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Introduction

Proper positioning of  a patient during surgery is an important 
determinant of  the success of  the procedure. Each type of  position 
during surgery confers its own advantages and disadvantages, from 
the surgical and anesthetic points of  view, but the final decision 
should serve the best interests of  the patient. The benefits of, 
and alternatives to, semisitting craniotomy have been a source 

of  contention since the early 1930s [1]. This position offers 
excellent working conditions to the surgeon during performance 
of  posterior fossa and cervical spine surgeries, but also presents 
significant challenges to anesthesiologists, of  which the most 
important is venous air embolism (VAE).

The first recorded fatal VAE incidence was reported, in the sitting 
position (SP) during excision of  a tumor on the right cheek, by 
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The semisitting position (SSP) offers significant advantages for neurosurgeons but presents numerous challenges to an-
esthesiologists. One major concern is venous air embolism (VAE). The incidence of  patent foramen ovale (PFO) is ap-
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John Barlow in 1830 [2]. In the context of  neurosurgery, the SP 
has been a subject of  interest for posterior fossa surgery (PFS) 
and posterior cervical spine surgery (CSS). A VAE occurs when 
atmospheric air is introduced into the systemic venous system; 
it represents a strictly iatrogenic complication. In the past, this 
medical condition was primarily associated with neurosurgical 
procedures conducted in the SP. More recently, VAE has also been 
observed during surgeries conducted in the prone and horizontal 
positions, and during invasive vascular procedures, high-pressure 
mechanical ventilation, thoracocentesis, hemodialysis, and in 
conjunction with penetrating and blunt chest trauma. The reported 
incidence of  VAE occurring in the SSP is 0-76% according to 
previous studie [3-40]. Patients with a patent foramen ovale 
(PFO) are at increased risk of  PAE during semisitting position 
(SSP) craniotomy. The prevalence of  PFO is approximately 25% 
(10-35%) in the normal population, which rises to > 40% in 
cryptogenic stroke patient groups. PFO provokes a right-to-left 
shunt, which can in turn allow VAE migration, to the systematic 
arterial circulation, to cause a paradoxical air embolism (PAE) in 
certain patients [41, 42]. Because of  the high risk of  VAE and 
PAE occurring in conjunction with PFO, neurosurgical patients 
being considered for semisitting craniotomies are routinely 
evaluated by either preoperative transthoracic echocardiogram 
(TTE), transesophageal echocardiogram (TEE) or transcranial 
Doppler (TCD) [41-48]. Diagnosis of  a PFO is widely regarded as 
a contraindication for SSP craniotomy, yet certain neurosurgeons 
believe that the benefits of  SSP outweigh the risks, even in the 
presence of  a PFO [43-52].

Scant prospective data corroborating either position is available 
within the current literature, such that the issue of  patient 
selection criteria for SSP craniotomy and posterior cervical spine 
surgery remains to be clarified.

Primary Objective

The primary objective of  this systematic review was to compare 
the incidence of  VAE, and other complications, between patients 
with unknown and known PFO status undergoing neurosurgical 
procedures in the SSP.

Methods

The study protocol included literature-search strategies, inclusion-
exclusion criteria, incidence of  VAE, presence of  PFO, and 
methods of  statistical analysis developed before performance 
of  the systematic review. The protocol was prepared according 
to the Meta-Analysis of  Observational Studies in Epidemiology 
[53], and Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses, guidelines [54].

Literature Search

The following two groups were defined for the literature 
review: group I - studies of  neurosurgeries performed in the 
SSP with unknown PFO status [15-40]; and group II - studies 
of  neurosurgeries performed in the SSP with known PFO 
status [41-52]. The Medline, Embase, and Cochrane Control 
Trial register databases were searched systematically for articles 
published between 1972 and April 2014, with no restriction on 
the publication language applied and using various combinations 

of  the following keywords: semisitting craniotomy, sitting 
craniotomy, posterior cervical spine surgery, venous air embolism, 
patent foramen ovale, and paradoxical air embolism. All abstracts 
were screened according to the research question. Bibliographies 
identifying articles and reviews relevant to this field were also 
searched. Furthermore, hand searching of  pertinent journals, for 
articles published during the previous 6 months, was undertaken. 
If  any study generated multiple publications, the most-current 
report was used.

Inclusion and Exclusion Criteria

The inclusion criteria for group I were as follows: patients 
undergoing neurosurgical procedures in the SP or SSP, in studies 
with ≥ 15 patients reportedly experiencing episodes of  VAE 
or PAE with unknown PFO status. For group II, the following 
inclusion criteria were applied: patients undergoing neurosurgical 
procedures in the SP or SSP, in studies with ≥ 15 patients reportedly 
experiencing episodes of  VAE or PAE with known PFO status. 
The exclusion criteria for studies of  either group were case report 
designs, studies with < 15 patients, animal studies, expert opinion 
reports, and unclear methodologies.

