
Page 1/15

Occurrence and Severity of Venous Air Embolism
During Neurosurgical Procedures in Semi-Sitting
Versus Supine Position
Franziska Magdalena Konrad 
(

franziska.konrad@uni-tuebingen.de
)

University of Tübingen: Eberhard Karls Universitat Tubingen
 https://orcid.org/0000-0002-9259-7232
Angela S Mayer 

University of Tübingen: Eberhard Karls Universitat Tubingen
Lina Maria Serna-Higuita 

University of Tübingen: Eberhard Karls Universitat Tubingen
Helene Hurth 

University of Tübingen: Eberhard Karls Universitat Tubingen
Marcos Tatagiba 

University of Tübingen: Eberhard Karls Universitat Tubingen
Jörg Reutershan 

University of Tübingen: Eberhard Karls Universitat Tubingen
Peter Rosenberger 

University of Tübingen: Eberhard Karls Universitat Tubingen
Berthold Drexler 

University of Tübingen: Eberhard Karls Universitat Tubingen

Research Article

Keywords: semi-sitting position, supine position, neurosurgery, vestibular schwannoma, posterior cranial
fossa, transesophageal echocardiography

Posted Date: June 2nd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-538659/v1

License:


This work is licensed under a Creative Commons Attribution 4.0 International
License.
 
Read Full License

https://doi.org/10.21203/rs.3.rs-538659/v1
mailto:franziska.konrad@uni-tuebingen.de
https://orcid.org/0000-0002-9259-7232
https://doi.org/10.21203/rs.3.rs-538659/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Background: Patients undergoing neurosurgical procedures in the posterior cranial fossa can be placed in
different positions: the semi-sitting position or the supine position. The major risk of the semi-sitting
positioning is venous air embolism (VAE). However, VAEs may also occur in the supine position.

Objective: In a prospective study, we investigated the incidence of VAE based on the positioning of the
patients (trial registration 553/2013BO1).

Methods: In a single-center study with 137 patients, we prospectively evaluated the occurrence of VAEs in
patients in the supine and semi-sitting position over the period from January 2014 to April 2015. All
patients were monitored for VAE by the use of a transesophageal echocardiography (TEE).

Results: 50% of all participating patients experienced a VAE (with 56% of these patients undergoing
surgery in the semi-sitting position and 11% in the prone position). 86% of the VAEs were just detected by
the use of a TEE. We only observed VAEs with a decrease in EtCO2 in the semi-sitting position. However,
none of the patients had any hemodynamic changes due to the VAE. We found that surgeries in patients
with a preexisting intracardial shunt such as a patent foramen ovale (PFO) less likely resulted in VAEs
(42% vs. 58%).

Conclusion: The semi-sitting position with TEE monitoring and a standardized protocol, including a deep
central venous line is a safe and advantageous technique, taking also account of a significant rate of
VAEs. VAEs also occur in the supine position, however, less frequently.

Introduction
Pathologic processes in the posterior cranial fossa frequently induce early neurological symptoms,
because this fossa encloses the cerebellum and parts of the brain stem. Over 90% of the pathologic
processes of cerebellopontine angle tumors are caused by vestibular schwannomas, followed by
meningiomas, epidermoid cysts and facial nerve schwannomas (4). When operating lesions of the
cerebello-pontine angle, besides a complete tumor resection, anatomic and functional preservation of the
cranial nerves is essential (33).

Since postoperative neurological deficits will have a major impact on the quality of life of these patients,
optimizing surgical procedures seems beneficial. The cerebellopontine angle can be reached by the
subtemporal, translabyrinthal or retrosigmoid approach. The latter has been shown to be advantageous
due to the low level of manipulation of the brain and the possibility of reliable identification of the cranial
nerves (5, 23, 25). There are different surgical positions that enable the surgeon to access this region.
Basically, patients can be treated in the supine, park-bench or in the semi-sitting position. In the semi-
sitting position, the intracranial pressure is reduced, blood drain improved, and the view of the surgical
site allows a better orientation (7). From an anesthesiological point of view, the semi-sitting position is
associated with lower airway pressure, less diaphragm impairment, and good access to the endotracheal
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tube with a reduced risk of displacement compared to the prone position. Furthermore, the rate of
preservation of cranial nerves is higher in the semi-sitting position compared to other surgical positions
(3, 27). The semi-sitting position mainly differs from the sitting position with regard to the level of the
legs (30). In the semi-sitting position, the torso and the legs are elevated, whereas the hips are inflected at
a maximum of 90°. Accordingly, the fundament is the deepest point with the feet at least at ear level. In
this position, the anesthesiologists can compress the jugular veins in case of a VAE, which is – in
addition to arterial hypotension – the most serious complication of this position (7, 10).

