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Post-operative Desaturation in Prone Spine Surgery; Diagnostic
Dilemma in Pneumothorax Due to Barotrauma: A Case Report

Vyom Sharma', Nidhin Jose’, Manu Mohan’, Sanjay Puri', Maruti Gupta3, Mantu Jain*

Learning Point of the Article:
Spontaneous post-operative pneumothorax without pleural breach after posterior spinal instrumentation is exceptionally rare. This case
contributes valuable insight to orthopedic, anesthetic, and perioperative practices by underscoring the need for heightened vigilance and
proactive pulmonary risk assessment in spine surgery

Introduction: Prone positioning for spine surgery can present with life-threatening pulmonary complications like post-operative
pneumothorax, due to barotrauma.

Case Report: A S1-year-old male with chronic instability type mid back pain and radiological features of thoracolumbar spondylodiscitis,
underwent posterior stabilization, debridement and fusion under general anesthesia in prone position, without any intraoperative event.
Immediately post-extubation, he developed acute dyspnea and pulmonary desaturation, for which he was treated with supportive care and was
able to maintain satisfactory saturation and observed in the intensive care unit with monitoring. Persistent pulmonary desaturation and
requirement of high flow oxygen led to diagnostic intervention with high-resolution computed tomography chest, which showed a small left
apical pneumothoraxwithout pleural breach, rib fracture or hemothorax. The patient did not require any invasive intervention and was managed
by multidisciplinary team with oxygen therapy, non-invasive ventilation and pulmonary rehabilitation, with an uneventful recovery of
pulmonary function and complete resolution of the pneumothorax by 3 weeks post-operative. He was administered appropriate medical
managementfor spondylodiscitis.

Conclusion: Post-operative pneumothorax following prone spine surgery, likely from barotrauma, is a rare but potentially catastrophic
complication that warrants high clinical vigilance, possible detection of asymptomatic bullae in pre-operative chest imaging. Early recognition,
promptimaging and coordinated multidisciplinary management are essential for optimal outcomes.

Keywords: Barotrauma, prone spine surgery, pneumothorax, pulmonary desaturation.

Introduction with an incidence reported between 0.9% and 2.1% [1,2].

Posterior spinal instrumentation is a standard surgical approach Common post-operative complications include atelectasis,
for treating spinal instability caused by infection, trauma, or aspiration, pneumonia, and rarely, pneumothorax [3]. Post-
degenerative disease. Despite its effectiveness, the prone Operative detection of pulmonary barotrauma, in which alveolar
position required during surgery and the use of general rupture occurs due to elevated transpulmonary pressure, is
anesthesia can predispose patients to pulmonary complications, Telativelyanuncommon scenario but potentially life-threatening
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Figure 1: (a) Pre-operative magnetic resonance imaging (MRI) T2W sagittal image showing intraosseous
abscess (white arrow); (b) Pre-operative MRI axial image with intraosseous abscess (red arrow); (c) Pre-
operative spine radiographs; (d) Pre-operative chest radiograph without any abnormality.

[4,5].

Most reported cases of pneumothorax or barotrauma following
spinal surgery involve either an exacerbation of a pre-existing
pneumothoraxin the setting of traumatic spine injury [6], oran
intraoperative pleural breach, following an iatrogenic injury
during pedicle screw insertion, predominantly in the thoracic
spine surgeries [ 7,8,9]. In contrast, spontaneous post-operative
pneumothorax without visible pleural violation is exceedingly
rare. Thisreport describes one such case scenario after posterior
instrumented stabilization for thoracolumbar spondylodiscitis,
highlighting the diagnostic challenges and multidisciplinary
evaluation.

Case Report

A S1-year-old male presented with chronic mid-back pain and
progressive difficulty in ambulation for 3 months. He had a
known history of T11-T12 tubercular spondylodiscitis, non-
compliant with antitubercular therapy. There was no prior
history of respiratory illness, smoking, or chronic obstructive
pulmonary disease. On examination, he exhibited tenderness at
the thoracolumbar junction and restricted spinal motion, with
normal neurological examination.

