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Objective: The timing of tracheostomy (TR) in severe stroke patients receiving mechanical ventilation has not been determined. In 
this study, we compared some prognostic indicators of early tracheostomy (ET) and late tracheostomy (LT). A meta-analysis was 
performed to obtain a higher level of evidence of the timing of TR in patients with severe stroke receiving mechanical ventilation.
Methods: The study was a retrospective single-center study. We divided the severe stroke patients who received TR from June 2020 
to June 2022 into the ET group and LT group. The demographic characteristics, clinical characteristics and prognostic indices were 
compared. For this meta-analysis, we systematically searched PubMed and other databases. The compared prognostic indicators 
included mechanical ventilation time, ICU length of stay (LOS), total LOS, ventilator-related pneumonia (VAP) incidence, and 
mortality.
Results: A total of 61 patients were included in our study, including 32 patients in the ET group and 29 patients in the LT group. 
Univariate and multivariate analyses showed that the NIHSS score in the ET group was higher than that in the LT group (P < 0.05). In 
terms of outcome indicators, compared with the LT group, the median mechanical ventilation time in the ET group was shortened by 
5.5 days (P = 0.034). The ICU LOS and total LOS in the ET group were significantly lower than those in the LT group (median 14.5 
days vs 22 days, P = 0.004; 21 days vs 27 days, P = 0.019). The meta-analysis showed that ET could significantly shorten the ICU 
LOS (MD −3.89 [95% CI: −6.86, −0.92]) and the total LOS (MD −7.70 [95% CI: −8.57, −6.83]) and significantly reduce the 
occurrence of VAP (OR 0.75 [95% CI: 0.64, 0.87]).
Conclusion: The results of our retrospective study and meta-analysis support that ET can shorten the ICU LOS and total LOS and 
reduce the occurrence of VAP. Therefore, it has a positive effect on the prognosis of patients with severe stroke who need mechanical 
ventilation support.
Keywords: tracheostomy, TR, tracheostomy timing, stroke, early tracheostomy, ET

Introduction
Stroke is an acute neurological deficit caused by arterial occlusion/stenosis or rupture.1,2 It has become the second most 
common cause of death worldwide, and the socioeconomic burden of surviving stroke patients is immeasurable.3 It is well 
known that severe ischemic or hemorrhagic stroke patients often require invasive mechanical ventilation for airway protection, 
aspiration, or respiratory failure.4 For patients requiring prolonged mechanical ventilation, tracheostomy (TR) has the natural 
advantage of reducing the use of sedative drugs and relieving patient rejection.5,6 TR can also shorten hospital stays, reduce the 
incidence of ventilator-associated pneumonia (VAP), reduce mortality, and improve outcomes.7–9 TR is performed in the 
general ICU in approximately 10–15% of patients and in the neurological ICU in 35% of patients.10,11

It is worth noting that while TR is important, it is still unclear when it should be performed. There is little evidence to 
guide the timing of TR in patients with massive cerebral infarction.12 For general ICU patients, previous studies have 
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found that early tracheostomy (ET) can reduce the need for sedative drugs, speed up the removal of endotracheal 
intubation, shorten ICU stay, reduce death, and improve functional outcomes compared with late tracheostomy (LT).13–15 

However, some studies did not report these potential benefits.5,16,17 There are relatively few TR studies in ischemic or 
hemorrhagic stroke patients. Although there have been previous meta-analyses with a small number of studies, ET was 
associated with fewer days in the hospital and fewer VAP but not with ICU LOS, duration of mechanical ventilation, or 
mortality compared with LT.18 In contrast, a recently published large randomized controlled trial (SETPOINT 2) found 
no difference in improved functional outcome.19 Therefore, we still want to conduct a comprehensive discussion of 
related issues because TR in severe stroke patients provides more comprehensive evidence.

This study includes severe ischemic or hemorrhagic stroke patients in the neurology ICU and comprehensively 
compared ET with LT. In addition, we conducted a meta-analysis of all previous related studies in the hope of obtaining 
higher-level evidence for the timing of TR in stroke patients.

