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BACKGROUND: Tracheostomy facilitates ambulatory extracorporeal membrane oxygenation
(ECMO) as a bridge to recovery or lung transplantation in patients with respiratory failure, yet
data on this procedure in this population are lacking. This report describes a series of pediatric ICU
patients who had a bedside tracheostomy performed while being supported on ECMO and exam-
ines the potential impact of this procedure on active rehabilitation and sedation requirements.
METHODS: This retrospective case series reviews all patients in the pediatric ICU who received a
tracheostomy while being supported on ECMO at a single tertiary care center for the past 3 y. This
descriptive report reviews the surgical procedure, anticoagulation management, adjustments to seda-
tion, and complications. RESULTS: Nine subjects between January 2013 and December 2015 were
identified for review. The subjects ranged in age from 7 y to 25 y. All tracheostomies were performed
as bedside procedures in the pediatric ICU. All subjects but one were supported by venovenous ECMO.
Surgical approaches included open tracheostomy (2 subjects, 22%), percutaneous tracheostomy (1
subject, 11%), and a hybrid approach (6 subjects, 67%). Anticoagulation was held for all subjects
surrounding the procedure. Three subjects had superficial bleeding after the procedure, but only one
required re-exploration of the surgical field. All subjects made substantial sedation weans within 72 h
of tracheostomy. With these weans, subjects were better able to participate in rehabilitation. Five
subjects (55.6%) ambulated on ECMO. The rate of survival to hospital discharge was 67%, and no
deaths were related to the tracheostomy procedure. CONCLUSIONS: Bedside tracheostomy can fea-
sibly be performed on pediatric patients being supported with ECMO as a way to improve mobility,
promote ambulation, and decrease sedation. Timing and ideal surgical approach require further study
to fully maximize benefits and minimize risks. Key words: extracorporeal membrane oxygenation; trache-
ostomy; pediatrics; lung transplant; rehabilitation; respiratory failure; mechanical ventilation; hypoxia; hy-
percapnia; acute lung injury. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Since its initial successful use in 1971, extracorporeal
membrane oxygenation (ECMO) has seen a dramatic in-

crease in utilization and successful outcomes in critically
ill patients with cardiac and/or respiratory failure.1-4 Due
to the lifesaving nature of this technology, as well as steady
technological and strategic improvements, physicians are able
to care for increasingly sicker populations of patients with
ECMO.3,5-7 Deconditioning and muscle weakness, common
in critically ill patients, can be further exacerbated in pediatric
patients requiring ECMO secondary to traditional sedation
practices, immobility, and cannulation techniques.8,9

Given the high morbidity associated with ICU myop-
athy coupled with improved ECMO technologies, which
allow for easier movement, data support decreasing seda-
tion and allowing awake ECMO patients to participate in
physical therapy and ambulation.9-13 Early rehabilitation
improves patient outcomes in the setting of critical ill-
ness.14,15 The safety of rehabilitation on ECMO9,10,12,16

and the potential advantages of minimizing sedation on
ECMO9,11 have been published by several centers. Initial
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literature described success with ambulatory ECMO in
adult populations,10 and recent case reports have supported
the use of ambulatory ECMO in awake pediatric pa-
tients.17-20 Ambulatory ECMO decreases critical illness
myopathy, length of stay, and duration of ventilation, and
it increases survival.9

Tracheostomy is often one of the first steps in facilitat-
ing ambulatory ECMO as a bridge to recovery or lung
transplantation in patients with respiratory failure.10 Tra-
cheostomy placement helps optimize secretion clearance
and facilitate weaning of both sedation and mechanical
ventilation, thus enhancing rehabilitation.10,17,21,22

Tracheostomy is a common procedure in adult ICUs,
and studies have shown improved outcomes in morbidity
and length of stay as compared with intubation.23,24 How-
ever, the pediatric literature shows that the procedure is
less common, and there is little consensus on best practice
and timing.25-27 Furthermore, there are bleeding risks when
performing procedures on ECMO patients. Clinicians need
to weigh the risks of bleeding associated with tracheos-
tomy placement in anticoagulated patients versus the risks
of holding anticoagulation and, thus, potentially causing
clot formation in the ECMO circuit or thromboembolic
complications. Performing a tracheostomy on a critically
ill patient outside of the operating room setting can also be
considered a risk, as pediatric tracheostomies typically oc-
cur as open procedures in an operating room.