Many neurosurgeons prefer the semi-sitting position to remove particular large lesions of the posterior
fossa, whereas anesthesiologists may be concerned about patients developing a VAE. There are
variations across countries; for example in the UK, it is the neurosurgeon who usually decides on the
patient’s position (11), whereas in Japan, anesthesiologists usually decide against the (semi-)sitting
position (12). Over many years, there had been a decrease in the use of the semi-sitting position in
neurosurgery in fear of VAEs (24, 32). In recent years increasing interest resurged. Therefore, we
investigated the impact of the position of the patient – supine versus semi-sitting - on VAEs during
neurosurgical interventions in a prospective study. In particular, we investigated the clinical impact and
the severity of the occurrence of VAEs in both positions in patients with and without a pre-existing
intracardial shunt such as a PFO.

 

 

Methods And Material
Study design

This prospective single-center study was conducted in the Department of Anesthesiology and Intensive
Care Medicine and the Department of Neurosurgery at the University Hospital Tübingen. Patients were
included over the period from January 2014 to April 2015 in accordance with the Ethics Committee of the
University of Tübingen (553/2013BO1).

After having received their informed consent, we included adult patients requiring an elective operation in
the posterior fossa of the cranium. Patients with existing contra-indications against transesophageal
echocardiography (TEE) were excluded. We also excluded patients with revision surgeries and pregnant
women.

Preoperative patient preparation

All patients were informed about this study as part of our routine patient information on general
anesthesia. To detect a PFO or other right-left shunts, both a transthoracic echocardiography with
simultaneous valsalva maneuver and an injection of a contrast medium (gelafundin®) were performed in
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every patient. We ascertained and documented the neurological status with the focus on detecting
increased intracranial pressure and pre-existing cranial nerve deficits such as facial paralysis or loss of
hearing. At the end, we performed a general physical examination, including biometric data, blood
pressure, body weight etc.

Intraoperative procedure

All patients received standard monitoring, consisting of ECG, oxygen saturation, and noninvasive blood
pressure. Induction of anesthesia was performed using 0.3 µg/kgBW sufentanil up to a maximum of 50
µg, 1.5 – 2.5 mg/kgBW propofol and 0.6 mg/kgBW rocuronium. After endotracheal intubation, anesthesia
was maintained by 5 mg/kg/h propofol and 0.5 µg/kg/min remifentanil without a bolus administration
so as not to affect the neuromonitoring. Patients were ventilated at a tidal volume of 6 – 8 ml/kgBW and
at a positive end-expiratory pressure (PEEP) at a maximum of 5 cmH2O to achieve normoventilation with
an end-tidal CO2 of 34 – 36 mmHg. All patients received an antibiotic prophylaxis with cefuroxime. If
advised by the neurosurgeon, some of the patients received 20 mg dexamethasone to prevent
postoperative edema.

Preoperative preparation included: two peripheral venous accesses, invasive blood pressure monitoring,
temperature measurement, a heating cover, and a urinary catheter. We placed the pressure transducer at
ear level to measure the cerebral arterial pressure at the level of the surgical site and kept the mean
arterial pressure at 80 mmHg using noradrenalin. Then, we placed a central venous catheter with a tip of
approximately 1 to 2 cm in the right atrium and performed a transesophageal echocardiography (TEE)
monitoring throughout the operation to detect a VAE. Therefore, we placed the probe in an angle so as to
have a bicaval view on the right atrium or to display the right ventricular inflow and outflow. Besides the
common side stream capnography, we added a main stream capnography to even detect the slightest
changes in EtCO2. We used neuromonitoring to derive sensory, motor and auditory evoked potentials to
monitor the integrity of the neural innervation of the mimetic muscles and the auditory function.

After we had induced general anesthesia, we positioned the patients for the operation, using a Mayfield®

skull clamp to fixate the head. Then, an experienced team of surgeons, neuro-anesthesiologists and
nurses placed the patients in either the supine or the semi-sitting position in accordance with strict
standards. The decision on which position to choose was made by the neurosurgeon depending on the
tumor size and entity and was approved by the anesthesiologist preoperatively.

Acquisition of data

We recorded all vital and ventilation parameters as well as any administration of medication using the
patient management software CareView and ICCA (both from Philips® Healthcare), respectively. The
anesthesiologists documented any air entrance (i.e. VAE) on a special documentation form, including the
following parameters: preexisting PFO or any other intracardial shunt, visible air bubbles in the TEE
monitoring, time of air detection, performed aspiration of air via the central venous line, EtCO2 (end-tidal),
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∆CO2 (delta), mean arterial pressure and central venous pressure at the time of the VAE. Furthermore, we
documented the possible cause of the air embolism if the surgical source of the VAE could be detected
after compression of the jugular veins.

