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The Need for Early Tracheostomy in Patients
with Traumatic Cervical Cord Injury
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Background: In patients who need sustained endotracheal intubation and mechanical ventilation due to respiratory failure after
traumatic cervical spinal cord injury, tracheostomy can be performed to reduce the duration of mechanical ventilation and respira-
tory complications. The purpose of this study was to determine criteria and timing of tracheostomy in patients with severe trau-
matic cervical spinal cord injury accompanied by motor weakness.

Methods: We reviewed 22 patients who underwent tracheostomy (study group) and 27 patients who did not (control group) from
January 2005 to March 2016. We assessed the American Spinal Injury Association (ASIA) impairment scale score and investigated
accompanying thoracic injury, paradoxical respiration, postoperative endotracheal intubation and other clinical parameters. The
study group was also subdivided into the early tracheostomy group and late tracheostomy group depending on whether the trache-
ostomy was performed within or later than 7 days after surgery.

Results: Twenty-two patients in the study group had a mean ASIA impairment scale score of 14.1 points, which was lower than
the control group’s 23.4 points. Paradoxical respiration was observed in 77% of the patients in the study group compared to 18%
in the control group. Postoperative intubation was maintained in 68% in the study group; 32% underwent endotracheal intubation
due to respiratory failure within 4 days after surgery and had a tracheostomy. In the control group, postoperative intubation was
maintained in 22%, and all of them were weaned off intubation within 4 days after surgery. The duration of intensive care unit
hospitalization was 11.4 days for the early tracheostomy group, which was shorter than the late tracheostomy group’s 19.7 days.
Conclusions: In patients with severe traumatic cervical spinal cord injury, tracheostomy may be needed when the motor grade of
the ASIA scale is low, above the C4 segment is injured, or paradoxical respiration occurs after injuries. In addition, if endotracheal
extubation is not feasible within 4 days after surgery, an early tracheostomy should be considered.
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Traumatic cervical cord injuries can cause multiple organ
dysfunction and complications:” such injuries often cause
neurologic disorders, paralysis, and dysfunction of respi-
ratory muscles, which result in secondary complications.
They remain as one of the most common causes of in-

Received January 7, 2018; Accepted February 26, 2018

Correspondence to: Hyoung-Yeon Seo, MD

Department of Orthopedic Surgery, Chonnam National University Hospital,
Chonnam National University Medical School, 42 Jebong-ro, Dong-gu,
Gwangju 61469, Korea

Tel: +82-62-227-1640, Fax: +82-62-225-7794

E-mail: osdrseo@gmail.com

creased morbidity and mortality.”* Also, respiratory com-
plications are one of the most common causes of death in
multiple trauma patients.””

Many patients with traumatic cervical cord injuries
need sustained implementation of mechanical ventila-
tion."” Among 21%-77% of these patients, tracheostomy,
rather than endotracheal intubation, is needed to make
breathing more comfortable and more efficient by reduc-
ing dead-space ventilation.” In addition, the known ad-
vantages of tracheostomy include stable airway, possible
oral nutrition, efficient management of tracheal secre-
tions, and reduced respiratory complications.”*" However,
tracheostomy may lead to complications such as airway
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stenosis, hemorrhage, infection at the operation site, and
dysphagia because it is an invasive procedure.

Early tracheostomy has a positive effect on the
prognosis of the patient by reducing the duration of me-
chanical ventilation and length of stay in the intensive care
unit (ICU) and improves patient tolerance to mechanical
ventilation.”*'*"*'¥ The need for a tracheostomy is usually
determined based on the level of neurological injury, age,
and other accompanying injuries in patients with trau-
matic cervical spinal cord injuries; however, the criteria for
early tracheostomy remain controversial.*'*"” The purpose
of this study is to determine the proper criteria and timing
for early tracheostomy in patients with severe traumatic
cervical spinal cord injury accompanied by motor weak-
ness.

