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Abstract

Purpose We aimed to obtain information on the number of Nordic centers performing tracheal resections, crico-tracheal
resections, and laryngo-tracheal reconstructions, as well as the patient volume and the standard regimens associated with
these procedures.

Methods Consultants at all Departments of Otorhinolaryngology—Head and Neck Surgery (ORL-HNS, n=22) and Thoracic
Surgery (n=21) in the five Nordic countries were invited (April 2018—January 2019) to participate in an online survey.
Results All 43 departments responded to the survey. Twenty departments declared to perform one or more of the three
types of tracheal resections. At five hospitals, departments of ORL-HNS and Thoracic Surgery perform these operations in
collaboration. Hence, one or more of the tracheal operations in question are carried out at 15 centers. The median annual
number of tracheal operations per center is five (range 1-20). Great variations were found regarding contraindications (rela-
tive and absolute) for surgery, the use of guardian sterno-mental sutures (all patients, 33%; selected cases, 40% of centers),
prophylactic antibiotic therapy (cefuroxime +/— metronidazole, penicillin +/— metronidazole, clindamycin, imipenem, or
none), post-operative follow-up time (range: children: 3—120 months; adults: 0—-60 months), and the performance of post-
operative bronchoscopy.

Conclusions Fifteen centers each perform a low number of annual operations with significant variations in the selection
of patients and the clinical setup, which raises the question if a higher degree of collaboration and centralization would be
warranted. We encourage Nordic transnational collaboration, pursuing alignment on central management issues, and estab-

lishment of a common prospective database for future tracheal resection surgery.
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Introduction

Symptomatic stenoses of the subglottic larynx and tra-
chea are relatively rare. The most common etiologies are
prolonged intubation, previous tracheotomy, idiopathic
lesions, tracheal trauma, and neoplastic lesions [1-5].
The majority of patients are adults with significant co-
morbidity [1, 2].

Endoscopic interventions (dilatation, electro or laser
resection, and stenting) are widely used to provide relief of
symptoms, but recurrences and need for reintervention(s)
are frequent [6, 7]. Single-stage (crico-)tracheal segmen-
tal resection with primary end-to-end anastomosis pose
a radical alternative with reported long-lasting and high
success rates [2]. However, the complex nature of the lar-
ynx and trachea makes these operations challenging and
complications are common (9-56%) even at specialized
centers [1, 8, 9]. In a study of 1617 cases from 107 centers,
Stanifer et al. found that low-volume centers (< 4 opera-
tions annually) had significantly higher combined morbid-
ity and mortality (27%) compared with centers with more
than four operations per year (17%) (p <0.001) [1].

The Nordic countries have rather uniform taxation-
based health care systems with every citizen having equal
access to medical services. With a total population of
approximately 26 million and long-lasting academic tra-
dition, we were surprised to find that the number of pub-
lications on the volume, setup, selection of patients, and
outcome of patients undergoing (crico-)tracheal segmen-
tal resection at Nordic centers was very limited [10—13].
We hypothesized that the reason for this lack of research
reports was the performance of tracheal resections at a
significant number of low-volume centers.

The current survey was carried out to obtain informa-
tion on the number of Nordic centers performing (crico-)
tracheal resections and laryngo-tracheal reconstructions,
as well as patient volume, and standard regimens associ-
ated with these procedures.

Materials and methods
Study design

Consultants from all Departments of Otorhinolaryngol-
ogy-Head and Neck Surgery (ORL-HNS) and Thoracic
Surgery in the Nordic countries [Sweden (S), Finland
(F), Norway (N), Denmark (DK), and Iceland (I)] were
invited via e-mail to participate in the online survey. Non-
responders were re-invited and additional personal calls
for participation were done for sustained non-responders.
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Data collection

Answers from the participating surgeons were collected
using the Research Electronic Data Capture (REDCap) sys-
tem. The study was conducted between April 21, 2018 and
January 8, 2019.

