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Abstract

The failure to extubate a preterm infant after prolonged intubation is often caused by
laryngotracheal injury. This condition is treated by tracheotomy, anterior cricoid split, or
often, by reintubation and subsequent extubation attempts in a later stage. To assess the value
of reintubation as treatment of post-intubation injury, we retrospectively studied a group of
preterm infants from the neonatal intensive care unit in the Sophia Children’s Hospital. Three
categories of injury were distinguished according to the findings at laryngobronchoscopy: (a)
edema or superficial lesions, (b) ulcerations and edema and (c) granulations. Twenty-three in-
fants were therapeutically reintubated after post-intubation injury was diagnosed, for a mean
period of 17 days. The therapy was successful in 22 patients, and a failure in one. The follow-
up period was a mean 34 months. The result and the duration of the treatment vary with the
category of the injury and the condition of the patient. Therapeutic reintubation is compared
with alternatives such as anterior cricoid split and tracheotomy. We conclude that reintuba-
tion is a valuable therapy that should precede the decision for surgery.

Keywords: Prolonged intubation; Preterm infants; Post-intubation injury; Therapeutic re-
intubation

1. Introduction

Prolonged intubation and artificial ventilation play an important part in present
neonatal intensive care. Pathological changes in the larynx or trachea following pro-
longed intubation have been reported in 74—100% of the autopsied neonates. In sur-
viving neonates severe airway injury, including ulceration and granulation, occurs
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in 44-47%, and subglottic stenosis in 0.7-9% [8,9,11,19]. These injuries may result
in failure to extubate the patient. The condition can be diagnosed and categorized
by rigid laryngobronchoscopy and then treated by reintubation, tracheotomy, or
anterior cricoid split [1,3-5].

The present retrospective study concerns the efficacy of therapeutic reintubation
in a group of preterm infants in whom extubation had failed, as a result of en-
doscopically confirmed post-intubation injury of the larynx or trachea.

2. Materials and methods

The study group consisted of 23 consecutive preterm infants (15 male, 8 female),
admitted to the Neonatal Intensive Care Unit (NICU) of the Sophia Children’s Hos-
pital, Rotterdam, The Netherlands, between 1982-1990 [16]. The selection criteria
were prolonged intubation and artificial ventilation resulting in an intubation injury
and confirmed and categorized by laryngobronchoscopy with rigid telescopes under
general anesthesia in the operating theatre [1]. All patients were treated by re-
intubation.

The mean postconceptual age of the patients at birth was 30 weeks (25-36). The
patients had been intubated and artificially ventilated for respiratory insufficiency,
hyaline membrane syndrome, diaphragmatic hernia, patent ductus arteriosus or
cyanotic spells. Intubation had lasted a mean 34 days (3—114), and artificial ventila-
tion a mean 25 days (1-102) (Table 1). When they could breath spontaneously, ven-
tilation was stopped and extubation was attempted, but proved to be unsuccessful
(Fig. 1) Subsequent laryngobronchoscopy demonstrated the cause of this failure to
be laryngeal or tracheal injury related to prolonged intubation. The lesions narrow-
ing the airway were classified into one of the following categories: (a) edema and/or
superficial lesions of the (sub)mucosa, (b) deep ulceration of perichondrium and car-
tilage, and edema or (c) granulation tissue. The laryngotracheal injury was subse-
quently treated by nasotracheal reintubation, without artificial ventilation. A PVC
tube was used in 22 patients, and a siliconized silicone rubber tube in the remaining
one [2]. The size of the tube was ‘loose fit’, permitting leakage of air at the end of
an insufflation. After some time (Fig. 1) extubation was reattempted. Every attempt
of extubation was preceded and followed by intravenous administration of dex-
amethasone.

Subsequently the category of pathology determined by laryngobronchoscopy, and
the outcome of therapeutic reintubation were studied.