We collected all biometric data (age, gender, BMI, ASA-classification), the indication and duration of the
surgical procedure, the localization of the tumor and the intraoperative positioning. We classified both the
localization and the extension of the vestibular schwannoma according to Matthies et al. (20).

VAE grading and management

We graded the VAE according to the “Tübingen VAE grading scale” as previously described (7). The
Tübingen VAE score classifies stages of air embolism in six grades from 0 (no air bubbles in TEE) to 5
(VAE demanding cardiopulmonary resuscitation). This classification is summarized in Table 1. In case of
multiple air embolisms during an operation, only the most severe grade was evaluated. The
anesthesiologists immediately informed the surgeons of any air bubbles in the TEE, which was followed
by compressing both jugular veins. Then, the surgeons occluded any open veins in their field.

Statistical analysis

We performed a statistical analysis, using SPSS Statistics® Version 22, IBM, with P < 0.05 considered as
statistically significant. Descriptive analysis was performed, categorical variables were described using
absolute and relative frequency. Numerical variables were set out as means and standard deviation or
medians, and interquartile ranges (IQR) according to the distribution of their data. Normality of the
distribution was assessed by investigating kurtosis, skewness as well as QQ graphs, Box plots and
Histograms. Bivariate analysis to check differences between groups was performed. Chi2 test of Fisher´s
exact test for categorical variables was used as appropriate. Independent-samples t-test were used to
compare quantitative variables that were approximately normally distributed, while Mann-Whitney test
was performed for skewed variables. Cochraine test was used to evaluate dichotomous dependent
variables.

Results
Patients

We included 137 patients in the present study, of which 14% (19 patients) were operated in the supine
position and 86% (118) in the semi-sitting position. The statistically analyzed biometric properties such
as the average age and body mass index, did not show any difference in these two groups (see Table 2).
Neither did the incidence of any preexisting intracardial shunts differ in these groups.

Surgery

We did not find any significant difference in the various indications for the operation in these groups
except for tumor size (Table 3). The most frequent indication for surgery in both groups was a vestibular
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schwannoma (77%). However, the size of the vestibular schwannoma had a significant impact on which
position we chose for the patient (Table 3). Small schwannomas (T1, T2) were mainly removed in the
supine position, larger schwannomas (T3, T4) were almost always removed in the semi-sitting position.
The duration of the surgical procedure itself took significantly longer in the semi-sitting position
compared to those procedures taking place in the supine position (Table 3), reflecting the different tumor
sizes.

Perioperative venous air embolism

VAEs occurred in both positions (Table 3), but VAEs occurred significantly more frequently in patients
placed in the semi-sitting position (56% vs. 11%). We documented the vital parameters such as MAP and
CVP at each episode of VAE. At the onset of the first VAE, we found that MAP was significantly lower in
the semi-sitting position compared to the prone group (Table 3). The central venous pressure did not
differ between these groups. We detected approximately 26% of the VAEs during the first 30 minutes of
the operation, therefore, we found that this phase of the procedure (craniotomy) entailed the highest risk
in both positioning groups (Table 4).

Although VAE occurred more frequently in semi-sitting than in supine position, the severity of the VAE did
not differ between these positioning groups (Table 3). The vast majority (86%) of the VAEs was grade I
and therefore did not lead to any changes in the vital parameters. We observed a grade II VAE in one
supine-positioned patient (5.3%) as well as in five patients in the semi-sitting position. Nevertheless,
grade III (air bubbles and a decrease in EtCO2 > 3 mmHg), occurred in four patients in the semi-sitting
position. We carried out an aspiration of air only in one patient in the semi-sitting position.

We operated on 20% of the patients with a preexisting venous-arterial shunt in the supine position, with
80% undergoing the procedure in the semi-sitting position. We found that irrespective of the positioning,
patients with a preexisting venous-arterial shunt developed fewer VAEs compared to patients without a
shunt (Table 5).

