 48 (29.8%)
    > 75 313 (67.2%) 113 (70.2%)
PCO2 n (%) 0.908
    ≥ 45 288 (61.8%) 98 (60.9%)
    < 45 178 (38.2%) 63 (39.1%)
Hb n (%) 0.191
    < 90 222 (47.6%) 87 (54%)
    ≥ 90 244 (52.4%) 74 (46%)
ALB n (%) 0.317
    ≥ 35 64 (13.7%) 28 (17.4%)
    < 35 402 (86.3%) 133 (82.6%)
PT, APTT, INR n (%) 0.907
    Yes 105 (22.5%) 37 (23.0%)
    No 361 (7.5%) 124 (77.0%)
CS n (%) 0.678
    Coma 273 (58.6%) 98 (60.9%)
    Awake 193 (41.4%) 63 (39.1%) 1
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CR n (%)
    Poor 245 (52.6%) 84 (52.2%)
    Good 221 (47.4%) 77 (47.8%)
Injury to Posterior Trachea Wall n (%) 0.338
    Yes 1 (0.2%) 2 (1.2%)
    No 465 (99.8%) 159 (98.8%)
The Position of the Casing n (%) 0.982
    Yes 1 (0.2%) 1 (0.6%)
    No 465 (99.8%) 160 (99.4%)
Incision Bleeding n (%) 0.487
    Yes 38 (8.2%) 16 (10.0%)
    No 428 (91.8%) 145 (90.0%)
Offline n (%) 0.982
    Yes 1 (0.2%) 1 (0.6%)
    No 465 (99.8%) 160 (99.4%)
Incision Infection n (%) 0.966
    Yes 5 (1.1%) 1 (0.6%)
    No 461 (98.9%) 160 (99.4%)
Tracheoesophageal Fistula n (%) 0.587
    Yes 2 (0.4%) 2 (1.2%)
    No 464 (99.6%) 159 (98.8%)
Clogged Casing n (%) 0.368
    Yes 3 (0.6%) 3 (1.9%)
    No 463 (99.4%) 158 (98.1%)
Mediastinal Emphysema n (%) 0.982
    Yes 1 (0.2%) 1 (0.6%)
    No 465 (99.8%) 160 (99.4%)
Swallowing Dysfunction n (%) 0.587
    Yes 2 (0.4%) 2 (1.2%)
    No 464 (99.6%) 159 (98.8%)
Tracheal Stenosis n (%) 0.587
    Yes 3 (0.6%) 1 (0.6%)
    No 463 (99.4%) 160 (99.4%)
NMD n (%) 0.493
    Yes 29 (6.2%) 7 (4.3%)
    No 437 (93.8%) 154 (95.7%)
Hepatopathy n (%) 0.758
    Yes 94 (20.2%) 30 (18.6%)
    No 372 (79.8%) 131 (81.4%)
CVD n (%) 0.340
    Yes 271 (58.2%) 86 (53.4%)
    No 195 (41.8%) 75 (46.6%)
RSD n (%) 0.887
    Yes 140 (30%) 50 (31.1%)
    No 326 (70%) 111 (68.9%)
Diabetes n (%) 0.511
    Yes 91 (19.5%) 36 (22.4%)
    No 375 (80.5%) 125 (77.6%)
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Table 2. Comparison of variables between successful and failed decannulation groups

Variables

The First Affiliated Hospital (Training 
Cohort)

The Second Affiliated Hospital  
(External Test Cohort)

