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Abstract 

Background: Patients with Guillain–Barré syndrome (GBS) who require mechanical ventilation (MV) are regarded as 
candidates for early tracheostomy because of the high risk of prolonged MV; however, the association between early 
tracheostomy and favorable outcomes in patients with GBS remains unclear. In this study, we evaluated the associa-
tion between early tracheostomy and outcomes in mechanically ventilated patients with GBS.

Methods: This retrospective observational study included adult patients with GBS identified in the Japanese Diagno-
sis Procedure Combination national inpatient database from July 1, 2010, to March 31, 2018, who initiated MV within 
the first week of admission and who received MV for more than 1 week. Early tracheostomy was defined as tracheos-
tomy performed within 7 days of MV. The primary outcome was in-hospital mortality, and the secondary outcomes 
were 28-day mortality, nosocomial pneumonia, length of hospital stay, length of intensive care unit (ICU) stay, dura-
tion of MV, duration of sedation, duration of analgesia, duration of delirium, and total hospitalization costs. Propensity 
scores for early tracheostomy were calculated using a logistic regression model on the following variables: age; sex; 
body mass index; Japan Coma Scale status at admission; Charlson comorbidity index score; comorbidity of chronic 
pulmonary disease; complication of pneumonia at admission; complication of hyponatremia at admission; neuro-
logical presentation at admission; ambulance use; referral from other hospitals; treatment year; days from hospital 
admission to MV initiation; ICU admission until the day of MV initiation; and treatments until the day of MV initiation. 
Stabilized inverse probability of treatment weighting analyses was performed to compare the outcomes between 
patients with and without early tracheostomy.

Results: Among 919 eligible patients, 654 patients (71%) underwent tracheostomy, with 136 patients (15%) receiv-
ing early tracheostomy. Overall, the median time from initiation of MV to tracheostomy was 12 days (interquartile 
range 8–15 days). After stabilized inverse probability of treatment weighting, early tracheostomy was not associated 
with lower in-hospital mortality (risk difference 0.4%; 95% confidence interval − 5.6 to 6.7%) compared with patients 
without early tracheostomy. There were no significant differences in 28-day mortality (risk difference − 1.3%; 95% 
confidence interval − 3.5 to 0.9%) and incidence of nosocomial pneumonia (risk difference − 2.6%; 95% confidence 
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Introduction
Respiratory failure is the most serious manifestation of 
Guillain–Barré syndrome (GBS), and mechanical ventila-
tion (MV) is required in 30% of severely ill GBS patients 
[1]. However, even with immunotherapy and general sup-
portive care, reported in-hospital mortality rates were 
10.4–16.8% in GBS patients needing MV [1–4].

Most patients with GBS receiving MV eventually 
require a tracheostomy because of the high risk of pro-
longed MV [5–11]. However, although mechanically ven-
tilated patients with GBS are regarded as candidates for 
early tracheostomy [12–14], information on its benefits 
in these patients is lacking.

Two recent meta-analyses demonstrated the superior-
ity of early compared with late tracheostomy in critically 
ill patients [15, 16] and indicated that early tracheos-
tomy may be associated with reduced mortality [15] and 
a lower incidence of nosocomial pneumonia [16]. It may 
also offer clinical benefits in selected groups of patients, 
such as those with acute brain injury [17], spinal cord 
injury [18], stroke [19], or peripheral nerve disorders 
[12]. However, there remain unanswered questions 
regarding which patients are likely to benefit from early 
tracheostomy.

There may be some advantages of early tracheostomy 
in mechanically ventilated patients with GBS. The patho-
physiological mechanisms of neuromuscular respiratory 
failure in GBS patients, characterized by bulbar palsy 
and respiratory muscle paralysis [20], differ from those 
in other critically ill patients. Specifically, bulbar palsy 
and respiratory muscle paralysis induce acute respiratory 
failure through a combination of poor airway protection, 
inadequate secretion clearance, and hypoventilation [20]. 
These entities contribute to a high incidence of respira-
tory complications, including atelectasis and pneumonia, 
as a major cause of death [2, 21–23]. Early tracheostomy 
may thus provide potentially effective supportive care as 
well as a reduction in respiratory complications in GBS 
patients, with potentially favorable outcomes.

However, to the best of our knowledge, no previous 
studies have examined the effects of early tracheostomy 
in patients with GBS, possibly because of the difficulty 
in recruiting enough eligible patients. We therefore per-
formed a retrospective comparison of early and non-early 
tracheostomy in patients with GBS who received MV for 

more than 1 week. The aim of this study was to evaluate 
the effects of early tracheostomy on mortality and the 
occurrence of nosocomial pneumonia in mechanically 
ventilated patients with GBS.