In this report, we describe a single center’s experience
with tracheostomies performed via bedside procedures in
the pediatric ICU on a wide variety of critically ill subjects
supported with ECMO.

Methods

With institutional review board approval, we retrospec-
tively identified all pediatric ICU patients who received a
tracheostomy while being supported with ECMO at Duke
University Medical Center from January 2013 to Decem-
ber 2015. The medical records of these subjects were re-
viewed with attention to demographics, underlying diag-
nosis, anticoagulation, operative reports, procedural
complications, adjustments to anticoagulation, sedation,
mobility, and outcomes at hospital discharge. A descrip-
tive report is provided from this case series.

With regard to subjects who ambulated while receiving
ECMO, Duke University Medical Center’s rehabilitation
program has been previously described.9,10 In brief, reha-
bilitation begins with resistance exercises, then progresses
to sitting, standing, and, ultimately, ambulation. Sessions
occur twice per day, as tolerated by the patient. Staffing
during these sessions generally consists of an ECMO spe-
cialist, a respiratory therapist, a physical therapist, and
bedside nurses.9,10

Results

We identified 9 subjects who received a tracheostomy
while being supported with ECMO during the 3-y study
period. All subjects were managed in the pediatric ICU
during their ECMO course. All tracheostomies were per-
formed at the bedside in the pediatric ICU. Table 1 sum-
marizes key demographic features of the 9 subjects. The
subjects ranged in age from 7 y to 25 y. The etiology for
the respiratory failure, ARDS, and need for ECMO sup-
port included infectious etiologies, underlying rheumato-
logic conditions, and cystic fibrosis. Subjects 1, 2, 3, and
9 were previously healthy with no significant past medical
history. Four subjects (44.4%) received bilateral ortho-
topic lung transplants. Two subjects (22.2%) survived as a
bridge to recovery, and 6 subjects (66.6%) were alive at
hospital discharge. No deaths were related to the trache-
ostomy procedure.

Type of Tracheostomy Procedure

As demonstrated in Table 2, the bedside procedure for
tracheostomy placement varied between subjects. Surgical
approach included open tracheostomy (2 subjects, 22.2%),
percutaneous tracheostomy (1 subject, 11.1%), and hybrid
approach (6 subjects, 66.7%). The open approach included
a mid or transverse cervical incision with sharp and
electric dissection to the anterior tracheal wall. The trachea
was incised with a trapdoor incision, and the tracheostomy
tube was inserted. The percutaneous approach involved a

QUICK LOOK

Current knowledge

Tracheostomy facilitates ambulatory extracorporeal
membrane oxygenation (ECMO) as a bridge to recov-
ery or lung transplantation in patients with respiratory
failure, yet data on this procedure in this population are
lacking. Given the high morbidity associated with ICU
myopathy coupled with improved ECMO technologies
that allow for easier movement, data support decreasing
sedation and allowing awake ECMO patients to partic-
ipate in physical therapy.

What this paper contributes to our knowledge

Bedside tracheostomy can feasibly be performed on a
broad range of patients being supported with ECMO in
a pediatric ICU. This bedside procedure can facilitate
decreased sedation and improved mobility and ambu-
lation, thus allowing more active participation in early
rehabilitation.
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smaller skin incision with only blunt dissection to the an-
terior trachea, and then insertion of the tracheostomy with
bronchoscopic guidance using serial dilation over a wire.
The hybrid method employed sharp and electric dissection
through the soft tissue to minimize bleeding risk, followed
by placement of the tracheostomy using dilators over a
wire. Three subjects had superficial bleeding after the tra-
cheostomy; one subject (subject 3), who received a per-
cutaneous tracheostomy, required re-exploration of the sur-
gical field. Subjects 1 and 4, who had open and hybrid
procedures, respectively, had mild superficial bleeding that
did not require intervention or additional blood products.
Timing of tracheostomy ranged from ECMO day 1 to
ECMO day 27.

