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Double-lumen tube for ventilation in severe kyphoscoliosis
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Abstract

The presence of kyphoscoliosis can adversely affect gas
exchange because of restriction to gas flow and reduction of
lung volume. The effects become more exaggerated during
positive-pressure ventilation due to the uneven distribution of
ventilation. The use of a double-lumen tube helps to reduce
the ventilation perfusion mismatch that occurs because of
positive-pressure ventilation. We report a patient with severe
kyphoscoliosis who underwent repair of an atrial septal defect,
in whom a double-lumen tube was used for ventilation and
the conduct of general anesthesia.
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Introduction

The institution of positive-pressure ventilation (PPV) in
the setting of unilateral lung disease can lead to unique
problems [1-3]. When the difference in airway resis-
tance or lung compliance between the two lungs is exag-
gerated, conventional PPV may lead to preferential
ventilation, with the hyperexpansion of one lung and
gradual collapse of the other [3]. This ventilation perfu-
sion (V/Q) mismatch between the lungs during PPV can
be overcome by directing more gas flow towards the
diseased lung, with the help of a double-lumen tube.

Case report

A 13-year-old girl with severe kyphoscoliosis was sched-
uled for the repair of an atrial septal defect under car-
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diopulmonary bypass. She was well nourished (weight,
37 kg; height, 145 cm). Physical examination revealed
decreased air entry over the right hemithorax. The spine
had convexity to the right. Apical impulse was palpable
in the fifth intercostal space (midclavicular line). On
auscultation, a grade 3 ejection systolic murmur was
heard in the pulmonary area and there was a fixed wide
split of the second heart sound. Hematological and bio-
chemical parameters were within normal ranges. Chest
radiograph showed severe right-sided scoliosis (U—
shaped) with 80° Cobb’s angle. Electrocardiogram
revealed right bundle branch block. On echocardiogra-
phy, a 17-mm ostium secundum defect with a large left-
to-right shunt was detected, but the pulmonary venous
drainage was normal and there was no evidence of pul-
monary artery hypertension. Pulmonary function tests
(PFTs) confirmed the presence of severely restricted
pulmonary disease (Table 1). Arterial blood gas analy-
sis in room air showed a Pag, of 60.7 mmHg, Pac, of
36.9 mmHg, and pH of 7.45. The patient was adminis-
tered 7.5 mg diazepam orally the night before surgery,
and 7.5 mg morphine intramuscularly 60 min prior to
the surgery.

On the patient’s arrival in the operating room, the
baseline parameters displayed arterial hemoglobin sat-
uration on pulse oximetry (Spy,) of 96% in room air,
heart rate of 88 beats-min~', and noninvasive blood pres-
sure of 104/70 mmHg, while her respiratory rate was
22 breaths'min™'. Peripheral intravenous access was
obtained and anesthesia was induced with fentanyl
(50 pg), midazolam (2 mg), and thiopentone (125 mg).
After the administration of suxamethonium (75 mg)
manual bag-and-mask ventilation was started with
100% oxygen through a circle system, when the Sp,
started falling, from 100% to 88%, despite satisfactory
lung expansion and rapid refilling of the reservoir bag.
No improvement was observed in Sp,, until 3 min later,
when the patient started breathing spontaneously after
recovery from neuromuscular block. Tracheal intuba-
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Table 1. Pulmonary function tests
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Parameter Predicted (1) Actual (1) Percent predicted
On admission
Forced vital capacity (FVC) 2.39 1.2 50
Forced expiratory volume (FEV,) 2.05 0.98 48
FEV/FVC 86 82 95
Peak expiratory flow (PEF) 4.82 2.95 61
After spirometry (3 weeks)
Forced vital capacity (FVC) 2.39 1.4 59
Forced expiratory volume (FEV,) 2.05 1.17 57
FEV,/FVC 86 83 97
Peak expiratory flow (PEF) 4.82 3.16 65

tion was not attempted and the patient was allowed to
wake up, as the Spy, improved back to 96% in room air.
In view of the V/Q mismatch that worsened with PPV,
the surgery was postponed to allow for a thorough
workup and for the authors to think of a better strategy
for ventilatory management. Chest computed tomogra-
phy (CT) scan revealed a gross reduction of volume in
the right lower lobe, and the patient was prescribed
volume-oriented incentive spirometry for 3 weeks.