Decannula-
tion Success

Decannula-
tion Failure P Decannula-

tion Success
Decannula-
tion Failure P

N 135 331 57 104
Age n (%) 1 0.208
    < 60 years 65 (48.1%) 159 (48%) 24 (42.1%) 56 (53.8%)
    ≥ 60 years 70 (51.9%) 172 (52%) 33 (57.9%) 48 (46.2%)
Gender n (%) 0.925 0.481
    Female 47 (34.8%) 112 (33.8%) 22 (38.6%) 33 (31.7%)
    Male 88 (65.2%) 219 (66.2%) 35 (61.4%) 71 (68.3%)
Height (Mean (SD)) 166.45 (6.82) 167.08 (10.76) 0.085 166.39 (7.23) 167.12 (13.56) 0.106
Weight (Mean (SD)) 66.08 (11.91) 66.71 (11.68) 0.422 65.55 (12.56) 69.25 (14.22) 0.077
BMI (Mean (SD)) 23.77 (3.57) 23.58 (3.08) 0.942 23.54 (3.57) 24.01 (2.97) 0.393
Etiology n (%) 0.246 0.894
    Non-nervous System 57 (42.2%) 119 (36%) 20 (35.1%) 39 (37.5%)
    Nervous System 78 (57.8%) 212 (64%) 37 (64.9%) 65 (62.5%)
COT n (%) 0.284 0.492
    Hard to offline 124 (91.9%) 291 (87.9%) 49 (87.7%) 85 (81.7%)
    Retention 11 (8.1%) 40 (12.1%) 8 (12.3%) 19 (18.3%)
ETID n (%) < 0.001 < 0.001
    < 7 96 (71.1%) 113 (34.1%) 39 (68.4%) 39 (37.5%)
    ≥ 7 39 (28.9%) 218 (65.9%) 18 (31.6%) 65 (62.5%)
ICULOS (Mean (SD)) 23.53 (32.25) 31.6 (55.36) < 0.001 27.51 (42.55) 31.5 (25.63) < 0.001
APACHE II (Mean (SD)) 18.57 (3.99) 21.56 (4.91) < 0.001 17.89 (4.59) 21.46 (5.31) < 0.001
ETT. size n (%) 0.486 1
    ≥ 7.5 127 (94.1%) 318 (96.1%) 54 (94.7%) 99 (95.2%)
    < 7.5 8 (5.9%) 13 (3.9%) 3 (5.3%) 5 (4.8%)
DVAUT n (%) 0.039 0.262
    ≥ 30 0 (0%) 11 (3.3%) 1 (1.8%) 7 (6.7%)
    < 30 135 (100%) 320 (96.7%) 56 (98.2%) 97 (93.3%)