Materials and Methods
Data Source
We performed a retrospective observational study using 
data from the nationwide Japanese Diagnosis Procedure 
Combination (DPC) inpatient database. Because all data 
were anonymized, the institutional review board of The 
University of Tokyo approved this study without the need 
for individual patient consent.

The DPC database comprises inpatient administrative 
claims and discharge abstract data from more than 1200 
acute-care hospitals in Japan. It contains clinical data for 
each patient with high precision and validity [24]. The 
database represents around 50% of all acute admissions 
and covers all 82 academic hospitals and over 90% of 
all tertiary care emergency hospitals in Japan. The par-
ticipating hospitals in the DPC database are distributed 
across all 47 prefectures in Japan.

The database contains the following information: 
unique hospital identifiers; age; sex; admission and dis-
charge dates; body weight and height; main diagnosis, 
primary diagnosis at admission, comorbidities at admis-
sion, and post-admission complications recorded with 
the International Classification of Diseases, Tenth Revi-
sion (ICD-10) codes and Japanese text; drugs prescribed; 
devices used; surgical and non-surgical procedures con-
ducted; intensive care unit (ICU) admission; length of 
stay; and discharge status. Complications arising after 
admission are clearly differentiated from comorbidities 
already present at the time of admission. Other details of 
the database have been described elsewhere [25].

Patient Selection
We identified mechanically ventilated patients with 
GBS (ICD-10 code: G610) in the DPC database from 
July 1, 2010, to March 31, 2018. We included patients 
aged 18 years or older who initiated MV within the first 
week of admission and who received MV for more than 
1 week, and whose confirmed main diagnosis in Japanese 
text was ‘Guillain–Barré syndrome.’ We assumed that a 
requirement for MV management within the first week 

interval − 9.1 to 4.2%) between the two groups. None of the other secondary outcomes differed significantly 
between the groups.

Conclusions: Early tracheostomy was not significantly associated with decreased mortality or morbidity in patients 
with GBS requiring MV for more than 1 week.
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of admission was representative of GBS-associated neu-
romuscular respiratory failure [26]. The exclusion criteria 
were as follows: (1) patients with a Japanese text-based 
main diagnosis of ‘suspected’ GBS or variants of GBS 
(Miller Fisher syndrome and Bickerstaff’s brain-stem 
encephalitis); (2) patients who also had chronic inflam-
matory demyelinating polyneuropathy (ICD-10 code: 
G618); (3) patients who initiated MV on admission day 
8 or later; (4) patients who were transferred from other 
hospitals after the initiation of MV, because of a lack of 
information on the duration of MV; (5) patients who died 
within 7  days after MV (to avoid immortal time bias) 
[27]; and (6) patients who were weaned from MV or dis-
charged within 7 days after MV or who received trache-
ostomy on day 28 or later (to create a more homogeneous 
population and avoid biases related to outlier patients) 
[12].

We defined early tracheostomy as tracheostomy within 
7 days after MV and non-early tracheostomy as tracheos-
tomy thereafter (late tracheostomy) or no tracheostomy. 
We chose this cutoff point in advance based on previous 
studies [28, 29] and the median times from MV initiation 
to tracheostomy in several observational studies of GBS 
patients (8–14 days) [5, 8, 9].

Covariates and Outcomes
We compared the following covariates between the early 
and non-early tracheostomy groups: age [30]; sex; body 
mass index (kg/m2); Japan Coma Scale status at admis-
sion [31]; Charlson comorbidity index score [2, 4, 32]; 
chronic pulmonary disease as a comorbidity at admis-
sion [5, 7]; pneumonia (ICD-10 code J10–J18 or J69) as 
a complication at admission [6]; hyponatremia (ICD-10 
codes E222 and E871) as a complication at admission [33, 
34]; neurological presentation at admission (bulbar palsy 
[ICD-10 codes G12, G521, G522, G523, R13, and R47] 
and autonomic dysfunction [ICD-10 codes G90, H570, 
I10, I49, I95, K56, K59, L74, N39, R00, R15, R32, R33, 
R39, and R61]) [35, 36]; ambulance use; referral from 
other hospitals; treatment year [1–4]; number of days 
from hospital admission to MV initiation [6]; ICU admis-
sion until the day of MV initiation; treatments until the 
day of MV initiation [procedures and monitoring (inva-
sive arterial pressure monitoring, central venous catheter 
insertion,  CO2 monitoring, deep vein thrombosis proph-
ylaxis, and chest compression and/or defibrillation), 
medical treatments (vasopressors, intravenous antihy-
pertensive drugs, antiarrhythmic drugs, insulin, antiulcer 
drugs, antibiotic drugs, heparin, and enteral nutrition), 
and starting immunotherapy (plasma exchange, intrave-
nous immunoglobulin (IVIg), intravenous corticoster-
oids, and none)].

