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ABSTRACT: Implantation of endobronchial stents for treatment of dynamic air-
way collapse represents a suitable therapeutic option to alleviate distressing symp-
toms.

We report the case of a 43 year old patient suffering from progressive respira-
tory distress 2 weeks after insertion of a balloon-expandable radial noncompliant
Palmaz stent in an unstable segment of the left main bronchus, with the aim of pre-
venting symptomatic airway collapse.  Bronchial instability had developed following
sleeve resection of the right lung due to adenoid cystic carcinoma.  

Explantation revealed compression and deformation of the stent. Peak expirat-
ory flow (PEF) had declined to a low of 1.38 L·s-1 (forced expiratory volume in one
second (FEV1) 1.02 L).  With placement of a Strecker stent, having the ability to
re-expand within certain limits, bronchial collapse could be avoided and marked
clinical improvement as well as expiratory flow increase was noted (PEF 7.10 L·s-1;
FEV1=2.03 L).  At 13 months follow-up, clinical status was unchanged.  A decline
in forced expiratory flow (PEF 5.96 L·s-1; FEV1 1.69 L), however, indicated a pos-
sible change in the structural integrity of the Strecker stent.

We conclude that physical properties of endobronchial stents may be crucial for
good functional results in major airway collapse.  Stiff prostheses, when compressed,
can induce severe airway obstruction.
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The implantation of prosthetic tracheobronchial metal
stents has been successfully carried out in benign tra-
cheobronchial disease [1–4]. This report focuses on a
case of dynamic airway collapse secondary to bronchial
instability treated with two different types of balloon-
expandable endobronchial prostheses, the Palmaz-Stent
[5] and the Strecker-Stent [6].  In order to achieve accept-
able functional results, design and properties of the pros-
theses had to meet the demands of the affected airway,
particularly with regard to flexibility and stability.  Although
physiologic studies of tracheobronchial metal stents in
airway obstruction have been carried out [7, 8], no data
about strain and damage-tolerance within collapsing air-
ways are yet available.

Case history

A 43 year old man has been treated with sleeve pneu-
monectomy due to adenoid cystic carcinoma.  Three and
a half years later, bronchial instability developed at the
site of the tracheobronchial anastomosis, with total col-
lapse of the airway during cough procedures. This led
to marked reduction in expiratory flow rates.  Vital capa-
city (VC), forced expiratory volume in one second (FEV1)

and peak expiratory flow rates (PEF) were measured in
a body plethysmograph (Bodyscreen, Jaeger, Würzburg,
Germany) and are shown in table 1. The flow-volume
loop illustrates the increased expiratory flow limitation at
forced expiration (fig. 1a and b).  Histopathology demon-
strated inflammatory granulomatous reaction, without
signs of recurrent tumour.

As a result of the inability to perform adequate mucus
clearance, a Palmaz-Stent (Johnson & Johnson Interven-

CASE STUDY

Table 1.  –  The course of pulmonary function

VC FEV1 PEF
L L L·s-1

9 months postoperative 3.26 2.89 9.32
45 months postoperative, before 2.98 1.12 2.20
Palmaz stent implantation when
bronchial collapse was present
14 days after Palmaz stent implantation 2.77 1.02 1.38
2 days after Palmaz stent explantation 2.90 1.22 2.18
2 days after Strecker plant implantation 3.01 2.03 7.10
13 months after Strecker stent 2.94 1.69 5.96
implantation

VC: vital capacity; FEV1: forced exiratory volume in one sec-
ond; PEF: peak expiratory flow.



tional Systems) of axial length 29 mm and diameter 8
mm was inserted at another hospital.  Subsequently, the
patient experienced substantial clinical improvement for
24 h.  Thereafter, mucus retention, dyspnoea and cough
recurred and worsened markedly within the following 12
days. Two weeks after stent placement, he eventually
presented with acute severe dyspnoea, excruciating and
insatiable cough, and expectoration of purulent and vis-
cous sputum.  FEV1 and PEF had once more dropped to
a minimum of 1.02 L and 1.38 L·s-1, respectively.  Bron-
choscopy revealed obstruction of the tracheobronchial
anastomosis by a distorted Palmaz stent with accumula-
tion of purulent secretions, which now functioned as a
barrier to mucus transport and airflow (fig. 2).  An incor-
rect placement of the stent had been excluded by means
of bronchoscopy and radiography.  It was noticeable, that
deformation was apparent mainly at the distal part of
the prothesis.  After explantation, an 8 mm wide and 40
mm long Strecker-Bronchial-Stent (Boston Scientific Co.,
Watertown, Massachusetts) was chosen which provided
radial compliance and re-expandability.  After insertion
within the tracheobronchial anastomosis, mucus clear-
ance improved markedly and there was no sign of respi-
ratory distress.  FEV1 improved to 2.03 L.  The flow-volume
diagram regained a near normal shape, with a PEF of
7.10 L·s-1 (fig. 1c).

At the 13 month follow-up, a decrease in expiratory
flow parameters was noted (FEV1 1.69 L; PEF 5.96 L·s-1).
Radiographic fluoroscopy revealed a 20% reduction of the
relaxed shape of the stent; however, without noticeable

limitation of clinical state.  In the lateral view, a reversible
shortening of the stent diameter was observed at the very
distal end of the prosthesis when the patient was per-
forming voluntary cough manoeuvres.  Repeated bron-
choscopic evaluation showed satisfactory local tolerance
of the Strecker stent without formation of granulomas.

