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Abstract

BACKGROUND

Tension pneumothorax of the contralateral lung during single-lung ventilation (SLV)
combined with artificial pneumothorax can cause cardiac arrest due to bilateral
pneumothorax. If not rapidly diagnosed and managed, this condition can lead to
sudden death. We describe the emergency handling procedures and rapid diagnostic

methods for this critical emergency situation.

CASE SUMMARY

We report a case of bilateral pneumothorax in a neonatal patient who underwent
thoracoscopic esophageal atresia and tracheoesophageal fistula repair under the
combined application of SLV and artificial pneumothorax. The patient suffered sudden
cardiac arrest and received emergency treatment to revive her. The recognition of
dangerous vital sign parameters, rapid evacuation of the artificial pneumothorax, and
initiation of lateral position cardiopulmonary resuscitation while simultaneously
removing the endotracheal tube to the main airway are critically important. Moreover,
even though the sinus rhythm was restored, the patient’s continued tachycardia,
reduced pulse pressure, and depressed pulse oximeter waveform were worrisome. We
should highly suspect the possibility of pneumothorax and use rapid diagnostic
methods to make judgment calls. Sometimes thoracoscopy can be used for rapid
examination; if the mediastinum is observed to be shifted to the right, it may indicate
tension pneumothorax. This condition can be immediately relieved by needle

thoracentesis, ultimately allowing the safe completion of the surgical procedure.

CONCLUSION

Bilateral pneumothorax during SLV combined with artificial pneumothorax is rare but
can occur at any time in neonatal thoracoscopic surgery. Therefore, anesthesiologists
should consider this possibility, be alert, and address this rare but critical complication

in a timely manner.
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Core Tip: Tension pneumothorax on the contralateral lung during single-lung
ventilation (SLV) combined with artificial pneumothorax can lead to cardiac arrest due
to bilateral pneumothorax. If not rapidly diagnosed and managed, it can lead to sudden
death. Bilateral pneumothorax during SLV combined with artificial pneumothorax is
rare but can occur at any time in neonatal thoracoscopic surgery. We describe the
emergency handling procedures and rapid diagnostic methods for this critical

emergency situation.

INTRODUCTION

The thoracoscopic repair of esophageal atresia (EA) and tracheoesophageal fistula (TEF)
has gained increased acceptance, but it is a highly technical and challenging
procedurelll. To expand the surgical space, the nondependent lung is intentionally
collapsed using surgically guided intrathoracic carbon dioxide (CO.) insufflation
(artificial pneumothorax, AP) combined with single-lung ventilation (SLV)2l. However,
for neonates, the combination of these two approaches can potentially pose serious
pathophysiological changes. The most common complications of thoracoscopic repair
include the development of high airway pressure, hypoxemia and hypercapnial®l. The
present case report details a neonatal patient who underwent thoracoscopic EA/TEF
repair using the combination of AP and SLV, which was complicated by the

development of bilateral pneumothorax and cardiac arrest.
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CASE PRESENTATION

Chief complaints
A preterm female born at 36 wk gestation received nCPAP-assisted ventilation due to

dyspnea, during which it was difficult to place an indwelling nasogastric tube.

History of present illness

The neonatal patient was delivered by cesarean section at 36 wk due to intrauterine
distress and geduced flow in the umbilical artery. The patient gradually developed
dyspnea for 10 min after birth, which was characterized by shortness of breath and
cyanosis, and the neonate was then transferred to the Neonatal Intensive Care Unit
(NICU). She was given nCPAP-assisted ventilation, during which it was difficult to
place an indwelling nasogastric tube. Due to the history of amniotic fluid, EA was not

excluded.

2
History of past illness

The patient had no history of other illnesses.

2
Personal and family history
The patient had no family history of illness.

Physical examination

The physical examination revealed a pregature infant's appearance and poor physical
development (height, 40 cm; weight, 1.93 kg), a blood pressure of 75/45 mmHg, a pulse
rate of 140 beats per min, and a respiratory rate (RR) of 46 breaths/min. Her oxygen

saturation on a pulse oximeter was 93% in room air.

Laboratory examinations

4/10




1
Blood tests showed an Hb level of 14.5 g/dL, hematocrit (Hct) of 75%, platelet count of
187 x 107 cells/L, leukocyte count of 16.83 x 10%/L, and C-reactive protein of 5.68 mg/ L.

Other blood tests showed no significant abnormalities.

Imaging examinations

Upper gastrointestinal radiography (a small amount of contrast agent was injected
through the orogastric tube) showed that the middle and upper esophagus was
markedly dilated, the proximal blind end of the esophagus was located at the level of
the third thoracic vertebra, and there was significantly less physiological gas
accumulation in the abdomen (Figure 1). Chest computed tomography suggested
neonatal pneumonia and no pleural effusion. Echocardiography showed no obvious

abnormalities.

FINAL DIAGNOSIS

She was initially diagnosed with type III EA, which is the most common proximal EA,
with a distal TEF.