The patient was admitted a second time and lung
isolation was achieved with a 35-French disposable
polyvinylchloride (Rusch; Teleflex Medical Instru-
ments, Limerick, PA, USA) left-sided double-lumen
tube (DLT), with the help of a fiberoptic bronchoscope,
following 5 min of preoxygenation (Fig. 1). The induc-
tion technique was similar to that used earlier. A slight

Fig. 1. Postoperative chest X-Ray
(postero-anterior [PA] view) with trachea
intubated shows severe right-sided scolio-
sis (Cobb’s angle, 80°). The lower part of
the trachea deviates to the right, with a
wide carinal angle. The cardiothoracic
ratio is 0.6, and the lung fields appear
clear

difficulty was encountered in inserting the DLT into the
left bronchus, as the carinal angle was widened and it
took two attempts (4 min) to correctly position the
DLT. The lowest Spo, recorded during the intubation
process was 88%, and it improved to 97% after the
institution of PPV through the DLT. An anesthesia ven-
tilator (Ohmeda 7000; GE healthcare, Madison, WI,
USA) was set to deliver 370 ml tidal volume at a fre-
quency of 12 breaths'min™" and an I:E ratio of 1:2. A
second ventilator was kept ready to initiate differential
lung ventilation (DLV) if the Sp, continued to fall after
the initiation of ventilation through the DLT. However,
the peak airway pressure was maintained at 20 cmH,O
and no further episodes of desaturation were noticed
during the entire course of surgery. Anesthesia was
maintained with 0.4%-1% isoflurane and 66% nitrous
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oxide in 33% oxygen through a circle system. Vecur-
onium bromide and morphine were administered in
incremental doses to achieve muscle relaxation and
analgesia, respectively, during the course of the surgery.
Pericardial patch closure was accomplished under car-
diopulmonary bypass, and weaning off the bypass was
uneventful. An uneventful extubation was achieved
after 12 h of postoperative ventilation, and the patient
was transferred to the general ward.

Discussion

Severe kyphoscoliosis is associated with respiratory
complications, often leading to respiratory failure. The
progressive nature of the disease limits vital capacity
and chest wall compliance, resulting in a combination
of both restrictive and obstructive pulmonary disease
[4]. The reduced vital capacity and the severity of the
scoliosis are the most important predictive factors in the
prognosis [5]. The amount of lung that is compressed
and squeezed in a compromised small space depends
upon the severity of extrinsic restriction imposed by the
disease. Expansion in these restricted zones of the lungs
is maintained with the help of negative intrapleural
pressure during spontaneous breathing, but the institu-
tion of PPV offsets the effect of intrapleural pressure
on lung expansion and the gas flow preferentially follows
the path of least resistance, so a disproportionately
large percentage of the tidal volume will be delivered
to the compliant lung. Likewise, PPV will also have the
greatest change in functional residual capacity (FRC)
with positive end-expiratory pressure (PEEP) applica-
tion [6,7]. Hyperinflation of the more compliant lung
compresses intraalveolar capillaries, decreasing perfu-
sion in the compliant lung and simultaneously increas-
ing perfusion to the poorly ventilated injured lung. The
cumulative result of these derangements is increased
alveolar V/Q mismatching, worsening of gas exchange,
and, in severe cases, hemodynamic instability, and
barotraumas [6,8]. This seems to be the reason why our
patient developed desaturation after bag-and-mask
ventilation was started, despite satisfactory lung expan-
sion and rapid refilling of the reservoir bag. Therefore,
it may be prudent to use a short-acting muscle relaxant,
such as suxamethonium, to minimize the time of PPV
through bag-and-mask ventilation before DLT
placement.

