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Abstract

Background: The optimal timing for exchanging an endotracheal tube for a tracheos-
tomy cannula in patients with hypoxic-ischaemic encephalopathy is controversial.
Aim: This study aimed to evaluate the effects of early versus late tracheostomy on
the prognosis of patients with hypoxic-ischaemic encephalopathy.

Study Design: The study was an observational retrospective study that followed the
Strengthening the Reporting of Observational Studies in Epidemiology guidelines.
We included adults with hypoxic-ischaemic encephalopathy who underwent trache-
ostomy between January 2012 and September 2020. The patients were classified
into early or late tracheostomy groups. To eliminate differences in baseline character-
istics, propensity score matching was conducted, and the outcomes between the two
groups were compared.

Results: A total of 132 patients were included, and through propensity score match-
ing, 54 pairs of patients were matched. The early tracheostomy group showed a sig-
nificant reduction in the duration of mechanical ventilation (median, 12 days;
interquartile range 7-20 vs. median, 28 days; interquartile range, 15.75-58.25,
p < .001), intensive care unit length of stay (median, 14.5 days; interquartile range,
6.75-26 vs. median, 35 days; interquartile range, 20-59, p < .001) and hospital length
of stay (median, 19.5 days; interquartile range, 10.87-36.5 vs. median, 39.5 days;
interquartile range, 22-66, p < .001). Over a 1-year follow-up period, there were no

significant differences between the two groups regarding inhospital mortality (57.4%
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Conclusions:

of stay.

KEYWORDS

1 | INTRODUCTION AND BACKGROUND
Hypoxic-ischaemic encephalopathy (HIE) is a brain condition brought
on by an inadequate blood and oxygen supply because of a variety of
causes. It is present in approximately 20% of patients with brain injury
and is typically associated with poor neurological functional out-
comes.! There are multiple causes of HIE in adults, the most common
being inadequate cerebral blood perfusion because of cardiac and
respiratory arrest, which leads to secondary hypoxia and brain dam-
age.2 Severe intracranial hypertension, carbon monoxide poisoning,
diffuse cerebral vasospasms, shock and status epilepticus are further
causes of HIE.> Only 22% of inpatients and 6% of outpatients with
cardiac arrest who undergo treatment for HIE survive to be dis-
charged.*®> Mechanical ventilation (MV), an advanced life support
measure, is applied to patients with HIE to prolong their survival.®

The most common recommendation for a tracheostomy is to pro-
vide a long-term airway for patients with HIE who require prolonged
MV.” Tracheostomy has potential benefits, including promoting oral and
airway hygiene, enhancing patient comfort, reducing the use of sedative
drugs, decreasing the duration of MV and improving patient communi-
cation and swallowing abilities.2” However, routine tracheostomy may
inadvertently increase the risk of exposure to certain complications for
some patients, including local bleeding, pneumothorax, infection and
recurrent laryngeal nerve injury.!® It may also increase the occurrence
of ventilator-associated pneumonia (VAP).1112

Despite the perceived benefits of tracheostomy in MV, the medi-
cal community has yet to reach a consensus on the optimal timing for
this procedure. Traditional intervention measures are performed when
the duration of endotracheal intubation in patients exceeds 10-
14 days. A tracheostomy performed within 10 days is referred to as
early tracheostomy (ET).*® According to several large-scale multicen-
tre randomized controlled trials (RCTs),*21%1> ET is not associated
with better outcomes. However, an increasing number of sizeable sys-

7:16-20 5 ggest potential benefits of ET, such as

tematic review studies
lower mortality rate, less mean time spent on MV and shorter hospi-
talization duration. An observational study? in the United States on

patients with trauma found that ET significantly reduced the incidence
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vs. 46.3%, p = .248), 30-day mortality (59.3% vs. 46.3%, p = .177) and 1-year mortal-
ity (61.1% vs. 48.1%, p = .176).

In patients with hypoxic-ischaemic encephalopathy undergoing
mechanical ventilation, early tracheostomy is associated with a reduction in the dura-
tion of mechanical ventilation and decreased intensive care unit and hospital length

Relevance to Clinical Practice: For patients with hypoxic-ischaemic encephalopathy
who are at a high risk of requiring prolonged mechanical ventilation, the benefits of

early tracheostomy suggest considering it a viable treatment option.

hypoxic-ischaemic encephalopathy, mechanical ventilation, prognosis, propensity score
matching, tracheostomy

What is known about the topic

e For individuals with hypoxic-ischaemic encephalopathy,
tracheostomies serve as a critical option for long-term
support in mechanical ventilation scenarios.

e The optimal timing for performing a tracheostomy in the
context of hypoxic-ischaemic encephalopathy remains a
contentious issue within the medical community, with

significant implications for patient care and recovery.

