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Intraoperative oxygen embolus and tension 
pneumocephalus: Is hydrogen peroxide the culprit?

Supriya Dsouza, Anil Parakh1, Chitra Sarma1, Adarsh Kulkarni2, Ajit Baviskar

head trauma 2 months ago. He then developed symptoms 
of intermittent high‑grade fever, vomiting, headache on 
and off. Computed tomography (CT) scan revealed right 
subgaleal and subdural empyema secondary to parietal 
bone osteomyelitis. He was subsequently posted for a 
craniotomy for drainage of the empyema in the supine 
position.

On pre‑anaesthetic examination, the patient was 
conscious oriented, haemodynamically stable. There was 
no history of loss of consciousness, convulsions, chest 
trauma and ENT bleed following the trauma. Cardiac 
and respiratory examinations were normal. Neurological 
examination revealed no focal neurological deficits with 
a Glasgow Coma Score of 15/15. Routine investigations 
revealed no anomalies.

In the operation theatre, the patient was sedated 
with midazolam 2  mg intravenous  (IV), fentanyl 
150  micrograms IV, subsequently induced with propofol 
150 mg IV and vecuronium 6 mg IV. Airway was secured 
with an 8  mm endotracheal tube. Oxygen, air and 
desflurane were used for maintenance of anaesthesia. 
Craniotomy was performed in supine poistion and wash 
was given with dilute 3% H2 O2. Following this, within 
2 min, the end‑tidal CO2 dropped from 37 to 19 mmHg 

INTRODUCTION
Hydrogen peroxide  (H2O2) has been historically 
used mainly as a haemostatic agent after intracranial 
parenchyma resection.[1] Its exact mechanism of 
haemostasis is unknown but has been postulated to 
arise from a combination of its vasoconstrictive and 
vaso‑occlusive effects on blood vessels.[2] Its action is 
due to the large quantity of reactive oxygen species 
liberated during its contact with tissues and the 
exothermic chemical reaction. However, it has been 
associated with devastating complications such as 
tension pneumocephalus, oxygen embolism and even 
dysrhythmias.[3]

CASE REPORT
We present a case of a 54‑year‑old male, controlled 
diabetic, who presented to our hospital with a history of 
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Case Report

Abstract

Hydrogen peroxide  (H2O2) irrigation is commonly utilised in neurosurgical and non‑neurosurgical procedures for 
its bactericidal and haemostatic effects. Tension pneumocephalus and venous air embolism are potentially disastrous 
neurological complications mostly seen after intracranial surgery in sitting position and trauma. We present a case of 
oxygen embolus and tension pneumocephalus after H2O2 irrigation during craniotomy in supine position.
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and the blood pressure fell from 110/60 to 80/50 mmHg. 
There was no significant blood loss till that time to 
attribute to the hypotension. As there was no central line 
in place, embolism was managed with Durant position, 
fluids and phenylephrine boluses. About 100% oxygen 
was administered; there was no desaturation on the 
pulse oximeter. Haemodynamic parameters came back 
to baseline; surgery was continued without any major 
intraoperative complication. Blood loss was around 
100 ml, no blood or blood products were needed. At the 
end of the procedure, severe hypertension (from 130/84 
to 222/120 mmHg) and bradycardia (from 104/min to 60/
min) were noted, pupils were sluggish and dilated. The 
patient was rushed on a portable ventilator to CT room 
urgently which showed massive right temporoparietal 
and occipital pneumocephalus with underlying mass 
effect and significant midline shift of 7.6  mm and 
generalised cerebral oedema  [Figure  1]. The patient 
was rushed back to the operation theatre. Fentanyl 200 
micrograms IV with vecuronium 5 mg IV were given, and 
emergency burr hole for release of the pneumocephalus 
was done. The sutures were reopened, Site thoroughly 
irrigated with normal saline. The haemodynamic 
parameters gradually stabilised and remained stable 
throughout the surgery. At the end of the surgery, pupils 
were equal and reactive. The patient was shifted to the 
Intensive Care Unit, sedated with fentanyl infusion and 
mechanically ventilated. Lack of neurological recovery 
on the next day prompted a magnetic resonance imaging 
brain which showed right middle and anterior cerebral 
artery infarcts and left cerebellar infarcts, with residual 

right frontotemporoparietal pneumocephalus with an 
increase in midline shift and mass effect. There was no 
neurological recovery 48 h after the second surgery, and 
he died on the 2nd post‑operative day.

