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CASE REPORT
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Abstract: We report a case of iatrogenic pneumothorax in which chest tube placement was
avoided by continuous intraoperative evaluation with transthoracic ultrasonography. A 53-year-
old man had undergone a subsegmentectomy. While attempting to place a central venous catheter
in the right internal jugular vein after the induction of anesthesia, we identified gas absorption
during the puncture and suspected a pneumothorax. Chest X-ray revealed an ~5-mm collapse of
the right lung apex. Tension pneumothorax was a concern during surgery because of the long-term
positive pressure ventilation, but we decided to start the operation without preventative chest
tube placement. During the operation, we regularly observed the midclavicular line of the second
intercostal space using ultrasound. The operation was completed uneventfully. In this case, we
effectively utilized ultrasound and avoided preventive chest tube placement and the associated
complications. Transthoracic ultrasonography could be performed easily and continuously during
surgery and was effective for evaluating the progression of an intraoperative pneumothorax.
Keywords: transthoracic ultrasonography, iatrogenic pneumothorax, central venous
catheterization

Introduction

Pneumothorax is a complication of central vein catheter insertion. If the pneumothorax
is minimal, the initial clinical signs may be subtle and tension pneumothorax could
occur with positive pressure ventilation under general anesthesia. Chest X-ray and
chest computed tomography (CT) are commonly used to diagnose a pneumothorax,
but are difficult to perform frequently and continuously in the operating room. A chest
tube is usually inserted to treat a pneumothorax, but chest tubes are invasive and have
a risk of complication. We report a case of iatrogenic pneumothorax in which chest
tube placement was avoided by continuous evaluation of pneumothorax progression
using intraoperative transthoracic ultrasonography.

Consent for publication
Written and signed informed consent was obtained from the patient for publication of
this case report as well as the accompanying image.

Case report
A 53-year-old man had undergone an open S8 subsegmentectomy of the anterosuperior
segment of right hepatic lobe for hepatocellular carcinoma. After inducing anesthesia,
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we attempted to place a central venous catheter in the right
internal jugular vein under ultrasound guidance. We suspected
a pneumothorax due to an unclear image of the needle tip
and gas absorption during the puncture. Auscultation using a
stethoscope revealed no lateralized changes in the respiratory
sounds, and we observed no changes in the vital signs or aggra-
vation due to hypooxygenation. We performed transthoracic
ultrasonography (iE33, Philips; linear probe; Tokyo, Japan) at
four points of the chest, the midclavicular line of the second
intercostal space, the axillary line in front of the fourth inter-
costal space, and the middle and posterior axillary lines of the
sixth intercostal space. In transthoracic ultrasonography, absent
lung sliding (ie, respiratory movement at the pleural line) is a
positive sign of pneumothorax. Ultrasound at four points of
the chest revealed the lung sliding sign; hence, there were no
findings to clearly suggest pneumothorax. On the other hand,
chest X-ray revealed a small 5-mm collapse of the right lung
apex (Figure 1). Tension pneumothorax during surgery was
a concern due to the long-term positive pressure ventilation.
We evaluated whether we should place a chest tube preven-
tatively, but decided that the risk of complications, such as
damage to the lungs, intercostal veins, arteries, and nerves, as
well as subcutaneous emphysema, was too great. We designated
an absence of the lung sliding sign at the midclavicular line of
the second intercostal space as an indicator of pneumothorax
progression. We decided not to place the prophylactic chest
tube for urgent deaeration. During the operation, we regularly
observed the midclavicular line of the second intercostal space
using ultrasound, but there was no evidence to suggest that the
pneumothorax was progressing. The operation was completed
uneventfully. Postoperative chest X-ray revealed extremely
low progression of the pneumothorax. Aggravated breathing
was not observed following extubation. Chest X-ray 5 days
postoperatively revealed that the pneumothorax had healed,
and the patient was discharged on day 10.

Figure | Chest X-ray film immediately after the puncture.
Note: An ~5 mm collapse of the apical portion of the right lung is observed (arrows).