What this paper adds

e Early tracheostomy in patients with hypoxic-ischaemic
encephalopathy can significantly reduce the duration of
mechanical ventilation and the overall hospital stay.

e The timing of tracheostomy in patients with hypoxic-
ischaemic encephalopathy does not appear to be signifi-
cantly correlated with a reduction in the incidence of
ventilator-associated pneumonia or improvements in

mortality rates.

of pulmonary complications and the utilization of critical care
resources. A study?? conducted in China has demonstrated that ET
can significantly reduce the duration of hospitalization and lower the
treatment costs associated with intensive care unit (ICU) stays for
patients with severe stroke. However, RCTs”' have not demon-
strated significant short-term or long-term mortality benefits associ-
ated with ET. Moreover, data on the optimal timing of tracheostomy
in patients with HIE are limited.

2 | AIMS

For patients anticipated to require extended MV, the ongoing contro-
versy over the optimal timing for tracheostomy can result in
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considerable variability in clinical practice. This variability can signifi-
cantly influence patient quality of life, as well as incur substantial
costs to the health care system and society at large.?® In addition,
including heterogeneous patient-case combinations in studies on the
optimal timing of tracheostomy may mask the potential benefits of
ET. Thus, the impact of ET and late tracheostomy (LT) on the progno-
sis of patients with HIE receiving MV remains unclear. Therefore, this
study aimed to evaluate the prognostic effects of ET and LT in
patients with HIE and further explore the optimal timing for tracheos-
tomy. To elucidate the association of ET and LT with prognosis in HIE,
propensity score matching (PSM) was conducted.

3 | DESIGN AND METHODS

3.1 | Study design

This retrospective observational cohort study adhered to the
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.?*

3.2 | Setting and sample
This study examined patients with HIE who underwent tracheostomies
between January 2012 and September 2020. The inclusion criteria were
as follows: (1) a diagnosis code of 348.1 (Anoxic brain injury)?® from the
International Classification of Diseases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM), which indicates a definite history of cerebral hypoxia
and diffuse indications of cerebral damage or suffering cardiac arrest;
(2) age 218 years; and (3) receipt of tracheostomy following endotra-
cheal intubation while hospitalized. The exclusion criteria were as fol-
lows: (1) anticipated requirement for a surgical tracheostomy that would
require ongoing care; (2) pregnancy; (3) involvement in any other inter-
ventional trial; and (4) death within the first 72 h.

The patients were divided into two groups: an ET group (trache-
ostomy performed within 10 days after endotracheal intubation) and
an LT group (tracheostomy performed 10 days after endotracheal

intubation) based on a Cochrane systematic review.”

3.3 | Samplesize

In this study, the hospital length of stay (LOS) was the primary outcome
measure. Based on the results of analogous published research,?® we
utilized PASS 2021 software to calculate the required sample size?’
determining that at least 102 participants should be enrolled. This strat-
egy ensures the scientific validity of our research design.

3.4 | Ethical and research approvals

This study was approved by the ethics committee and conducted in
accordance with the Declaration of Helsinki. Given the non-
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interventional and observational nature of the research, the ethics
committee reviewed and waived the requirement for obtaining

patient consent.

3.5 | Procedure, indications and timing of
tracheostomy

The tracheostomies performed on the participants in this study
adhered to the established routine procedures of the hospital. Under
local anaesthesia, both percutaneous and traditional tracheostomies
were carried out. To separate the skin and subcutaneous tissues from
the front of the trachea, a midline incision was made along the ante-
rior neck. A properly sized endotracheal tube with a core was inserted
after the trachea was cut open. The inner tube was inserted right after
the outer tube was implanted, and the core was taken out. After aspi-
rating the secretions, the presence of bleeding was determined.

