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Airway Injuries after One-lung Ventilation: A Comparison
between Double-lumen Tube and Endobronchial Blocker

A Randomized, Prospective, Controlled Trial
Heike Knoll, M.D.,* Stephan Ziegeler, M.D.,* Jan-Uwe Schreiber, M.D.,* Heiko Buchinger, M.D.,* Patric Bialas, M.D.,*
Kirill Semyonov, M.D.,* Thomas Graeter, M.D.,† Thomas Mencke, M.D.‡

Background: Vocal cord injuries, postoperative hoarseness,
and sore throat are common complications after general anes-
thesia. One-lung ventilation can be achieved via two tech-
niques: double-lumen endotracheal tube or endobronchial
blocker such as the Arndt blocker. The current study was de-
signed to assess the impact of these techniques for one-lung
ventilation on the incidence and severity of postoperative
hoarseness, vocal cord lesions, and sore throat.

Methods: In this prospective trial, 60 patients were randomly
assigned to two groups. One-lung ventilation was achieved with
either an endobronchial blocker (blocker group) or a double-
lumen-tube (double-lumen group). Postoperative hoarseness
and sore throat were assessed at 24, 48, and 72 h after surgery.
Bronchial injuries and vocal cord lesions were examined by
bronchoscopy immediately after surgery.

Results: In 56 included patients, postoperative hoarseness
occurred significantly more frequently in the double-lumen
group compared with the blocker group: 44% versus 17%, re-
spectively (P � 0.046). Similar findings were observed for vocal
cord lesions: 44% versus 17%, respectively (P � 0.046). The
incidence of bronchial injuries was comparable between
groups (P � 0.540). Cumulative number of days with hoarse-
ness and sore throat were significantly increased in the double-
lumen group compared with the blocker group (P < 0.01). No
major complications such as bronchial ruptures were observed.

Conclusions: Clinicians should be aware of an increased inci-
dence of minor airway injuries that may impair patient satis-
faction when using a double-lumen tube instead of an endo-
bronchial blocker for one-lung ventilation.

POSTOPERATIVE hoarseness, sore throat, and vocal
cord injuries are common complications after general
anesthesia.1–6 The incidence of postoperative hoarse-
ness is as frequent as 50% after short-term tracheal intu-
bation.4 In the past, several risk factors for postoperative
hoarseness and laryngeal injury have been identified,
including demographic factors, quality of tracheal intu-

bation, and technical factors such as endotracheal tube
size.1,2,6,7–9

One-lung ventilation during thoracotomy can be
achieved via two basic techniques10–12: (1) use of a
double-lumen endotracheal tube (DLT) consisting of an
endotracheal and an endobronchial lumen allowing in-
dependent single-lung ventilation13; or (2) use of an
endobronchial blocker such as the Arndt blocker, which
allows lung collapse distal to the occlusion.11,14 It has
been recently demonstrated that DLT and endobronchial
blocker are similar in their efficacy to achieve lung iso-
lation for elective thoracic surgery.11 No data are avail-
able yet about the influence of the chosen technique on
postoperative hoarseness, vocal cord injuries, sore
throat, and bronchial injuries. Published data of Stout et
al.7 imply that the incidence of postoperative hoarseness
and vocal cord injury might be directly correlated with
size of the used endotracheal tube. We hypothesized
that using a bronchial blocker to achieve one-lung ven-
tilation may result in a lower incidence of clinically
relevant laryngeal and bronchial morbidity after open
thoracotomy compared with a control group intubated
with a DLT. In addition, vocal cord lesions and bronchial
injuries were assessed by bronchoscopy and flexible
laryngoscopy postoperatively.