RI n (%) 0.892
    Yes 143 (30.7%) 51 (31.7%)
    No 323 (69.3%) 110 (68.3%)
Malignancy n (%) 1
    Yes 49 (10.5%) 17 (10.6%)
    No 417 (89.5%) 144 (89.4%)
1-month follow-up n (%) 0.823
    Death 13 (2.8%) 4 (2.5%)
    Survive 452 (97.0%) 157 (97.5%)
    Lost 1 (0.2%) 0 (0%)
3-month follow-up n (%) 0.635
    Death 26 (5.6%) 6 (3.7%)
    Survive 430 (92.3%) 152 (94.4%)
    Lost 10 (2.1%) 3 (1.9%)
SD: Standard Deviation; BMI: Body Mass Index; COT: Cause of Tracheotomy; ETID: Endotracheal Intubation Days; ICULOS: 
Intensive Care Unit Length of Stay; APACHE II: Acute Physiology and Chronic Health Evaluation II; ETT. Size: Endotracheal Tube 
Size; DVAUT: Days of Ventilator Away Underwent Tracheotomy; PaO2: Partial Pressure of Oxygen; PCO2: Partial Pressure of CO2; 
Hb: Hemoglobin; ALB: Serum Albumin; PT: Prothrombin Time; APTT: Activated Partial Thromboplastin Time; INR: International 
Normalized Ratio; CS: Conscious State; CR: Cough Reflex; NMD: Neuromuscular Disease; CVD: Cardiovascular Disease; RSD: 
Respiratory System Disease; RI: Renal Insufficiency.
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PaO2 n (%) < 0.001 < 0.001
    ≤ 75 4 (3%) 149 (45%) 1 (1.8%) 47 (45.2%)
    > 75 131 (97%) 182 (55%) 56 (98.2%) 57 (54.8%)
PCO2 n (%) < 0.001 < 0.001
    ≥ 45 37 (27.4%) 251 (75.8%) 18 (31.6%) 80 (76.9%)
    < 45 98 (72.6%) 80 (24.2%) 39 (68.4%) 24 (23.1%)
Hb n (%) 0.016 0.006
    < 90 52 (38.5%) 170 (51.4%) 22 (38.6%) 65 (62.5%)
    ≥ 90 83 (61.5%) 161 (48.6%) 35 (61.4%) 39 (37.5%)
ALB n (%) < 0.001 0.015
    ≥ 35 35 (25.9%) 29 (8.8%) 16 (28.1%) 12 (11.5%)
    < 35 100 (74.1%) 302 (91.2%) 41 (71.9%) 92 (88.5%)
PT, APTT, INR n (%) 0.381 0.667
    Yes 34 (25.2%) 71 (21.5%) 12 (21.1%) 25 (24.0%)
    No 101 (74.8%) 260 (78.5%) 45 (78.9%) 79 (76.0%)
CS n (%) 0.009 0.015
    Coma 66 (48.9%) 207 (62.5%) 27 (47.4%) 71 (68.3%)
    Awake 69 (51.1%) 124 (37.5%) 30 (52.6%) 33 (31.7%)
CR n (%) < 0.001 < 0.001
    Poor 37 (27.4%) 208 (62.8%) 19 (33.3%) 65 (62.5%)
    Good 98 (72.6%) 123 (37.2%) 38 (66.7%) 39 (37.5%)
Injury to Posterior Trachea Wall n (%) 0.643 0.757
    Yes 0 (0%) 1 (0.3%) 0 (0%) 2 (1.9%)
    No 135 (100%) 330 (99.7%) 57 (100%) 102 (98.1%)
The Position of the Casing n (%) 0.643 0.759
    Yes 0 (0%) 1 (0.3%) 0 (0%) 1 (0.9%)
    No 135 (100%) 330 (99.7%) 57 (100%) 103 (99.1%)
Incision Bleeding n (%) 0.094 0.462
    Yes 16 (11.9%) 22 (6.7%) 7 (12.3%) 9 (8.7%)
    No 119 (88.1%) 309 (93.3%) 50 (87.7%) 95 (91.3%)
Offline n (%) 0.643 0.759
    Yes 0 (0%) 1 (0.3%) 0 (0%) 1 (0.9%)
    No 135 (100%) 330 (99.7%) 57 (100%) 103 (99.1%)
Incision Infection n (%) 0.959 0.759
    Yes 1 (0.7%) 4 (1.2%) 0 (0%) 1 (0.9%)
    No 134 (99.3%) 327 (98.8%) 57 (100%) 103 (99.1%)
Tracheoesophageal Fistula n (%) 0.901 0.757
    Yes 0 (0%) 2 (0.6%) 0 (0%) 2 (1.9%)
    No 135 (100%) 329 (99.4%) 57 (100%) 102 (98.1%)
Clogged Casing n (%) 0.637 0.593
    Yes 0 (0%) 3 (0.9%) 1 (1.7%) 2 (1.9%)
    No 135 (100%) 328 (99.1%) 56 (98.3%) 102 (98.1%)
Mediastinal Emphysema n (%) 0.215 0.759
    Yes 0 (0%) 1 (0.3%) 0 (0%) 1 (0.9%)
    No 135 (100%) 330 (99.7%) 57 (100%) 103 (99.1%)
Swallowing Dysfunction n (%) 0.901 0.757
    Yes 0 (0%) 2 (0.6%) 0 (0%) 2 (1.9%)
    No 135 (100%) 329 (99.4%) 57 (100%) 102 (98.1%)
Tracheal Stenosis n (%) 0.637 0.759
    Yes 1 (0.7%) 2 (0.6%) 0 (0%) 1 (0.9%)
    No 134 (99.3%) 329 (99.4%) 57 (100%) 103 (99.1%)
NMD n (%) 0.038 0.423
    Yes 3 (2.2%) 26 (7.9%) 1 (1.8%) 6 (5.8%)
    No 132 (97.8%) 305 (92.1%) 56 (98.2%) 98 (94.2%)
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Hepatopathy n (%) 0.852 1
    Yes 26 (19.3%) 68 (20.5%) 11 (19.3%) 19 (18.3%)
    No 109 (80.7%) 263 (79.5%) 46 (80.7%) 85 (81.7%)
CVD n (n%) 0.013 0.022
    Yes 66 (48.9%) 205 (61.9%) 23 (40.4%) 63 (60.6%)
    No 69 (51.1%) 126 (38.1%) 34 (59.6%) 41 (39.4%)
RSD n (%) 0.033 0.010
    Yes 31 (23.0%) 109 (32.9%) 10 (17.5%) 40 (38.5%)
    No 104 (77.0%) 222 (67.1%) 47 (82.5%) 64 (61.5%)
Diabetes n (%) 0.287 0.765
    Yes 31 (23%) 60 (18.1%) 14 (24.6%) 22 (21.2%)
    No 104 (77%) 271 (81.9%) 43 (75.4%) 82 (78.8%)
RI n (%) 0.837 1
    Yes 40 (29.6%) 103 (31.1%) 18 (31.6%) 33 (31.7%)
    No 95 (70.4%) 228 (68.9%) 39 (68.4%) 71 (68.3%)
Malignancy n (%) 0.664 0.427
    Yes 16 (11.9%) 33 (10%) 8 (14%) 9 (8.7%)
    No 119 (88.1%) 298 (90%) 49 (86%) 95 (91.3%)
1-month follow-up n (%) 0.080 0.929
    Death 0 (0%) 13 (3.9%) 2 (3.5%) 2 (1.9%)
    Survive 135 (100%) 317 (95.8%) 55 (96.5%) 102 (98.1%)
    Lost 0 (0%) 1 (0.3%) 0 (0%) 0 (0%)
3-month follow-up n (%) < 0.001 0.771
    Death 0 (0%) 26 (7.9%) 2 (3.5%) 4 (3.8%)
    Survive 135 (100%) 295 (89.1%) 55 (96.5%) 97 (93.3%)
    Lost 0 (0%) 10 (3.0%) 0 (0%) 3 (2.9%)
SD: Standard Deviation; BMI: Body Mass Index; COT: Cause of Tracheotomy; ETID: Endotracheal Intubation Days; ICULOS: Intensive Care Unit 
Length of Stay; APACHE II: Acute Physiology and Chronic Health Evaluation II; ETT. Size: Endotracheal Tube Size; DVAUT: Days of Ventilator Away 
Underwent Tracheotomy; PaO2: Partial Pressure of Oxygen; PCO2: Partial Pressure of CO2; Hb: Hemoglobin; ALB: Serum Albumin; PT: Prothrombin 
Time; APTT: Activated Partial Thromboplastin Time; INR: International Normalized Ratio; CS: Conscious State; CR: Cough Reflex; NMD: Neuromus-
cular Disease; CVD: Cardiovascular Disease; RSD: Respiratory System Disease; RI: Renal Insufficiency.