Materials and Methods
Retrospective Study
Study Population
This study was a single-center, retrospective study. It was carried out in the Second Affiliated Hospital of Nanchang 
University, which is an advanced stroke center in Jiangxi Province. Patients admitted to the neurology or neurosurgery 
ICU due to severe ischemic or hemorrhagic stroke from June 2020 to June 2022 were included. This study was approved 
by the Ethics Committee of the Second Affiliated Hospital of Nanchang University.

According to the diagnostic criteria of the International Classification of Diseases, the types of strokes include acute 
cerebral infarction, cerebral hemorrhage, and subarachnoid hemorrhage, and the diagnosis of the disease was performed 
by two experienced neurological ICU physicians who were blinded to the study. Notably, patients under the age of 18 and 
patients with traumatic intracerebral hemorrhage were not included in this study. TR was performed on the day of 
admission, and patients who died within 3 days were also excluded.

Percutaneous and surgical TR was performed by a specialized neurological ICU physician or an otolaryngologist. ET 
was defined as an operation occurring within 7 days of tracheal intubation, and LT was defined as occurring after 7 days. 
After the TR, patients were cared for by a professional specialist nurse. The intracranial pressure reduction of cerebral 
hemorrhage and the antiplatelet treatment of cerebral infarction were also carried out in accordance with the 
guidelines.20–22 Other treatments were performed according to disease guidelines, including management of blood 
pressure and blood sugar. This study defines VAP as pneumonia that occurs 48 hours after mechanical ventilation 
(tracheal or endotracheal intubation) or if the original pneumonia is aggravated 48 hours after mechanical ventilation. 
Diagnoses are based on symptoms, signs, routine blood tests, imaging examinations, and a simplified version of the 
Clinical Pulmonary Infection Score (CPIS). If the CPIS≥5, a VAP diagnosis is made.23 We extracted the demographic 
characteristics of the final included patient population, including age, sex, blood pressure, and history of smoking and 
alcohol use. Others include comorbidities, such as hypertension, diabetes, chronic obstructive pulmonary disease, and 
kidney disease. The National Institute of Health Stroke Scale (NHISS) score, disease diagnosis, and Glasgow Coma 
Scale (GCS) score were also recorded at admission. The primary outcomes observed in the study were the incidence of 
all-cause mortality, ICU and total LOS, incidence of VAP, and duration of mechanical ventilation. All-cause death refers 
only to ICU admission.

Statistical Analysis
According to the duration of TR, patients are divided into two groups. The chi-square test or Fisher’s exact test was used 
for single-factor classification data. For continuous variable data, the independent-sample t-test was used for normally 
distributed variables, and the Mann‒Whitney U-test was used for the nonnormally distributed variables. To assess the 
effect of all collected clinical data on the timing of TR, we performed multivariate logistic regression analysis. Variables 
with a P value less than 0.2 were also included in the regression model, and ORs and 95% CIs were calculated. P<0.05 
was considered statistically significant. All tests were conducted by IBM SPSS Statistics 25.0 software (SPSS, Chicago, 
IL, USA).
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Meta-Analysis
Search Strategy
The literature search was performed independently by 2 neurologists. We systematically searched PubMed, EMBASE, 
The Cochrane Library, and Web of Science databases. The search period was from database inception to March 2022. 
The search used the keywords “tracheostomy”, “stroke”, “early”, and “late”. The protocol has been registered in the 
International Prospective Register of Systematic Reviews (http://www.crd.york.ac.uk/prospero, CRD42022348602). The 
data were analyzed between March 2022 and June 2022.

Selection Criteria and Data Abstraction
Reviews, conference reports, case reports, and animal experiments were not included in this analysis. Duplicate data or duplicate 
publications were excluded. Literature with insufficient information was also excluded. Data extraction was performed 
independently by two reviewers. The following data were collected: (1) basic information, including authors, article titles, 
publication time, and study population; (2) definition of early or late TR, age and diagnosis of the study population, and GCS 
score. (3) ICU LOS, total LOS, number of deaths, number of mechanical pneumonias, and duration of mechanical ventilation. If 
there was any disagreement between the two reviewers during this process, a third expert decided the final result.

