
Tracheostomy Practices and Outcomes in Children during 
Respiratory ECMO

Joseph G. Kohne, MD, MSc1,2, Graeme MacLaren, MBBS3,4, Erica Rider, DO1, Benjamin 
Carr, MD5, Palen Mallory, MD6, Acham Gebremariam, MS2, Matthew Friedman, MD7, Ryan P 
Barbaro, MD, MSc1,2

1Division of Critical Care Medicine, Department of Pediatrics, University of Michigan

2Susan B. Meister Child Health Evaluation and Research Center, University of Michigan School of 
Medicine, Ann Arbor, Michigan

3Cardiothoracic Intensive Care Unit, National University Health System, Singapore

4Pediatric Intensive Care Unit, Royal Children’s Hospital, Melbourne, Australia

5Department of Surgery, SickKids, Toronto, Ontario

6Duke University, Durham, NC

7Indiana University, Indianapolis, IN

Abstract

Objectives: Children receiving prolonged extracorporeal membrane oxygenation (ECMO) 

support may benefit from tracheostomy during ECMO by facilitating rehabilitation; however 

the procedure carries risks, especially hemorrhagic complications. Knowledge of tracheostomy 

practices and outcomes of ECMO-supported children who undergo tracheostomy on ECMO may 

inform decision-making.

Design: Retrospective cohort study

Setting: ECMO centers contributing to the Extracorporeal Life Support Organization (ELSO) 

Registry

Patients: Children birth to 18 years who received ECMO support for 7 days or greater for 

respiratory failure from January 1st 2015 to December 31st 2019.

Interventions: None

Measurements and Main Results: 3685 children received at least seven days of ECMO 

support for respiratory failure. The median duration of ECMO support was 13.0 days (IQR 

9.3-19.9), and in-hospital mortality was 38.7% (1426/3685). A tracheostomy was placed during 

ECMO support in 94/3685 (2.6%). Of those who received a tracheostomy on ECMO, the 

procedure was performed at a median 13.2 days (IQR 6.3-25.9) after initiation of ECMO. Surgical 

site bleeding was documented in 26% of children who received a tracheostomy (12% after 
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tracheostomy placement). Among children who received a tracheostomy, the median duration of 

ECMO support was 24.2 days (IQR 13.0-58.7); in-hospital mortality was 30/94 (32%). Those 

that received a tracheostomy before 14 days on ECMO were older (median age 15.8 years 

(IQR 4.7-15.5) versus 11.7 years (IQR 11.5-17.3); p-value=0.002) and more likely to have been 

supported on VV-ECMO (84% vs 52%, p=0.001). Twenty-two percent (11/50) of those who 

received a tracheostomy before 14 days died in the hospital, compared to 19/44 (43%) of those 

who received a tracheostomy at 14 days or later (p=0.03).

Conclusions: Tracheostomies during ECMO were uncommon in children. One in four 

patients who received a tracheostomy on ECMO had surgical site bleeding. Children who 

had tracheostomies placed after 14 days were younger and had worse outcomes, potentially 

representing tracheostomy as a “secondary” strategy for prolonged ECMO support.
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Introduction

The decision to place a tracheostomy in a child with respiratory failure is difficult for 

both parents and health care teams (1–3). For parents, tracheostomy decisions can be 

complicated by conflict and regret (4). For healthcare teams, clinical uncertainty and lack 

of outcome data can lead to variation in tracheostomy recommendations and practices (3). 

Over 3000 children are supported by Extracorporeal Membrane Oxygenation (ECMO) each 

year, and half of these cases are for respiratory support (5). In these children with severe 

lung injury, desicion-making around tracheostomy can be even more difficult. Few studies 

have evaluated tracheostomy practices or outcomes among ECMO-supported children with 

respiratory failure, so there is little evidence to inform these discussions.

