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Abstract

Venous air embolism (VAE)-induced intraoperative cardiac arrest (CA) is an uncommon
but dangerously surgical complication. The study’s objective was to provide an overview
of the causes, management, and avoidance of CA brought on by VAE. Combining with a
case, and literature reviewing analyzed CA caused by VAE. There have been some case
reports about the occurrence of VAE during spine surgery in the prone position, especially
in scoliosis and fusion operations. Two weeks following surgery, the patient was released
from the hospital without any issues. In addition to this instance, there were 19 more
occurrences of VAE linked to prone spine surgery. Ten of the 19 patients passed away,
meaning the mortality rate was 52.63%. A gradient greater than 5cm between the right
heart and the top pole of the incision can be caused by low blood volume, low central
venous pressure, and surgery performed in the sitting or prone posture. VAE requires
the open cancellous bone surfaces and valve-less venous plexus of Batson. VAE is a
very serious but rare complication of spine surgery and occurs at any time during the
operation. Spine surgeons should pay attention to the fatal results caused by VAE and
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1 INTROCUCTION

An extremely uncommon side effect of spine surgery is
cardiac arrest (CA). While the frequency of CA in spine surgery
is undlear, it is estimated to be 0.7% in heart surgery'". For
every 1000 lumbar spine surgical operations, there were 6.7
cases of cardiac problems™. Venous air embolism (VAE) is
more prevalent than in spine operations and is more common
following cranial procedures and/or seated surgery”*. Few
reports of CA brought on by VAE following spine surgery
exist”®, Additionally, reports on the incidence of gas
embolism during spine surgery have been made®'’’. The
problems brought on by gas embolism in patients undergoing
spine surgery were extensively detailed in those case studies.

We report a case of CA due to VAE that happened
during thoracolumbar inter-body fusion and posterior
decompression of the spinal canal for a burst fracture of
T11, dislocation of T10/T11, and bilateral locked facet of
T10/T11 while the patient was prone. Reminding spine
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surgeons of the possibility of VAE when doing posterior spine
surgery in the prone position is the goal. The intention is for
spine surgeons to be aware of the potential for these issues
in order to develop treatment strategies and preventative
measures that will lower the morbidity and death rate in
cases that are similar to one another.

2 CASE PRESENTATION

A 37-year-old man working as a construction worker,
weighing 80kg and standing 175cm tall, with two children,
East Asian ancestry, Han nationality, and no alcohol or
tobacco use, unintentionally fell from a height of four meters
while at work. During the fall, his thoracolumbar area made
contact with a hard surface. Following landing, the patient
had back discomfort, neither lower extremity sensation nor
movement, but both upper extremities were feeling and
moving normally. Within twenty-four hours of the spine
trauma, he was admitted to the hospital. The injuries to the
spine and chest were evaluated using magnetic resonance
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Figure 1. T11 Posterior Rib Fracture with Dislocation and Mild Pleural Effusion.

imaging (MRI) and computed tomography (CT) images.
The images revealed a posterior rib fracture at T11 with
dislocation (Figure 1), a posterior rib fracture at T11 with
dislocation (Figure 1), a burst fracture of T11 (Figure 2),
bilateral locked facet of T10/T11 (Figure 2) and injuries
to the spinal cord and posterior ligamentous complex
(PLC) (Figure 3). According to the American Spinal Injury
Association’s (ASIA) classification, spinal cord function was
Grade A. The standard preoperative hematology test came
back normal. Both the lower extremity ultrasounds and the
echocardiogram came back normal. ASIA Grade A nerve
function was present.