Materials and Methods

Patients
After obtaining approval from the ethics committee

(Ärztekammer des Saarlandes, Saarbrücken, Germany)
and written informed consent, we studied 60 adult pa-
tients aged 18–75 yr with American Society of Anesthe-
siologists physical status I–III. All patients underwent
thoracic surgical procedures (open pulmonary resec-
tion) requiring one-lung ventilation. Patients with preex-
isting hoarseness or sore throat were not included. Study
exclusion criteria included a duration of surgery greater
than 6 h, obesity, pregnancy, known difficult tracheal
intubation, and patients suspected to have a difficult
airway, i.e., Mallampati airway class score 3 or 4, and
mouth opening less than 3.5 cm. Patients with difficult
intubation conditions, i.e., Cormack and Lehane15 score
of 3 or 4, were excluded after induction of anesthesia.

Induction and Maintenance of Anesthesia
Patients were randomly assigned to two groups of 30

patients each, via random number draws, to receive
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either the wire-guided endobronchial blocker (blocker
group) or a DLT (double-lumen group).

After arrival of the patients in the operating room,
standard monitoring was used. All patients received a
thoracic epidural catheter for control of postoperative
pain. Induction of anesthesia was standardized for both
groups as follows: At time 0, 3.0 �g/kg fentanyl was
injected; 3 min later, anesthesia was induced with 3.0
mg/kg propofol. Anesthesia was maintained with 0.25–
0.5 �g · kg�1 · min�1 remifentanil and 4–6 mg · kg�1 ·
h�1 propofol. Ventilation was controlled with oxygen
(100%) via a facemask. Two minutes later, 0.5 mg/kg
atracurium was injected over a period of 10 s. Tracheal
intubation was performed exactly 3 min later. Surgeons
were absent from the operating room during tube place-
ment and were blinded to randomization. Vital signs, i.e.,
heart rate and mean arterial blood pressure, were re-
corded 30 s after the propofol administration, before
tracheal intubation, and 2 min after tracheal intubation.

In the blocker group, tracheal intubation was per-
formed with a single-lumen endotracheal tube (Magill,
Lo-Contour Murphy Tracheal Tube; Mallinckrodt, Ath-
lone, Ireland). Tube size was standardized regarding pa-
tients’ sex. In men, an 8.5-mm ID was used, and in
women, a 7.5-mm ID was used. Afterward, the wire-
guided endobronchial blocker (9 French; spherical-
shaped balloon with inflation volume of 4.0–8.0 ml,
Arndt blocker; Cook Critical Care, Bloomington, IN) was
bronchoscopically guided into either the right (for right
pulmonary resection) or left mainstem bronchus (for left
pulmonary resection).

In the double-lumen group, after passing the vocal
cords the DLT was rotated 90° toward the left (Bronch-
ocath, left-sided; Rüsch, Kernen, Germany) or right
(Bronchocath, right-sided; Rüsch) and advanced until
slight resistance occurred. If this technique failed, the
DLT was guided into position via the bronchoscope.
Tube size (35, 37, 39, or 41 French) was determined by
measuring the width of the tracheal diameter in millime-
ters from the preoperative chest radiograph.16 Accuracy
of the DLT or blocker placement was assessed by flexi-
ble fiberoptic bronchoscopy.

Patients were carefully positioned for surgery and the
head was fixed. After the patient was turned to the
lateral position, the correct position of the DLT or
blocker was assessed again by bronchoscopy. During
one-lung ventilation, inspired oxygen concentration was
increased to 100%.

Twenty minutes before the expected end of surgery,
all patients received 10 �g sufentanil and 10.0 ml bupiv-
acaine, 0.25%, via the epidural catheter. After complet-
ing surgery and bronchoscopic examination, all patients
were carefully extubated. For postoperative pain ther-
apy, sufentanil and 0.25% bupivacaine were given by
request via the epidural catheter. Paracetamol and pir-

itramide, 0.05 mg/kg intravenous, was given when anal-
gesia was inappropriate.

Assessment of Intubating Conditions and
Intubating Variables
Tracheal intubation was performed by the same expe-

rienced anesthesiologist. The intubating score was eval-
uated on the basis of the consensus conference on Good
Clinical Research Practice in Pharmacodynamic Studies
of Neuromuscular Blocking Agents.17

In addition, the following intubating variables were
recorded: glottic exposure as defined by Cormack and
Lehane; the number of intubation attempts (n) and cor-
rections of positioning (n); time for intubation (s), de-
fined as the time from the beginning of laryngoscopy
until successful intubation; and time for positioning (s),
defined as the time of bronchoscopy for verification of
the correct position of the blocker or DLT.