Proposed benefits to tracheostomy include reduced sedation, improved mobility, and 

reduced healthcare utilization (6–10). However, these benefits need to be balanced with 

the risks, including bleeding, airway injuries, and the need for future airway operations 

(11). Studies evaluating tracheostomy practices in children requiring ECMO support are 

limited (12, 13). There are currently no consensus recommendations for tracheostomy 

placement in pediatric patients with respiratory failure. The ELSO registry can facilitate the 

characterization of tracheostomy practices in children who are supported with ECMO across 

the over 450 ELSO centers around the world (14). Our aim is to describe the frequency 

and timing of tracheostomy placement in neonatal and pediatric patients receiving ECMO 

support for at least seven days. We also aimed to describe the clinical characteristics and 

clinical outcomes in children who receive a tracheostomy, including bleeding complications.

Methods

Data Source and Population

The ELSO Registry contains clinical and outcome data collected by trained data managers 

with error and validity checks and full-record validation to ensure completeness (15). This 
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cohort study of anonymized data from the ELSO Registry was determined to be exempt 

from human subjects review by the University of Michigan Institutional Review Board 

(HUM00195595).

Patients in the ELSO Registry aged less than 18 years with a primary support indication 

of respiratory failure from January 1st 2015 to December 31st 2019 were included. We 

excluded children who were liberated from ECMO support or died before seven days 

of ECMO support as we considered these children less likely to be considered for a 

tracheostomy during ECMO. We identified neonates as children aged 28 days or less.

Exposure

Our primary exposure was whether a patient had a tracheostomy procedure on ECMO. Data 

managers recorded whether patients had a tracheostomy before ECMO cannulation. The 

ELSO registry advises data managers to enter procedure codes if a procedure was performed 

during ECMO or directly related to ECMO. Procedure codes were extracted for Current 

Procedural Terminology (CPT) codes for tracheostomy procedures (31600, 31601, 31603, 

31605, 31610). When CPT codes were present, we reported time from ECMO initiation. 

Patients were classified as having a pre-existing tracheostomy if a procedure was recorded 

before ECMO initiation. No timing of tracheostomy was available if a procedure code 

was not available. In the calendar years of 2018 and 2019, data managers also reported 

whether a patient was extubated, with an option of “N/A Tracheostomy.” For patients on 

ECMO in these years, we report whether a patient ever had a tracheostomy if they (1) had 

a pre-existing tracheostomy, (2) had a procedure code for a tracheostomy during ECLS, 

or (3) a data manager indicated tracheostomy in the extubation field. A priori, we chose 

to evaluate tracheostomies that were performed before and after 14 days, as 10-14 days is 

often a cutpoint for “early” vs “late” studies in adults and 14 days was median time to 

tracheostomy in one pediatric study (16–22).

Outcomes

The primary outcomes were hospital mortality and duration of ECMO support. We also 

report the hospital length of stay, the incidence of relevant complications during ECMO such 

as surgical site bleeding, mechanical complications, and neurologic complications. Surgical 

site bleeding was defined as requiring packed red blood cell transfusion ≥20ml/kg in 24 

hours or ≥ three adult units in 24 hours. Mechanical complications included oxygenator 

failure, pump failure, raceway/tubing rupture, circuit change, cannula problems, heat 

exchanger malfunction, clots and air emboli. Neurologic complications included brain death, 

seizures, central nervous system (CNS) ischemia/infarction, hemorrhage, or neurosurgical 

procedures. Records from 2018 and 2019 contain detail about patient mobilization for 

children aged 8 years or older. Among runs from the years 2018 and 2019, we reported the 

proportion of patients who were mobilized on ECMO to a level of “sitting in bed, exercises 

in bed” or higher.

Statistical Analysis

Our primary analysis compared those that were recorded as having a tracheostomy 

placed on ECMO vs all others (pre-existing tracheostomy, never received a tracheostomy, 
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tracheostomy during the hospitalization but not associated with the ECMO run). Descriptive 

statistics were provided as median and interquartile ranges for continuous variables and 

as count and proportion for categorical variables. Univariable comparisons were conducted 

via Wilcoxon rank-sum test for continuous variables or Chi-square test for categorical 

variables. Two-sided p-value is reported for the incidence rate difference for complication 

rates. Analyses were completed in Stata (16.1, StataCorp LLC, College Station, TX).