were 2 deaths (3.5%), 55 survival (96.5%) and 
0 lost to follow-up (0%) in the successful de- 
cannulation group, while 4 deaths (3.8%), 97 
survival (93.3%) and 3 lost to follow-up (2.9%) 
in the failed decannulation group. The differ-
ence between the two groups was not signifi-
cant (P=0.771). 

ROC analysis was conducted on the above sta-
tistically significant variables. ICULOS (AUC= 
0.618), ETID (AUC=0.685), APACHE II (AUC= 
0.688), CS (AUC=0.568), CR (AUC=0.677), 
PaO2 (AUC=0.710), PCO2 (AUC=0.742), HB 
(AUC=0.564), ALB (AUC=0.586) and CVD 
(AUC=0.565) were greater than 0.55, while 
DVAUT (AUC=0.517), NMD (AUC=0.528) and 
RSD (AUC=0.550) were excluded (Figure 2). 
The results of the ROC curve analysis were 
shown in Table 3, and the optimal cut-off value 
of 28 days for the mean length of ICU stay was 
obtained. 

(0%) in the successful decannulation group, 
while 13 deaths (3.9%), 317 survivors (95.8%), 
and 1 lost to follow-up (0.3%) in the failed 
decannulation group. There was no significant 
difference between the two groups (P=0.080). 
At the three-month follow-up, there were 0 
deaths (0%), 135 survivors (100%) and 0 lost  
to follow-up (0%) in the successful decannula-
tion group, while 26 deaths (7.9%), 295 survi-
vors (89.1%) and 10 lost to follow-up (3.0%) in 
the failed decannulation group. The difference 
between the two groups was statistically sig- 
nificant (P < 0.001). In the external validation 
cohort, there were 2 deaths (3.5%), 55 survi-
vors (96.5%), and 0 lost to follow-up (0%) in  
the successful decannulation group, while 2 
deaths (1.9%), 102 survivors (98.1%), and 0 
lost to follow-up (0%) in the failed decannula-
tion group at the one-month follow-up, with no 
significant difference between the two groups 
(P=0.929). At the three-month follow-up, there 
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Figure 2. ROC curve analysis of 13 candidate diagnostic indexes. ROC: Re-
ceiver Operating Characteristic; AUC: Area Under the ROC Curve; ICULOS: 
Intensive Care Unit Length of Stay; ETID: Endotracheal Intubation Days; 
DVAUT: Days of Ventilator Away Underwent Tracheotomy; APACHE II: Acute 
Physiology and Chronic Health Evaluation II; CS: Conscious State; CR: 
Cough Reflex; PaO2: Partial Pressure of Oxygen; PCOi: Partial Pressure of 
COa; Hb: Hemoglobin; ALB: Serum Albumin; NMD: Neuromuscular Disease; 
CVD: Cardiovascular Disease; RSD: Respiratory System Disease.

Factor selection for the predictive model, cali-
bration and validation of the nomogram 

The original model included ten variables, and 
all of them were later retained as potential pre-
dictors using the LASSO regression analysis. 
Then, a coefficient profile plot (Figure 3A) was 
constructed, and the coefficients were shown 
in Figure S1. Figure 3B depicted a cross-vali-
dated error plot of the LASSO regression mo- 
del. The vertical dashed line in Figure 3B 
depicted the most regularized and parsimoni-
ous model, which included ten variables and 
had a cross-validated error within 1 standard 
error of the minimum.

Further multivariate logistic analysis was per-
formed to determine whether the ten variables 
listed above were independent risk factors for 
decannulation outcomes. The results showed 
that ETID (adjusted odds ratio [adjusted OR] 
=0.25, P < 0.001), ICULOS (adjusted OR=0.32, 

P < 0.01), APACHE II (adjusted 
OR=0.86, P < 0.001), PCO2 
(adjusted OR=0.15, P < 0.001) 
were significantly negative re- 
lated to decannulation outco- 
me, while CR (adjusted OR= 
3.87, P < 0.001), PaO2 (adjust-
ed OR=35.40, P < 0.001), ALB 
(adjusted OR=4.49, P < 0.001) 
showed a significant positive 
correlation (Figure 4A). Inter- 
nal correlation analysis was 
performed among the seven 
variables chosen, Figure 4B 
showed the correlation heat-
map among variables.