Discussion

Stenting of unstable airways has been successfully
performed using expandable metal stents [2, 9].  The im-
plantation in unstable airways secondary to bronchial
anastomosis has been described in cases of lung trans-
plantation [10, 11].  Airflow improvement after stent im-
plantation in benign endobronchial lesions is documented
for up to 52 months [8].  Bronchial instability is char-
acterized by expiratory airway collapse, exacerbated by
increased respiratory effort, such as exercise or cough-
ing.  In this case, bronchial collapse developed secondary
to sleeve pneumonectomy and was located at the site of
the tracheobronchial anastomosis.

This resulted in the patient's failure to clear accumu-
lated secretions as the cough mechanism plays an impor-
tant role in tracheobronchial mucus clearance [12].  In
patients with hypersecretion of mucus and impaired muco-
ciliary transport in particular, mucus elimination is only
compensated for through repeated cough [13, 14].  When
bronchial collapse was present, peak expiratory flow
decreased to a quarter of the postoperative value (fig. 1b).

We believe that failure of the Palmaz-Stent in estab-
lishing patency of the unstable airway was primarily due
to the prosthesis design.  Since intrathoracic pressure is
transmitted to the surface of the stent without modifica-
tion by the flaccid airway, elastic recoil, allowing radial
dilatation appears to be an indispensable condition in
preventing deformation, whereas pronounced stiffness of
a prosthesis may result in profound mucosal damage [15].
The importance of mechanical stent characteristics allow-
ing for dynamic compression during cough has recently
been shown in an ex-vivo model [16].  The Palmaz-Stent,
which consists of a single rigid, slotted, stainless steel
tube, offers longitudinal flexibility, whereby radial non-
compliance of the component segments is maintained
[5].  It is, therefore, assumed that transmitted changes in
intrathoracic pressure during cough led to compression
and permanent radial deformation, resulting in airway
occlusion by accretion of purulent mucus within the def-
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Fig. 2.  –  Deformed Palmaz-Stent after explantation, blocked by accu-
mulation of purulent secretions.

Fig. 1.  –  Flow-volume diagram: a) 9 months postoperative; b) 45 months postoperative, before Palmaz-Stent implantation when bronchial col-
lapse was present; c) 2 days after Strecker stent implantation; and d) 13 months after Strecker stent implantation.
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ormed steel tube.  An incorrect placement of the Palmaz
stent could be excluded by radiological and broncho-
scopic evaluation which showed the correct position within
the tracheobronchial anastomosis.  Accidental damaging
of the stent during the implantation procedure appears
unlikely since the proximal orifice of the stent, accessible
to forceps and bronchoscope, did not show relevant deform-
ation (fig. 2).  In addition, substantial symptomatic impr-
ovement had been experienced for the first 2 days after
placement.

In contrast, the Strecker-Stent is made of alloy fila-
ments braided in the form of a tubular mesh.  It appeared
to be less rigid, and the inherent expansile properties of
the wire allowed for radial dilatation when compressed.
After implantation, forced expiratory flow increased con-
siderably. A diffuse airway collapse not limited to the
stented segment, would not have shown an improvement
in expiratory flow rates after stent placement.  The ini-
tial drop followed by a plateau as revealed by the flow-
volume loop is typical of a dynamic intrathoracic stenosis
of the trachea (fig. 1c).  This implicates a functional com-
pression of the stent with rising intrathoracic pressure
(e.g. forced expiratory manoeuvre, cough).  Although max-
imum radial compression tolerated by the prothesis is
limited [6], elasticity to outside compression was suffi-
cient to prevent symptomatic deformation within the per-
iod of observation.  However, the reduction of the relaxed
shape of the stent by 20% together with a decline in
forced expiratory flow parameters 13 months after implant-
ation may be an indication of some deterioration of the
structural integrity of the Strecker stent, which may still
limit its long-term use. Granulomas or accumulated sec-
retions have not been observed within the stent and do
not explain the change in forced expiratory flow. The
fluoroscopic observation of diameter shortening only at
the distal end of the prosthesis and only in the lateral
view is not considered a primary failure of inherent
mechanical features of the stent.  Although not proven by
objective data, it is rather assumed that due to inconsis-
tent structural and functional characteristics of the unsta-
ble bronchial segment (operation, radiotherapy) transmission
of intrathoracic pressure into force was inhomogenous,
and presumably was most effective at the distal part as
well as at the anterior and posterior portions, of the pros-
thesis.

We conclude that, in this case, the implantation of the
Strecker stent, a nonrigid prosthesis with limited flexi-
bility, regaining effective cough clearance by avoiding
airway collapse represented the major factor in achiev-
ing marked symptomatic improvement.  Although stent-
ing of unstable airways has been successfully performed,
the influence of dynamic compression on the elastic char-
acteristics of metal stents in bronchial collapse has not
yet been evaluated in vivo.

In cases of bronchial collapse, elastic recoil, allowing
radial dilatation, and firm circular contact with the sur-
rounding bronchial wall to prevent dislocation may be
decisive in achieving positive long-term results. This may

obviate or reduce the need for early removal.  Wire stents
seem to meet the specific requirements and can be fash-
ioned according to the expansile properties, length and
diameter.  It has to be determined whether a self-expand-
able prosthesis design is more appropriate to maintain
expansile force and elasticity in the long-term.
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