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Abstract
Background: Simultaneous occurrence of secondary pneumomediastinum and bilateral tension
pneumothorax is an uncommon complication of aneurysmal subarachnoid hemorrhage. 

Case presentation: In the present study, all five patients were admitted with Hunt and Hess grade IV.
Pneumomediastinum and bilateral tension pneumothorax occurred simultaneously after clipping or
embolization. Tube thoracostomy and underwater sealed drainage were performed to improve oxygen
saturation and hemodynamics. Of five patients, one was decided to cease treatment on the first day after
surgery, three patients achieved good recovery, and one patient suffered serious disability. 

Conclusions: Anesthesiologists should be aware of pneumomediastinum and bilateral tension
pneumothorax occurring after surgical or neurointerventional treatment in subarachnoid hemorrhage
patients with poor Hunt and Hess grade. Timely diagnosis and chest tube insertion were extremely crucial
in the treatment of these patients. 

Keywords: Secondary pneumomediastinum; Bilateral tension pneumothorax; Aneurysmal subarachnoid
hemorrhage

Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) is not a lethal condition but it can be considered a life-
threatening disease if not properly treated. In addition to intracranial bleeding, aSAH can also affect other
organ systems and cause cardiac arrhythmia, pneumonia, neurogenic pulmonary edema, acute lung
injury (ALI), and acute respiratory distress syndrome (1, 2). Secondary pneumomediastinum and bilateral
tension pneumothorax occurring simultaneously after aSAH surgery is a rare event and has not been
reported. Pulmonary involvements can lead to pneumomediastinum, including excessive coughing
induced by asthma or respiratory infection, intestinal lung disease, excessive vomiting, lung malignancy,
and trauma (3, 4). In this case series, we describe five cases of simultaneous secondary
pneumomediastinum and bilateral tension pneumothorax in five aSAH patients during the respiratory
recovery stage with an inserted tracheal tube after surgery. These pulmonary complications—
pneumomediastinum and tension pneumothorax—have never been reported.

Case Presentation
From December 2016 to January 2018, our hospital admitted 5 patients with acute aSAH who developed
secondary pneumomediastinum and bilateral tension pneumothorax during the respiratory recovery
stage with tracheal tube insertion after aneurysm clipping or embolization surgery. The characteristics of
these 5 patients are shown in Table 1. The patients are numbered by admission time. Among the five
patients aneurysm location were distributed as follows: two in the right middle cerebrum, one in the left
internal carotid artery–posterior communicating artery, one in the left middle cerebral artery, and one in
the communicating artery. All five patients were Hunt and Hess grade IV. Patient one presented pulmonary
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edema, and the other four patients showed pneumonia on chest digital radiograph (DR) or computed
tomography (CT) prior to the surgery (Figure 1). These patients were not screened for any other
pulmonary parenchyma alteration. Anesthesia was induced with fentanyl and propofol, and tracheal
intubation was facilitated with atracurium. Anesthesia was maintained using propofol and remifentanil
infusion. Of five patients, four underwent clipping and one underwent embolization. During weaned from
mechanical ventilation after surgery, those patients were kept under sedation with remifentanil to avoid
coughing and prevent hypertensive crisis. Because of unconsciousness before surgery, the five patients
were not extubated after surgery, despite recovery of spontaneous breathing. Five patients developed
pneumomediastinum and bilateral tension pneumothorax at different times: 180 min, 40 min, 45 min, 99
min, and 60 min after recovery of spontaneous breathing, and different sites: three in the intensive care
unit and two in the operating room (Table 1). Chest CT or DR was performed before or after chest tube
thoracostomy (Figure 2). After abnormal respiration developed, immediate life-threatening conditions
presented in all five patients, and two patients required cardiopulmonary resuscitation, which indicated
that pneumomediastinum and tension pneumothorax could be a severe complication following aSAH
surgery. The common signs of five patients were low saturation and decreased oxygen compliance
presenting with hemodynamic instability. After tube thoracostomy and underwater sealed drainage were
performed, hemodynamics was significantly improved. Of five patients, patient three was decided to
cease treatment on the first day after surgery, patient one suffered serious disability, and other three
patients achieved good recovery. During the follow-up visits 8 months after the hospital discharge, all
four patients were alive and had no pulmonary complications.

Discussion
Pneumomediastinum is a rare situation in which air is present in the mediastinum. Depending on the
pathophysiology of pneumomediastinum, it is usually described as spontaneous and secondary.
Spontaneous pneumomediastinum is the presence of air into the mediastinum without any obvious
causative factor. The secondary pneumomediastinum may be induced by mechanical ventilation,
thoracic trauma, and some invasive procedures. In this report, although the pneumomediastinum and
bilateral tension pneumothorax occurred secondary to intubation and mechanical ventilation, the airway
had no observable injury as viewed by bronchoscopy. The pathophysiology of these five cases could also
be explained as spontaneous pneumomediastinum.