Laboratory investigations revealed elevated erythrocyte
sedimentation rate and C-reactive protein, consistent with an
infective etiology. Magnetic resonance imaging demonstrated
contiguous involvement of T11-T12 vertebral bodies with
destruction, disc collapse, and intra-osseous abscess (Fig. 1).
His baseline disability assessment by Oswestry disability index
(ODI) was 60/100 [10]. In view of persistent, instability type

mid back pain and features of chronic
spondylodiscitis, he was scheduled for
posterior instrumented decompression
(T9-L2), debridement and fusion under
general anesthesia.

Anesthesia was induced using propofol
and maintained with sevoflurane in an
oxygen-air mixture. The patient was
ventilated in volume-controlled mode
(tidal volume 8 mL/kg, peak airway
pressure <28 cm H2O, fraction of
inspired oxygen 0.5). Intraoperative
monitoring included end-tidal carbon
dioxide (CO2), arterial blood gas
analysis (pH 7.4 and a partial pressure of
oxygen [PaO2] of 98 mmHg), and
continuous pulse oximetry. The
procedure lasted for 3 h with an
uneventful intra-operative course. There
was no clinical suspicion of dural tear, as
per the diligent probe testing for any
pedicle breach. No pleural tear was suspected intraoperatively,
as there was no ventilatory abnormality on monitoring. The
patient was extubated in a hemodynamically stable condition,
as per the standard institutional anesthesia protocol.

In the immediate post-extubation period, the patient developed
sudden dyspnea and desaturation (peripheral oxygen
saturation [SpO2] 80%). Auscultation revealed reduced air
entry bilaterally with mild crepitations, with no improvement

Figure 2: Post-operative chest X-ray showing lucency and features of pleural
effusion.
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Figure 3: High-resolution computed tomography chest demonstrating left apical

pneumothoraxwithout pleural breach (White arrow).

despite tracheobronchial suctioning. A significant decrease,
observed in end tidal CO2 level, associated with an increase in
peak airway pressure and with arterial blood gas analysis (pH
7.3 and a PaO2 of 5§ mmHg), was treated with administration
of high-flow oxygen by face mask, which improved oxygen
saturation to 92%. He was managed with high-flow oxygen by
non-invasive ventilation and observed in the intensive care unit.
Post-operative chest radiograph showed a subtle left apical
lucency (Fig. 2). Though there was no critical respiratory
urgency; however, in view of persistent pulmonary desaturation
of SpO2 values to 80% on room air, whenever the patient was
given a trial of room air breathing, a high-resolution computed
tomography (HRCT) chest was done after achieving
hemodynamic stability. Computed tomography (CT) chest
showed a smallleft apical pneumothorax and a small left pleural
effusion. There was no evidence of pedicle breach, screw
malposition, pleural defect, rib fracture or hemothorax (Fig. 3).
The features of immediate post-operative desaturation merit
consideration of the commonest differential diagnosis, like
traumatic hemothorax,
hemopneumothorax due to an
inadvertent pedicle screw malposition,
apart from any primary pulmonary
pathology, triggered during positive
pressure ventilation.

A multidisciplinary evaluation by an
intensivist and pulmonologist was
initiated, and in view of the radiological
features and persistent improvement in
saturation with oxygen; he was treated
by conservative management and close 4a

improvement in arterial blood gas analysis (pH 7.4
and a PaO2 of 85 mmHg). Serial chest imaging
demonstrated gradual resolution of chest lucency
over the next 5 days, and the patient was ambulated
on post-operative day 6, with gradual weaning off of
oxygen support over 2 weeks. Follow-up HRCT at 3
weeksand 12 weeks confirmed complete resolution
of the apical pneumothorax. He was treated with
anti-tubercular therapy for spondylodiscitis. On
follow-up evaluation at 6 months, 1 year and 3 years
follow-up, he had no pulmonary symptoms and was
also evaluated with HRCT chest, which showed
complete resolution of pneumothorax. His back
pain improved significantly, and he remained
asymptomatic with good spinal fusion
radiologically, an ODI score of 10% and resolution
of the intra-osseous abscess as well (Fig. 4). He had
no recurrence of pulmonary symptoms at every follow-up,
without any radiological signs of pulmonary lucency or pleural
effusion.