Results

Patient Characteristics

We identified 3685 children who were supported on ECMO for at least 7 days for respiratory 

failure from 2015-2019, 1792 (48.6%) of whom were neonates. In this cohort, in-hospital 

mortality was 38.7% (1426/3685) and the median duration of ECMO support was 13.0 days 

(IQR 9.3-19.9). Of those discharged alive, the median duration of ECMO support was 11.5 

days (IQR 8.8-16.8) and the hospital length of stay was 54 days (IQR 33-91).

Tracheostomy Practices

94 (2.6%) of children received a tracheostomy while on ECMO support. Over time, 

tracheostomies during ECMO became slightly more commonly used. In 2015, 1.7% of 

patients received a tracheostomy, 1.4% in 2016, 2.7% in 2017, 3.5% in 2018, and 3.4% in 

2019 (p=0.03).

In the years 2018-2019 during which data managers were asked to record if a patient 

received a tracheostomy instead of extubation, 1.4% (22/1562) children had a pre-existing 

tracheostomy and 3.4% (53/1562) received a tracheostomy on ECMO. A tracheostomy was 

reported as present for 12.8% (200/1562) of children at any point during their hospitalization 

(the timing of tracheostomy placement was not available if a tracheostomy procedure code 

was not recorded).

Among ECMO-supported neonates, only one patient received a tracheostomy while on 

ECMO support. The overall prevalence of tracheostomy among neonates during the 

hospitalization was 42/661 (6.0%) during 2018/2019. Among children over 28 days of 

age, a pre-existing tracheostomy was present among 37 (2.0%), and 93 (4.9%) received 

a tracheostomy while on ECMO. Notably, overall prevalence of tracheostomy during the 

hospitalization was 158/701 (18.4%) children aged 29 days or older in 2018/2019.

When comparing children who received a tracheostomy on ECMO to all others (including 

those who died, received a tracheostomy at a unknown time, or never received a 

tracheostomy), there were several differences (Table 1). Among children outside of the 

neonatal period, the median age of those who received a tracheostomy was 14.7 years (IQR 

8.5-17.1) versus 1.7 years (IQR 0.5-8.1) for all others; p-value<0.001). The duration of 

ventilation before ECMO cannulation was similar between the two cohorts — median 2 

days (IQR 1-5) in those that did not receive a tracheostomy on ECMO vs 2 days (IQR 0-6) 

in those that did (p=0.67). They were also more likely to be supported on VV-ECMO (56% 

vs 69%; p-value=0.008).
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Outcomes after Tracheostomy

Among the 94 children who received a tracheostomy during ECMO, in-hospital mortality 

was 32%, similar to those that did not receive a tracheostomy (39%, p=0.17) (Table 2). In 

2018 and 2019, mobilization to a level of sitting in bed or higher was achieved in more 

children who received a tracheostomy: 22% (44/196) of children age 8 years or above 

who did not receive a tracheostomy on ECMO and 44% (16/36) of those who received 

a tracheostomy on ECMO (p=0.006). In those who received a tracheostomy, the median 

duration of ECMO support was 31.0 days (IQR 15-60.1) and among survivors was 24.2 days 

(IQR 13.0-55.6). After receiving a tracheostomy, the median additional duration of ECMO 

support was 13.7 days (IQR 6.1-30.9) and among survivors was 11.9 days (IQR 5.4 -24.5).

Complications

Among the 94 patients who received a tracheostomy on ECMO, 24/94 (26%) experienced 

a bleeding complication. In those that did not receive a tracheostomy on ECMO, 369/3591 

(10%) of patients experienced surgical site bleeding. We are unable to determine whether 

the surgical site bleeding reported is at the site of the tracheostomy, but 13/94 (14%) of 

the patients with tracheostomy had a report of surgical site bleeding before tracheostomy 

placement and 12/94 (12%) had surgical site bleeding after tracheostomy. There were 

similar rates of neurologic complications in those that did not receive a tracheostomy 

compared to those that did (359/3591 (10%) versus 5/94 (5%), respectively; p-value=0.16). 