Anticoagulation

Per unit protocol, subjects were anticoagulated for
ECMO using unfractionated heparin with a goal heparin
level of 0.4–0.7 U/mL and a goal partial thromboplastin
time of 60–80 s. Per discussion with the attending surgeon
performing the bedside tracheostomy, anticoagulation was
held the morning of the tracheostomy procedure and re-
sumed after the procedure when deemed appropriate by
the ICU and surgical teams. Total time off anticoagulation
ranged from 5 h to 13 h. Pre-procedure anticoagulation
was held for 4–5 h. Anticoagulation was held postproce-
dure for 1–7 h (Table 2). ECMO flows at the time of
tracheostomy and during the time off anticoagulation are
provided in Table 2. Flows were unchanged for the 72 h
surrounding the procedure.

Subject 1 had decreased heparin and partial thrombo-
plastin time goals (0.3–0.5 U/mL and 50–70 s, respec-
tively) due to bleeding from the cannula sites and pulmo-
nary hemorrhage prior to tracheostomy placement. After
an open tracheostomy, anticoagulation was held on the
evening of postoperative day 1 due to superficial bleeding.
The subject was thought to have heparin-induced throm-
bocytopenia on postoperative day 2 and remained off an-
ticoagulation until postoperative day 9 when the confir-
matory serotonin release assay was negative. During this
prolonged period without anticoagulation, ECMO flows
were increased to 3.8 L/min (150 mL/kg/min). Subject 3
had significant sanguineous chest tube output and bloody
endotracheal tube secretions prior to tracheostomy and was
maintained on ECMO without anticoagulation from ECMO
day 11 (pretracheostomy) through the remainder of her
course. On postoperative day 1, after an uncomplicated
percutaneous tracheostomy, superficial bleeding surround-
ing the tracheostomy site was unable to be controlled with
conservative measures, and the site was re-explored in the
pediatric ICU. No discrete bleeding site was found. The
area was well cauterized, and hemostasis was obtained.
Bleeding was noted to significantly improve within the

next 24 h. Subject 6 had mild superficial oozing after
tracheostomy placed using a hybrid approach. Anticoagu-
lation was held for a total of 11 h periprocedure. Bron-
choscopy on postoperative day 4 demonstrated only mild
oozing and friable tissue. Subjects 2, 4, 5, 7, 8, and 9 had
no bleeding complications after bedside tracheostomy
placement. Table 2 summarizes data regarding tracheos-
tomy procedure and anticoagulation.