Discussion

In some cases, ultrasonography is used to diagnose an intraop-
erative pneumothorax, which can then be treated by inserting a
chest tube.! To the best of our knowledge, this is the first report
of monitoring the progression of a minimal pneumothorax by
intraoperative ultrasonography under positive pressure venti-
lation, thus avoiding chest tube placement. The progression
of the pneumothorax could be successfully evaluated using
ultrasonography because the collapsed area was very small and
a functional indicator, the lung sliding sign at the midclavicular
line of the second intercostal space, could be visualized.

Ultrasonography is now widely applied for diagnosing
traumatic pneumothorax in the field of emergency care.
A traumatic pneumothorax can progress to tension pneu-
mothorax, and tension pneumothorax is a condition that can
quickly cause death from respiratory and circulatory failure
and must therefore be diagnosed immediately. In emergency
situations, it must be determined whether immediate deaera-
tion is necessary, and whether positive pressure ventilation
can be performed, because it can worsen pneumothorax, in
particular, in situations CT cannot be used to establish an
exact diagnosis. CT has various limitations, such as trans-
portability, that can delay diagnosis and treatment. Portable
X-ray has often been performed in the past, but many studies
have reported the utility of ultrasonography to diagnose pneu-
mothorax. Although the sensitivity ranges widely, several
studies demonstrated that ultrasonography was more sensi-
tive than supine X-ray.>* In the current case, transthoracic
ultrasonography did not diagnose the pneumothorax although
chest X-ray detected the change in the right lung. The reason
for this was the very small area of the pneumothorax in the
pulmonary apex, which was obscured by the clavicle. We
recommend combined evaluation using ultrasonography
and X-ray to accurately diagnose pneumothorax when a
pneumothorax is suspected intraoperatively.

In the cases of a minimal pneumothorax detected by
intraoperative chest X-ray, it is not clear whether the anes-
thesiologist should insert a chest tube. Previously, when
pneumothorax was discovered in a patient undergoing posi-
tive pressure ventilation, it was believed that a chest tube
should be inserted for preventive purposes.®’ On the other
hand, several recent reports indicated that observation of an
occult pneumothorax observed by CT, but not chest X-ray,
in patients on positive pressure ventilation is not associated
with an increased incidence of pneumothorax progression
or respiratory distress, indicating that an occult pneumotho-
rax could be safely observed in patients under positive
pressure ventilation. 1
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According to the British Thoracic Society guideline, a
chest tube is not required if the distance from the apex to the
cupola is less than 2 cm.!! In the current case, the distance
from the apex to the cupola was only 5 mm, and therefore
we decided not to insert a chest tube to avoid the associated
complications. We could manage the minimal pneumothorax
diagnosed by the chest X-ray safely without placing a chest
tube by monitoring the progression of the pneumothorax
using thoracic ultrasonography.

There are several reports showing the usefulness of
transthoracic ultrasonography in operating rooms, !> where
it is difficult to frequently obtain chest X-rays and CT scans,
and there are also several reports that the progression of
pneumothorax on transthoracic ultrasonography correlates
with that on CT.*"'¢ In the current case, evaluation of the
midclavicular line of the second intercostal space using
ultrasonography was considered sufficient to monitor the
progression of the pneumothorax. Intraoperative ultrasonog-
raphy did not detect the absence of lung sliding — respiratory
movement at the pleural line — on the midclavicular line of
the second intercostal space. An X-ray obtained after the
operation also showed no clear progression of the pneu-
mothorax. In other words, in the operating room and the
intensive care unit, ultrasonography can be an effective tool
for evaluating the progression of a pneumothorax, facilitating
the decision about whether chest tube placement is neces-
sary for traumatic or iatrogenic pneumothorax with positive
pressure ventilation.

Conclusion

In this case, the effective use of ultrasonography avoided pre-
ventive chest tube placement and the associated complications.
Transthoracic ultrasonography can be easily and continuously
performed during surgery and was effective for monitoring
the progression of an intraoperative pneumothorax.
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