Mechanical complications were more common among children who received a tracheostomy 

(63/94 (67%) vs 1890/3591 (51%); p<0.01) with many (47/94 of those with a tracheostomy) 

occurring before tracheostomy placement.

Timing of Tracheostomy

Of those who received a tracheostomy on ECMO, the procedure was performed at a median 

of 13.2 days (IQR 6.3-25.9) after ECMO initiation. Tracheostomies were performed on 

the day of ECMO cannulation through day 171 of ECMO support (Figure 1). When a 

tracheostomy was performed during ECMO, 50/94 (53%) were performed less than 14 days 

after ECMO cannulation. Those that received a tracheostomy before 14 days were older 

(median age 15.8 years (IQR 4.7-15.5) versus 11.7 years (IQR 11.5-17.3); p-value=0.002) 

and more likely to be supported on VV-ECMO (84% vs 52%, p=0.001). The duration of 

ventilation before ECMO cannulation was similar between the two cohorts — median 2 

days (IQR 0-7) in those that received a tracheostomy before 14 days vs 3 days (IQR 0-5) in 

those that received a tracheostomy on or after 14 days (p=0.77). Twenty-two percent (11/50) 

of those who received a tracheostomy before 14 days died in the hospital, compared to 19/44 

(43%) of those who received a tracheostomy at 14 days or later (p-value=0.03). Those who 

received a tracheostomy before 14 days had shorter ECMO duration (median 16 days vs 56 

days, p-value<0.001) (Table 3).

Discussion

In this analysis of the ELSO Registry, we identified 3685 children who had an ECMO run of 

at least seven days over five years. During that time, there was a trend towards more patients 

receiving a tracheostomy during ECMO (1.7% in 2015 to 3.4% in 2019), but overall the 
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practice remains uncommon. Those who received a tracheostomy were older and more likely 

to be supported by VV ECMO. Among ECMO-supported children older than 28 days, 18% 

of children had a tracheostomy at some point during the respiratory ECMO hospitalization 

in 2018/2019.

Tracheostomy placement has the potential to improve outcomes by allowing reduced 

sedation and facilitating rehabilitation (6, 23). In our study, 44% of patients age 8 and 

older who received a tracheostomy were mobilized to a level of sitting in bed or higher. 

In an analysis of the Randomized Evaluation of Sedation Titration for Respiratory Failure 

(RESTORE) study, children with respiratory failure on ECMO were often deeply sedated 

and receiving neuromuscular blockade (24). These children subsequently experienced higher 

rates of withdrawal (24). An “awake” ECMO strategy that prioritizes rehabilitation through 

extubation or tracheostomy to minimize sedation has been proposed as an option in some 

patients with prolonged respiratory failure (25–27). While more patients who received a 

tracheostomy in this cohort were mobilized, it remains unknown whether this mobilization 

was enhanced by tracheostomy placement and whether it improves longer-term patient-

centered outcomes after ECMO.

12% of children who received a tracheostomy had surgical site bleeding after tracheostomy 

placement, however we are unable to determine if this bleeding is at the tracheostomy 

site. Of note, the incidence of surgical site bleeding in those that did not receive a 

tracheostomy was 10% and 14% of children who received a tracheostomy had surgical 

site bleeding reported before tracheostomy placement. The risks of placing a tracheostomy 

on ECMO in a child may be different than in adult patients, in whom the practice is 

more common. In adults and adult-sized children, tracheostomy placement can involve 

holding anticoagulation surrounding the procedure and percutaneous dilational tracheostomy 

to minimize bleeding risks (28, 29). In small children however, lower blood flow rates 

and greater use of VA ECMO for respiratory failure increases the risk for circuit clotting 

when withholding anticoagulation. Similarly, although there are reports of percutaneous 

tracheostomy placement in children as young as one month of age, pediatric tracheostomies 

are rarely performed percutaneously and are more often surgical tracheostomies (21, 30). 

Of note, patients who had a tracheostomy placed on ECMO had higher rates of mechanical 

complications than those that did not, however rates normalized by duration of ECMO 

support were not statistically different.