Finally, the neck was secured with the strap. Following a thor-
ough evaluation of patients with HIE regarding the extent of injury,
expected duration of MV, arterial blood gas analyser results and
smoking history, a tracheostomy was carried out. Furthermore, at
least one of the following conditions served as the primary basis for
tracheostomy indications: (1) continuous need for suctioning broncho-
tracheal secretions; (2) central nervous system-related respiratory
insufficiency; and (3) aspiration or risk of aspiration owing to
dysphagia.®

3.6 | Data collection

Clinical information was recorded from medical charts. The following
data were collected: sex, age, weight, primary disease, Acute Physiol-
ogy and Chronic Health Evaluation Il (APACHE-II) score®’ at hospital
admission, Glasgow Coma Scale (GCS) score at hospital admission,
Pittsburgh (PCAC)®® at
admission, LOS before ICU admission, the time between onset and

Cardiac  Arrest Category hospital
resumption of spontaneous circulation, tracheostomy before ICU
admission, types of ICU, causes of heart attack, the site of the heart
attack, intubation during cardiopulmonary resuscitation, thrombolytic
therapy before hospital admission, hypothermia treatment before ICU
admission, hypothermia treatment before hospital admission, coro-
nary angiography before ICU admission, tracheostomy approach and
the surgical site. The laboratory test data within 24 h of hospital
admission included haemoglobin content, blood platelet count, creati-
nine content, urea nitrogen content and albumin content. The study
employed a 1-year follow-up period to evaluate the long-term out-

comes of the patients enrolled.

3.7 | Outcomes

The primary clinical outcomes were as follows: (1) hospital LOS, mea-
sured as the time from hospital admission to discharge or death (days);
(2) duration of MV, measured as the time from endotracheal
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intubation to extubation (days); and (3) ICU LOS, defined as the time
from a patient's first ICU transfer or admission to the occurrence of
death in the ICU, hospital discharge or transfer out of the ICU (days).

The secondary outcomes included: (1) incidence of VAP; (2) suc-
cessful weaning from the ventilator following a tracheostomy;
(3) inhospital mortality; (4) discharge status; (5) 30-day all-cause mor-
tality; and (6) 1-year all-cause mortality. Data were extracted and ana-
lysed by two operators who were blinded to the aim of the study.

The diagnostic criteria for VAP in this study are based on the fol-
lowing standards®’: the presence of a new or progressively enlarging
pulmonary infiltrate detectable via chest x-ray or CT scan within 48 h
of initiating or discontinuing MV. Furthermore, at least one of the fol-
lowing clinical indicators must accompany this finding: signs of pulmo-
nary consolidation and/or moist rales; an elevated peripheral
leukocyte count (WBC > 10.0 x 10%/L); a body temperature exceed-
ing 38°C; purulent secretions in the airway; or the isolation of a novel

pathogen from respiratory secretions.

3.8 | Statistical analysis

Descriptive statistics, t-tests, Mann-Whitney U tests, chi-square (x?)
tests and the Kaplan-Meier method were performed using SPSS soft-
ware, version 25.0 (IBM, Chicago, IL, USA). Continuous variables with
a normal distribution were reported as mean with standard deviation
(SD) or median and interquartile range (IQR), while categorical vari-
ables were expressed as counts (n) and percentages (%). For continu-
ous variables, parametric data were compared between groups using
the t-test, and non-parametric data were assessed using the Mann-
Whitney U test for independent samples. The chi-square test was
employed for the analysis of categorical data to evaluate group differ-
ences. To address missing data within our study, we used the mean
imputation method, where missing values were replaced by the
mean of the observed data within the same variable.

The PSM, initially introduced by Rosenbaum and Rubin®? in 1983,
is a statistical technique designed to address confounding factors in
observational studies.® In this study, we utilized Stata SE version
16.0 to perform PSM, estimating the propensity score with a logistic
regression model that incorporated a range of patient characteristics,
including age, sex, laboratory data within 24 h of hospital admission,
APACHE-II scores, GCS scores, PCAC and primary disease. We
employed proximal-neighbor PSM without replacement to match
patients who underwent ET with those who underwent LT and set
the calliper width to 0.2. The quality of matching was evaluated by
calculating the standardized differences (StDiff) for selected variables,
with an StDiff <0.10 indicating a high degree of matching.®* After
PSM, we conducted analyses to compare categorical variables
between the ET and LT groups using the chi-square test. For continu-
ous variables, we employed the Mann-Whitney U test for non-
parametric data and the t-test for parametric data, as appropriate. The
Kaplan-Meier method was applied to estimate event rates over time
to assess survival outcomes. Furthermore, we conducted a sensitivity

analysis of the receiver operating characteristic (ROC) curve to
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rigorously assess the discriminatory power of key predictors identified

in our study. Statistical significance was set at a p-value <.05.