Quality Assessment and Statistical Method
Two reviewers independently assessed the quality of the studies using the Newcastle‒Ottawa quality assessment scale 
(NOS score). Scores ≥6 indicated that a study was of high quality, and scores of 4 or 5 points indicated moderate quality.24

Data were analyzed using a fixed-effect model if they were homogeneous (I2 < 25%) or of low heterogeneity (25% ≤ 
I2 < 50%), and a random-effect model was used if the data exhibited moderate (50% ≤ I2 < 75%) or substantial 
heterogeneity (I2 ≥ 75%).25,26 All analyses were conducted using Review Manager (RevMan) Version 5.3 software 
(Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014).

Results
Retrospective Study
A total of 61 patients with poststroke TR were included in this study, including 32 patients (52.46%) in the ET group and 
29 patients (47.54%) in the LT group. The median intubation time was 4 days (IQR, 3–5) in the ET group and 10 days 
(IQR, 8–13) in the LT group. The baseline characteristics of the two groups are shown in Table 1. In terms of age and 
sex, there was no significant difference between the ET group and the LT group, with an average age of 64.59 years vs 
65.76 years and males comprised 65.63% vs 68.97%, respectively. The proportion of smoking in the two groups (ET 
Group 34.38% vs LT Group 41.38%, P = 0.573) was also similar. There was no significant difference in hypertension, 
diabetes, heart disease, kidney disease or chronic obstructive pulmonary disease (COPD) between the two groups. Stroke 
type distributions were 12 cases (37.5%) and 12 cases (41.38%) of acute ischemic stroke and 20 cases (62.5%) and 17 
cases (58.62%) of hemorrhagic stroke in the ET and LT groups, respectively. There was no significant difference between 
the two groups. GCS scores were also similar between the two groups, with a median of 7.5 (IQR, 6–9) in the ET group 
and 8 (IQR, 7–10) in the LT group. The median NIHSS score in the ET group was 36 (IQR, 32.00–38.75), which was 
significantly higher than that in the LT group (median 26 [IQR, 20–35]).

In terms of outcome indicators, there was no significant difference in mortality (9.38% vs 20.69%) or VAP incidence 
(62.50% vs 62.07%) between the ET group and LT group. However, compared with LT, the median mechanical 
ventilation time in the ET group was shortened by 5.5 days (ET 8.5 days vs LT 14 days, P = 0.034). In terms of ICU 
LOS and total LOS, the ET group was significantly lower than the LT group (median: 14.5 days vs 22 days, P = 0.004; 
21 days vs 27 days, P = 0.019). The outcome index results are shown in Table 2.

In the binary logistic regression analysis, the NIHSS score was an independent factor (OR=0.859; 95% CI 0.774– 
0.952; p=0.004) affecting the choice of TR time, as shown in Supplementary Table S1. The results imply that the more 
severe the patient is, the more likely the clinicians are to prefer ET.
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Meta-Analysis
A total of 834 articles were identified by searching PubMed, Medline, Embase, Web of Science and the Cochrane library 
databases. We screened the title and abstract, and 740 articles were excluded because they were obviously irrelevant. After 
careful review of articles by reading abstracts and full texts, 8 studies published between 2013 and 2022 were included in the 
analysis, with a total of 16,772 subjects identified.4,19,27–32 Supplementary Figure S1 shows the flow chart of the study.

The NOS score ranged from 6 to 9, indicating that the overall quality of the studies was good (Supplementary Table S2). 
The characteristics of the studies included in the meta-analysis are presented in Table 3 and Supplementary Table S3. Of note, 
among the 8 studies, various studies defined the time of ET as 3–10 days after endotracheal intubation, which was similar to 
our retrospective study criteria.