DISCUSSION
H2O2 is a liquid stabiliser which is commonly used as an 
irrigating agent for superficial wounds. Used as a typical 
disinfectant, solution of H2O2 is in low concentration, either 
3% or 6%. It is used intraoperatively for its haemostatic and 
bacteriostatic qualities. The use of H2O2 intraoperatively 
is however not without problems. Complications 
associated with its use are oxygen embolism, tension 
pneumocephalus, dysrhythmias and even cardiac arrest. 
The rate of cardiovascular complications is up to 3%.[3]

Although its mechanism of action for haemostasis is 
unknown, several hypotheses have been proposed, 
among which are vasoconstriction, platelet aggregation, 
thrombus formation and small blood vessel occlusion 
due to microbubbles.[4] H2O2 is decomposed by many 
substances, including catalases and peroxidases in blood 
which promote its catalysis according to the reaction: 
2H2O2 → 2H2O + O2, and O2 release effervescent bubbles 
having a bactericidal and bacteriostatic effect, mainly 
for anaerobic microbes. Knowing their oxygen release 
is important because 1 ml of H2O2 is capable of releasing 
10 ml of oxygen.[5] Studies have shown that excess H2O2 
combines with nitric oxide producing superoxide which 
then forms peroxynitrite through combination reactions 
with nitric oxide. This peroxynitrite is a potent oxidant and 

Figure 1: Computerised tomography scan sagittal and coronal views showing massive right temporoparietal and occipital pneumocephalus with 
underlying mass effect, significant midline shift of 7.6 mm and generalised cerebral oedema
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studies have shown an association between this molecule 
and mitochondrial respiratory dysfunction after traumatic 
brain injury.[6] The Mesiwala et al. study has reported brain 
parenchymal‑stromal vaculisation and degeneration of 
neurons, astrocytes and microglia up to 1 mm beyond the 
tumour resection cavity in human brains, after treatment 
for 5 min with 3% H2O2 soaked cotton balls.[7]

Gaseous emboli result from a direct passage of gaseous 
oxygen into the systemic circulation by high intracavitary 
pressure or intravascular absorption of H2O2 with the 
secondary formation of bubbles. These complications are 
seen especially in cases with the use of large volumes, 
injection with high pressures, injection into closed and 
semi‑closed cavities and hypovolemic patients.[8]

The trigemino‑cardiac reflex (TCR) is a well‑known clinical 
phenomenon described during craniofacial or skull base 
surgery as well as neuroradiological interventions 
and defined as the sudden onset of parasympathetic 
dysrhythmia, sympathetic hypotension, apnoea or 
gastric hypermotility during intraoperative stimulation 
of any of the sensory branches of the trigeminal nerve.[9] 
Spiriev et al. have described a case of TCR occurrence 
during drainage of subdural haematoma where H2O2 was 
used. They attribute the occurrence to liberated oxygen 
from H2O2 exerting a substantial concomitant chemical 
stimulation on a large dural surface innervated by V2 and 
V3. Stimulation of these trigeminal dural afferents might 
be the cause of central TCR initiation.[10]

Huang and Pik have described a case of tension 
pneumocephalus due to oxygen liberation after H2O2 
use in a case of temporal lobe tumour.[11]

Beattie et al. have described a case of cardiac arrest after 
H2O2 irrigation of a breast wound.[12]

The utilisation of H2O2 during intracranial interventions, 
especially near vital brain centres  (hypothalamus and 
brainstem) and trigeminally innervated intracranial 
structures (dura mater and large cerebral vessels) should 
be regarded with caution because of the possible risks for 
cardiovascular complications. Prompt communication with 
the surgeon and a greater vigilance is necessary during H2O2 
irrigation. Cardiac dysrhythmias should be kept in mind and 
added to the already known possible complications (venous 
embolism and post‑operative pneumoce phalus) related to 
the intraoperative use of H2O2.[10]

Despite the complications associated with its use, H2O2 is 
still used frequently, especially in developing countries, 
with little knowledge of its inherent complications. 

H2O2 is not more effective than other antiseptics, also the 
potential complications associated with its use should 
be recognised. The alternative use of saline seems very 
reasonable.
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