Table 1
Duration of intubation and artificial ventilation preceding the diagnosis of post-intubation injury at

laryngobronchoscopy

n Intubation days Ventilation days
All patients 23 4 (3-114) 25 (1-102)
Edema (a) 9 24 (3-102) 23 (1-102)
Ulcerations (b) 3 22 (16-30) 22 (16-29)

Granulations (c) 11 45 (7-1149) 28 (2-5%)
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Fig. 1. Periods with and without intubation since birth, before and after the diagnosis of intubation injury.
The patients have been divided into 3 categories of injury: (a) edema or superficial lesions, (b) ulcerations

and edema and (c) granulations. (The periods without intubation are only shown if they lasted more than
12 h).

3. Results

The mean age of the 23 infants at laryngobronchoscopy was 37 days (3—115).

Edema or superficial lesions (category a) of the glottis and the subglottic area were
found in 9 patients.

Ulcerations and edema (category b) were observed in 3 patients at the glottic and
subglottic level. Posterior parts of the cricoid cartilage were not covered by mucosa
or perichondrium and exposed to the airway.

Granulation tissue (category c) was present in 11 patients. The granulations in-
volved the glottis in 4 patients, the subglottis in 3, both glottis and subglottis in 2,
and the trachea in 2 patients. In 10 of these 11 patients extensive granulation tissue
completely obstructed the lumen due to a circular localization. The other patient had
a left sided subglottic cyst and granulations.

3.1. Therapeutic reintubation and final extubation
In 17 patients the first extubation attempt was successful, in 5 others 2 or more
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Table 2

Results and duration of therapeutic reintubation in preterm infants with post-intubation laryngeal or tra-
cheal injury

n Result n Days intubation
All patients 23 Cured 22 17 (1-66)
Failed 1 35
Edema (a) 9 Cured 9 8 (2-30)
Ulcerations (b) 3 Cured 3 13 (5-23)
Granulations (c) 11 Cured 10 27  (1-66)
Failed 1 35

attempts were necessary. Eventually 22 infants were successfully extubated, after a
mean reintubation period of 17 days [1-66] (Table 2). One patient needed a tracheo-
tomy when reintubation apparently failed as a result of extensive circular subglottic
granulations. He could be decannulated 4 months later without any further
treatment.

All nine patients with edema or superficial lesions (category a) could be extubated
after a mean reintubation period of 8 days (2-30), the 3 with ulcerations (category
b) after a mean 13 days (5-23). In the group with granulation tissue (category c) 10
out of 11 patients were finally extubated after a mean 27 days (1-66). The only re-
maining patient had a tracheotomy (Table 2).

3.2. Complications

Complications of therapeutic reintubation occurred in 10 out of 23 patients. The
complications were: pulmonary infection in 8, accidental extubation in 8, laryngeal
granulations in 2, aspiration in 2, tube obstruction in 1 and feeding problems in |
patient. Three patients needed artificial ventilation for a few days because of a pul-
monary infection.

3.3. Late results

The mean follow-up period of the 22 successfully treated patients is 34 months
(4-68). Seventeen patients showed no signs of airway disorder. Five patients, all
originally categorized in the granulations group (c), had minor complaints that could
point to laryngeal dysfunction (Table 3). One patient (no. 18) still demonstrates a
slightly audible inspiration on exertion only after 65 months. A second (no. 23) has
an audible inspiration on exertion and hoarseness after 36 months. The third (no.
15) had one minor episode of pseudocroup (a respiratory tract infection with inspira-
tory stridor, but no need for intubation) one year after extubation, but no com-
plaints 18 months since then. The fourth (no. 17) had a few episodes of pseudocroup
during the follow up period of 26 months after extubation, but has been lost to
follow up for 5 years now. The problems of these 4 patients did not necessitate
another laryngoscopy. The fifth patient (no. 13), demonstrated a slowly progressive
inspiratory stridor for many years. Laryngobronchoscopy 5 years after extubation
revealed a stricture in the posterior commissure of the glottis/subglottis, leaving a
lumen of 4 mm. Further treatment will probably be necessary in this case.
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Table 3
Patients with complaints during the period of follow-up

Pat Category Follow-up disorders Follow-up LBS
duration (m)

13 c stricture post. comm. 60 +

15 c pseudocroup 1x 30

17 ¢ pseudocroup + 3x 26

18 c audible inspiration on exertion 65 -

23 c audible inspiration on exertion, hoarseness 36 -

LBS, laryngobronchoscopy; pseudocroup is defined as a respiratory tract infection with inspiratory
stridor and no need for intubation.