4 | RESULTS

4.1 | Demographics

Between January 2012 and September 2020, 167 patients with HIE
underwent a tracheostomy, 132 of whom met the inclusion criteria.
There were 62 patients in the ET group and 70 in the LT group, with
an ET rate of 46.97% (Figure 1).

The patient characteristics are summarized in Table 1. There were
no significant differences in age or sex between the two groups. The
most common primary diseases in the ET versus LT groups were pulmo-
nary disease (7 [11.3%] vs. 17 [24.3%)]) and brain injuries (13 [21%)]
vs. 6 [8.6%]). In disease-specific severity, the APACHE-Il scores of
patients with HIE were 21.48 (6.25) in the ET group and 23.21 (6.32) in
the LT group, and the differences were statistically significant (p = .017).
There were no significant differences in the GCS scores or PCAC. The
median GCS scores were 5.5 (IQR, 4-10) in the ET group and 6.5 (IQR,
5-9.25) in the LT group. The PCAC in the ET versus LT group were as
follows: |, 8 (12.9%) versus 5 (7.1%); Il, 7 (11.3%) versus 17 (24.3%); lI,
18 (29%) versus 15 (21.4%); and IV, 29 (46.8%) versus 33 (47.1%).

Before PSM, the differences in haemoglobin content (p = .005;
StDiff = 0.49) and APACHE-Il scores (p=.017; StDiff =0.43)
between the two groups were statistically significant. Following PSM,
we selected 54 pairs of patients with balanced baseline characteris-
tics. In the matched cohort, the haemoglobin content in patients with
HIE was 122.17 (29.14) in the ET group and 118.02 (19.73) in the LT
group (p = .388; StDiff = 0.27). The APACHE-II scores in patients
with HIE were 21.98 (6.30) in the ET group and 22.31 (6.40) in the LT
group (p = .786; StDiff = 0.10) (Table 1). The baseline data were bal-

anced between the two groups.

4.2 | Primary clinical outcomes

Following a comparison of the primary clinical outcomes between the ET
and LT groups after PSM (Table 2), we observed that the hospital LOS in
the ET group (median, 19.5 days; IQR, 10.87-36.5) was significantly
shorter than that in the LT group (median, 39.5 days; IQR, 22-66)
(p < .001). Regarding the ICU LOS, that of the ET group (median,
14.5 days; IQR, 6.75-26) was significantly shorter than that of the LT
group (median, 35 days; IQR, 20-59) (p < .001). Moreover, the duration
of MV was significantly shorter in the ET group (median, 12 days; IQR, 7-
20) than in the LT group (median, 28 days; IQR, 15.75-58.25) (p < .001).

43 | Secondary outcomes

After PSM, seven patients developed VAP, with a lower incidence in
the ET group than in the LT group (5.6% vs. 7.4%); however, the
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FIGURE 1 Study design and patient
selection. HIE, hypoxic-ischaemic

Patients with HIE who underwent
encephalopathy; PSM, propensity score tracheosto my (n=167)
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v

v

62 Patients 70 Patients
PSM
4 | 4
54 Patients 54 Patients

difference was not statistically significant (p = .343). The 30-day mor-
tality rates (59.3% vs. 46.3%, p = .177), inhospital mortality rates
(57.4% vs. 46.3%, p =.248) and 1-year mortality rates (61.1%
vs. 48.1%, p = .176) in the ET group were higher than those in the LT
group; however, the differences were not statistically significant.

Subsequently, a survival analysis was conducted. Figure 2a shows
a statistically significant difference in the 30-day survival time
between the ET and LT groups, with the risk of death in the ET group
being 6.175 times higher than that in the LT group (95% Cl, 1.752-
21.765; p = .005). Figure 2b shows a statistically significant difference
in the 1-year survival time between the ET and LT groups, with the
risk of death in the ET group being 3.088 times higher than that in
the LT group (95% Cl, 1.346-7.085; p = .008).