The final logistic model incor-
porated seven independent pr- 
edictors (ETID, ICULOS, APA- 
CHE II, PCO2, CR, PaO2, and 
ALB) and was developed as a 
simple-to-use nomogram rep-
resented in Figure 5A, which 
was available online (https://
hanchenchen.shinyapps.io/Dy- 
nNomapp/) as screenshotted 
in Figure 5B. 

Figure 6A and 6B revealed th- 
at the AUCs of the nomogram 

and external validation were 0.932 and 0.915, 
indicating that the model has high prediction 
performance. Moreover, the relatively correct-
ed AUC value through 10-fold cross-validation 
was 0.926 (Figure S2A-J). Figure 6C and 6D 
showed that the calibration curves, respective-
ly based on the apparent prediction results of 
the original model and after 1000 resampling 
to correct the deviation, both basically coincide 
with the ideal curve (The mean and absolute 
error of sampling were 0.008 and 0.011), indi-
cating that the accuracy of the model is great. 

Decision curve analysis and clinical impact 
curve

Figure 6E-H respectively depicted the decision 
curves and the clinical impact curves for the 
nomogram and external validation. As can be 
seen in Figure 6E, the net return using this 
model was above all patients with or without 
intervention when the threshold probability of 
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Table 3. ROC analysis results of 13 candidate diagnostic indicators
Variables AUC Cut-off value Youden index Sensitivity Specificity 95% CI P-Value
ICULOS 0.618 28.00 0.218 0.889 0.329 0.564-0.672 < 0.001
ETID 0.685 - 0.370 0.711 0.659 0.639-0.731 < 0.001
DVAUT 0.517 - 0.033 1.000 0.033 0.426-0.540 0.573
APACHE II 0.688 18.50 0.300 0.737 0.466 0.638-0.738 < 0.001
CS 0.568 - 0.136 0.625 0.358 0.511-0.626 0.021
CR 0.677 - 0.354 0.628 0.443 0.624-0.730 < 0.001
PaO2 0.710 - 0.421 0.450 0.419 0.664-0.757 < 0.001
PCO2 0.742 - 0.484 0.758 0.551 0.698-0.786 < 0.001
HB 0.564 - 0.128 0.615 0.514 0.507-0.621 0.030
ALB 0.586 - 0.172 0.259 0.912 0.526-0.646 0.004
NMD 0.528 - 0.056 0.978 0.079 0.472-0.585 0.340
CVD 0.565 - 0.130 0.511 0.619 0.508-0.623 0.027
RSD 0.550 - 0.100 0.770 0.329 0.493-0.606 0.091
ROC: Receiver Operating Characteristic; AUC: Area Under the ROC Curve; CI: Confidence Interval; ICULOS: Intensive Care Unit 
Length of Stay; ETID: Endotracheal Intubation Days; DVAUT: Days of Ventilator Away Underwent Tracheotomy; APACHE II: Acute 
Physiology and Chronic Health Evaluation II; CS: Conscious State; CR: Cough Reflex; PaO2: Partial Pressure of Oxygen; PCO2: 
Partial Pressure of CO2; Hb: Hemoglobin; ALB: Serum Albumin; NMD: Neuromuscular Disease; CVD: Cardiovascular Disease; 
RSD: Respiratory System Disease.

Figure 3. A. The LASSO coefficients profiles plot. B. Tuning parameter (λ) selection cross-validation error curve. 
LASSO: Least Absolute Shrinkage and Selection Operator; ICULOS: Intensive Care Unit Length of Stay; ETID: 
Endotracheal Intubation Days; APACHE II: Acute Physiology and Chronic Health Evaluation II; CS: Conscious State; 
CR: Cough Reflex; PaO2: Partial Pressure of Oxygen; PCOe: Partial Pressure of COa; Hb: Hemoglobin; ALB: Serum 
Albumin; CVD: Cardiovascular Disease.

0-0.9, while Figure 6G demonstrated that the 
net return from using this model in the external 
validation cohort was consistently above all 
patients with or without intervention. All figures 
above visually indicated that the nomogram in 
this study has a high clinical net benefit and 
clinical value. 