Improvement in oxygenation following ventilation
via a DLT can be a result of more air entering and,
hence, the gradual recruitment of the alveoli on the
right side. At times, the placement of a DLT can open
up an existing stenotic segment or correct the bronchial
torsion due to severe kyphoscoliosis and improve oxy-
genation [4]. In our patient, the lumens of both the
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major bronchi were nearly at right angles to the trachea
when visualized through the fiberoptic bronchoscope
during DLT placement, giving the carinal angle a
widened appearance. It is likely that the channel for
ventilation to the healthy side (left side) was compro-
mised due to partial kinking of the bronchial limb of the
DLT after its placement across the carina, because the
carinal angle was widened. Secondly, the small diameter
of the DLT may have contributed toward an increase
in resistance to expiration and this may have contrib-
uted significantly toward intrinsic PEEP. Simple
methods that can modify the DLT lumen, such as partial
clamping of the lumen or the application of a Y—con-
nector of different diameter [9] can be tried to correct
V/Q mismatch before setting up the complex equip-
ment for DLV. DLV can be employed if hypoxemia still
remains uncorrected (Fig. 2). DLV has been used in
disorders where asymmetric lung disease causes severe
ventilation—perfusion mismatch and intrapulmonary
shunting, leading to hypoxemia. These disorders include
emphysema, pneumonia, pulmonary contusion, and
bronchial fistulae [10-12]. DLV requires a setup with
two sources to deliver independent lung ventilation, and
most of the time the provision to perform DLV is not
readily available. Under such circumstances, ventilation
through a DLT can be a useful alternative for the
conduct of controlled ventilation during general
anesthesia.

Forced vital capacity (FVC) and forced expiratory
volume in 1 s (FEV1) decrease with increasing thoracic
curve severity [13,14]. These abnormalities in pulmo-
nary function are usually the result of an abnormal tho-
racic cage geometry producing a marked decrease in
chest wall compliance, rather than resulting from any
abnormality in the lungs or respiratory muscles them-
selves [9]. It is difficult to predict the occurrence of
desaturation with the onset of PPV based on PFT, but
in the presence of severe restrictive pulmonary disease
the possibility of desaturation prediction does exist. The
preoperative use of incentive spirometry improves lung
function and familiarizes the patient with its use, thus
enabling the aggressive use of the spirometry in the
postoperative period, to provide optimum benefit.

The morphological features of the trachea and the
bronchial tree in severe kyphoscoliosis have led to dif-
ficult intubation [4]. Similarly, the placement of a DLT
can pose a problem when the anatomy of the tracheo
bronchial tree is distorted. In our patient, the carinal
angle was widened. Blind insertion of a styleted DLT in
such patients can lead to injury to the bronchial mucosa,
and bleeding can become troublesome following the
administration of heparin. It is therefore prudent to use
fiberoptic-guided placement of a DLT in patients with
severe kyphoscoliosis. A repeat fiberoptic bronchos-
copy is advisable to rule out displacement of the DLT
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Algorithm for ventilatory management in severe kyphoscoliosis

If regional techniques not suitable or contraindicated

l

General Anesthesia

|

Type of Surgery

v '

Does not require use Requires use of
of muscle relaxants muscle relaxants

l l
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Maintain ventilation by Face mask ventilation during
Spontaneous breathing induction after muscle paralysis

| :

Oxygen saturation >90% Oxygen saturation =/<90%

|

Endotracheal tube can be used
for positive pressure ventilation

|

Oxygen saturation <90% —® Double lumen tube should be used
or continues to fall for positive pressure ventilation

|

Oxygen saturation <90%
or continues to fall

|

Differential Lung Ventilation patient with severe kyphoscoliosis

after it has been secured, especially when morphologi-
cal changes exist in the tracheo bronchial tree.

We therefore conclude that hypoxemia occurring
after the institution of PPV in severe kyphoscoliosis can
be managed a step ahead of DLV by ventilation con-
ducted through a modified DLT.
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