Among the 8 studies included in the meta-analysis, 5 of them enumerated the results of mechanical ventilation time, 
and a total of 762 subjects were included. Meta-analysis showed that there was no significant difference between ET and 
LT in ventilation time (MD −2.58 [95% CI −6.34,1.17], P = 0.18; Figure 1). A meta-analysis of 614 people included in 4 
studies showed that ET could significantly shorten the ICU LOS (MD −3.89 [95% CI −6.86, −0.92], P = 0.01; Figure 2). 
In terms of total hospital LOS, the analysis of 14,004 persons included in 4 studies also showed that ET could 
significantly shorten the total hospital LOS (MD −7.70 [95% CI −8.57, −6.83], P < 0.001; Figure 3). In the analysis 

Table 2 Clinical Outcomes in Relation to Tracheostomy Timing

ET (n=32) LT (n=29) P value

ICU LOS, median (IQR), d 14.50(8.25–21.75)* 22(14.50–29.50) 0.004
Hospital LOS, median (IQR), d 21(17–27.75) 27(17.50–44) 0.019
30 day Mortality, n (%) 3(9.38) 6(20.69) 0.377
DMV, median (IQR), d 8.5(6–14.75) 14(9.50–17) 0.034
VAP, n (%) 20(62.50) 18(62.07) 0.972

Notes: *Two decimal points are reserved except for P values. Bold value indicates statistical significance at p < 0.05. 
Abbreviations: IQR, interquartile range; ET, early tracheostomy; LT, late tracheostomy; LOS, length of stay; VAP, 
ventilator-associated pneumonia; DMV, Duration of ventilation.

Table 1 The Baseline Characteristics of ET Group and LT Group

Baseline Characteristics ET (n=32) LT (n=29) P value

Age, mean (SD), years 64.59(8.56*) 65.76(7.23) 0.287

Sex, n (%) 0.781
Male 21(65.63) 20(68.97)

Female 11(34.38) 9(31.03)

Diagnosis, n (%) 0.757
Ischemic stroke 12(37.50) 12(41.38)

Hemorrhagic stroke 20(62.50) 17(58.62)

Score, median (IQR)
NIHSS 36(32–38.80) 26(20–35) <0.001
GCS 7.5(6–9) 8(7–10) 0.126

Duration of intubation, median (IQR), d 4(3–5) 10(8–13) <0.001
Smoking, n (%) 11(34.38) 12(41.38) 0.573

Heart disease, n (%) 5(15.63) 8(27.59) 0.107

Hypertension, n (%) 18(56.25) 22(75.86) 0.255
Diabetes, n (%) 5(15.63) 4(13.79) 1.000

Nephropathy, n (%) 1(3.16) 2(6.90) 0.600

COPD, n (%) 4(12.50) 7(24.14) 0.397

Notes: *Two decimal points are reserved except for P values. Bold value indicates statistical significance at p < 0.05. 
Abbreviations: SD, standard deviation; IQR, interquartile range; ET, early tracheostomy; LT, late tracheostomy; 
COPD, chronic obstructive pulmonary disease; GCS, Glasgow coma score; NHISS, National Institute of Health 
stroke scale.
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Table 3 Characteristics of Included Studies

References Country Type of Study Total ICU LOS (Days) Hospital LOS (Days) Duration of 
Mechanical Ventilation

Confirmed 
VAP Cases

Mortality

Early Late Early Late Early Late Early Late Early Late Early Late

Alsherbini 201928 USA Retrospective 44 96 15(7.66*) 21.13(8.42) NA NA 13.40(9.40) 18.20(8.30) NA NA NA NA

Bösel 20134 Germany Prospective 30 30 14.35(5.44) 17.42(6.22) NA NA 13.93(5.44) 12.00(6.23) NA NA 3 14

Catalino 201829 USA Retrospective 15 33 20.10(10.60) 31.50(28.10) 28.50(12.50) 44.40(33.70) 7.30(7.20) 15.20(6.60) 6 12 5 2

Chen 201930 China Retrospective 316 109 NA NA 21.05(11.91) 28.87(15.40) NA NA NA NA 6 4