METHODS

Patients and Study Design

This study was performed retrospectively on 49 patients
with motor weakness whose muscle strength score of
American Spinal Injury Association (ASIA) impairment
scale was under 50 after surgery for cervical spinal injury.
We conducted this study in compliance with the principles
of the Declaration of Helsinki. The protocol of this study
was reviewed and approved by the Institutional Review
Board of Chonnam National University Hospital (IRB No.
CNUH-2017-316). Written informed consents were ob-
tained from all subjects. The patients underwent surgical
treatment for traumatic cervical spinal injury at Chonnam
National University Hospital from January 2005 to March
2016. Of those, 22 patients had tracheostomy: 10 within 7
days after surgery and the rest later than 7 days after surgery.

Clinical Evaluations

The patient’s age, sex, degree of injury, level of injury,
presence of accompanied thoracic injuries, presence of
paradoxical respiration, period before tracheostomy, con-
tinuation of intubation after surgery for cervical spinal
cord injury, length of ICU stay, and amount of tracheal
secretion were investigated. The severity of injury was
measured based on the muscle strength score of the ASTA
impairment scale, and the level of injury was determined
as the highest level of the segment injured, which was de-
tected by simple radiography and computed tomography.
Paradoxical respiration was considered present when the
doctor in charge or a specialist doctor observed contrac-
tion of abdominal muscles during respiration from injury
to surgery. The amount of respiratory secretion was as-
sessed based on the number of times the nurse in charge
of ICU performed aspiration per hour: 0 point was given
for less than once per hour; 1 point, for once; 2 points, for
twice; and 3 points, for three times per hour.

Statistical Analysis

Descriptive statistics (arithmetic mean, standard devia-
tion, and range) were calculated using SPSS ver. 14.0 (SPSS
Inc., Chicago, IL, USA). The independent ¢-test was used
to determine the significance of intergroup differences. A
p-value < 0.05 was considered significant and the statisti-
cal analysis was performed by an independent statistician.

RESULTS

Comparisons between Tracheostomy and
Non-tracheostomy Groups
The characteristics of the two groups are summarized in

Table 1. Characteristics of Patients with and without Tracheostomy

Cervical spinal

Parameter cord injury (n = 48)
Age (yr) 53.6
Female sex (%) 10.2
Ml score 19.6
Injury level C4.50
Thoracic injury (%) 16.3
Secretion 1.44
Sustained postoperative intubation (%) 428
Paradoxical respiration (%) 448

Tra((:rf:iozsét?my Non-t?gczhg;))stomy p-value
55.4 52.2 0.22
13.6 174
14.1 234 0.011
C4.18 C4.96 0.034
182 148
2.32 0.67 <0.01
68.2 222 0.034
77.3 18.5 <0.01

MI: motor impairment.
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Table 1. Of the total 49 patients who underwent surgery
for traumatic cervical spinal cord injury with motor weak-
ness, 22 patients (19 males and 3 females) with a mean
age of 55.4 years (range, 26 to 70 years) underwent trache-
ostomy. In them, the mean ASIA impairment scale score
for muscle strength was 14.1 points at the time of injury,
which was statistically significantly lower than the aver-
age of 23.4 points of 27 patients in the non-tracheostomy
group (25 males and 2 females) with a mean age of 52.3
years (range, 17 to 81 years) (p = 0.034).

The tracheostomy group had damage to the higher
segments (Fig. 1). The average level of injury in the trache-
ostomy group was at C4.18 (range, C1 to C6), whereas the
average level in the control group was at C4.96 (range, C3
to C7), showing a statistically significant difference between
groups (p = 0.011). There was no statistically significant dif-
ference between the two groups in the incidence of associ-
ated thoracic injury: 18% (four patients) in the tracheotomy
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Fig. 1. Injury level in tracheostomy and non-tracheostomy patients.
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group vs. 14% (four patients) in the non-tracheotomy
group. A statistically significant difference was observed
in the presence of paradoxical respiration between the two
groups (p < 0.001): 77% (17 patients) in the tracheotomy
group vs. 18% (five patients) in the non-tracheotomy group.
The score for the assessment of the amount of tracheal se-
cretion was 2.32 points in the tracheostomy group and 0.67
point in the non-tracheotomy group, showing a statistically
significant difference between groups (p < 0.001).