TREATMENT

The patient underwent surgery on the third day after her birth. In preparation for
thoracoscopic repair, the patient first was allowed to continue to spontaneously breathe
during general anesthesia with 6% sevoflurane carried by 100% oxygen through a face
mask. A 2.8-mm fiberoptic bronchoscope (FOB) was inserted into the airway orally
through a swivel adaptor connected to the mask. The fistula was located proximal to the
carina and trifurcation (Figure 2A). Then, a bougie was introduced into the left
mainstem bronchus under the FOB (Figure 2B), and a 3.0 mm cuffed endotracheal tube
(ETT) was positioned into the left mainstem bronchus using the bougie as a guide. We
confirmed the SLV by chest auscultation, as the 2.8-mm FOB could not pass through the
ETT. One milligram of rocuronium was then administered intravenously,l-éi't radial

artery cannulation and right internal jugular vein catheterization were performed, and
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she was placed in the left lateral decubitus position. AP was established by insufflation
of CO; into the right thoracic cavity at a pressure of 4 mmHg. Mechanical ventilation
was conducted with a pressure control of 24 cmH>O, a RR of 28 breaths/min, and a
positive end expiratory pressure 3 cmH>O.

The end-tidal CO; (ETCO») level continuously rose during surgery. When the
operative procedure started at 1 h, the arterial partial pressure of CO2 (PaCOz) was 62
mmHg. The control pressure was gradually increased to 30 mmHg, and the AP
pressure was reduced to 2 mmHg to meet the tidal volume requirements. Two hours
into the operation, a further increase in the PaCO, to 85 mmHg prompted
communication with the surgeon. At this time, the fistula was ligated, and the surgeon
performed an end-to-end anastomosis during the operation.

The surgeon thought that the distance between the two ends of the esophagus was
small, so the success rate of the operation was very high. To increase the tidal volume
and RR, manual ventilation with 100% oxygen was instituted, which also washed out
the retained CO» after two minutes of using recruitment maneuvering techniques.
During the establishment of AP and CO: insufflation, the patient suffered sudden
cardiac arrest, with her heart rate, arterial blood pressure and pulse oximeter suddenly
flattening on the monitor.

The CO2 in the right thoracic cavity was immediately evacuated by opening the
trocar, and the surgeon initiated lateral cardiac compressions, with one palm against the
child's back and by using two-finger anterior chest compressions. With an intravenous
injection of 10 pg of epinephrine, a normal sinus heart rhythm was restored. However,
the monitor showed an HR of 180 beats/min, an ABP of 53/47 mmHg with reduced
pulse pressure, and a poor pulse oximetry waveform. Thoracoscopy showed that the
mediastinal structures were shifted to the right, strongly indicating the presence of a left
tension pneumothorax.

We examined the ETT and anesthesia breathing circuit and then removed the ETT
from the main airway. Auscultation of bilateral lung breath sounds showed that the

breath sounds on the left were weak, while the breath sounds on the right were strong.
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The right thoracoscopic incision was covered with gauze, and the patient was moved to
the supine position. A needle thoracocentesis was performed with a 22 G intravenous
indwelling needle in the second left interspace midclavicular line, which caused
immediate improvement in the ABP and pulse oximeter waveforms. After
approximately 50 mL of gas had been extracted, the indwelling needle was replaced
with a standard chest drain. The patient's vital signs then returned to normal, with an
ABP of 58/39 mmHg, a HR of 165 beats/min, and a pulse oximeter reading of 93%.
With the restoration of stable hemodynamics, the thoracoscopy was converted to

thoracotomy and was successfully completed.

OUTCOME AND FOLLOW-UP

After surgery, the patient was immediately transferred to the cardiac intensive care unit
under endotracheal intubation. The chest X-ray revealed partial atelectasis of the left
lung after the operation (Figure 3A). The patient was treated with positive pressure
ventilation. The chest X-ray taken on the first postoperative day revealed good re-
expansion of the left lung (Figure 3B). Bedside ultrasonography was performed, and no
pleural effusion was found. The ETT was removed on the fifth postoperative day.
Because the patient developed recurrent pneumothorax and pulmonary exudation, the
air leakage persisted, and the patient's right chest tube was removed on the 12th day
after the operation. The chest X-ray taken on the 13th postoperative day showed that a
pneumothorax had developed again on the left side (Figure 3C); therefore, the left chest
tube was not removed until the 15th postoperative day. Then, she was transferred out
of the NICU. Postoperative upper gastrointestinal radiography showed that the surgical
effect was good (Figure 3D). The patient had a repeat chest X-ray, which showed

marked improvement, and she was subsequently discharged (Figure 3E).