Patients were categorized into three age groups: ≤ 40, 
41–60, and > 60  years [30]. According to the World 
Health Organization definition, body mass index was cat-
egorized as < 18.50, 18.50–24.99, 25.00–29.99, ≥ 30.00 kg/
m2, and missing. According to the Japan Coma Scale sta-
tus, which correlates well with the Glasgow Coma Scale 
[31], patients were categorized as alert, dizzy, somno-
lent, or comatose. A Charlson comorbidity index, as a 
weighted composite score of 12 different comorbidities, 
was scored using the diagnoses for each patient and cat-
egorized as 0, 1, 2, or ≥ 3 [32].

The primary outcome was in-hospital mortality. The 
secondary outcomes were 28-day mortality, nosocomial 
pneumonia, length of hospital stay, length of ICU stay, 
duration of MV, duration of sedation, duration of analge-
sia, duration of delirium, and total hospitalization costs. 
We extracted information on nosocomial pneumonia 
using recorded ICD-10 codes J13–J18 [37]. Duration 
of sedation was defined as duration of use of propofol, 
midazolam, and dexmedetomidine. Duration of analge-
sia was defined as duration of use of morphine and fen-
tanyl. Duration of delirium was defined as duration of 
use of haloperidol, olanzapine, quetiapine, clozapine, and 
risperidone.

Statistical Analyses
We performed stabilized inverse probability of treat-
ment weighting (IPTW) analyses to account for differ-
ences in baseline covariates between patients in the early 
and non-early tracheostomy groups. Stabilized IPTW is 
a propensity score-based method to adjust for measured 
potential confounding factors, which creates a pseudo-
dataset by preserving sample size [38]. Propensity scores 
for early tracheostomy were calculated using a logistic 
regression model. The independent variables were: age; 
sex; body mass index; Japan Coma Scale status at admis-
sion; Charlson comorbidity index score; comorbidity of 
chronic pulmonary disease; complication of pneumonia 
at admission; complication of hyponatremia at admis-
sion; neurological presentation at admission; ambulance 
use; referral from other hospitals; treatment year; days 
from hospital admission to MV initiation; ICU admission 
until the day of MV initiation; and treatments until the 
day of MV initiation. We used the propensity scores to 
derive stabilized weights, which maintains appropriate 
type I error by preserving the sample size in the pseudo-
dataset [38]. To assess the performances before and 
after stabilized IPTW, we compared the covariates using 
absolute standardized differences, with differences > 10% 
regarded as an imbalance between the two groups [39]. 
Stabilized IPTW estimates the average treatment effects 
over a marginal distribution of measured covariates in 
the matched cohort.
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In the current study, we expected wide between-hos-
pital variation in the timing of tracheostomy [28]. We 
therefore used generalized linear models with cluster-
robust standard errors treating each hospital as a cluster 
for comparisons of the primary and secondary outcomes. 
Risk differences, risk ratios, and their 95% confidence 
intervals (CIs) were calculated for the outcomes. These 
estimates were obtained through the generalized linear 
models with identity (for difference) and log (for ratio) 
link functions. To address the issue of competing out-
comes, length of hospital stay, length of ICU stay, dura-
tion of MV, duration of sedation, duration of analgesia, 
duration of delirium, and total hospitalization costs were 
evaluated for the survivors.

We performed a sensitivity analysis excluding patients 
who did not undergo tracheostomy. Risk differences, risk 
ratios, and 95% CIs were calculated.

Categorical variables were reported as n (%) and con-
tinuous variables as median and interquartile range 
(IQR). All statistical analyses were performed using 
STATA/MP 16.0 software (StataCorp, College Station, 
TX, USA).

Results
The patient selection procedure is shown in Fig. 1. Dur-
ing the 93-month study period, we identified 1813 GBS 

patients who received MV, of whom 919 were eligible 
for the current study. The patients were divided into an 
early tracheostomy group (n = 136) and a non-early tra-
cheostomy group (n = 783). The non-early tracheostomy 
group comprised a late tracheostomy group (n = 518) and 
a no tracheostomy group (n = 265). Overall, 654 patients 
(71%) underwent tracheostomy. The median time 
from MV initiation to tracheostomy was 6  days (IQR 
4–7 days) in the early tracheostomy group, 13 days (IQR 
10–16 days) in the late tracheostomy group, and 12 days 
(IQR 8–15 days) in the overall tracheostomy group.