The following factors were standardized for all pa-
tients: use of a stylet for single-lumen tubes and DLTs,
use of 2% lidocaine gel, and intracuff pressure less than
30 mmHg (measured with a noninvasive manometer).

Assessment of Surgical Variables
Collapse of the lung was assessed as follows11: 1 �

spontaneous; 2 � assisted with suction; 3 � manual. The
thoracic surgeon blinded to the group assignment rated
the conditions of surgery as follows11: 1 � excellent
(complete collapse with perfect surgical exposure); 2 �
fair (total collapse, but the lung still has residual air); 3 �
poor (no collapse, or if there is partial collapse with
interference in surgical exposure).

Assessment of Postoperative Hoarseness, Sore
Throat, and Airway Injuries
Immediately after completion of surgery, all patients

underwent a bronchoscopic examination on bronchial
lesions before emerging from anesthesia. After success-
ful extubation, 30 mg topical lidocaine spray, 2%, was
administered nasally, and flexible laryngoscopy was per-
formed to assess vocal cord injuries. Findings from bron-
choscopy and laryngoscopy were recorded by video-
print and demonstrated to an experienced ear, nose, and
throat specialist who was not aware of the group assign-
ment. Airway injuries were classified as shown on table
1.6,8,18

Postoperative hoarseness was defined as an acoustic
quality that was different than the previous voice quality
of the patient.19 Sore throat was defined as continuous
throat pain.1 An investigator blinded to the group assign-
ment of the patients asked the patients specific ques-
tions regarding postoperative hoarseness, and sore
throat immediately after emergence from anesthesia and
on days 1, 2, and 3 after surgery8,20 (appendix). A daily
follow-up examination was performed until complete
resolution.
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Statistical Analysis
Statistical analysis was performed using BiAS 8.1-2005

for Windows (Epsilon-Verlag, Hochheim, Germany). The
required number of patients for the study groups was
calculated in expectation of an incidence of postopera-
tive hoarseness of 16%6 in the blocker group and a 40%
increase of the absolute risk in the double-lumen group.
For an 80% power and an � of 0.05, 52 patients (26
patients in each group) were needed. To compensate for
possible dropouts, we enrolled 60 patients, i.e., 30 pa-
tients for each group. Results were considered statisti-
cally significant when P was less than 0.05. Data are
expressed as mean � SD or median (range). Chi-square
test or Fisher exact test, one-way analysis of variance for
parametric data, and Kruskal-Wallis test for nonparamet-
ric data were used as appropriate. Numbers needed to
harm (NNHs) were calculated.21 A positive NNH indi-
cated how many patients had to be exposed to the
intervention (i.e., DLT) to produce one particular event
(i.e., postoperative hoarseness or airway injury) in one
patient, who would not have had this event had he or
she received a single-lumen tube combined with an
endobronchial blocker for one-lung ventilation. An NNH
between 1 and 5 was considered a clinically relevant
risk.22

Results

Sixty patients were enrolled in this study—30 patients
in each group. Of these 60 patients, 4 patients were

excluded from analysis because of a Cormack grade of 3
or greater (1 in the blocker group and 3 in the double-
lumen group). Therefore, incidence and severity of air-
way injuries, postoperative hoarseness, and sore throat
were investigated in the remaining 56 patients—29 in
the blocker group and 27 in the double-lumen group.
There were no significant differences between the two
groups with respect to demographic data and duration
of anesthesia and surgery (table 2). A significant differ-
ence was found in the incidence of smoking (P � 0.046;
table 2). The surgical sides of thoracotomy, i.e., right or
left side, were comparable between groups (P � 0.611).
In addition, there were no significant differences in he-
modynamic values between the two groups.