Sedation Management and Physical Rehabilitation

Sedation was decreased and mobility improved in all
subjects after tracheostomy. Table 3 provides a summary
of the sedation management. Subject 1 required numerous
sedatives in the 18 d preceding tracheostomy. In addition
to the continuous agents listed in Table 3, she received
scheduled quetiapine and lorazepam. After tracheostomy,
long-acting agents were started to prevent withdrawal, and
sedation weaning began 48 h postprocedure. One week
after tracheostomy, the subject was more awake and able
to participate in physical therapy. Subject 2 was more
awake and alert 24 h after tracheostomy due to sedation
weaning. Sedation weans for subject 3 were initiated prior
to surgery. She was no longer on a benzodiazepine infu-
sion and followed commands prior to tracheostomy. How-
ever, she frequently coughed and gagged on her endotra-
cheal tube, limiting further sedation weans. At 48 h after
re-exploration for bleeding, the subject was fully interac-
tive with physical therapy and nursing staff and stated she
appreciated the tracheostomy given her prior discomfort
with the endotracheal tube. Subject 4 received risperidone
in addition to the continuous agents listed in Table 3.
Sedation weaning was initiated and long-acting agents
added to prevent withdrawal 24 h after surgery. Sedation
weans for subject 5 began on the day of tracheostomy, and
she was able to walk with ECMO support 24 h after a
hybrid tracheostomy. Sedation weaning for subject 6 be-
gan the day of surgery and 48 h postprocedure all contin-
uous intravenous agents were discontinued with oral pain
medicines used as needed. He ambulated on ECMO 3 d
after tracheostomy. Sedation weaning for subject 7 started
on the day of tracheostomy and successfully concluded
24 h postprocedure. On the day of tracheostomy, subject 8
was sedated with numerous agents including continuous
opioids, benzodiazepines, and propofol. Continuous ben-
zodiazepines were discontinued by 96 h after tracheos-
tomy, and the continuous opioid infusion was discontinued
4 d later. He remained on low dexmedetomidine (0.4 �g/
kg/h) until transplant. Subject 9 required deep pharmaco-
logic sedation and intermittent neuromuscular blockade
throughout the initial ECMO course. Long-acting agents
were added 24 h prior to her open tracheostomy. Contin-
uous agents were fully weaned after the procedure, and she
ambulated on ECMO 20 d after tracheostomy.
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A multidisciplinary team, including physical therapists,
occupational therapists, nursing staff, respiratory therapists,
ECMO specialists, and physicians, worked with all sub-
jects. Eight subjects (88.9%) returned to neurological base-
line and were fully interactive with staff and family prior
to decannulation or death. Subject 4 did not return to full
neurological baseline but could respond to simple com-
mands after tracheostomy. Five subjects (subjects 5, 6, 7,
8 and 9) ambulated on ECMO (55.6%).

Decannulation Data

Five subjects (55.6%) were decannulated from trache-
ostomy prior to hospital discharge. Decannulation data are
provided in Table 4.

Discussion

There is a growing body of literature that supports im-
proved outcomes with ECMO when patients are awake
and participate in active physical rehabilitation.9,10,12,13,18,19

Tracheostomy is an important procedure to facilitate de-
creased sedation and ultimately ambulation. Ours is the
first case series to report the safe performance of bedside
tracheostomies on critically ill pediatric ICU patients sup-
ported with ECMO.

Tracheostomy is a common procedure in adult ICUs,
and studies have shown improved outcomes in morbidity
and length of hospital stay compared with intubation.23,24

In the pediatric literature, however, the procedure is less
common and there is little consensus on best practice and
timing,25-27 especially in the ECMO population. While the
Extracorporeal Life Support Organization (ELSO) guide-
lines recommend considering conversion to a tracheos-
tomy early in the course in patients over 5 y old to allow
decreasing sedation,28 the pediatric ELSO guidelines ac-
knowledge that tracheostomy is not often performed in
pediatric patients.29 In our series, the decision of the tim-
ing of tracheostomy was made by the primary team’s eval-
uation of anticipated timing of recovery, need for more
aggressive rehabilitation, and sedation requirements.

Per ELSO guidelines, the primary need for sedation
during venovenous ECMO is to tolerate the endotracheal
tube.28 In this series, prior to tracheostomy, all subjects
required continuous infusions of agents, which can lead to
ICU myopathy and delirium.30,31 All subjects made sub-
stantial sedation weans within 72 h of tracheostomy. Post-
tracheostomy, all subjects were maintained on oral agents
alone as needed for pain management or sleep, or on low-
dose continuous infusions for analgesia and anxiety. With
the posttracheostomy sedation reductions, subjects were
better able to participate in their care and rehabilitation.
Regarding mobility after tracheostomy, it has been our
institution’s practice to not walk patients who are intu-T
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bated. Therefore, aggressive rehabilitation did not begin in
our patient population until after bedside tracheostomy
was performed. It should be noted that recent literature has
included small case series reports of extubation on ECMO
in a select population of pediatric and adult patients.13,32

Our series includes subjects with chronic lung disease
cannulated with intent to transplant as well as subjects
with acute illness cannulated as a bridge to recovery. One
concern with decreasing sedation for previously healthy
patients, particularly children, with acute lung injury is the
anxiety and agitation associated with the novel feeling of
air hunger. Patients with chronic respiratory insufficiency
from diseases, such as cystic fibrosis, have a greater tol-
erance for dyspnea and have more frequently been re-
ported with ambulatory ECMO.9-11,33 Our study supports
previously published reports that previously healthy chil-
dren18,19 can tolerate being awake on ECMO.