The baseline characteristics and treatment before and 
after stabilized IPTW are given in Tables 1 and 2. Com-
pared with the non-early tracheostomy group before sta-
bilized IPTW, patients in the early tracheostomy group 
were more likely to have pneumonia and hyponatremia 
as complications, be referred from other hospitals, be 
admitted to the ICU until the day of MV initiation, 
receive vasopressors and enteral nutrition, and start IVIg 
until the day of MV initiation. After stabilized IPTW, the 
patient characteristics were well-balanced between the 
groups, with absolute standardized differences of < 10% 
for all covariates.

The overall in-hospital mortality was 7.4% (68/919). 
In-hospital mortality in the early, late, and no trache-
ostomy groups was 5.9% (8/136), 6.4% (33/518), and 

Fig. 1 Flowchart of patient selection. GBS Guillain–Barré syndrome; MV mechanical ventilation
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10% (27/265), respectively. The median duration of 
MV among survivors was 30  days (IQR 15–68  days), 
39  days (IQR 22–68  days), and 13  days (IQR 10–19) 
in the early, late, and no tracheostomy groups, respec-
tively. The outcomes before and after stabilized IPTW 

are given in Table  3. There was no significant differ-
ence in in-hospital mortality between the early and 
non-early tracheostomy groups after stabilized IPTW 
(risk difference, 0.4%; 95% CI − 5.6 to 6.7%). Similarly, 
there was no significant difference in 28-day mortality 

Table 1 Baseline characteristics of patients before and after stabilized IPTW

Data presented as n (%)

ASD absolute standardized difference, IPTW inverse probability of treatment weighting

Covariates Before stabilized IPTW After stabilized IPTW

Early tracheostomy 
(n = 136)

Non-early tracheos-
tomy (n = 783)

ASD Early tracheostomy 
(n = 135)

Non-early tracheos-
tomy (n = 784)

ASD

Age (years)

 ≤ 40 24 (17.6) 157 (20.1) 6.1 22 (16.3) 154 (19.6) 8.3

 41–60 41 (30.1) 214 (27.3) 6.2 44 (32.6) 218 (27.8) 9.8

 > 60 71 (52.2) 412 (52.6) 0.8 69 (51.1) 412 (52.6) 2.6

Sex (male) 81 (59.6) 436 (55.7) 7.8 74 (54.8) 441 (56.3) 2.5

Body mass index (kg/m2)