The questionnaire

The following data were obtained from all participants:
country, city, department (ORL-HNS/Thoracic Surgery),
size of patient catchment area, national decision on centrali-
zation of crico-tracheal resections and/or laryngo-tracheal
reconstructions, and which (of the mentioned) operations are
carried out at the department. If one or more of these opera-
tions were performed, then more detailed information was
obtained regarding indications for surgery, number of annual
patients, relative and absolute contraindications for surgery,
instructions for the use of sterno-mental sutures, length of
intubation, length of intensive care and hospitalization, rou-
tine post-operative bronchoscopy, and use of antibiotics.

Ethical considerations

According to Danish law, approval from the research ethics
committee for the study was not required.

Results

Survey responses were collected from all Departments of
ORL-HNS (n=22) and Thoracic Surgery (n=21) in Nor-
way (n=3/4), Sweden (n=9/6), Finland (n=5/6), Den-
mark (n=4/4), and Iceland (n=1/1). In total, 20 depart-
ments declared to perform one or more of the three types
of tracheal operations (tracheal resection, crico-tracheal
resection, and laryngo-tracheal reconstruction). In five cit-
ies [Goteborg (S), Helsinki (F), Kuopio (F), Tampere (F),
and Aarhus (DK)], departments of ORL-HNS and Thoracic
Surgery performed operations in collaboration. In addition,
the Department of ORL-HNS in Umea (S) declared to col-
laborate with a center in Germany. Hence, one or more of
the tracheal operations in question are carried out at 15 out
of the 24 institutions in the Nordic countries (Table 1).
The median annual number of tracheal operations per
center is five (range 1-20) (Table 2). Indications for surgery
are non-neoplastic stenosis and tumor (benign and malig-
nant) in the majority of centers (Table 3). Relative con-
traindications for surgery include low-performance status
(n=11), previous cervical radiation therapy (n=6), high age
(n=6), impaired lung function (n=4), high body mass index
(n=3), alcohol abuse (n=2), smoking (n=2), previous
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Table 1 Number of centers

. ; Country Total no. of  Tracheal resection Crico-tracheal resection  Laryngo-tracheal
performing tracheal resections, centers reconstruction
crico-tracheal resections, and ’ )
laryngo-tracheal reconstructions Children Adults Children Adults Children Adults
in children and adults in the
Nordic countries Sweden 5 2 4 2 2 1 2

Finland 6 2 6 2 4 0 3
Norway 3 0 3 0 2 0 1
Denmark 1 0 1 0 1 0 0
Iceland 0 0 0 0 0 0 0
Total 15 4 14 4 9 1 6
Table 2 Estimated median Country Tracheal resection Crico-tracheal resection Laryngo-tracheal recon-
(range) number of annual struction
tracheal resections, crico-
tracheal resections, and Children Adults Children Adults Children Adults
laryngo-tracheal reconstructions
at the 15 centers in the Nordic Sweden 2(1-3) 2(1-2) 1.5(1-2) 1(1-1 3(-3) 6.5 (1-12)
countries Finland 1.5 (1-2) 1.5 (1-5) 1.5 (1-2) 1(1-3) 1(1-3)
Norway 3(1-5) 2(2-2) 2(2-2)
Denmark 5(5-5) 2 (2-2)
All 2(1-3) 2 (1-5) 1.5(1-2) 1.5 (1-3) 3(3-3) 1(1-12)

Table3 Number of centres having a non-neoplastic stenosis or a
tumor as an indication for tracheal surgery among the 15 Nordic cent-
ers

Country Indications

Non-neoplastic Tumor

stenosis - -

Benign Malignant

Sweden 5 4 4
Finland 4 5 6
Norway 2 1 3
Denmark 1 1 1
Total 12 11 14

endoscopic treatment (n=1), and individual assessment
(n=1). Absolute contraindications for surgery are previous
cervical radiation therapy (n=3), low-performance status
(n=3), impaired lung function (n=3), high age (n=23), alco-
hol abuse (n=1), individual assessment (n = 1), and cardio-
vascular disease (n=1).