Discussion

Any post-operative pulmonary desaturation following an
uneventful spine surgery procedure in the prone position, poses
a major diagnostic challenge for the surgical team, impacting
clinical outcomes. A normal chest radiograph, in the setting of
spondylodiscitisin the thoracolumbar column, usually does not
warrant any further imaging, apart from a pulmonary function
test (PFT), if feasible. Post-operative barotrauma following
prone spine surgery is exceedingly rare but associated with
significant clinical importance due to its potential to cause rapid
respiratory compromise [3,5,7,8]. Early recognition in prone
position can be challenging, as clinical clues are often masked by
mechanical ventilation and limited intraoperative visualization
[11]. Postoperatively, respiratory distress may be attributed to

4b dc

monitoring with hi gh-ﬂow oxygen Figure4: (a) Post-operative spine radiograph with fusion and no residual instability; (b) Post-operative T2W
therapy, incentive spirometry, and sagittal image at 3 years follow-up with healed abscesses and residual modic changes; (c) Follow-up computed

pulmonary physiotherapy with tomography confirming complete resolution of pneumothorax (White arrow).
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Patients scheduled for Prone Spine Surgery

Pre Operative Assessment
Pulmonary Risk Factor Screening:
+ Smoking history
+ COPD, asthma, or interstitial lung disease
« Previous spontaneous pneumothorax
* Known bullae or blebs
+ Chronic lung infection, p ged in ity, or limited
+ Thoracic or thoracolumbar surgery
= Revision surgery or difficult instrumentation near the pleura

reserve

Are significant
NO

y risk factors present or is occult lung disease d?
YES

Proceed with routine

surgical and
assessment

Consider review of prior ches! Imaging, preoperative CT

Emergency Assessment of Post Operative Desaturation

Initial management:
+ Ensure airway patency
« Give high-flow oxygen
= Start continuous pulse oximetry
* Monitor ECG and blood pressure
+ Obtain ABG if ia persists or th ] is unclear
Consider common postoperative causes:
* Atelectasis
+ Aspiration
* Residual anesthetic effect or hypoventilation
* Pulmenary edema
« Bronchospasm
* Mucus plugging
+ Pulmonary embolism
o or

Features raising concern for or
+ Sudden onset after ion or positive-p

+ Reduced unilateral or bilateral air entry

- Persistent desaturation despite oxygen

+ Raised intraoperative airway pressures

= No obvious aspiration event
+ Thoracic or thoracolumbar surgery, especially in the prone position

Imagit t

Is the patient ly tension .2
YES
Do not wait for formal imaging Obtain urgent imaging:

—+ Decompress immediately

+ Bedside lung ultrasound where available
—+ Insert chest drain x

Chest X-ray as the ‘screening test
+ CT chest if the diagnosis remains uncertain, the X-ray is
or occult apical is

Typical case interpretation
Findings may include:
= Desaturation after extubation
+ Subtle abnormality on chest X-ray
= CT evidence of a small apical pneumothorax
= No rib fracture or obvious pleural defect
This pattern is more suggestive of barotrauma from occult alveolar or bleb rupture than direct surgical pleural injury.

Figure §: Algorithm for pre-operative assessment and clinical workflow for
post-operative pulmonary desaturation.

more common causes such as atelectasis, mucus plugging, or
aspiration, potentially delaying diagnosis. Thus, any
unexplained desaturation after prone spine surgery should
prompt early clinical diagnosis with ultrasound and needle
placement and further imaging in a non-responsive patient with
X-ray/CT scan once hemodynamically stable.

The predictors of any potential intra-operative pulmonary
complication during prone spine surgery should be suspected
by the anesthesiologist; either by observing unexplained
elevated airway pressures, the sudden fall of oxygen saturation,
altered breath sounds orhypotension.