Discussion

Between 1993 and 2012, 1,352,432 adult 
patients (9.1% of MV patients) received trache-
otomy in the United States, and more than 
110,000 tracheotomy cases are still recorded 
each year [24, 25]. Failure to decannulate in 
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Figure 4. A. Forest maps of Logistic regression analysis of different decannulation outcome cohorts. *P < 0.05, **P 
< 0.01, ***P < 0.001. B. Heat map of correlation among 7 indicators (ETID, ICULOS, APACHE II, PCO2, CR, PaO2, and 
ALB). ETID: Endotracheal Intubation Days; ICULOS: Intensive Care Unit Length of Stay; APACHE II: Acute Physiology 
and Chronic Health Evaluation II; CS: Conscious State; CR: Cough Reflex; PaO2: Partial Pressure of Oxygen; PCOe: 
Partial Pressure of COP; CVD: Cardiovascular Disease; Hb: Hemoglobin; ALB: Serum Albumin.

the short term can delay a patient’s recovery, 
increase their psychological burden and medi-
cal costs. Respiratory and neurological dys-
functions are generally considered to be com-
mon risk factors for decannulation failure [26, 
27]. In 2003, Ceriana et al. developed a flow 
chart for decannulation. The criteria for decan-
nulation include (1) stable arterial blood ga- 
ses; (2) stable clinical condition; (3) normal 
endoscopic examination or revealing stenotic 
lesions occupying 30% of the airway; (4) ab- 
sence of delirium or psychiatric disorders; (5) 
adequate swallowing evaluated by gag reflex, 
blue dye, and video fluoroscopy; (6) patient 
able to expectorate on request; (7) maximum 
expiratory pressure ≥ 40 cm H2O [28]. In 2014, 
Vinciya et al. described a new tracheotomy cap-
ping and decannulation protocol that helps pre-
dict success or failure of decannulation [29]. 
Prospective studies have shown that the ab- 
ove criteria can reduce the reintubation rate of 
decannulation to a certain extent, but it lacks 
the ability of quantitative prediction. The proto-
col stipulated modifications of care for patients 
who previously did not meet the capping crite-
ria that enabled successful decannulation. 
However, Gonzalo et al.’s study in 2020 showed 
that according to suction frequency plus con-
tinuous high flow oxygen therapy could further 
reduce decannulation time compared to 24 
hours capping experiment plus intermittent 
high flow oxygen therapy, and there was no dif-

ference in the incidence of decannulation fail-
ure between the two groups [30]. Despite sig-
nificant advances in pre-decannulation assess- 
ment in recent years, a comprehensive evalua-
tion system for the success rate of decannula-
tion has yet to be devised owing to the com- 
plexity of post-decannulation respiratory mech-
anisms and pathology. Establishing a prospec-
tive quantitative predictive nomogram will help 
address this issue and help ICU physicians pre-
pare for individualized decannulation.

This is the first study to use a newly developed 
nomogram to predict the success rate of de- 
cannulation in ICU patients undergoing open 
tracheotomy. In the present study, ETID, 
ICULOS, APACHE II, PCO2, CR, PaO2, and ALB 
were identified as significant predictors, which 
together influence clinical outcomes and prog-
nosis of open tracheotomy decannulated pa- 
tients. Based on these 7 variables, we con-
structed a nomogram for predicting the suc-
cess rate of tracheotomy decannulation. The 
nomogram has good distinguishing ability and 
clinical application value. Considering the con-
venience of clinical application, we construct- 
ed an online version based on a traditional 
nomogram, which can be easily accessed th- 
rough mobile devices such as smartphones or 
tablets, more effectively providing digital and 
personalized prognostic outcome prediction for 
ICU tracheotomy patients requiring decannu- 
lation. 
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Figure 5. Nomogram prediction model of tracheotomy decannulation out-
come in ICU patients. A. Established nomogram by incorporating the fol-
lowing seven parameters: ETID, ICULOS, APACHE II, PCO2, CR, PaO2, and 
ALB. B. Online dynamic nomogram accessible at https://hanchenchen.
shinyapps.io/DynNomapp/. ALB: Serum Albumin; PCOm: Partial Pres-
sure of COl; PaO2: Partial Pressure of Oxygen; CR: Cough Reflex; APACHE 
II: Acute Physiology and Chronic Health Evaluation II; ICULOS: Intensive 
Care Unit Length of Stay; ETID: Endotracheal Intubation Days.

In this study, ETID and ICULOS were found to be 
significant predictors of decannulation results 
in ICU patients. The period between endotra-
cheal intubation and tracheotomy, as well as 

the time of admission to the ICU, may be used 
to classify tracheotomies as early or late. Most 
studies have shown that early tracheotomy has 
a higher survival benefit for ICU patients than 
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late tracheotomy, which supports our findings 
[31, 32]. Additionally, O’Connor et al. demon-
strated that individuals who failed decannula-
tion had a significantly shorter time of trache-
otomy tube placement [33]. Similarly, the po- 
ssible correlation between ICULOS and decan-
nulation outcomes has been described in some 
researches [34]. We suspect that when the 
ETID and ICULOS are extended, patients are 
more likely to suffer from infection, malnutri-
tion, and organ failure, resulting in poor decan-
nulation outcomes [35].