DISCUSSION
Neonatal pneumothorax is an uncommon event during the perioperative period. There

are many risk factors for pneumothorax in neonates, such as prematurity, neonatal

7/ 10




respiratory distress syndrome, pneumonia and positive pressure ventilationl!l. In the
present case, the patient care was complicated by congenital pneumonia, and she
received CPAP treatment before surgery. To expand the surgical space, we used a
combination of AP and SLV. The methods available for neonatal SLV are limited!5. The
smallest FOB (2.8 mm) available in our hospital was too thick to use the ETT. We chose
a compromise method, by using the fiberoptic bronchoscope to guide the bougie into
the left main bronchus and then through the bougie into the ETT. It can be more
accurate to place the ETT into the left main bronchus in order to avoid the fistula. At the
start of surgery, the patient was placed in the left lateral decubitus position with AP in
the right lung and left SLV. Unexpectedly, she developed bilateral pneumothorax,
which resulted in cardiac arrest. If right-sided AP was not used, the tension
pneumothorax on the left may not have led to sudden cardiac arrest. A possible cause
of the left pneumothorax was the higher-pressure ventilation from the single bronchus
intubation and SLV. Niwas et allel reported that neonatal pneumothorax cases mainly
occurred on the right side (72.5%), and 67% of these cases were related to endotracheal
intubation of the single bronchus. Another potential cause was the use of intraoperative
manual ventilation and continuous strong positive pressure ventilation with the
consequent rupture of the left pulmonary alveoli, leading to a tension pneumothorax. In
previous case reports, many cases of tension pneumothorax during SLV in adults have
been associated with barotraumal?l. During SLV, the use of recruitment maneuvering
techniques at high pressures can lead to barotraumatic and even contralateral tension
pneumothorax/8l. In addition, another possible cause was the use of an intubation
bougie to guide single bronchus intubation. Literature reports have indicated that the
use of intubation bougies in neonates may cause a pneumothorax. Kumar and Walker
reported a case of pneumothorax as a result of airway perforation by using a bougiel°l.
Two other cases of neonatal pneumothorax reported by Parekh et all'l were suspected
to be caused by trauma when a bougie is used to guide endotracheal intubation.
Normally, the clinical manifestations of tension pneumothorax in neonates receiving

mechanical ventilation include immediate increased airway pressure, progressively
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decreased pulse oximeter readings, decreased heart rate, sometimes decreased or
disappearing end tidal CO2 concentrations, and loss of breath sounds of the affected
sidel!l. However, some findings are generally considered to be reasonable in neonatal
thoracoscopy, such as decreased HR, ABP, pulse oximeter readings, and a narrowing of
pulse pressure. In this case, the patient developed tension pneumothorax and
immediately experienced cardiac arrest. If the situation permits, in addition to
auscultation, chest transillumination and lung ultrasound are also fast and effective
methods for the diagnosis of pneumothorax!1213l.

In this case, the blood gas analysis of the patient showed that her PaCO; exceeded 85
mmHg and that she developed hypercapnia. By suspending the surgery, we increased
the RR and tidal volume to quickly expel CO: from the alveolar spaces. Severe acidosis,
mainly due to hypercapnia caused by the application of COz to develop an AP, is a
common feature and regarded as a significant drawback of neonatal thoracoscopy!415],
However, several studies have shown that the decrease in SaO2 and pH and the
increase in PaCO, are reversible during neonatal thoracoscopy and API415161 The
regional cerebral oxygen saturation (rSO:) remained stable, suggesting no hampering of
cerebral oxygenation by thoracoscopic surgery. In one study, further follow-up showed
that neurodevelopmental outcomes of these neonates were favorable in the first 24
months™#], In general, no matter what happens to the other blood gas parameters,
maintaining a normal rSO; is very important to prevent brain injury.

The cause of cardiac arrest in this patient was mediastinal displacement and
compression of the heart and large blood vessels due to bilateral tension pneumothorax.
We immediately started chest compressions with the patient in the lateral position and
gave the patient an intravenous injection of epinephrine. At the same time, rapid
evacuation of CO:; and removal of the ETT in the main airway were also critically
important. Moreover, even though a normal sinus rhythm was restored, the patient’s
continued tachycardia, reduced pulse pressure, and depressed pulse oximeter
waveform were still worrisome. In these types of cases should highly suspect the

possibility of pneumothorax and use rapid diagnostic methods to make judgment calls.

9/ 10




Sometimes thoracoscopy can be used for rapid examination; if the mediastinum is
observed to have shifted to the right, tension pneumothorax may be present. This
condition is immediately relieved by needle thoracentesis, which ultimately allows for

safe completion of the surgical procedure.

CONCLUSION

Pneumothorax is rare but can occur at any time during neonatal thoracoscopic surgery.
In addition to the common risk factors for neonatal pneumothorax, AP and SLV are two
special risk factors that can lead to the possibility of bilateral pneumothorax. Therefore,
anesthesiologists should consider and be alert to the occurrence of bilateral
pneumothorax in neonatal thoracoscopic surgery. If not found and managed adequately

in a rapid manner, the conditions can lead to cardiac arrest and sudden death.
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