 < 18.50 19 (14.0) 124 (15.8) 5.2 22 (16.3) 122 (15.6) 1.3

 18.50–24.99 82 (60.3) 433 (55.3) 10.1 77 (57.0) 439 (56.0) 2.9

 25.00–29.99 20 (14.7) 107 (13.7) 3.0 16 (11.9) 108 (13.8) 6.1

 ≥ 30.00 6 (4.4) 34 (4.3) 0.3 6 (4.4) 34 (4.3) 1.1

 Missing data 9 (6.6) 85 (10.9) 15.1 14 (10.4) 80 (10.2) 1.0

Japan Coma Scale status at admission

 Alert 99 (72.8) 553 (70.6) 4.8 93 (68.9) 556 (70.9) 3.7

 Dizziness 26 (19.1) 129 (16.5) 6.9 26 (19.3) 133 (17.0) 6.3

 Somnolence 6 (4.4) 53 (6.8) 10.3 6 (4.4) 50 (6.4) 8.3

 Coma 5 (3.7) 48 (6.1) 11.4 9 (6.7) 45 (5.7) 4.7

Charlson comorbidity index

 0 109 (80.1) 597 (76.2) 9.5 108 (80.0) 603 (76.9) 7.3

 1 8 (5.9) 51 (6.5) 2.6 6 (4.4) 50 (6.4) 7.3

 2 14 (10.3) 109 (13.9) 11.1 15 (11.1) 105 (13.4) 7.3

 ≥ 3 5 (3.7) 26 (3.3) 1.9 6 (4.4) 27 (3.4) 5.5

Chronic pulmonary disease 5 (3.7) 33 (4.2) 2.8 6 (4.4) 32 (4.1) 1.2

Complications at admission

 Pneumonia 45 (33.1) 203 (25.9) 15.7 35 (25.9) 211 (26.9) 1.5

 Hyponatremia 5 (3.7) 13 (1.7) 12.5 2 (1.5) 15 (1.9) 1.3

Neurological presentations at admission

 Bulbar palsy 24 (17.6) 117 (14.9) 7.3 20 (14.8) 120 (15.3) 2.1

 Autonomic dysfunction 37 (27.2) 201 (25.7) 3.5 37 (27.4) 204 (26.0) 2.6

Ambulance use 69 (50.7) 429 (54.8) 8.6 78 (57.8) 426 (54.3) 6.2

Referral from other hospitals 81 (59.6) 403 (51.5) 15.7 71 (52.6) 413 (52.7) 1.0

Treatment year

 2010 9 (6.6) 49 (6.3) 1.5 8 (5.9) 49 (6.3) 1.3

 2011 12 (8.8) 88 (11.2) 8.0 15 (11.1) 85 (10.8) 2.1

 2012 15 (11.0) 100 (12.8) 5.4 18 (13.3) 99 (12.6) 3.1

 2013 11 (8.1) 65 (8.3) 0.8 9 (6.7) 64 (8.2) 6.0

 2014 14 (10.3) 102 (13.0) 8.5 18 (13.3) 99 (12.6) 1.7

 2015 24 (17.6) 126 (16.1) 4.2 24 (17.8) 128 (16.3) 3.1

 2016 27 (19.9) 136 (17.4) 6.4 23 (17.0) 139 (17.7) 2.6

 2017 24 (17.6) 117 (14.9) 7.3 20 (14.8) 121 (15.4) 1.6
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between the two groups after stabilized IPTW (risk 
difference − 1.3%; 95% CI − 3.5 to 0.9%). The propor-
tions of patients with nosocomial pneumonia were 
similar in the two groups after stabilized IPTW (risk 
difference − 2.6%; 95% CI − 9.1 to 4.2%). No sig-
nificant differences in the other secondary outcomes 
were detected between the two groups after stabilized 
IPTW.

The results of the sensitivity analysis restricted to 
patients who underwent tracheostomy were compat-
ible with those of the main analysis (Table 4).

Discussion
The current study compared the clinical outcomes 
between mechanically ventilated patients with GBS 
with and without early tracheostomy, using a Japanese 
nationwide inpatient database. We found no significant 
differences in in-hospital mortality, 28-day mortality, 
incidence of nosocomial pneumonia, length of hospi-
tal stay, length of ICU stay, duration of MV, duration 
of sedation, duration of analgesia, duration of delirium, 
and total hospitalization costs between the two groups.

Table 2 Days from hospital admission to initiating MV, and treatment covariates until day of initiation of MV before and 
after stabilized IPTW

Data presented as n (%)

ASD absolute standardized difference, ICU intensive care unit, IPTW inverse probability of treatment weighting, IVIg intravenous immunoglobulin, MV mechanical 
ventilation

Covariates Before stabilized IPTW After stabilized IPTW

Early tracheos-
tomy (n = 136)

Non-early tracheos-
tomy (n = 783)

ASD Early tracheos-
tomy (n = 135)

Non-early tracheos-
tomy (n = 784)

ASD

Days from hospital admission to initiating MV

 1 38 (27.9) 215 (27.5) 1.1 42 (31.1) 216 (27.6) 8.1

 2 34 (25.0) 220 (28.1) 7.0 39 (28.9) 217 (27.7) 2.2

 3 33 (24.3) 149 (19.0) 12.7 25 (18.5) 155 (19.8) 3.8

 4 12 (8.8) 78 (10.0) 3.9 13 (9.6) 77 (9.8) 0.7

 5 8 (5.9) 58 (7.4) 6.1 8 (5.9) 56 (7.1) 5.3

 6 8 (5.9) 35 (4.5) 6.4 6 (4.4) 36 (4.6) 0.8

 7 3 (2.2) 28 (3.6) 8.2 2 (1.5) 26 (3.3) 9.4

ICU admission until day of MV initiation 104 (76.5) 462 (59.0) 38.0 87 (64.4) 483 (61.6) 6.2

Procedures and monitoring until day of MV initiation

 Invasive arterial pressure monitoring 58 (42.6) 259 (33.1) 19.8 51 (37.8) 272 (34.7) 7.0

 Central venous catheter insertion 49 (36.0) 248 (31.7) 9.2 40 (29.6) 253 (32.3) 5.0

 CO2 monitoring 35 (25.7) 114 (14.6) 28.1 21 (15.6) 127 (16.2) 2.0

 Deep vein thrombosis prophylaxis 58 (42.6) 258 (33.0) 20.1 49 (36.3) 270 (34.4) 4.4