The patient was given antibiotic prophylaxis with
cefuroxime sodium 1,000mg prior to surgery. Tracheal
intubation was used to induce anesthesia for the procedure,
and propofol and sufentanil were used to keep the patient
unconscious. To track arterial blood pressure, the unilateral
radial artery was catheterized. Pedicle screws were placed
at the pedicle of the vertebral arch at T9, T10, T12, and L1.
Both the bilateral superior and inferior articular processes of
T11, the spinous process, the bilateral vertebral plate, the
interspinous ligaments, the supraspinous ligament, and the
ligamentum flavum of T10/T11 and T11/T12 were removed.
The T10/T11 vertebral body dislocation was fixed. The
spinal canal's bone pieces were extracted. The intervertebral
disc of T10/T11 was removed. For the purpose of bone
grafting, the T10 inferior end plate and the T11 superior end
plate were prepared. Granules (<2mm) were removed from
the spinous process, bilateral vertebral plate, and bilateral
superior and inferior articular processes of T11. The titanium
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mesh and bone fragments were introduced into the T10/
T11 interverbral space. The transverse connecting rod,
lock nuts, and titanium rod were put in place. After saline
washing, the wound was sutured. There were 270min in the
operation. There was a 1,000ml blood loss and an 800ml
transfusion volume.

During the skin suturing procedure, the patient had
tachycardia, hypotension, fast oxygen desaturation, and
bradycardia all at once after half of the subcutaneous
soft tissue had been sutured. His blood pressure was
60/40mmHg, his heart rate was 50 beats per minute, and
his oxygen saturation (SpO) was 98%. CA happened when
the radial artery’s arterial blood pressure and the blood
pressure measured by the cuff were unexpectedly absent
from the display. From tachycardia to CA, the entire process
took around one minute.

An intravenous injection of 1mg of epinephrine was given
when CA developed. The heart rate restored to 140 beats
per minute following the injection. His measurements were
120/80mmHg. 100% of the oxygen was saturated (Sp02).
Nevertheless, it was impossible to keep the patient’s blood
pressure within normal bounds. An instant central venous
catheterization was carried out. Using a micro-pump, 7mL/
h of norepinephrine was delivered. After that, the skin was
fully sutured.

The sick person was placed on the bed. Right away, trans-

esophageal echocardiography was performed. The right
atrium (Figure 4) and right ventricle (Figure 5) both showed
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Figure 3. Injuries of Spine Cord and Posterior Ligamentous Complex PLC.
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Figure 4. The lots of Little Bubbles Displayed in the
Right Atrium.

several little bubbles. The tiny bubbles were consistently
observed by trans-esophageal echocardiography; however,
after half an hour, they vanished from the right ventricle.

After being put under anesthesia, the patient was sent to
the recovery room. Dobutamine 10mL/h and norepinephrine
5mL/h were given by micro-pump. It took the patient
sixtymin to come out of anesthesia and into the recovery
room. His blood pressure was about 120/75mmHg, his
heart rate was about 100 beats per minute, and his oxygen
saturation SpO2 was 100%. The endotracheal tube was
then taken out. The patient conversed with the physicians
and nurses while aware. Albumin supplements and fluid
infusion were maintained. The blood test results and the
vital signs, which were constantly monitored until they
could no longer be read 24h following surgery, were used to
gradually reduce the dosage of vasopressors. 48h following
surgery, a computed tomography pulmonary angiography
(CTPA) was conducted. The CTPA results were normal, and
there were no signs of pulmonary embolism.

Two weeks following surgery, the patient was released.
The categorization of the ASIA still indicated that the spinal
cord function was Grade A. The patient's thoracolumbar brace
allowed them to sit. The cut has closed up. A little amount
of pleural effusion was seen in the left thoracic cavity. The
organs showed no signs of embolism. displayed the
results of blood test before and after CA. showed the
X-ray after surgery.