Guardian sterno-mental sutures are instructed to be used
for all patients at 5 (33%) centers and in selected cases at 6
(40%) centers for a median of 7 days (range 3—-10). Patients
are extubated on the day of surgery at 93%, 78%, and 75%
of centers performing tracheal resections, crico-tracheal
resections, and laryngo-tracheal reconstructions, respec-
tively. Patients are routinely observed post-operatively at an
intensive care unit for a median of 14 h (range 0-24) with
minimal differences between the three types of operations.
The median standard duration of hospitalization is 7 days

(range 1-14) with minimal differences between types of
operations. Patients undergoing tracheal resections, crico-
tracheal resections, and laryngo-tracheal reconstructions are
routinely given prophylactic antibiotic therapy at 87%, 89%,
and 100% of the centers, respectively. The antibiotics used
are cefuroxime with (n=35) or without (n=15) additional
metronidazole, penicillin G with (n=1) or without metro-
nidazole (n=1), clindamycin (n=1), and imipenem (n=1)
for a median of 4 days (range 1-7).

The median post-operative follow-up time is 24 months
(range 3—-120) in children and 12 months (range 0—60) in
adults. Post-operative bronchoscopy is performed routinely
in 71%, 90%, and 86% of the centers after tracheal resec-
tions, crico-tracheal resections, and laryngo-tracheal recon-
structions, respectively. At the remaining centers, post-oper-
ative bronchoscopy is carried out in selected cases only. The
median time period between surgery and follow-up bron-
choscopy is 6 weeks (range 1-12).

Discussion

The aim of the current study was to describe the current
status of tracheal resection surgery in the five Nordic coun-
tries. Discussing specific regimen issues and providing a
management protocol were left out from the present work.
Receiving information from all Departments of ORL-HNS
and Thoracic Surgery in this area, we found that 15 centers
each perform a low number of annual operations with sig-
nificant variations in the selection of patients and the clinical
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set up. In fact, 6 (40%) out of these 15 centers claimed to
perform only one or two operations (all three types com-
bined) per year.

Segmental (crico-)tracheal and laryngo-tracheal recon-
struction constitutes a demanding area with highly special-
ized operations with significant complication rates [1-3, 13,
14]. Complications include recurrent nerve palsy (unilateral
or bilateral), mediastinitis, pneumonia, dysphagia, haemor-
rhage, tracheo-oesophageal fistula, and death (0-3%) [1-3].
A number of risk factors (e.g., large resections, pediat-
ric surgery, co-morbidity, previous tracheotomy, or other
treatment) for poor outcome and complications have been
found, and careful preoperative patient selection is crucial
to achieve high success rates and acceptable complication
rates [1, 2, 8, 13]. We found great differences in the relative
and absolute contraindications for surgery between the 15
Nordic centers. Significant variations regarding the use of
sterno-mental sutures, the preferred antibiotic regimen, and
post-operative observation, hospitalization, and follow-up
were also found. Some of the regime heterogeneity may be
explained by differences in geography and local bacterial
resistance patterns, while others are likely to reflect the lack
of consensus on multiple issues regarding the optimal setup
for tracheal resection surgery.

In conclusion, due to the limited number of published
studies on the outcome of these operations, we do not find
it feasible to analyze and compare the outcome of tracheal
resections in the Nordic countries in a collective manner and
in relation to large-volume centers elsewhere. However, our
findings raise the question if a higher degree of collabora-
tion and centralization, within and across these countries,
is appropriate. The issue of centralization seems especially
evident in the management of adults with these lesions in
Finland, Norway, and Sweden and in children throughout
Scandinavia. The authors encourage such Nordic national
and transnational collaboration. Pursuing alignment on cen-
tral management issues and establishing a common prospec-
tive database for future (crico-)tracheal resection surgery
seem to be feasible.
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