4. Discussion

Edema or superficial lesions (category a) in infants are generally treated by intuba-
tion or tracheotomy [6,18]. There is no consensus about the optimal treatment of
ulcerations (category b) and granulations (category c¢). Besides tracheotomy, intuba-
tion [10], removal of granulations with a forceps or laser surgery [17] or anterior
cricoid split [6], have been advocated.

The present study demonstrates that the majority of preterm infants with post-
intubation edema, (sub)mucosal lesions, ulcerations and granulations can be cured
with therapeutic reintubation, thus avoiding a tracheotomy and further surgery.

Extubation was successful in the 12 patients with category (a) and (b) lesions
(superficial lesions, edema and ulcerations) after a relatively short period of rein-
tubation (means of 8 and 13 days, respectively). Interestingly ulcers appeared to heal
within a few weeks even with an endotracheal tube in place, which confirms previous
observations [9,15].

Nearly half of the patients with category (a) injury were successfully extubated
within 3 days (Fig. 1). Therefore it seems advisable to attempt a first extubation in
this group of patients after 2 or 3 days. If the extubation does not succeed, the next
attempts should be spaced according to the findings at laryngobronchoscopy, and
the observation of the respiration between extubation and reintubation.

In case of ulceration and associated edema (category b) extubation can be attemp-
ted after 3—7 days, depending on the severity of the injury. Attempts may be re-
peated at weekly intervals and should be successful within 4 weeks. If the treatment
is not successful in that period tracheotomy should be performed.

For granulations (category c) the success rate was less, 10 out of 11 patients could
be extubated, while the period of reintubation was longer (27 days). Secondary
stenosis 5 years after the final extubation was observed in a patient from category
c. Five of the 10 successfully treated patients with granulations (category c) were ex-
tubated within 10 days. The other 5 needed a longer period of intubation (Fig. 1).
We suggest attempting extubation after about 10 days of therapeutic reintubation
and repeat this at intervals of the same duration. The maximum period of therapeu-
tic intubation in category ¢ patients depends on factors as respiratory infections,
feeding difficulties, and the involution of the granulations.
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Alternatives for therapeutic reintubation in categories (b) and (c) are tracheotomy
and anterior cricoid split.

A tracheotomy is less unpleasant to the infant than an endotracheal intubation.
However, the complication rate (60%) of a tracheotomy in preterm infants is higher
than in full-term infants (40%) [13], while the mortality in infants is 0—5% [12, 13].
Reported complications are pneumothorax, accidental decannulation, tube obstruc-
tion, granulation tissue, tracheomalacia, tracheal stenosis and hemorrhage [7,12—14].
The complication rate in our patients was 43% with no mortality. In our view
tracheotomy is indicated if therapeutic intubation appears to fail.

The anterior cricoid split is not indicated in patients with minor laryngeal injury
or ulcerations [3,5,6]. Anterior cricoid split appears in our experience less successful
if fresh granulation tissue is present. The operation induces further granulation for-
mation and delays extubation. The operation seems useful in intubated infants with
‘old’ granulations or mild subglottic stenosis, in the absence of respiratory tract in-
fection. Therefore we prefer intubation to anterior cricoid split in patients with
granulations.

5. Conclusions

Therapeutic reintubation is the treatment of choice in preterm infants with edema,
superficial lesions, or ulceration (categories a and b) of the larynx or trachea. Thera-
peutic reintubation is less successful in patients with granulations, but the alternatives
tracheotomy and anterior cricoid split have important disadvantages.

Intubation injury in preterm infants is therefore preferably treated with reintuba-
tion. If that treatment fails, or if the infant’s tolerance does not permit continuation
of the intubation, tracheotomy is indicated. Anterior cricoid split is only considered
in the case of old granulations.
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