3 DISCUSSION

We looked at the research on CA brought on by gas
embolism or VAE and related to prone spine surgery ( ).
In addition to this instance, there were 19 more cases linked
to prone spine surgery. Ten out of the 19 patients passed
away, yielding a 52.63% mortality rate. Spine doctors are
concerned about VAE, a potentially lethal consequence.
According to certain data, there are between 4.3 and 21.3
instances of intraoperative and perioperative CAs for every
10,000 spine surgery patients . Intraoperative CAs
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Figure 5. The lots of Little Bubbles Displayed in the
Right Ventricle.

significantly decreased the immediate and hospital survival
rate to less than 37%, according to other research
Overall, independent predictors of death after intraoperative
CA include hemorrhage, hypotension before the arrest,
nonstandard working hours, need for vasopressor or
inotropic support, and duration of the CA more than
15min . Fineberg et al.””" analyzed half a million lumbar
spine surgeries and found that age over 65 years, acute
and chronic blood loss anemia, deficiency anemia, male
sex, obesity, coagulopathy, and a range of structural
heart diseases were independent risk factors for cardiac
complications during spine surgery .

As shown in , CA mostly occurred during deformity
or spine fusion procedures. During spine surgery in the prone
position, VAE unlikely to occur due to the lack of virtually any
gravitational gradient between the surgical wound and the
right ventricle, as well as the high central venous pressure
caused by being in the prone position. But there were other
risks of VAE: 1) Major surgery and long operation time: major
surgery always requires a larger incision and wound, thereby
leaving a larger wound, and extensive exposure of cancellous
bone surfaces, thereby resulting in a long operation time, and
a higher potential for air to enter the vein through the open
cancellous bone surfaces. To avoid the above situation, the
open cancellous bone surfaces should be sealed with bone
wax in a timely manner. 2) Incomplete hemostasis: bleeding
of the venous plexus of the spine canal during spine surgery
sometime is sometimes serious, and if hemostasis is achieved
in a timely manner, air can enter vein through Batson’s
valve-less venous plexus. 3) An incompletely closed wound.
Operative procedures sometimes need to be at the local site
during the surgery. At this time, the non-operative site of the
wound should be stuffed with gauze to avoid contact with air;
if not, air may enter the vein through the wound.

Basic life support must be initiated right once if CA is
suspected and later confirmed during the procedure. An
expert critical care specialist or anesthesiologist is needed
for the rescue procedure. Currently, spine surgeons are
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Table 1. Blood Tests Before Operation, Intra-Operation and Before, During and After Complication

Measurement Befor_e Intra_- Bef_ore_ Dul:ing_ 2h I§fte|_- 2 Weelfs A_fter
Operation Operation Complication Complication Complication Complication
RBC (10°/L) 5.53 - - 3.35 4.31
HGB (g/L) 160 95 147 162 75 131
WBC (10°/L) 10.98 = = 29.98 6.27
HCT (%) 47.2 29.3 45.2 49.6 23 40.40
ALB (g/L) 41.3 - - 10.7 48.2
Sodium (mmol/L) 138.8 139 140 137 137 137.7
Potassium (mmol/L) 4.35 3.9 5.8 4.0 4.32
Chloride (mmol/L) 99.6 109 117 118 107 98.5
Urea (mmol/L) 255.4 = = 10.67 7.04
Crea (mmol/L) 76 - - 79 58
PH 7.42 7.36 7.35 7.17 7.51 7.396
PO, (mmHg) 82 93.3 91.4 82.6 149 110.3
PCO, (mmHg) 32.2 32.3 34.5 40.7 26.9 35.8
Glucose (mmol/L) 8.89 9.4 10.8 7.5 4.48
Lac (mmol/L) = 0.8 5.3 0.8 3.9
Troponin T (pg/mL) - - - 60.7 6.2

Figure 6. X-ray After Surgery.

crucial in cases involving the safe rotation of patients
from the prone position. The patient should be put in the
supine position as soon as feasible if they require cardio-
pulmonary resuscitation (CPR). Tamponade, sterile covering
and temporary closure are necessary for the wound. In
our instance, the anomalous state in the central anesthesia
control room was recognized by a senior anesthesiologist
who came. To carry out the rescue treatment, two seasoned
anesthesiologists collaborated with the nurses and senior
anesthesiologist. In addition CA occurred at the end of skin
suturing, not during the operation, which facilitated the
rescue. During the rescue procedure, CA was temporary.