The APACHE II score is an authoritative assess-
ment system widely used in ICU, which can 
comprehensively evaluate the severity of pa- 
tients and the risk of death, so as to objectively 
formulate and modify medical plans [36, 37]. 
APACHE II score has an excellent ability to pre-
dict the prognosis of ICU patients [38]. The 
scoring system includes 12 acute physiological 
parameters, chronic health assessment, and 
age adjustment score [39]. The weight of each 
variable is 0-4, and the total score interval is 
0-71. The higher the score, the more serious 
the disease, and the higher the risk of death. 
Our LASSO regression and multivariate logic 
analysis findings indicated that the APACHE II 
score was a significant factor in predicting the 
outcome of tracheotomy decannulation.

Malnutrition is considered to be the most pow-
erful predictor of poor postoperative outcomes. 
At the same time, ALB is the most abundant 
plasma protein and also the most studied pro-
tein for diagnosing malnutrition [40]. The reduc-
tion of ALB concentration in ICU patients is 
mainly due to reassignment from intravascular 
compartments to extracellular space or loss 
due to massive bleeding [41]. The serum ALB 
value of the patient can be determined to 
reflect the patient’s systemic status and, as a 
result, to help judge the results of the decan-
nulation procedure. In this study, we found that 
ALB level was significantly reduced in patients 
with decannulation failure and was an indepen-
dent risk factor for predicting the results of 
decannulation. The possible pathophysiologi-
cal explanation is that ALB correlates with the 
biochemical and biophysical status of surfac-
tants in the airway, which are thought to be 
catalysts for successful decannulation and 
clinical improvement in patients [42, 43].

A prospective, descriptive analysis of ICU pa- 
tients after tracheotomy found that sputum 
retention and ineffective cough were the pri-
mary causes of decannulation failure [26]. 
Moreover, Bishnoi et al. and Perin et al. have 
confirmed that objective measurement of cou- 
gh intensity is a common predictor of decan-

Figure 6. Evaluation and validation of the model. A. ROC curve of training cohort. B. External validation cohort. C. 
Calibration diagram of training cohort. D. External validation cohort. E, F. Decision curve analysis and clinical impact 
curve of training cohort. G, H. Decision curve analysis, and clinical impact curve of external cohort. ROC: Receiver 
Operating Characteristic; AUC: Area Under the ROC Curve.
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nulation success, which is consistent with the 
results of our study [44, 45]. This finding can be 
attributed to the high-speed expiratory airflow 
generated by cough reflex can effectively expel 
airway foreign bodies or secretions, ensuring 
that the airway is open and avoiding aspiration 
and infection after decannulation [46, 47].

Arterial blood gas analysis is used in clinical 
practice to determine whether patients can 
remove their tracheotomy tubes. A normal test 
result indicates that the patient is getting the 
recommended amount of oxygen for his or her 
body [48]. Decannulation failure is linked to 
PCO2 > 45 mmHg and PaO2 < 75 mmHg. This 
conclusion is supported by Pasqua et al.’ find-
ings [49].

Although age and sex have been reported to be 
linked to decannulation results in some stud-
ies, they were not statistically significant in our 
study [13, 50, 51]. This could be due to the 
deviation caused by regional differences or dif-
ferences in sample size.

The use of LASSO regression facilitates the 
selection of important independent variables 
that influence decannulation outcomes while 
taking into account significant correlations 
between dependent variables, which is one of 
the study’s advantages. Another benefit of this 
research is the simultaneous use of internal 
and external validation, which ensures model 
stability and high validation efficiency. 

However, the study has some limitations: (1) 
There were other possible factors associated 
with outcomes that may optimize the model, 
but our medical institution did not record. (2) 
The selection of each variable index and the 
construction of the model in this study all rely 
on relatively simple statistical methods. The 
clinical application value of nomogram in tra-
cheotomy decannulation needs further prac-
tice verification.

Conclusion

Based on LASSO and multivariate logistic anal-
ysis, seven independent predictors of success 
or failure of tracheotomy decannulation were 
screened in this study, including ETID, ICULOS, 
APACHE II, PCO2, CR, PaO2, and ALB, and an 
online dynamic nomogram predictive map was 

constructed. This model demonstrated superi-
or performance and differential ability in both 
training and external validation cohorts, which 
may help ICU physicians select the most appro-
priate time for decannulation in tracheotomy 
patients. Considering that tracheotomy decan-
nulation is a high-risk procedure, future studies 
need to clarify the role of timing in optimizing 
the effect of tracheotomy decannulation and 
minimizing the risk of poor prognosis for pa- 
tients.
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Table S1. The TRIPOD checklist
Section/Topic Item Checklist Item Page
Title and abstract

    Title 1 D;V Identify the study as developing and/or validating a multivariable prediction 
model, the target population, and the outcome to be predicted.

Page 1

    Abstract 2 D;V Provide a summary of objectives, study design, setting, participants, sample 
size, predictors, outcome, statistical analysis, results, and conclusions.

Page 3-4

Introduction

    Background and objectives 3a D;V Explain the medical context (including whether diagnostic or prognostic) and 
rationale for developing or validating the multivariable prediction model, 
including references to existing models.