Tracheal intubation was successful in all patients of
both groups. Number of attempts and Cormack grades
did not differ significantly between the study groups.
Time for positioning and number of corrections of posi-
tioning of the blocker or DLT did not differ significantly
(table 3). Moreover, intubating conditions were compa-
rable between groups (not significant).

Quality of lung collapse was significantly better in
patients with a DLT. Excellent or fair conditions for
surgery were found in 22 patients in the blocker group
versus 27 patients in the double-lumen group (P �
0.01). In patients with an endobronchial blocker, no
significant relation between time of deflation and quality
of collapse was found (P � 0.09).

Bronchoscopic examination of the bronchus was per-

Table 1. Classification of Airway Injuries

Type Classification Definition

Bronchial injuries Redness
Edema Swollen mucosa
Hematoma Bleeding into mucosa

Vocal cord injuries Thickening of the vocal cords Localized swelling at the vocal process of the arytenoids cartilage
Redness
Edema Swollen mucosa at the vocal folds
Erythema Redness of the mucosa with surrounding inflammatory swelling
Hematoma Bleeding into vocal cord
Granuloma Granulation tissue remains as a chronic, localized, rounded tissue

Table 2. Demographic Data and Duration of Surgery and Anesthesia

Blocker (n � 29) Double Lumen (n � 27) P Value

Age, yr 62.8 � 8.5 60.4 � 8.5 0.286
Weight, kg 75.4 � 10.8 78.5 � 14.5 0.377
Height, cm 168.6 � 10.3 168.4 � 7.9 0.931
Sex, male/female 17/12 17/10 0.740
Smoking 5 12 0.046
Reflux 1 0 1.000
ASA physical status II (I–III) II (II–III) 0.454
Side, left/right 17/12 14/13 0.611
Duration of surgery, min 110 (60–200) 120 (40–240) 0.379
Duration of anesthesia, min 170 (95–245) 180 (105–310) 0.391

Values are mean � SD, numbers, or median and range (American Society of Anesthesiologists [ASA] physical status, duration of surgery, and duration of
anesthesia).
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formed in all patients after positioning of the DLT or
blocker and immediately before extubation (table 4).
The overall incidence (DLT and endobronchial blocker
combined) of bronchial injuries was 25% (14 patients).
The incidence of bronchial injuries did not differ signif-
icantly between the blocker and double-lumen groups: 6
versus 8 patients, respectively (P � 0.440). The bron-
choscopic findings are shown in table 4. Endoscopic
examination of the larynx was performed in all patients
immediately after extubation. The overall incidence of
vocal cord injuries was 30% (17 patients). Vocal cord
injuries occurred significantly more frequently in the
double-lumen group compared with the blocker group:
12 patients (44%) versus 5 patients (17%), respectively
(P � 0.046; table 4). The NNH to produce one patient
with vocal cord injuries by using the DLT compared with
the blocker was 4 (confidence interval, 2.0–25.3) The
majority of the vocal cord injuries were redness (8 pa-
tients) and edema (8 patients). In the double-lumen
group, one hematoma was noted.

None of the patients needed to be reintubated due to

postoperative respiratory failure. Moreover, a prolonged
stay in the intensive care unit was not indicated in any
patient.

The overall incidence of postoperative hoarseness was
30% (17 patients). Postoperative hoarseness occurred
significantly more frequently in the double-lumen group
compared with the blocker group: 12 patients (44%)
versus 5 patients (17%), respectively (P � 0.046; table
5). The NNH to produce one patient with postoperative
hoarseness by using the DLT compared with using the
blocker was 4 (confidence interval, 2.0–25.3). Follow-up
examination revealed that no patient had postoperative
hoarseness more than 3 days (table 5). Therefore, no
stroboscopic examination of the larynx was performed
in any patient. The severity of hoarseness did not differ
significantly between both study groups. However, the
cumulative number of days with postoperative hoarse-
ness over the entire study population was significantly
increased in the double-lumen group compared with the
blocker group: 22 versus 8, respectively (P � 0.006;
table 5).