According to previous studies, there are several reasons
for VAE occurrence. The first is the patent foramen ovale
(PFO) and the operative position such as the sitting or
semi-seated position. This phenomenon mainly occurred
in neurosurgery. Air embolism can result in paradoxical
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embolism with an infarction in the heart or brain through
the right-to-left shunt. However a study showed that air
embolism occurred in 33 of these 82 patients (40.2%),
and in 4 studies no paradoxical embolisms were detected
in neurosurgical patients with PFO who underwent the
procedure in the semi-sitting position'*’. In this case, a PFO
was not detected by echocardiography.

The second is the use of hydrogen peroxide (H,0,)
solution for irrigating wounds. There have been some
reports about the occurrence of oxygen embolism after
the use of H,0, solution for wounds irrigations during spine
surgery”'”, There are several potential mechanisms for
this phenomenon, including: 1) High-pressure oxygen
created by H,0O, being drawn into a ruptured dural sac or
damaged inter-muscular vein, which over time forms an
air embolus™”’""; 2) Oxygen bubbles may be absorbed
more quickly by vascular-rich cancellous bone when under
pressure; 3) H,O, may pass through endothelial cells
via water channels (aquaporins) in the cell membranes,
which could explain how an intact tissue can have a
gas embolus™'; and 4) Excessive H,0, can produce
peroxynitrite, which endothelial cells cannot quickly
process, leading to intimal rupture and a subsequent gas
embolism"*”. Here, irrigation of surgical incisions with H,0,
was never done.

The third is the presence of visible air bubbling at the
operation site, thereby leading to VAE. The air bubbling at the
operating site signaled the commencement of cardiovascular
collapse owing to a major VAE in the current instance. Wills et
al."”! hypothesized an air bubbling mechanism in conjunction
with a huge VAE. Air can enter the venous system through
open cancellous bone surfaces or Batson's valve-less venous
plexus due to a hydrostatic gradient'">*”, The air then passes
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Table 2. Cases of Ca Caused by Vae Associated Spine Surgery in the Prone Position from Literatures

References Age/Sex Diagnosis Surgery Level Outcome
Lang et al.'"", 1989 16/M Duchenne muscular dystrophy Fusion - Died
McCarthy et al.""*!, 1990 18/F Idiopathic scoliosis Fusion - Died
McCarthy et al.""”', 1990 15/M Congenital scoliosis Fusion - Died
Albin et al."*, 1991 55/M Lumbar disc herniation Fusion L4/L5 Survived
Albin et al."”, 1991 40/M Lumbar disc herniation Fusion L3/L4 Died
Albin et al."*, 1991 40/M Lumbar disc herniation Fusion L5/S1 Died
Horlocker et al."'*, 1992 NR Spinal instrumentation - Died
Horlocker et al."**/, 1992 NR Spinal instrumentation - Survived
Sutherland et al."*!, 1997 8/F Idiopathic scoliosis Fusion T1-S1 Died
Sutherland et al."*!, 1997 12/F Idiopathic scoliosis Fusion T2-S1 Died
Pham Dang et al."'”, 2002 46/F Degenerative scoliosis Fusion T10-L3 Survived
Wills et al.”"”’, 2005 14/F Idiopathic scoliosis Fusion T3-L4 Survived
Wills et al.""”, 2005 13/F Idiopathic scoliosis Fusion T3-L1 Died
McDouall et al."'¥, 2007 43/F Lumbar spinal stenosis Laminectomy L4/L5 Died
Dumont et al.""*’, 2010 38/M Atlantoaxial instability Fusion C1-C2 Survived
Cruz et al.””, 2016 65/M Nonunion of dens fracture Fusion C1/Cc2 Survived
Lee-Archer et al.”"!, 2017 10/F Kyphoscoliosis Fusion C5/L4 Survived
Naohisa Miyakoshi et al.'”’, 2019 41/M OPLL and OLF Laminectomy C2-T4 Survived
Present case 37/M Spine fracture and dislocation Fusion T10/T11 Survived