 Chest compression/defibrillation 4 (2.9) 17 (2.2) 4.9 3 (2.2) 18 (2.3) 2.1

Medical treatments until the day of MV initiation

 Vasopressors 36 (26.5) 170 (21.7) 11.1 28 (20.7) 176 (22.4) 3.6

 Intravenous antihypertensive drugs 21 (15.4) 93 (11.9) 10.4 17 (12.6) 97 (12.4) 0.7

 Antiarrhythmic drugs 10 (7.4) 53 (6.8) 2.3 7 (5.2) 54 (6.9) 5.5

 Insulin 28 (20.6) 108 (13.8) 18.0 18 (13.3) 116 (14.8) 3.3

 Antiulcer drugs 92 (67.6) 527 (67.3) 0.7 91 (67.4) 528 (67.3) 0.6

 Antibiotic drugs 77 (56.6) 430 (54.9) 3.4 71 (52.6) 431 (55.0) 4.8

 Heparin 68 (50.0) 348 (44.4) 11.1 55 (40.7) 354 (45.2) 8.0

 Enteral nutrition 36 (26.5) 160 (20.4) 14.3 29 (21.5) 168 (21.4) 0.4

Immunotherapy until day of MV initiation

 Plasma exchange 11 (8.1) 53 (6.8) 5.0 7 (5.2) 54 (6.9) 7.0

 IVIg 113 (83.1) 541 (69.1) 33.2 97 (71.9) 558 (71.2) 2.4

 Intravenous corticosteroids 37 (27.2) 216 (27.6) 0.9 42 (31.1) 216 (27.6) 8.5

 None 12 (8.8) 145 (18.5) 28.5 22 (16.3) 134 (16.7) 2.9
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Table 3 Patient outcomes before and after stabilized IPTW

Data presented as n (%) or median (interquartile range)

*Length of hospital stay (days), length of ICU stay (days), duration of MV (days), duration of sedation (days), duration of analgesia (days), duration of delirium (days), 
and total hospitalization costs (US$) were analyzed among the survivors

CI confidence interval, ICU intensive care unit, IPTW inverse probability of treatment weighting, MV mechanical ventilation

Outcomes Before stabilized IPTW After stabilized IPTW

Early tracheos-
tomy (n = 136)

Non-early trache-
ostomy (n = 783)

Early tracheos-
tomy (n = 135)

Non-early trache-
ostomy (n = 784)

Risk difference 
(95% CI)

Risk ratio (95% CI)

In-hospital mortality 8 (5.9) 60 (7.7) 11 (8.1) 59 (7.5) 0.4 (− 5.6 to 6.7) 1.05 (0.48 to 2.27)

28-day mortality 2 (1.5) 21 (2.7) 2 (1.5) 21 (2.7) − 1.3 (− 3.5 to 0.9) 0.51 (0.12 to 2.15)

Nosocomial pneu-
monia

18 (13.2) 123 (15.7) 18 (13.3) 123 (15.7) − 2.6 (− 9.1 to 4.2) 0.83 (0.50 to 1.39)

Length of hospital 
stay*

67 (54–125) 65 (48–113) 68 (54–126) 64 (48–113) 9.7 (− 8.3 to 27.6) 1.10 (0.92 to 1.33)

Length of ICU stay* 13 (8–14) 14 (12–14) 13 (8–14) 14 (12–14) − 0.2 (− 3.4 to 3.0) 0.99 (0.79 to 1.23)

Duration of MV* 30 (15–68) 28 (14–55) 31 (16–67) 28 (14–54) 11.2 (− 1.6 to 24.1) 1.24 (0.99 to 1.57)

Duration of seda-
tion*

9 (6–17) 14 (10–22) 9 (5–17) 14 (10–22) − 1.0 (− 6.6 to 4.7) 0.95 (0.73 to 1.26)

Duration of anal-
gesia*

6 (3–11) 10 (4–16) 6 (3–10) 11 (4–16) − 3.2 (− 7.8 to 1.4) 0.76 (0.48 to 1.19)

Duration of 
delirium*

12 (2–38) 11 (1–35) 9 (1–35) 12 (1–36) − 5.2 (− 14.3 to 3.9) 0.79 (0.52 to 1.22)

Total hospitalization 
costs*

50,924 (38,087–
68,367)

46,803 (35,300–
64,833)

47,918 (35,858–
66,417)

47,161 (35,612–
65,094)

2758 (− 4923 to 
10,438)

1.08 (0.94 to 1.24)

Table 4 Outcomes of sensitivity analyses before and after stabilized IPTW, restricted to patients who underwent trache-
ostomy

Data presented as n (%) or median (interquartile range)