Discussion
In the present study, we evaluated the impact of the positioning of patients on the occurrence of a VAE
during neurosurgical operations in the posterior cranial fossa. Over a period of 15 months, we included
137 patients in our study, of which 118 patients underwent surgery in the semi-sitting position and 19 in
the supine position. Lindroos et al. have gained extensive experience by having used the semi-sitting
position for almost 20 years (14, 17, 26, 31). The semi-sitting position optimizes the operation situation
for the surgeon in that it causes a drainage of liquor and blood from the surgical field by gravity,
decreases intracranial pressure and enables the monitoring of the motoric response of patients to cranial
nerve stimulation (14, 17, 26, 32). In the semi-sitting position, the venous pressure at heart level may be
below the atmospheric pressure, which puts patients at a potential risk for rapid air inflow from the
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surgical field into the venous circulation, i.e., causing a VAE (13). For fear of VAEs, some institutions
refuse to use this position (7, 24).

The most frequent indication for surgery in a semi-sitting position was a vestibular schwannoma in this
study, which is in accordance with the literature (24). At our institution, we almost exclusively operated on
larger schwannomas that reached the fossa posterior (T3) and compressed the brain stem (T4) in the
semi-sitting position, since it provides easier access and a total resection is more likely (27). Furthermore,
Link et al. showed an increase in the quality of life in patients who underwent a complete resection (15).
In our series, the greater spread of the tumor in patients operated in the semi-sitting position explains the
prolonged duration of the procedure in these cases.

The position for a neurosurgical procedure depends on the surgeon’s experience and preferred operating
technique (28). A metaanalysis of 1792 patients operated in the sitting positions found a low overall
complication rate of 1.45% (9). Another institution reported that 192 patients had been operated on the
posterior cranial fossa, of which 92 underwent the surgery in the sitting position and 100 in the horizontal
position. The operating position had to be changed in 6 patients due to hemodynamic instability or
uncontrolled VAE. However, 11% of patients operated in the horizontal position also showed severe VAE
(24). The high rate of hemodynamically relevant VAE in that series compared to our data might be
explained due to the lower level of the legs in the sitting position compared to the semi-sitting position
used in our institution.

In the present study, we monitored all patients by the use of a TEE. In accordance with the literature, 56%
of the patients in the semi-sitting position and 11% in the supine position experienced a VAE in the
present study (3, 22, 24). So far, the use of a TEE is not the gold standard for monitoring patients
undergoing such procedures. Some institutions diagnose VAEs only based on a change in EtCO2 (2, 21);
Bithal et al. could not derive any benefits from the use of TEE monitoring either (1). If a TEE is used, VAEs
can often be diagnosed before any hemodynamic changes are caused. By applying these techniques,
many institutions have reported a decline of severe VAEs in the semi-sitting position (8-10, 14, 22).

In the present study, roughly 25% of the VAEs occurred during the first 30 minutes of the procedure, e.g., a
typically critical period for injuries to the venae emissariae or small venous entry points in the skull or
musculature. Other authors also detected VAEs at the beginning of their operations, leading them to
assume that there is a link between the craniotomy and the VAE (10, 29).

Severe VAEs in the semi-sitting position with hemodynamic and respiratory changes were reported to
occur in 3.3% (8) and 1.06% (9), but also in up to 50% (32). The first two incident rates described in
retrospective studies, were based on intraoperative documentation. However, in emergency cases, the
documentation is usually to be completed afterwards. The 50% of severe VAEs were derived from a
prospective study, comparing a 30° and a 45° positioning of the head. In the latter positioning, the head
marked the highest point of the patient. In our present study, 6% of all patients had a VAE grade III,
defined by a decrease in EtCO2. There was no grade IV VAE, which would include hemodynamic changes.
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The main reason for the lower rate of a clinically-relevant VAE may be the combination of the patient’s leg
elevation combined with the patient’s head bent toward the sternum, which most likely causes a decrease
in the venous return to the right heart (32).

In some institutions, patients with a PFO are excluded from the semi-sitting position (10). However,
autopsy studies revealed the incidence of a PFO in the general population as high as 35% (16, 18). At our
institution, all patients who are preoperatively diagnosed with an intracardial shunt are discussed by a
team of experts for their individually best solution. If these patients are still scheduled to have surgery in
the semi-sitting position, they are informed of the potential consequences of a VAE, but these patients
usually also suffer from larger tumors. However, in the present study, a pre-existing right-left shunt was
associated with a lower risk of developing a VAE. This finding may be attributed to the fact that both the
anesthesiologist and the neurosurgeon pay particular attention to avoiding any VAE in this specific
situation. In addition, our institution has become quite experienced at this operation method over the past
ten years by treating around 100 cases each year. To our knowledge, no patient at our institution has ever
experienced any persisting damage by developing a VAE in the semi-sitting position. Nevertheless, once
there is air in the right atrium in case of a PFO or other right-left shunts, there is no additional warning
parameter, which means that any air embolism could lead to potentially deleterious neurological
consequences (10, 19, 22). Hence, in our opinion, patients with a PFO or right-left shunt should be
informed about this potentially higher risk. However, we do not consider a PFO to be a definite
contraindication for the semi-sitting position. Other prospective studies came to similar conclusions (6,
7).