In the tracheostomy group, tracheostomy was per-
formed at a mean of 7.5 days (range, 1 to 29 days) after
surgery. Of the 22 patients in the tracheostomy group, in-
tubation was maintained after surgery in 68% (14 patients)
and 32% (eight patients) showed respiratory failure ac-
companied by increased tracheal secretion and respiratory
muscle fatigue, so intubation was performed within 4 days
after surgery. All of them underwent tracheostomy for sus-
tained mechanical ventilation. In the non-tracheostomy
group, intubation was maintained in 22% (five patients) of
27 patients after surgery and removed within 4 days after
surgery in all patients (Fig. 2).

Comparison between Groups That Underwent
Tracheostomy within 7 Days and after 7 Days

The characteristics of the two groups are summarized in
Table 2. Ten patients (eight males and two females; average
age, 51.2 years [range, 33 to 73 years]) who underwent tra-
cheostomy within 7 days after surgery (early tracheostomy
group) had a mean ASIA impairment scale score of 7.7
points at the time of injury, which was statistically signifi-
cantly lower than the mean 19.5 points of 12 patients in
the late tracheostomy group who underwent tracheostomy
later than 7 days after surgery (11 males and one female;
average age, 58.9 years [range, 26 to 70 years]) (p = 0.039).
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Fig. 2. (A) Duration until postoperative intubation in tracheostomy patients: intubation was required in all patients until postoperative day (POD) 4. (B)
Duration until extubation in non-tracheostomy patients: extubation was performed within POD 4. OP: operative.
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Table 2. Characteristics of Patients with Early and Late Tracheostomy

Parameter Total (n = 22) Early tracheostomy (n = 10) Late tracheostomy (n = 12) p-value

Age (yr) 55.4 51.2 58.9 0.077
Ml score 14.1 1.1 195 0.039
Injury level C4.18 C4 C4.33 0.274
Duration after operation (day) 75 38 10.7 0.001
Secretion 232 240 225 0.343
MV duration (day) 6.5 6.0 6.9 0.413
ICU stay duration (day) 159 114 19.7 0.033
Paradoxical respiration (%) 712 90 66.7 -

MI: motor impairment, MV: mechanical ventilation, ICU: intensive care unit.

The duration of postoperative sustained mechanical ven-
tilation was shorter in the early tracheostomy group (6
days), but the difference was not statistically significant (p
= 0.41). The duration of postoperative ICU hospitaliza-
tion was 11.4 days in the early tracheostomy group, which
was shorter than that of the late tracheostomy group (19.7
days), showing statistically significant difference (p =
0.033).

DISCUSSION

Among patients who had surgery for traumatic cervical
cord injury accompanied by motor weakness, the lower
motor weakness score of the ASIA impairment scale,
higher injury level, and paradoxical respiration were as-
sociated with the greater need for tracheostomy. Further-
more, respiratory failure and increased tracheal secretion
persisting for more than 4 days after surgery necessitated
continuous mechanical ventilation and in this case, early
tracheostomy could reduce the duration of ICU stay.

The patients who have acute spinal cord injury have
an increased risk of respiratory failure, followed by respi-
ratory disease, such as pneumonia, and mortality due to
complications. In many cases, prolonged mechanical ven-
tilation is needed after endotracheal intubation to prevent
respiratory complications and to treat respiratory failure
after spinal cord injury. Furthermore, tracheostomy may
also be needed to prevent complications due to prolonged
endotracheal intubation in many cases."”