The placement of a tracheostomy in a patient on ECMO for respiratory support is more 

common in adults (31). In adults with respiratory failure, early tracheostomy (<7-10 

days of mechanical ventilation) has been associated with lower mortality, less risk of 

ventilator-associated pneumonia, reduced length of mechanical ventilation, and shorter 

ICU stay (32, 33). In a meta-analysis of retrospective studies of tracheostomy timing in 

pediatric patients with critical illness, early tracheostomy was associated with fewer days 

of mechanical ventilation, shorter length of stay, and lower mortality (8). Despite this, 

pediatric physicians are less likely to recommend tracheostomy in the setting of prolonged 

mechanical ventilation (34). There were notable differences between patients that received 

a tracheostomy on ECMO before 14 days and after 14 days from ECMO initiation. The 

patients who received an early tracheostomy may represent a management strategy of 
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early mobilization and an “awake ECMO” strategy (27, 35). This is supported by the 

fact that children who received a tracheostomy before 14 days were older (median age 16 

vs 12 years) and more likely to be supported on VV ECMO. Children who received a 

tracheostomy after 14 days were more likely to be converted another mode of ECMO, to 

have a bleeding complication, and to experience a longer ECMO run. This “late” group 

could represent patients where tracheostomy was used as a secondary strategy for prolonged 

ECMO support rather than a primary “early” tracheostomy strategy. Of note, hospital 

mortality was higher in those that received a tracheostomy after 14 days (43% in the “late” 

cohort vs 22% in the “early” cohort, p=0.03). These differing approaches to tracheostomy 

placement may have important implications when determing the risk and benefits of the 

procedure and should be considered in future studies of tracheostomy placement in children 

on ECMO.

There are several limitations to this study. We cannot determine the procedural details of 

each tracheostomy, so it is not possible to evaluate whether a tracheostomy was placed 

surgically or percutaneously. Bleeding complications are not linked to a specific procedure 

in the ELSO registry, so we are unable to determine whether surgical site bleeding was 

secondary to tracheostomy or another surgical procedure. We are also unable to determine 

length of ventilation and whether patients who received a tracheostomy were liberated from 

a ventilator before discharge.

Conclusions

Tracheostomies on ECMO for respiratory failure remain rare in children— 2.6% of children 

on ECMO for ≥ 7 days for respiratory failure received a tracheostomy on ECMO. Further 

research should focus on identifying patients that may benefit from tracheostomy while on 

ECMO and surgical approaches to the procedure that can minimize complications.
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Research in Context:

• There is considerable uncertainty surrounding the decision to place a 

tracheostomy in a ECMO supported child with respiratory failure. Although 

tracheostomies are commonly placed in adult supported by ECMO, there is 

little evidence to support the practice in children.

• Potential risks and benefits of a tracheostomy during ECMO include the 

potential benefit of imporved mobilization and reduce sedative requirements, 

but it also carres the risk of bleeding with ongoing systemic anticoagulation.

• We found that tracheostomies are rarely performed in children during ECMO 

support. Those that received a tracheostomy were older, more likely to be on 

VV ECMO support, and more often mobilized.
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At the bedside:

• Tracheostomies during ECMO support were rarely performed (2.6% in 

children on ECMO support for ≥7 days).

• Those who received a tracheostomy were older and more likely to be 

supported by venovenous (VV) ECMO.

• 12% of children who received a tracheostomy had surgical site bleeding 

after placement, although this study cannot directly attribute bleeding to the 

tracheostomy placement.
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Figure 1: 
Timing of Tracheostomy placement among patients who received a tracheostomy on ECMO: 

The ECMO duration of every patient who received a tracheostomy on ECMO is represented 

by a bar. Blue represents time before tracheostomy placement and red represents ECMO 

time after tracheostomy placement.
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Table 1.