Gessler 201531 Germany Retrospective 39 109 NA NA NA NA 17.40(8.68) 22.30(7.75) 11 15 3 8

Hallan 202227 Multiple countries Retrospective 1210 1210 NA NA NA NA NA NA 665 725 219 221

Böse 202219 Multiple countries Prospective 177 189 18.40(10.46) 19.70(8.96) 26.80(19.43) 29.15(20.17) 14.0(8.96) 12.40(4.77) NA NA 26 29

Villwock 201432 USA Retrospective 5591 7574 NA NA 29.10(24.40) 36.80(26.00) NA NA 346 644 699 894

Note: *Two decimal points are reserved. 
Abbreviations: NA, not available; ICU, intensive care unit; LOS, length of stay; VAP, ventilator-associated pneumonia.
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of VAP, a total of 15,772 subjects were included in 4 studies. The results showed that compared with LT, ET reduced the 
occurrence of VAP (OR 0.75 [95% CI 0.67, 0.83], P < 0.001; Figure 4). In terms of mortality, 7 studies were included, 
with a total of 16,632 subjects. The pooled results showed that ET had no significant effect on mortality (OR 0.96 [95% 

Figure 1 Forest plot of mechanical ventilation time.

Figure 2 Forest plot of ICU length of stay.

Figure 3 Forest plot of total hospital length of stay.

Figure 4 Forest plot of occurrence of ventilator-related pneumonia.
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CI 0.72, 1.27], P = 0.76; Figure 5). Sensitivity analysis of all meta-analyses results indicated that the results were stable 
In addition, the analysis showed no significant risk of publication bias on funnel plots.

Discussion
It is generally accepted that mechanically assisted ventilation is required in critically ill neurological patients when they 
are unconscious or have bulbar dysfunction. Prolonged orotracheal intubation significantly increases the incidence of 
pulmonary infection and death.33–35 TR seems to solve this dilemma. However, when to perform TR is not settled. 
Compared to LT, this retrospective study and meta-analysis indicate that ET can shorten the ICU and hospital LOS but 
has no evident benefit for all-cause mortality. According to this retrospective study, ET significantly reduced mechanical 
ventilation time, but our meta-analysis did not fully support this conclusion and showed only relative trends. We found 
that ET significantly reduced the occurrence of VAP through meta-analysis; however, this retrospective study did not 
observe this phenomenon.

Univariate and logistic regression analyses indicated higher NIHSS scores in the ET group in this retrospective study. 
Although there was no significant difference in the GCS score between the two groups, it still suggested that the more 
serious the disease was, the more likely the patient was to receive ET. The severity of the disease and the state of 
consciousness are the factors that affect early extubation. A more serious disease reduces the chances of early extubation; 
ICU doctors may therefore make their clinical decisions more decisively in favor of ET, which may explain the higher 
NIHSS score of the ET group. Clinical practice and a variety of related studies have demonstrated that ET can reduce the 
need for sedatives and lead to removal of ventilator support more quickly.4,18,32,36–39 Our retrospective study also 
obtained a similar result showing that ET can shorten the mechanical ventilation time. However, our meta-analysis did 
not show that there was a significant difference in the mechanical ventilation time between the ET group and the LT 
group, which may be mainly affected by the results of the recently published SETPOINT2 randomized controlled trial.19 

This large randomized controlled clinical trial showed that ET may help to start weaning from the ventilator earlier, but 
these differences did not reach statistical significance. The author’s explanation is that the potential benefits may be offset 
by longer off-line time and cannot be translated into shorter mechanical ventilation time or ICU LOS. Therefore, the 
study does not completely deny the possible benefits of ET in reducing mechanical ventilation time.