4.4 | Sensitivity analysis

We conducted a sensitivity analysis utilizing the ROC curve to assess
the predictive capacity of various factors (Figure 3a,b). The 30-day
mortality ROC analysis indicated that the duration of MV was the
most significant predictor of mortality, with an area under the curve
(AUC) of 0.543 (p =.279). Similarly, for 1-year mortality, the ROC
analysis identified the duration of MV as the primary predictor, yield-
ing an AUC of 0.531 (p = .440). However, the analysis revealed that

ICU LOS (AUC = 0.427, p = .195), and hospital LOS (AUC = 0.473,
p = .650) were not significant predictors of 30-day mortality in our
study cohort. Similarly, ICU LOS (AUC = 0.433, p = .173), and hospi-
tal LOS (AUC = 0.473, p = .510) were not significant predictors of
1-year mortality. Subsequently, a multivariate analysis was performed
on the data. Table 3 demonstrates that the duration of MV signifi-
cantly impacts 30-day mortality in both the ET group (odds ratio
[OR] = 0.710, 95% confidence interval [Cl] = 0.506-0.980, p = .038)
and the LT group (OR =0.932, 95% Cl =0.871-0.998, p = .043).
Similarly, the duration of MV is a critical factor influencing 1-year
mortality in both the ET group (OR = 0.899, 95% CI = 0.818-0.989,
p =.030) and the LT group (OR = 0.935, 95% Cl=0.876-0.999,
p = .048), as shown in Table 4. In contrast, neither ICU LOS, nor hos-
pital LOS was associated with an increased risk of 30-day or 1-year
mortality (Tables 3, 4).

5 | DISCUSSION

This study investigated the outcomes following ET and LT in patients
with HIE requiring an artificial airway. Our findings demonstrated that
among patients with HIE, ET correlated with a reduction in the dura-
tion of MV, ICU LOS and the overall hospital LOS. Although the ET
group exhibited higher short- and long-term mortality rates than did
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the LT group, these differences did not reach statistical significance.

value
.824

Our results align with the guidelines of the Federation of Societies of
Critical and Intensive Therapy Medicine,3> which suggest that ET may

contribute to a decrease in the duration of MV without a concomitant

StDiff

reduction in long-term mortality rates.
PSM is a method employed to mitigate selection bias in observa-

0.049

tional studies, thereby enhancing the validity of comparative analyses.

Statistics

In our study, we utilized this method to adjust for disease severity and

X2

to compare the outcomes of ET and LT, even with the limitations
posed by the modest amount of retrospective data available.

In this observational study based on PSM, we found that ET was
associated with a reduced duration of MV. Two retrospective studies

14 (25.9)
40 (74.1)

also suggested that the benefits of ET on the duration of MV repre-

LT group (n = 54)

sent a reasonable strategy.>®3” Furthermore, a PSM cohort study®®
has reported that ET is associated with a decreased duration of MV in
patients with traumatic brain injury. However, in the PSM analysis
conducted in that study, only the GCS score was utilized as an indica-
tor of iliness severity, which may not fully capture the complexity of

13 (24.1)
41(75.9)

confounding factors that could influence the outcomes. Additionally,

Matched cohort
ET group (n = 54)

two studies?>3? have reported similar conclusions regarding the bene-
fits of ET in reducing the duration of MV. However, these analyses

also acknowledged sex and age disparities among the study popula-

546

tions, as well as significant heterogeneity across the included studies.
Such factors could introduce confounding biases that may affect the

StDiff  p value

interpretation of the results. In contrast, a meta-analysis*® demon-
strated that ET did not significantly improve the incidence of pneumo-

nia, duration of MV or ICU LOS. The divergent conclusions drawn

0.365

from various studies may stem from differences in demographic fac-

Statistics

X2

tors, such as sex and age, as well as the inherent heterogeneity across
study designs and patient populations. To mitigate biases related to
disease severity and enhance the reliability of our findings, the pre-
sent study employed PSM. This method helps control for confounding

variables, thereby providing a more balanced comparison between

19 (27.1)
51(72.9)

groups and providing evidence for the creation of long-term rehabili-

LT group (n = 70)

tative care programmes for ICU survivors.