Family and nursing staff play a key role in supporting
these pediatric patients as sedation is weaned. Sedation
was weaned in all subjects in our series after the trache-
ostomy. All but one subject returned to their neurological
baseline prior to decannulation, transplant, or death. These
subjects, even those who ultimately would succumb to
their disease, were able to have meaningful interactions
with family and staff.

A review of the National In-patient Sample Database on
adult patients supported with ECMO demonstrated that
almost 50% of subjects supported with ECMO over a 4-y
study period required a noncardiac surgical procedure, in-
cluding tracheostomy, abdominal exploration, bowel re-
section, and thoracotomy, while being supported with
ECMO. Those subjects requiring procedures were more
likely to experience bleeding complications when com-
pared to subjects not requiring surgical procedures.4

Despite the hematologic risks associated with perform-
ing surgical procedures on anticoagulated patients on
ECMO, our series found no major complications after the
procedure. Only one subject required re-exploration of the
surgical field, and this was a subject with a history of
significant bleeding who was being maintained on ECMO
without anticoagulation. This subject received a percuta-
neous tracheostomy. Because of the theoretical increased
risk from the percutaneous approach in anticoagulated pa-
tients, our institution’s preference is to perform a standard
open or hybrid approach for ECMO patients requiring tra-
cheostomy. Ultimately, the attending physician perform-
ing the tracheostomy determines which technique will be
performed. The other 2 subjects who had mild superficial
bleeding did not require additional intervention after the
procedures. Furthermore, in our case series there was no
new clot formation in the ECMO circuit after withholding
anticoagulation for the procedure.

All subjects in our case series had tracheostomies placed
at the bedside in the pediatric ICU. Performing the proce-T
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dure at the bedside eliminates the potential morbidity as-
sociated with moving critically ill patients to an operating
room and limits costs.24,34 Furthermore, the critical care
physicians, well versed in the patient’s case, are available
at the bedside without having to transition care to a dif-
ferent team.

This report has several limitations, most notably the small
sample size and retrospective data collection from a single
institution. We report subjects that comprise a pediatric ICU
population, which includes young adults in addition to chil-
dren. While young adults may receive care in a pediatric
ICU, their physiology differs from younger children. Our
results are consistent with the reported literature for trache-
ostomy in adult patients supported with ECMO and extends
this observation to pediatric patients. In 2015, Camporota et
al35 published a survey study of 133 adult ECMO centers in
which 71% of centers reported performing tracheostomies on
patients on ECMO. Timing of the tracheostomy varied and
included tracheostomies performed prior to ECMO cannula-
tion; 30% of adult ECMO centers responded to the survey
that they never perform tracheostomies on patients on ECMO
because of the risk of bleeding. Surveys often represent what
clinicians think they “should do” and may not accurately
reflect what they actually do.35,36 Additionally, this survey
study did not include pediatric ECMO centers. Our study is
based on actual clinical practice in a pediatric ECMO center
over a 3-y period.

There are a number of clear challenges and risks that
must be considered with any procedure performed on pa-
tients supported with ECMO, but our study demonstrates
that tracheostomies can feasibly be performed at the bed-
side in a selection of pediatric ICU patients. Further stud-
ies are needed to identify the ideal surgical approach for
bedside tracheostomies and the timing for the procedure
to provide maximal benefit with decreased risk. Larger
numbers of patients can provide a better understanding
regarding specific time intervals to hold anticoagulation to
ensure the lowest likelihood of both bleeding and throm-
boembolic complications.

Conclusions

We present the largest series of pediatric ICU subjects
receiving a tracheostomy while being supported with ECMO.
Our results demonstrate the feasibility of the bedside proce-
dure in a broad range of pediatric ICU patients. This proce-
dure can facilitate decreased sedation as well as improved
mobility and ambulation through early rehabilitation.
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