The overall incidence of sore throat was 41% (23
patients). Sore throat did not differ significantly between
groups: 14 patients (48%) versus 9 patients (31%), re-
spectively (P � 0.174; table 5). In addition, the severity
of sore throat did not differ significantly between study
groups. Sore throat was limited in both groups to the
postoperative period up to 72 h after surgery. However,
the cumulative number of days with sore throat over all
patients was significantly increased in the double-lumen
group compared with the blocker group: 35 versus 18,
respectively (P � 0.007; table 5).

Discussion

There had been no prospective investigation before
that systematically evaluated the possible role of the

Table 3. Intubating Variables and Intubating Conditions

Blocker (n � 29) Double Lumen (n � 27) P Value

Intubating variables
Cormack grades 1 (1–2) 1 (1–2) 0.208
Time for intubation, s 15 (4–150) 25 (5–90) 0.003
Attempts, n 1 (1–2) 1 (1–2) 0.468
Time for positioning, s 90 (12–640) 60 (15–480) 0.081
Correction of positioning, n 1 (0–3) 0 (0–2) 0.349

Surgical variables
Time for evacuation, min 8 (1–18) 7 (1–20) 0.408
Time for OLV, min 70 (20–162) 73 (25–185) 0.413
Collapse of lung* 2 (1–3) 1 (1–3) � 0.001
Conditions for surgery† 2 (1–3) 1 (1–2) � 0.001

Values are median (range).

* Collapse of the lung11: 1 � spontaneous; 2 � assisted with suction; 3 � manual. † Conditions of surgery11: 1 � excellent (complete collapse with perfect
surgical exposure); 2 � fair (total collapse, but the lung still has residual air); 3 � poor (no collapse, or if there is partial collapse with interference in surgical
exposure).

OLV � one-lung ventilation.

Table 4. Incidence and Bronchoscopic Findings of Bronchus
Injuries and Vocal Cord Injuries

Blocker (n � 29) Double Lumen (n � 27) P Value

Bronchus injuries
Patients* 6 8 0.540
Morphology

Redness 6 5 1.000
Edema 0 3 0.237
Hematoma 0 2 0.492

Vocal cord injuries
Patients* 5 12 0.046
Morphology

Redness 2 6 0.137
Edema 3 5 0.462
Hematoma 0 1 1.000

Values are numbers (n).

* Number of patients with bronchus injuries or vocal cord injuries.
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different techniques to achieve one-lung ventilation on
the incidence and severity of laryngeal injury. Therefore,
the current study was designed to assess the impact of
the one-lung ventilation technique on the incidence and
severity of airway injuries and laryngeal morbidity.

The current study demonstrated that incidence of post-
operative hoarseness and number of days with hoarse-
ness and sore throat were significantly decreased in the
blocker group compared with the double-lumen group.
Moreover, the blocker technique was associated with a
decreased incidence of vocal cord injuries.

Many factors contribute to laryngeal intubation trau-
ma.8 Several risk factors for postoperative hoarseness
and vocal cord injuries have been identified, including
demographic factors such as sex,2 gastroesophageal re-
flux,9 intubating conditions,6 duration of surgery,23 type
of surgery,24 and technical factors such as endotracheal
tube size.7 Risk factors known to contribute to postop-
erative hoarseness and vocal cord injuries were con-
trolled in the current study. Intubation conditions in-
cluding subcomponents such as vocal cords and reaction
to tube insertion or cuff inflation were comparable in all
patients. However, we consequently excluded patients
with a laryngoscopic view graded 3 or 4 according to
Cormack and Lehane to avoid any variability in results
due to a possibly difficult airway. Moreover, it has been
widely accepted that using a bronchial blocker for pa-
tients with difficult airways should be the method of
choice. The patient population was uniform with re-
spect to the patient characteristics (except smoking), as
well as to the type and duration of anesthesia and sur-
gery (table 2). The incidence of smoking was signifi-
cantly higher in the double-lumen group compared with
the blocker group (P � 0.046). Smoking has been de-
scribed as a risk factor for hoarseness.8 To minimize any
influence of preexisting hoarseness, those patients were
not included in this trial. Moreover, no significant differ-
ences in postoperative hoarseness or vocal cord injuries
in smokers versus nonsmokers were found.