The rare occurrence of post-operative desaturation and
pneumothorax following prone spine surgery has been
reported predominantly in scenarios like traumatic spine injury,
with a pre-operative small pneumothorax that worsened in the
post-operative period [6]. However, delayed onset
pneumothorax has also been described, following spine
deformity correction surgery, due to bullous emphysema or
undetected blebs.

Primary spontaneous pneumothorax in the setting of prone
spine surgery can be initiated by a cascade of events, triggering
rupture of subclinical or latent bullae or blebs, probably due to

positive pressure ventilation or barotrauma, amenable to
radiological diagnosisbya CT.

Barotrauma occurs when increased alveolar pressure causes
rupture, allowing air to escape into the interstitial and pleural
spaces [13,14]. Risk factors include high airway pressures
[15,16], large tidal volumes and preexisting pulmonary blebs
[12,17]. Subclinical apical blebs, often asymptomatic and
undetectable on plain chest radiographs, can rupture during
positive pressure ventilation, especially under prolonged
anesthesia in the prone position. In the present case, there was
no identifiable pleural injury or pedicle screw-induced
pulmonary injury, suggesting rupture of an undetected apical
bleb under positive pressure. Although barotrauma-induced
rupture of a subclinical bleb is the most plausible explanation,
the exact mechanism remains speculative because no direct
intraoperative evidence of alveolar rupture or pleural violation
wasidentified. Transthoracic ultrasound is the gold standard for
diagnosing pneumothorax, reducing reliance on chest X-ray
and CT. It was, however, not done intraoperatively in this
particular case due to the technical challenges in performing a
trans thoracic ultrasound in prone position without
compromising surgical field sterility. Furthermore, there was no
eventful course till the time the patient was extubated and also
no alarm was raised in view of deranged pulmonary parameters
by the anesthesia team, which precluded the indication of an
intraoperative transthoracic ultrasound [8]. The risk of alveolar
overdistension can be minimized by lung-protective ventilation
strategies, limiting plateau pressure to <30 cm H2O and using
moderate positive end-expiratory pressure [18,19]. Anesthesia
records in our case documented peak airway pressure
consistently below 28 cm H20 and tidal volumes of 8 mL/kg.
However, continuous plateau-pressure and driving-pressure
trends were not prospectively recorded, which we acknowledge
as a limitation. Future studies should incorporate real-time
logging of dynamic compliance and driving pressures for better
stratification of barotrauma risk. The tidal volume of 8 mL/kg,
while within the norms of conventional practice, is higher than
the 6 mL/kg prescribed in lung protective protocols. The
consideration of lower tidal volumes in future cases involving
high-risk patients also warrants merit. In addition, a clear
communication between anesthesiologists and surgeons is
crucial to promptly identify abnormal ventilatory patterns and
prioritize the life — saving pulmonary management, before
completion of spine surgery. Patients on mechanical ventilation
or those requiring positive pressure ventilation with
pneumothorax need prior tube thoracostomy to prevent
tension pneumothorax. Conservative management is safe and
effective for small, stable pneumothoraces, whereas larger or
tension pneumothoraces necessitate intercostal drainage [20].
The decision to manage the patient conservatively was taken
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based on improvement in clinical parameters and imaging.
Literature stipulates that small stable pneumothoraces in
hemodynamically stable patients may be managed
conservatively. Emergency management includes needle
decompression followed by tube thoracostomy with an
underwater seal. Even small pneumothoraces can cause severe
cardiopulmonary effects in patients with limited pulmonary
reserve. Positive pressure ventilation can enlarge air leaks and
hinder pleural healing; hence, low tidal volumes (6 mL/kg)
with high respiratory rates are advised to protect the opposite
lung. Traditional management is chest tube thoracostomy, but
image-guided small-bore catheters (7-10 Fr) show a 68.6%
success rate with no major complications, comparable to large-
bore tubes (55% success). Persistent air leak or failed lung
expansion warrants thoracic surgical consultation within 3-$§
days.