Regarding the LOS in the ICU and the total LOS, our retrospective study and meta-analysis showed that compared 
with LT, ET can significantly shorten the LOS in the ICU and the total LOS, which is consistent with the results of many 
previous clinical studies.39–43 This may be mainly related to ET reducing the time of mechanical ventilation, which 
means that ET patients can be transferred out of the ICU earlier and receive rehabilitation treatment earlier. However, the 
SETPOINT2 randomized clinical trial did not show that there was a significant difference between the ET group and LT 
group in the length of ICU stay and total LOS,19 but the study did not include patients with tracheal intubation 6–9 days 
after intubation, so the results may not fully reflect real clinical settings.

Figure 5 Forest plot of mortality.
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VAP incidence varies greatly among studies. Araujo et al reported 6.28% and 8.63% incidence rates for ET and LT 
groups, respectively, in their meta-analysis.18 However, the meta-analysis of ET in patients with severe acute brain 
injury performed by Mccredie found that the incidence of VAP in the ET group was as high as 54% and as high as 70% 
in the LT group.39 As seen in the retrospective study, VAP occurred in 62.5% of the ET group and 62.07% of the LT 
group, similar to the results of Mccredie et al.39 The high incidence of VAP in this study may be attributed to the serious 
disease and poor state of consciousness of the participants, which can be confirmed by the high NIHSS score and low 
GCS score of the study population. A low level of consciousness will lead to a worse cough response and a greater 
likelihood of microinhalation. In addition, the more serious the disease is, the longer the mechanical ventilation time 
will be, which will result in a decrease in mucociliary clearance capacity and a decline in local and systemic defense 
capacity, which may increase the incidence of VAP.23 In the population included in our meta-analysis, the incidence of 
VAP was 14.99% in the ET group and 15.64% in the LT group. In our clinical practice, we found that ET is helpful for 
airway management and reduces the occurrence of VAP. Most relevant clinical studies and our meta-analysis also 
support this view.31,32,44–46 Our retrospective study results showed that ET did not reduce the incidence of VAP. ET 
patients’ conditions are more severe than those of LT patients, their NIHSS scores are higher, and there is a higher 
probability of aspiration before intubation in ET patients. Some of these patients may have clinical and imaging 
manifestations of pneumonia after intubation or TR, and the more severe the condition is, the longer the mechanical 
ventilation time is. These may offset the potential benefits of ET, so the related benefits of ET on VAP cannot be 
ruled out.

ET has been shown to reduce mortality in SETPOINT research, primarily due to using less sedatives and shorter stays 
in the ICU.4 Surprisingly, the study of Catalino et al suggested that ET could increase mortality instead, and they 
explained this by early transition to comfort measures.29 The majority of clinical studies,19,30–32 including our retro-
spective studies and our meta-analysis, showed that ET had no significant effect on mortality. Since the ET group had 
a more severe condition than the control group in this retrospective study, the mortality analysis may have been affected. 
Unfortunately, we did not follow up on cases of death after discharge in this study.

Our study is based on our own retrospective studies and meta-analyses to explore the timing of tracheostomy, and the 
results are more credible. However, the study also has some limitations: 1. In our clinical study, we used a retrospective 
cohort study design, which inevitably contained confounding factors. For example, the control of blood pressure and 
blood glucose may not be the same for all patients, but these will also affect the prognosis. 2. This was a single-center 
study with a small sample size, and subgroup analysis was not conducted, so we should treat these results with caution. 3. 
Strokes of different subtypes, lesion locations, and ranges may affect respiration differently, as well as when tracheost-
omy is performed. For example, patients with posterior circulation stroke may not have serious clinical symptoms but 
may need longer respiratory support because the respiratory center is affected. 4. Finally, the definitions of ET in the 
studies included in our meta-analysis are not uniform and vary within 3–10 days after intubation. It is difficult to 
determine the optimal time of ET and its impact on patient prognosis. More studies may be needed in the future to 
determine the optimal time of ET.

Conclusion
Our retrospective study and meta-analysis results suggest that ET may shorten the ICU LOS and total hospital LOS and 
reduce the occurrence of VAP in severe stroke patients, but it has no significant effect on mechanical ventilation time or 
mortality. More research may be needed in the future to further evaluate the impact of ET on the prognosis of patients 
with severe stroke.

Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable 
request.
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