*Late tracheostomy indicates procedure done within 8–27 days of mechanical ventilation
† Length of hospital stay (days), length of ICU stay (days), duration of MV (days), duration of sedation (days), duration of analgesia (days), duration of delirium (days), 
and total hospitalization costs (US$) were analyzed among the survivors

CI confidence interval, ICU intensive care unit, IPTW inverse probability of treatment weighting, MV mechanical ventilation

Outcomes Before stabilized IPTW After stabilized IPTW

Early tracheos-
tomy (n = 136)

Late tracheos-
tomy (n = 518)*

Early tracheos-
tomy (n = 135)

Late tracheos-
tomy (n = 519)*

Risk difference 
(95% CI)

Risk ratio (95% CI)

In-hospital mortality 8 (5.9) 33 (6.4) 12 (8.9) 32 (6.2) 2.3 (− 4.3 to 9.4) 1.37 (0.61 to 3.12)

28-day mortality 2 (1.5) 4 (0.8) 2 (1.5) 4 (0.8) 0.7 (− 1.6 to 3.1) 1.90 (0.34 to 10.46)

Nosocomial pneu-
monia

18 (13.2) 91 (17.6) 18 (13.3) 92 (17.7) − 4.0 (− 10.8 to 3.3) 0.77 (0.46 to 1.29)

Length of hospital 
 stay†

67 (54–125) 81 (56–132) 68 (54–126) 80 (56–131) − 5.8 (− 22.0 to 10.5) 0.94 (0.80 to 1.11)

Length of ICU  stay† 13 (8–14) 14 (14–14) 13 (8–14) 14 (14–14) − 1.1 (− 4.0 to 1.8) 0.93 (0.76 to 1.13)

Duration of  MV† 30 (15–68) 39 (22–68) 32 (15–67) 39 (22–68) − 0.5 (− 12.6 to 11.6) 0.99 (0.80 to 1.23)

Duration of 
 sedation†

9 (6–17) 16 (12–24) 9 (5–17) 16 (12–24) − 4.0 (− 9.9 to 1.8) 0.84 (0.63 to 1.10)

Duration of 
 analgesia†

6 (3–11) 11 (3–17) 6 (3–10) 11 (3–17) − 4.2 (− 8.7 to 0.2) 0.70 (0.45 to 1.07)

Duration of 
 delirium†

12 (2–38) 15 (1–40) 11 (1–35) 14 (1–40) − 6.4 (− 16.8 to 3.9) 0.77 (0.50 to 1.19)

Total hospitalization 
 costs†

50,924 (38,087–
68,367)

53,597 (42,921–
73,112)

48,074 (35,993–
66,417)

53,872 (43,217–
73,426)

− 3774 (− 11,337 to 
3788)

0.94 (0.83 to 1.07)
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In the current study, patients who received late trache-
ostomy or did not receive tracheostomy were analyzed 
together as a non-early tracheostomy group, because we 
assumed that the latter were potential candidates for tra-
cheostomy. While the decision to place a tracheostomy in 
critically ill patients generally depends on the expected 
length of required MV, the clinical course, severity, and 
duration of respiratory failure in mechanically ventilated 
patients with GBS are highly diverse [29]. Although sev-
eral studies have addressed the identification of predic-
tors for prolonged MV in GBS patients [5, 9, 29, 40], only 
limited data are available to provide guidance for deci-
sion-making on early tracheostomy at the time of MV 
initiation. Furthermore, it is difficult to predict the extu-
bation outcome, partly because of the difficulty in evalu-
ating the severity of bulbar palsy and respiratory muscle 
paralysis during endotracheal tube placement [7, 41]. 
Currently, these uncertainties about the management of 
respiratory failure in GBS patients pose challenges for 
decision-making on performance of early tracheostomy.

Moreover, the potentially reversible nature of GBS can 
sometimes lead to avoidance of this invasive approach, 
even when patients receive prolonged MV. In fact, the 
overall no tracheostomy rate was 29% (265/919) in the 
current study. The median duration of MV among the 
survivors in the no tracheostomy group was 13  days 
(IQR 10–19 days), which may partly reflect the reality of 
clinical practice regarding prolonged endotracheal tube 
placement to prevent tracheostomy in Japan. Thus, a 
delay in decision-making for tracheostomy may result in 
successful weaning from MV without unnecessary injury.