Patients with traumatic cervical spinal cord injury
are susceptible to respiratory complications due to neu-
rological injury of respiratory muscles of the diaphragm,
thoracic spine, and abdomen, which results in reduction of

vital capacity and reserve volumes." It is known that acute
cervical spinal cord injury can affect descending reticulo-
spinal respiratory pathways that control the diaphragm,
intercostal muscles, accessory respiratory muscles, and ab-
dominal muscles causing muscular dysfunction. Ultimate-
ly, it leads to reduced vital capacity and static oral pressure,
weakened cough, and disorder of removal of foreign body,
and it can increase rates of atelectasis and respiratory in-
fection. It is known that endotracheal intubation and me-
chanical ventilation can not only reduce respiratory failure
and complications following surgery for acute cervical
spinal cord injury but also prevent spinal cord injury due
to secondary hypoxia.'”

Although there is no clear evidence that tracheos-
tomy reduces ventilator-associated pneumonia, it is re-
ported that it can reduce the duration of mechanical ven-
tilation and ICU hospital stay.'*"*"” In this study, we also
confirmed that tracheostomy could reduce the duration
of ICU hospital stay. Additional benefits of the procedure
include easier patient management for nurses, disposal of
secretion, patient comfort, feasibility of deglutition move-
ment, and early vocalization. However, misplaced needles
and cannulae, fracture of cricoid cartilage, injury of the
posterior wall of the trachea, hemorrhage, pneumothorax,
emphysema, wound infection, and mediastinitis are inher-
ent risks of the invasive procedure, which can lead to death
in severe cases.'*”” It has been reported that the mortality
rate of tracheostomy ranges from 1.1% to 8.9% in adults;
major causes of death include post-procedure hemorrhage
and airway obstruction and infection due to wrong trachea
incision tube insertion.”” Therefore, tracheostomy should
be determined on the basis of assessment of benefits and
risks of the procedure.
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In the past, tracheotomy was performed as late as
possible to prevent traumatic organ injury in patients
requiring continuous mechanical ventilation. Recently,
however, persistent tracheal intubation has been known to
cause various complications, and advantages of tracheos-
tomy are being highlighted. Therefore, early tracheostomy
is being recognized as a good treatment option, and some
studies have reported that early tracheostomy reduces ICU
mortality and hospital mortality.”**” However, there is still
controversy regarding the proper timing of tracheostomy
in patients with traumatic spinal cord injuries. So, we set
out this study to determine the criteria and timing for
early tracheostomy in patients with severe traumatic cervi-
cal spinal cord injury with motor weakness.

In previous studies, an injury to the segment above
the fourth cervical vertebra and low strength scores of the
ASIA impairment scale were associated with the need for
tracheostomy.”'*"” Based on our findings in this study,
we suggest that tracheostomy should also be performed
in case of paradoxical respiration or persisting increased
secretion. In addition, if tracheal extubation is not feasible
within 4 days after surgery, early tracheostomy should be
considered because continuous mechanical ventilation will
be needed.

Despite the concern over the risk of infection at the
previous surgical site after tracheostomy in patients with
anterior cervical spine fusion or fixation, there is very little

research on this. In the current study, there was no statisti-
cally significant increase in cervical spine infections after
anterior cervical spine fusion, and none of the patients
with tracheostomy had surgical site infection. According
to Northrup et al.,' the correlation between tracheostomy
and infection after anterior cervical spine surgery seems to
be low.

There are some limitations in this study. First, only
a small number of patients were studied because only
patients with symptomatic traumatic cervical spinal cord
injury in a single institution were included. Second, para-
doxical respiration and the amount of secretion may be
different depending on observers because they are subjec-
tive criteria, rather than objectively, quantifiable criteria.

In patients with traumatic cervical spinal cord inju-
ries, tracheostomy is highly likely to be needed when the
motor grade of the ASIA impairment scale score is low,
the injury level is higher than C4, or paradoxical respira-
tion and increased secretion are observed. Furthermore, if
intubation was required for more than 4 days after opera-
tion, early tracheostomy should be considered.
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