In this study, there was no significant difference in the incidence
of VAP between the two groups. For patients requiring prolonged
MV, ET is beneficial for controlling lung infections, reducing the dura-
tion of MV and decreasing the incidence of VAP.1841~43 A meta-anal-

ysis®” found that ET improved VAP and respiratory outcomes but did

14 (22.6)
48 (77.4)

Total cohort
ET group (n = 62)

not improve short-term overall mortality. Furthermore, Diaz-Prieto
et al.2® proposed that ET not only shortened the duration of MV and
ICU LOS but also reduced the sedation time. VAP is a major contribu-

tor to the increased consumption of health care resources and ele-

The operating room
Bedside operation

vated treatment costs.** ET has demonstrated the potential to
alleviate the economic burden for patients by reducing the incidence
of VAP, thereby impacting the cost-effectiveness of care.*> However,
it is important to note that the current body of research predomi-
nantly rates critically ill patients, with a dearth of subspecialized

(Continued)

research evidence, particularly concerning patients with HIE. This
underscores the need for further investigation into the nuances of

HIE and the development of targeted treatment strategies that can

Surgical site (n, %)

Variable
Abbreviations: APACHE-II, Acute Physiology and Chronic Health Evaluation-Il; ET, early tracheostomy; GCS, Glasgow Coma Scale; ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; LT, late tracheostomy;

PCAC, Pittsburgh Cardiac Arrest Category; SD, standard deviation; StDiff, standardized differences.

TABLE 1

improve patient outcomes in this specific population.
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(a) 30-day survival time. (b). 1-year survival time. (a, b) Kaplan-Meier survival curves. The y-axis represents the cumulative survival

function, while the x-axis represents the survival time (days). ET, early tracheostomy; LT, late tracheostomy.
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(a) Receiver operating characteristic analysis of the 30-day mortality. (b) Receiver operating characteristic analysis of the 1-year

mortality. (a, b) Receiver operating characteristic analysis. The y-axis represents the sensitivity, while the x-axis represents the specificity. ROC,
receiver operating characteristic; ICU, intensive care unit; LOS, length of stay; MV, mechanical ventilation.

In our study, we found that ET was associated with a reduction in
both ICU and hospital LOS. A previous study by Hosokawa et al.*
showed that patients undergoing ET had a 65% reduction in total ICU
LOS compared to that in critically ill patients undergoing LT treatment.
Studies*”*® conducted on neurosurgical and critically ill patients with
stroke also confirmed that ET significantly reduced the ICU LOS.
Although the differences were not statistically significant, a previous
study®® revealed that regarding patients in the ICU, the hospital LOS
in the ET group was shorter than that in the LT group. However, this
difference was not statistically significant. Furthermore, several

systematic reviews!”182022 hased on RCTs have found that patients
undergoing ET have significantly shorter ICU LOS than do those
undergoing LT. In a propensity-matched cohort study37 involving
patients with traumatic brain injury, ET correlated with a reduced
duration of MV, ICU LOS and hospital LOS, yet it did not significantly
influence mortality rates. Patients with more severe injuries might
require more extensive treatment, potentially leading to a delay in tra-
cheostomy and longer expected hospital stays because of poorer out-
comes. The observed trend in the ET group may suggest potential

benefits in terms of recovery and expedited discharge. However,
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TABLE 3 Multivariate analysis of the
30-day mortality.

95% confidence interval for the odds ratio

p-value Odds ratio Lower Upper

ET
Intercept 405 0.607 0.187 1.968
Duration of MV .038 0.710 0.506 0.980
ICU LOS .067 1.347 1.010 1.795
Hospital LOS .760 1.013 0.935 1.098

LT
Intercept .285 3.381 1.136 10.063
Duration of MV .043 0.932 0.871 0.998
ICU LOS 196 1.048 0.976 1.126
Hospital LOS .636 0.989 0.943 1.036

Abbreviations: ET, early tracheostomy; ICU, intensive care unit; LOS, length of stay; LT, late
tracheostomy; MV, mechanical ventilation.

TABLE 4 Multivariate analysis of the
1-year mortality.

95% confidence interval for the odds ratio

p-value Odds ratio Lower Upper

ET
Intercept .078 0.466 0.199 1.090
Duration of MV .030 0.899 0.818 0.989
ICU LOS 132 1.086 0.975 1.208
Hospital LOS .650 1.018 0.943 1.097

LT
Intercept .064 2.725 0.944 7.869
Duration of MV .048 0.935 0.876 0.999
ICU LOS 220 1.050 0.974 1.121
Hospital LOS .730 0.992 0.947 1.039

Abbreviations: ET, early tracheostomy; ICU, intensive care unit; LOS, length of stay; LT, late
tracheostomy; MV, mechanical ventilation.

these observations require further investigation through rigorous
research to confirm their validity and generalizability.