In summary, it is difficult to predict the need for early 
tracheostomy in GBS patients at the time of MV initia-
tion because of the heterogeneous nature and complex-
ity of GBS. Therefore, the effects of early tracheostomy 
in GBS patients should be judged by those in patients at 
high risk for tracheostomy. Using stabilized IPTW analy-
ses to adjust for multiple covariates until the day of MV 
initiation, we assumed that all GBS patients requiring 
MV for more than 1 week were potential candidates for 
tracheostomy. However, the decision on whether to per-
form tracheostomy in GBS patients has often been dis-
cretionary. To address the possibility that both relatively 
mild and fatal GBS patients were biased in the no trache-
ostomy group, we conducted a sensitivity analysis includ-
ing only those who received tracheostomy.

Tracheostomy is commonly performed in criti-
cally ill patients, with the objective of improving res-
piratory mechanics, facilitating oral hygiene, promoting 
pulmonary hygiene, and improving patient comfort 
[42, 43]. A previous small retrospective study in GBS 
patients (n = 54) showed that late tracheostomy on 
day 14 or later was associated with a higher incidence 

of ventilator-associated pneumonia [44]; however, the 
study was not designed to examine the effects of early 
tracheostomy.

Nationwide data on the timing of tracheostomy 
in patients with GBS are currently lacking. The cur-
rent study using multicenter, real-world data from 
Japan showed that the median time to tracheostomy 
was 12  days, and only about 15% of GBS patients who 
received MV for more than 1 week underwent early tra-
cheostomy within 7  days of MV. However, there was a 
trend toward early tracheostomy in GBS patients becom-
ing more common during the study period. A similar 
trend was observed in the USA [45]. This trend may 
reflect the fact that physicians expect potential clinical 
benefits from early tracheostomy. We expected that mor-
tality and the incidence of nosocomial pneumonia, as one 
of the major causes of death in GBS, would be reduced 
in the early tracheostomy group [2, 21–23]; however, the 
current study showed no significant association of early 
tracheostomy with either of these variables. Furthermore, 
all other secondary outcomes associated with expected 
effects of early tracheostomy showed no significant dif-
ferences. The current sensitivity analysis restricted to 
patients who underwent tracheostomy did not change 
the main results. These results may be partly explained 
by difficulties with pulmonary hygiene under conditions 
of bulbar palsy and respiratory muscle paralysis dur-
ing the progression phase irrespective of the use of early 
tracheostomy.

Recent guidelines from a French expert panel recom-
mended performing tracheostomy for GBS patients 
based on weaning failure from MV and the lack of foot 
flexion at the end of immunotherapy [46]; however, this 
recommendation did not refer to the specific timing 
of tracheostomy. A retrospective observational study 
(n = 61), which was a rationale for the recommendation, 
reported a period of 8–10  days from ICU admission to 
the end of immunotherapy [9]. The results of the current 
study may thus support the proposal to perform trache-
ostomy in GBS patients judged to be at high risk for pro-
longed MV after the completion of immunotherapy.

Several limitations should be acknowledged when 
interpreting the results of the current study. First, the 
study had a retrospective observational design, and 
the assignment of early tracheostomy was not random. 
Unfortunately, because of data unavailability, the study 
could not account for pulmonary function tests, arterial 
blood gas analysis, ventilator settings, and reintubation 
events. Although we used stabilized IPTW analyses to 
control for possible measured confounders, our results 
may have been biased by unmeasured confound-
ers regarding the severity of GBS-associated respira-
tory failure and GBS itself. However, time from hospital 
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admission to MV initiation [6], neurological presenta-
tions at admission [36], and complications at admission 
[6, 33, 34] were well balanced between mechanically 
ventilated patients with GBS with and without early tra-
cheostomy. Second, we could not differentiate between 
percutaneous dilatational tracheostomy and surgical 
tracheostomy [47]. Moreover, we could not obtain data 
on tracheostomy-associated complications. Third, the 
incidence of nosocomial pneumonia may have been 
underestimated, because we identified a diagnosis of 
nosocomial pneumonia based on ICD-10 codes [37]. 
Fourth, it remains unclear whether early tracheostomy 
was associated with earlier transfer to a nursing or reha-
bilitation facility [45]. However, length of hospital stay 
did not differ significantly between the early and non-
early tracheostomy groups. Finally, although our sample 
size included a relatively large number of mechanically 
ventilated patients with GBS, the study may have been 
underpowered. Despite these limitations, to the best 
of our knowledge, this is the first study to focus on the 
effects of early tracheostomy on clinical outcomes in 
mechanically ventilated GBS patients.

Conclusions
This retrospective database study did not support an 
association between early tracheostomy and clinical out-
comes, including mortality and incidence of nosocomial 
pneumonia, in GBS patients requiring MV for more than 
1 week. Therefore, early tracheostomy within 7 days may 
not be recommended in GBS patients at high risk for 
prolonged MV.
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