Double-lumen endotracheal tubes are the most widely
used devices for lung separation and one-lung ventila-

tion.12,13 In 1999, the Arndt blocker was introduced and
has been demonstrated as an alternative technique that
produces comparable surgical conditions in thoracoto-
my.11,14 In the current trial, quality of lung collapse and
surgical exposure differed significantly between the two
techniques. This result stands in contrast to previous
findings of other authors and might be explained by a
relatively short time for deflation in our study groups.
However, surgery in each patient was finished success-
fully without any further intervention or delay in surgical
progress.

There is a large variation in the reported incidence
(3–50%) of hoarseness immediately after short-term tra-
cheal intubation.2–4,6,25 Tracheal intubation with 0.5
mg/kg atracurium (same dosage as in our study) 3 min
after induction of anesthesia (same waiting time as in our
current study) was associated with an infrequent inci-
dence of postoperative hoarseness of 16%.6 In our cur-
rent study, however, the overall incidence of postoper-
ative hoarseness was 30% but reached 44% in the double-
lumen group (table 5). The reasons for the significantly
increased incidence of postoperative hoarseness in the
double-lumen group compared with the blocker group
might be best explained as follows.

First, DLTs are tubes with a curved endobronchial
lumen, which may come in contact with the vocal cords
during insertion and cause hoarseness. Second, the DLTs
used in the current study ranged between 37 and 41
French; the single-lumen tubes that were used in the
blocker group (men: ID � 8.5 mm; women: ID � 7.5
mm) correspond to approximately 32–36 French. Stout
et al.7 demonstrated that the incidence and severity of
postoperative hoarseness and sore throat was directly
correlated to the size of the endotracheal tubes. There-
fore, this may be the main risk factor for laryngeal inju-
ries and postoperative hoarseness. Third, the trauma
causing laryngeal injury can occur not only during in-
duction of anesthesia and during surgery, but also during
tracheal extubation.8 Therefore, presumably, another in-
jury of the vocal cords followed by postoperative hoarse-
ness took place during extubation by the curved DLT.

Table 5. Incidence of Postoperative Hoarseness and Sore Throat

Postoperative Hoarseness Sore Throat

Blocker (n � 29) DLT (n � 27) P Value Blocker (n � 29) DLT (n � 27) P Value

PACU 2 6 0.137 6 9 0.369
At 24 h 3 8 0.096 7 12 0.159
At 48 h 3 5 0.462 4 10 0.065
At 72 h 1 3 0.612 1 5 0.195
� 72 h 0 0 — 0 0 —
Days* 8 22 0.006 18 35 0.007
Patients† 5 12 0.041 9 14 0.174

Values are numbers of patients (n).

* Days � number of days with postoperative hoarseness (PH) or sore throat (ST). † Number of patients with PH or ST.

DLT � double-lumen tube; PACU � postanesthesia care unit.
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Intubation-related laryngeal injuries were found to be
present in up to 27% of patients with the use of neuro-
muscular blocking agents for tracheal intuba-
tion3,6,18,25,26 and reached 44% in patients with an in-
duction technique without neuromuscular blockers.6 In
our current study, the overall incidence was 30%. How-
ever, all patients were examined by flexible laryngos-
copy after surgery, not by laryngostroboscopy, i.e., the
diagnostic tool used was not as sensitive as it was in the
previous studies of our group.6,25 Because of technical
limitations, no opportunity for a laryngostroboscopy dur-
ing the first 72 h after anesthesia was given in this study.
Presumably, the majority of the minor injuries of the
vocal folds such as thickening of the vocal folds, which
had an incidence up to 86%,25 were not determined by
flexible laryngoscopy after surgery. In addition, we can-
not completely exclude that vocal cord injuries in single
patients might have existed preoperatively. However,
the main goal of our study was to evaluate clinically
relevant postoperative hoarseness and sore throat that
might impair patient satisfaction.