Characteristics of total cohort of patients who were supported on ECMO ≥7 days and those that received a 

tracheostomy while on ECMO

Characteristics Did not receive tracheostomy on ECMO
a Tracheostomy on ECMO p-value

N=3591 n=94

Age cohort <0.001

   Neonatal, n (%) 1791 (50%) 1 (1%)

   Pediatric, n (%) 1800 (50%) 93 (99%)

     Age (years), median (IQR) 1.7 (0.5-8.1) 14.7 (8.5-17.1) <0.001

Sex, n (%) 0.84

   Male 1901 (53%) 52 (55%)

   Female 1604 (45%) 42 (45%)

Days of Ventilation before ECMO, median (IQR) 2 (1-5) 2 (0-6) 0.67

Mode, n (%) <0.001

   VV 1275 (36%) 65 (69%)

   VA 2055 (56%) 6 (6%)

   Conversion 207 (6%) 22 (23%)

   Other/unknown 54(2%) 1 (1%)

a
Includes those with pre-existing tracheostomy, those who received a tracheostomy after ECMO run or at an unknown time

VV- Veno-venous VA-Veno-arterial
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Table 2:

Clinical Outcomes of all children on ECMO for ≥7 days for respiratory failure and those that received a 

tracheostomy on ECMO

Characteristics Did not receive tracheostomy on ECMO
a ECMO Trach P

b

(n=3591) (n=94)

Hospital Mortality, n (%) 1426 (39%) 30 (32%) 0.17

Surgical Site Bleeding

 Total run, n (%) 369 (10%) 24 (26%) <0.001

 Pre-tracheostomy, n (%) -- 13 (14%)

Neurologic Complication

 Total run, n (%) 359 (10%) 5 (5%) 0.16

 Pre-tracheostomy, n (%) -- 4 (4%)

 Rate/1000hrs 0.38 0.06 <0.001

Mechanical Complication

 Total run, n (%) 1890 (51%) 63 (67%) 0.002

 Pre-tracheostomy, n (%) -- 47 (50%)

 Rate/1000hrs 3.1 2.8 0.12

Mobilized on ECMO 
c , n (%) 44/196 (22%) 16/36 (44%) 0.006

ECMO duration in survivors, median (IQR) 11.5 (8.8-16.8) 24.2 (13.0-58.7) <0.001

Length of Stay in survivors, median (IQR) 54 (33-91) 62 (43-110) 0.06

a
Includes those with pre-existing tracheostomy, those who received a tracheostomy after ECMO run or at an unknown time

b
p-value determined by Wilcoxon rank-sum for continuous variables, chi-squared for categorical variables, incidence rate difference for rates

c
Only reported in those age 8yrs and older in 2018 and 2019
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Table 3:

Clinical Characteristics and Outcomes of Children who Received a Tracheostomy on ECMO before and after 

14 days

Characteristics
Trachestomy <14 days Trachestomy ≥14 days p

a

n=50 n=44

Age cohort

   Neonatal, n (%) 0 (0%) 1 (2%)

   Pediatric, n (%) 50 (100%) 43 (98%)

     Age (years), median (IQR) 16 (12-17) 12 (5-16) 0.002

Sex, n (%)

   Female 18 (36%) 24 (55%) 0.07

   Male 32 (64%) 20 (45%)

Mode, n (%) 0.01

   VV 42 (84%) 23 (52%)

   VA 2 (4%) 4 (9%)

   Conversion 6 (12%) 16 (36%)

   Other 0 (0%) 1 (2%)

Days of Ventilation before ECMO, median (IQR) 2 (0-7) 3 (0-5) 0.77

Surgical site bleeding, n (%) 7 (14%) 17 (39%) 0.006

ECMO days, median (IQR) 16 (11-29) 56 (32-84) <0.001

ECMO days after tracheostomy, median (IQR) 11 (5-22) 18 (9-40) 0.04

Length of stay, median (IQR) 49 (29-62) 80 (56-119) <0.001

Mobilized on ECMO
b
 , n (%) 7/24 (29%) 9/12 (75%) 0.01

Hospital Mortality, n (%) 11 (22%) 19 (43%) 0.03

a
p-value determined by Wilcoxon rank-sum for continuous variables and chi-squared for categorical variables

b
Only reported in those age 8yrs and older in 2018 and 2019

VV- Veno-venous VA-Veno-arterial
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