Page 5-6

3b D;V Specify the objectives, including whether the study describes the develop-
ment or validation of the model or both.

Page 6

Methods

    Source of data 4a D;V Describe the study design or source of data (e.g., randomized trial, cohort, 
or registry data), separately for the development and validation data sets, if 
applicable.

Page 6-7

4b D;V Specify the key study dates, including start of accrual; end of accrual; and, if 
applicable, end of follow-up.

Page 7

    Participants 5a D;V Specify key elements of the study setting (e.g., primary care, secondary care, 
general population) including number and location of centres.

Page 6-7

5b D;V Describe eligibility criteria for participants. Page 7

5c D;V Give details of treatments received, if relevant. /

    Outcome 6a D;V Clearly define the outcome that is predicted by the prediction model, includ-
ing how and when assessed.

Page 7

6b D;V Report any actions to blind assessment of the outcome to be predicted. Page 7-8

    Predictors 7a D;V Clearly define all predictors used in developing or validating the multivariable 
prediction model, including how and when they were measured.

Page 8-9

7b D;V Report any actions to blind assessment of predictors for the outcome and 
other predictors.

Page 8-9

    Sample size 8 D;V Explain how the study size was arrived at. Page 9

    Missing data 9 D;V Describe how missing data were handled (e.g., complete-case analysis, single 
imputation, multiple imputation) with details of any imputation method.

Page 9-10

    Statistical analysis methods 10a D Describe how predictors were handled in the analyses. Page 9-10

10b D Specify type of model, all model-building procedures (including any predictor 
selection), and method for internal validation.

Page 10

10c V For validation, describe how the predictions were calculated. Page 10-11

10d D;V Specify all measures used to assess model performance and, if relevant, to 
compare multiple models.

Page 10-11

10e V Describe any model updating (e.g., recalibration) arising from the validation, 
if done.

/

    Risk groups 11 D;V Provide details on how risk groups were created, if done. Page 10-11

    Development vs. validation 12 V For validation, identify any differences from the development data in setting, 
eligibility criteria, outcome, and predictors.

Page 10-11

Results

    Participants 13a D;V Describe the flow of participants through the study, including the number of 
participants with and without the outcome and, if applicable, a summary of 
the follow-up time. A diagram may be helpful.

Page 11; Figure 1

13b D;V Describe the characteristics of the participants (basic demographics, clinical 
features, available predictors), including the number of participants with 
missing data for predictors and outcome. 

Page 11-12; Table 1

13c V For validation, show a comparison with the development data of the distribu-
tion of important variables (demographics, predictors and outcome).

Table 2

    Model development 14a D Specify the number of participants and outcome events in each analysis. Table 2

14b D If done, report the unadjusted association between each candidate predictor 
and outcome.

Figure 4

    Model specification 15a D Present the full prediction model to allow predictions for individuals (i.e., all 
regression coefficients, and model intercept or baseline survival at a given 
time point).

Page 14; Figure 5

15b D Explain how to the use the prediction model. Page 14-15

    Model performance 16 D;V Report performance measures (with CIs) for the prediction model. Page 14-15

    Model-updating 17 V If done, report the results from any model updating (i.e., model specification, 
model performance).

/
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Figure S1. The coefficient of seven indicators used to establish the model. PCO2: Partial Pressure of CO2; ETID: 
Endotracheal Intubation Days; ICULOS: Intensive Care Unit Length of Stay; APACHE II: Acute Physiology and Chronic 
Health Evaluation II; CR: Cough Reflex; ALB: Serum Albumin; PaO2: Partial Pressure of Oxygen.

Discussion

    Limitations 18 D;V Discuss any limitations of the study (such as nonrepresentative sample, few 
events per predictor, missing data).

Page 19

    Interpretation 19a V For validation, discuss the results with reference to performance in the devel-
opment data, and any other validation data.

Page 16

19b D;V Give an overall interpretation of the results, considering objectives, limita-
tions, results from similar studies, and other relevant evidence.

Page 19

    Implications 20 D;V Discuss the potential clinical use of the model and implications for future 
research.

Page 17

Other information

    Supplementary information 21 D;V Provide information about the availability of supplementary resources, such 
as study protocol, Web calculator, and data sets.

Supplementary file

    Funding 22 D;V Give the source of funding and the role of the funders for the present study. Page 22
TRIPOD: Transparent Reporting of a multivariable prediction model for Individual Prognosis Or Diagnosis; Items relevant only to the development of a prediction model 
are denoted by D, items relating solely to a validation of a prediction model are denoted by V, and items relating to both are denoted D;V. Some of the items were not 
applicable (/) to the current study.
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Figure S2. A-J. 10-fold cross validation for internal validation process. AUC: Area Under the Receiver Operating 
Characteristic Curve. 