No patient had postoperative hoarseness or sore throat
on the fourth day after surgery; therefore, no patient was
examined by laryngostroboscopy. In general, longer last-
ing postoperative hoarseness does not seem to be a
frequent complication. In a previous study, Jones et al.27

reported 5 of 167 patients who had postoperative
hoarseness for more than 5 days after anesthesia. The
lack of patients with longer lasting sore throat or post-
operative hoarseness might be best explained by the
limited size of our study.

Vocal fold paralysis due to laryngeal nerve damage is a
known complication after thoracic surgery with a sus-
pected incidence from 4 to 31%.28 It cannot be com-
pletely excluded that patients of the current trial had
temporal nerve damage. However, type of surgery was
comparable between both groups.

The bronchoscopic examination before extubation al-
lowed assessing bronchus injuries as well. There are no
prospective data available about bronchial injuries after
one-lung ventilation with a blocker or DLT. The inci-
dence was 25% and comparable between the double-
lumen group and blocker group (not significant; table 4).
The incidence of injuries at the level of the mainstem
bronchus is similar to the observed incidence of injuries
at the larynx. Presumably, the pathogenesis is similar to
that for vocal cord lesions. When the pressure of the cuff
or the tube itself exceeds capillary pressure in the mu-
cosa of the bronchus, mucosal ischemia causes inflam-
mation, congestion, and edema within the first few
hours.8 We measured the cuff pressure but suppose that
it might not always represent the actual pressure at the
mucosa of the bronchus. Other risk factors for vocal
cord and bronchial injuries might be friction and physi-
cal contact of the tube with laryngeal and bronchial
structures. In addition, movement and pressure during

surgical manipulations, pressure during lateral position,
and movements of the DLT during bronchoscopy may
influence the incidence of laryngeal and bronchial mor-
bidity.

The reported incidence of sore throat varies between
14.4 and 50%.1,3,4,7,25 In the current study, the incidence
of sore throat was 41%. There was no significant differ-
ence in the incidence between the two study groups.
However, the cumulative number of days with sore
throat was significantly increased in the double-lumen
group compared with the blocker group. The reason for
the higher count of days with sore throat might be the
same as for postoperative hoarseness, i.e., the increased
size of the DLT and the curved shape.1 In addition, we
cannot exclude that the higher incidence of smokers in
the double-lumen group may have influenced this find-
ing.

The results of the current trial show that the risk for
airway complications may increase when using a DLT
instead of a bronchial blocker to achieve one-lung ven-
tilation. The calculated NNH of 4 for postoperative
hoarseness reflects this issue. Most of the observed air-
way lesions were minor, and no patient showed clinical
signs of postoperative hoarseness or sore throat after the
third postoperative day. However, hoarseness and sore
throat may cause discomfort and may impair patient
satisfaction. None of the included patients had rare ma-
jor complications such as bronchial rupture or vocal
cord paralysis. It remains unclear whether the use of a
bronchial blocker may prevent serious complications
such as bronchial rupture.

In conclusion, clinicians should be aware of the in-
creased risk of postoperative hoarseness when using a
DLT instead of a bronchial blocker. It is recommended to
inform patients about this risk if they are scheduled for
one-lung ventilation with a DLT.

The authors thank Mathias Echternach, M.D. (Staff, Department of Otorhino-
laryngology, University Hospital of the Saarland, Homburg, Germany), for his
support during this study.

Appendix: Assessment of Postoperative
Hoarseness (PH) and Sore Throat (ST)

A. Do you have any hoarseness?
If the answer was no, PH was graded 0 � no hoarseness;
if the answer was yes, PH was graded 1–3 as follows7:

1 � noticed by patient,
2 � obvious to observer,
3 � aphonia.

B. Do you have any sore throat?
If the answer was no, ST was graded 0 � no sore throat;
if the answer was yes, ST was graded 1–3 as follows20:

1 � mild (pain with deglutition),
2 � moderate (pain present constantly and increasing with deglu-

tition),
3 � severe (pain interfering with eating and requiring analgesic

medication).
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