This study demonstrates that VAEs also occur in the supine position. In addition, patients with an existing
venous-arterial shunt were less likely to experience a VAE regardless of their positioning, which suggests
that the particular attention neurosurgeons and anesthesiologists direct to these patients to avoid VAEs
may also have an impact.

Conclusions
The semi-sitting position is a safe procedure for an experienced team of neurosurgeons and neuro-
anesthesiologists, even in cases of preexisting venous‑arterial shunts, if they employ a standardized
protocol. Finally, VAEs are more common in the semi-sitting position, but also occur in the supine
position.
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Tables
Table 1

Tübingen venous air embolism grading scale

Scale  

Grade
0

no air embolism

Grade
I

air bubbles visible in the TEE

Grade
II

air bubbles visible with a decrease in EtCO2 ≤ 3 mmHg

Grade
III

air bubbles visible with a decrease in EtCO2 > 3 mmHg

Grade
IV

air bubbles visible with a decrease in EtCO2 > 3 mmHg and decrease of MAP ≥ 20% or
increase in heart rate ≥ 40% (or both)

Grade
V

grade 4 causing hemodynamic instability requiring cardiopulmonary resuscitation
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Table 2
Demographics and characteristics of the study population (n = 137)

  Supine position Semi-sitting position p-value

Patients n (%) 19 (14%) 118 (86%)  

Age in years mean ± SD (min-max) 51 ± 12 (26–72) 49 ± 14 (21–80) 0.546*

Gender
Male n (%)
Female n (%)

 
7 (36.8%)
12 (63.2%)

 
54 (45.8%)
64 (54.2%)

 
0,62#

BMI [kg/m2] mean ± SD (min-max) 25 ± 5 (18–37) 25 ± 4(16–42) 0.74*

ASA status
I n (%)
II n (%)
III n (%)
IV n (%)

 
3 (15.8%)
15 (78.9%)
1 (5.3%)
0 (0%)

 
19 (16.1%)
92 (78%)
6 (5.1%)
1 (0.8%)

 
0.99°

Preexisting cardial venous-arterial shunt n (%) 6 (31.6%) 24 (20.3%) 0.207#
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Table 3
Operation details (n = 137)

  Supine
position

Semi-sitting
position

p-value

OP indication
vestibular schwannoma n (%)
cavernoma
ependymoma
epidermoid
meningioma
others

 
13
0
0
0
5
1

 
92
3
1
2
16
4

 
0.562#

Size of the vestibular schwannoma (n 
= 104)
T1 n (%)
T2 n (%)
T3 n (%)
T4 n (%)

 
3 (23.1%)
8 (61.5%)
2 (15.4%)
0 (0%)

 
0 (0%)
5 (5.5%)
42 (46.2%)
44 (48.4%)

 
< 0.001#

Duration of the operation [h] 3.3 ± 1.2 4 ± 1.2 0.032+

VAE yes n (%)
VAE not n (%)

2 (10.5%)
17 (89.5%)

66 (55.9%)
52 (44.1%)

< 0.001#

MAP at first VAE [mmHg] mean (SD) 91 ± 6 77 ± 9 0.006+

Severity of VAE* (n = 68)
I n (%)
II n (%)
III n (%)

 
1 (50%)
1 (50%)
0

 
57 (86%)
5 (8%)
4 (6%)

 

 

Table 4
Percentage of venous air embolism by the time period of surgery (n = 

137)

  Both positions p-value

Time until venous air embolism [min]
0–30 n (%)
31–60 n (%)
61–90 n (%)
91–120 n (%)
121–150 n (%)
151–180 n (%)
> 180 n (%)

 
35 (25.5%)
12 (8.8%)
11 (8%)
4 (2.9%)
2 (1.5%)
2 (1.5%)
2 (1.5%)

< 0.001^
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Table 5
Percentage of patients with VAE vs. pre-existing venous-arterial shunt (n = 137).

  n Supine position Semi-sitting position p-value

Pre-existing venous arterial shunt yes
VAE not n (%)
VAE yes n (%)

30  
6 (100%)
0 (0%)

 
14 (58.3%)
10 (41.7%)

0.074#

No pre-existing venous arterial shunt
VAE not n (%)
VAE yes n (%)

107  
11 (84.6%)
2 (15.4%)

 
38 (40.4%)
56 (59.6%)

0.006#

 