Despite observing a higher mortality rate in the ET group than in
the LT group, our study did not identify statistically significant differ-
ences in the 30-day, 1-year or inhospital mortality rates between the
two groups. However, the survival analysis conducted as part of this
research suggested a superior survival outcome for the LT group at
both the 30-day and 1-year follow-up intervals when compared to the
ET group. Two meta-analyses?”%’ also indicated that ET in ICU
patients is not significantly associated with an altered risk of mortality.
A recent meta-analysis®® of adult patients without neurological inju-
ries reported no significant difference in overall mortality rates
between the ET and LT groups. Consistent conclusions were reached

in two additional meta-analyses®°!

involving critically ill adult
patients. Moreover, a Cochrane review’ that included critically ill
patients and drew evidence from 12 RCTs found no significant reduc-
tion in either short-term or long-term mortality rates in the ET group
compared to the LT group. However, a network meta-analysis*® sug-
gested that performing tracheostomy within 4 days after intubation

was associated with a lower short-term mortality rate than was

performing tracheostomy at or after 13 days post-intubation. The
potential advantages of ET are further supported by evidence from
RCTs,>2 indicating that patients undergoing LT may be at a higher risk
of adverse neurological outcomes, which could contribute to
increased mortality. In our study, we meticulously matched covariates
using PSM, including age, sex, GCS scores, APACHE-II scores, PCAC
and various laboratory parameters. This methodological approach was
employed to mitigate the influence of potential confounders and
enhance the comparability of the groups under investigation. None-
theless, it is important to acknowledge that the factors impacting the
mortality of critically ill patients are both multifaceted and intricate.
Thus, the association between ET and mortality warrants further in-

depth research to fully understand the nuances of this relationship.
5.1 | Implications for practice
ET has been shown to reduce the duration of MV, ICU LOS and over-

all hospital LOS. However, its impact on mortality remains a subject of
debate. Extending the follow-up period in future studies could provide
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a clearer understanding of how different timings of tracheostomy
affect the long-term prognosis of patients. Moreover, future research
must consider factors that are pertinent to clinicians and local health
care systems. To address this, rigorously designed, large-sample RCTs
may be required to ascertain the potential survival benefits of ET for
patients with HIE. Such trials will be instrumental in enabling clinicians
to evaluate functional prognoses, enhance clinical care and facilitate

the optimization of medical resource allocation.

5.2 | Limitations

This study had some limitations. First, the present study's single-
centre retrospective design, with limited patient participation, may
have introduced selection bias. Consequently, the generalizability of
our findings may be limited. Second, our focus on key variables for
propensity scoring may have inadvertently excluded other influential
factors. For instance, the use of sedative drugs in patients with brain-
stem lesions could significantly affect patient outcomes because of
potential respiratory depressive side effects. Additionally, the study
did not include patient comfort as a variable, an oversight that high-
lights the need for a more holistic approach in future research to
include patient-reported outcomes. Third, the lack of standardized
definitions of ‘early’ and ‘late’ tracheostomy across studies compli-

cates result comparisons. Although some studies®>>*

suggest that tra-
cheostomy should be performed approximately 10 days after
endotracheal intubation, the optimal timing of this procedure remains
a subject of debate. A standardized approach is needed in future
research to ensure more reliable and valid comparisons. Fourth, the
relatively short follow-up period in our study limits the understanding
of the long-term effects of ET on patient prognosis and health care
resource utilization. Therefore, further research with extended follow-
up periods is essential to assess the long-term efficacy and implica-

tions of tracheostomy in critically ill patients.

6 | CONCLUSION

Although the timing of tracheostomy does not appear to be signifi-
cantly correlated with a reduction in VAP occurrence or improve-
ments in mortality rates among patients with HIE, our study
indicates that it can lead to a shorter duration of MV, ICU LOS and
overall hospitalization LOS. In clinical practice, for patients with
HIE at an elevated risk for prolonged MV, the potential of ET to
shorten hospital LOS suggests its consideration as a viable treat-
ment option. Despite the challenges in determining the precise
indications for ET, our findings underscore the practical advantages
of this procedure. However, given the limited sample size of our
study, we are unable to definitively exclude the possibility of differ-
ences in mortality rates between the ET and LT groups. Further
research with larger cohorts is warranted to provide more conclu-
sive evidence on the impact of tracheostomy timing on mortality

and other clinical outcomes.
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