PFTs were not done preoperatively in view of the absence of any
clinical/radiological features suggesting compromised
pulmonary reserve. Postoperatively, the patient demonstrated
complete recovery of pulmonary function. We do recommend
PFTsinselect high-risk patients before these surgeries, as well as
during the recovery phase, for objective documentation of the
clinical course. Pre-operative HRCT chest was not performed
because the patient had no respiratory symptoms, smoking
history, or radiographic abnormalities on chest radiography.
Therefore, the presence of pre-existing asymptomatic blebs or
bullae could notbe conclusively excluded.

The present case highlights the crucial relevance of suspecting a
pulmonary event, which was either intraoperatively
exacerbated or even a pre-operative trigger that manifested in
the course of operative events, as the pre-operative chest
radiograph reviewed retrospectively shows a radiograph
without any clue of pulmonary effusion or any other pulmonary
pathology. However, as the patient had no pulmonary
symptoms, with a normal clinical examination, the patient was
taken up for the surgical procedure, withouta CT imaging of the
chest, which might have shown a pre-existing, asymptomatic
bulla. The causal relationship between barotrauma and
pneumothoraxin this case is indeed inferred from the temporal
relationship between the surgery and onset of patient’s
symptoms. Establishing causality beyond doubt would have
required a thoracoscopy/autopsy, neither of which was
indicated/applicable in this case. The background of tubercular
spondylodiscitis also raises the possibility of pulmonary
tuberculosis (TB) that could have led/contributed to the
pneumothorax. However, in the absence of any evidence of
active/healed TB in pre-operative X-ray and post-operative
HRCT, this possibility can be safely assumed to be very unlikely.
Our experience further reinstates the utility of a pre-operative

CT inselect patients with risk factors.

Although this case report describes a single patient, the rarity of
spontaneous pneumothorax following prone spine surgery
warrants that each individual instance be meticulously analyzed
and followed up. Early diagnosis and multidisciplinary
supervision led to favorable recovery in this case. The patient’s
perspective was positive; he appreciated the prompt
recognition and conservative management that prevented
invasive intervention. This case highlights the need for vigilance
in detecting rare pulmonary complications after spine surgery
and reinforces the importance of preoperative risk assessment
for subclinical lung pathology.

Practice Changing Insight and Conclusion

Surgical teams involved in prone surgeries under general
anesthesia often face sudden worsening of pulmonary
parameters, either intraoperatively or immediately post-
extubation. It is prudent to follow a standardized algorithm and
checklist-based exclusion of the probable offending factor,
understanding the role of imaging vis-a-vis urgent intensive care
procedureslike tube thoracostomy. Given the rare nature of this
case, we were unable to identify a standardized checklist in the
existing literature. Based on the clinical course, observations,
and keylessonslearned, we have developed a practical checklist
that may help clinicians recognize and manage similar situations
in the future in post-operative desaturation, as shown in Fig. 5.
This proposed algorithm has not been prospectively validated
and can be regarded as an adjunctive clinical aid rather than a
standardized protocol. Post-operative pulmonary barotrauma
after prone spine surgery, though uncommon, requires early
recognition, prompt imaging, and multidisciplinary
management. The case emphasizes the relevance of preventive
strategies, identifying subclinical pulmonary abnormalities
during surgical planning to prevent complications.

Clinical Message

Spontaneous post-operative pneumothorax without pleural breach
after posterior spinal instrumentation is extremely rare. Despite its
rarity, post-operative pneumothorax should remain a differential
diagnosis in unexplained desaturation, as prompt recognition is
crucial for optimal outcomes. The multidisciplinary approach used
in this case may not be readily available in all healthcare settings,
particularlywhere resources are limited.

However, the key aspects of management — maintaining a high index
of suspicion, obtaining timely imaging, and providing appropriate
respiratory support — can be applied across a wide range of clinical
environments. This case highlights the need for vigilant monitoring
and proactive pulmonary risk assessmentin spine surgery.
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