through the right side of the heart to reach the pulmonary
arterial arteries. It is possible to develop an intra-cardiac
“airlock”, which renders the heart pump inefficient and
obstructs forward flow!'”’. This “airlock” results in an increase
in central venous pressure, which drives retrograde flow
through the valveless venous system and pushes entrained
air out of the venous system'"”’. Furthermore, variations in
intra-thoracic pressure caused by ventilation can cause air to
be pulled into the venous circulation, followed by retrograde
blood and air flow out of the exposed veins'”.. In this case
there was no visible air bubbling at the operation site, but
there was a hydrostatic gradient. This may be the reason for
CA caused by VAE in our case report.

3.1 Mechanism of CA caused by VAE

Air can be drawn intravascularly through an open vein
under subatmospheric or negative pressure. When there
is a gradient of more than 5cm between the top pole of
the wound and the right heart, air can enter the venous
circulation. The pressure difference can be increased by
extending the entry point over the right side of the heart or
by lowering the mean intra-thoracic pressure. As a result,
low blood volume or low CVP may be contributing factors.
Pulmonary arterial pressure increases sharply as soon as
air reaches the right heart, while systemic arterial pressure
drops as a result of a drop in cardiac output. The central
venous pressure rises as a result of a mechanical air lock
created by air in the right ventricle. Intrapulmonary vascular
resistance increases and peripheral resistance decreases,
and the increase in compensatory cardiac output results
in shock. Thus, it has been suggested that with slower
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infusion of air, cardiovascular changes are a reflection of a
sympatholytic reflex initiated by receptors in the pulmonary
vasculature. Right ventricular failure results from ischemia
due to poor coronary flow secondary to low aortic pressure
and increased tension in the right ventricle, which rises
above the coronary artery perfusion pressure.

Apart from the aforementioned circumstance, the paraver-
tebral venous system also contributes to the process of air
entering veins. The paravertebral venous system is described
by Batson as paralleling and communicating with the superior
and inferior vena cavae. The dural sinuses serve as the
cranial endpoint for the vein plexus, which runs the whole
length of the vertebral column”*. Additionally, he mentioned
that air that enters the vertebral vein system might go to the
skull and block the cerebral veins. When the interosseous
intravascular pressure drops during inspiration, Moe and
Winter have observed that air may enter through exposed
decorticated bone on the open cancellous bone surfaces*”’.

VAE can arise as a result of many variables, including
the patient's posture and the surgical site. Compared to
back or stomach surgery, head and neck surgery had a
greater incidence of air embolism"™®. Furthermore, there
is a correlation between the rate of embolization and the
volume of air embolized and morbidity and death™ ", A
modest amount of air injected slowly might not have any
effects, but a high volume injected quickly 3-8cc/kg might
block the pulmonary outflow tract and be dangerous™”. Holt
discovered that dogs could not survive 3cc/kg of air*'. In a
70kg person, this translates to 210cc.
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3.2 Pathological changes caused by VAE

A portion of the air that travels to the pulmonary
artery's terminal branches has the potential to seriously
damage lung tissue and induce acute pulmonary edema.
Animals with these terminal branches have also been
reported to have fibrin plugs™”*?. Postoperative technetium
pertechnetate macroaggregates with albumin and lung
scans show that air embolism causes perfusion deficits that
are proportionate in size to the volume of air aspirated,
according to a study of patients who had survived
intraoperative pulmonary air embolism"”.

4 CONCLUSION

VAE is a very serious but rare complication of spine
surgery that occurs at any time during the operation. Spine
surgeons should be aware of the fatal results caused by VAE
and work to prevent its occurrence.
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