As reported, the pathophysiology of spontaneous pneumomediastinum is based on alveolar rupture due
to a rapid increase of intrathoracic pressure, followed by air tracks through the pulmonary interstitium
along the bronchovascular sheaths toward the pulmonary hila into the mediastinum, called the Macklin
effect (5, 6). Because different amounts of time had elapsed between the chest CT scans and
development of pneumomediastinum and tension pneumothorax, the air of bronchovascular sheaths
removed by chest tube insertion, only the patient 2 and patient 5 exhibited the Macklin effect in CT image
(Figure 3). Many conditions have been reported to be associated with pneumomediastinum, such as
bronchial asthma, diabetic ketoacidosis, severe cough or vomiting, and other activities associated with
the Valsalva maneuver (6). From the time of development, all the pneumomediastinum and
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pneumothorax occurred during the stage of recovery of spontaneous breathing shortly after the
completion of surgery. Although the remifentanil was administrated continuously to avoid coughing,
irregular respiratory rate and tidal volume might also be the causative factors of alveolar rupture.

In one patient, severe neurogenic pulmonary edema was detected before surgery, and the other four
patients also presented varying degrees of pneumonia. All five patients were admitted with grade IV. One
study found that pulmonary edema was unobserved in patients with grade I–III, and pulmonary edema
appeared explicitly in grade IV or V patients with a prevalence of 31.3% (7). Another study found poor-
grade subarachnoid hemorrhage to be an independent predictor of ALI and acute respiratory distress
syndrome (8). For our five cases, the ALI during aSAH might be etiological basis of pneumomediastinum
and bilateral tension pneumothorax.

The decision of whether to extubate the trachea at the end of the surgical procedure usually depends on
the severity of aSAH, preexisting illness, and the preoperative level of consciousness. We consider that a
shorter time period between chest CT scan and surgery could allow more accurate assessment of acute
lung injury complicated from aSAH. The respiratory condition should also be checked immediately after
surgery to re-evaluate the pulmonary condition in case there is an immediate need for management. If the
patient had ALI either before or after surgery, paralysis and sedation should be performed until the lung
injury improves.

Conclusion
ALI induced by poor-grade aSAH is part of the etiology of pneumomediastinum and bilateral tension
pneumothorax. Anesthesiologists should be aware of and cautious about these life-threatening
complications in poor-grade aSAH. Delayed spontaneous respiratory recovery, prolonged paralysis and
sedation might decrease the risk for pneumomediastinum and pneumothorax. Finally, timely diagnosis
as well as tube thoracostomy and underwater sealed drainage is extremely crucial to treating these
patients.

Abbreviations
Aneurysmal subarachnoid hemorrhage, aSAH; acute lung injury, ALI; digital radiograph, DR; computed
tomography, CT.
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Tables
Table 1 Summary of cases

Patient 1 2 3 4 5
Sex Female Male Female Female Male
Age (y) 45 66 59 46 46
Smoking history No Yes No No No
Prior comorbidity COPD Diabetes

Hypertension

Hypertension None None

Bleeding components in primary
head CT

Ventricle, right
temporal lobe,
subarachnoid

Subarachnoid Subarachnoid,
right temporal
lobe

Subarachnoid Subarachnoid,
left temporal
lobe

Aneurysm location Right MCA Left IC-PC Right MCA ACA Left MCA
Surgical procedure Clipping Clipping Clipping Embolization Clipping
Ventilation mode VC (8 mL/kg) VC (8 mL/kg) VC (8 mL/kg) VC (8 mL/kg) VC (8 mL/kg)
Pneumomedisastinum occurrence
time/location (after spontaneous
breathing recovered)

180 min/ICU 40
min/operation
room

45
min/operation
room

99 min/ICU 60 min/ICU

CPR perform Yes No Yes No No
Tube thoracostomy Bilateral Left Bilateral Bilateral Bilateral
Clinical outcome Serious disabled Good

recovery
Abandon
treatment

Good
recovery

Good recovery

Abbreviations: COPD, chronic obstructive pulmonary disease; CT, computed tomography;
MCA, middle cerebral artery; IC-PC, internal carotid artery; ACA, anterior cerebral artery;
VC, volume control; ICU, intensive care unit; CPR, cardiopulmonary resuscitation.
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Figure 1

Chest DR or CT scanning before surgery. A, B, C, D, and E are patient 1, patient 2, patient 3, patient 4, and
patient 5, respectively. Patient 1 presented pulmonary edema, and the other four patients showed
different degrees of pneumonia.
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Figure 2

Chest DR or CT scanning before or after chest tube insertion. A, B, C, D, and E are patient 1, patient 2,
patient 3, patient 4, and patient 5, respectively.
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Figure 3

Chest CT scanning shows the Macklin effect. CT scanning demonstrates air collection along
bronchovascular sheaths in the perihilar area. A and a present Macklin effect (arrows) of the patient 2. B
and b show the Macklin effect (arrows) in the patient 5.
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