Data Extraction and Analysis

Database searches and data extraction were performed by 
two authors. The decision to include or exclude a study was 
made independently by both authors (L.N.K. and G.S.), with 
disagreements settled by the senior author (S.D.B.). The data from 
the included studies were tabulated into a standard Microsoft 
Excel® spreadsheet (Microsoft Office 2010, Microsoft Corp., 
Redmond, WA, USA). For groups I and II, the following data 
were recorded: name of  author, publication year, type of  study, 
sample size, mean age of  subjects, neurosurgical procedure type, 
VAE incidence, method of  detecting VAE, and special concerns 
of  the study (e.g., PAE, hypotension, myocardial infarction [MI], 
stroke, death) during the procedures.

Quality Assessment and Statistical Analysis

No randomized controlled studies with level A evidence were 
identified. Prospective, retrospective and combined studies were 
included in the analysis. (Evidence level B; American Academy 
of  Family Physicians) [55]. In all studies, the outcomes were 
clearly defined and VAE incidence rate was the primary outcome. 
Given the nature of  the studies available within the current 
literature, a traditional meta-analysis method, utilizing relative 
risk or odds ratios to compare VAE incidence between subjects 
with known and unknown PFO status, was not possible. Instead, 
weighted summary rates and a 95% confidence interval (CI) of  
VAE incidence was produced, using the random effects meta-
analysis model for known and unknown PFO status. Using 
this methodology, each study was weighted fairly, with more 
weight given to studies with larger sample sizes, especially when 
the interstudy variation was larger than the intrastudy variation 
for VAE incidence. After weighting, subject outcomes for the 
known and unknown PFO status populations were compared 
using a z-test with the estimated proportions and variances. The 
systematic-analysis was performed using the Comprehensive 
Meta-Analysis software package (Biostat Inc., Englewood, NJ, 
USA).
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Results

Flow of  the Studies

There were 40 studies published between 1972 and April 2014 that 
met the inclusion-exclusion criteria; 27 for group 1 (Table1) and 
13 for group II (Table 2). Among these articles, 38 were in English, 
and 2 were in French, with all abstracts available in English. A 
total of  8,890 subjects were included, with 6,495 subjects in group 
I and 2,395 in group II. The sample size ranged between 15 and 
799 subjects. Subjects’ age ranged between 6 weeks and 82 years. 
The study sites were located in the US, Germany, France, the UK, 
Japan, Turkey and Finland, among several other countries. Of  
all included studies, 17 were prospective, 21 retrospective, and 2 
combined retrospective and prospective methods.

Synthesis of  Results

Using a random-effect model, the estimated VAE incidence rate 
for unknown PFO status was 23.5% with a 95% confidence 
interval (CI) of  18.1-30%; the estimated VAE incidence rate for 
known PFO status was 24.5%, with a 95% CI of  16.8-34.3%. 
Even within group II, the incidence and complication rates for 
subjects with known PFO status, who underwent neurosurgical 
procedures in the SSP, were comparable with those obtained 
for subjects who had not undergone semisitting neurosurgical 
procedures. The VAE incidence rate did not differ significantly 
between the two groups, (p = 0.88; z-test). The forest plots 
displayed in (Figures 1-2) illustrate the VAE incidence rate with 
95% CIs for each individual study, and the overall VAE incidence 
rate. Other complications, including PAE, hypotension, MI, 
stroke and perioperative deaths, could not be compared between 
the two groups due to inadequate power.

Discussion

In 1931, Dr. Thierry de Martel introduced the SP for patients 
undergoing neurosurgical procedures [1]. Subsequently, the SSP 
replaced the SP, including its associated risks. The SSP confers 
both benefits and risks for PFS and CSS. Current indications for 
semisitting craniotomy include PFS, tumors, AVMs, aneurysms, 
CSS, and subtemporal approaches to the intracranial fossa. 
Absolute contraindications include a functioning ventriculo-atrial 
shunt, right atrial pressure in excess of  left atrial pressure with 
an intracardiac shunt, and cerebral ischemia when the patient is 
upright and awake. Relative contraindications include extremes 
of  age, uncontrolled hypertension, and COPD [13]. Jadik et al., 
proposed the semisitting position, it is the modification of  initial 
sitting position, aiming to achieve a positive venous pressure at 
the operation site and increase the safety of  the procedure [49]. 
The positioning requires a combination of  adjustments of  upper 
body and legs elevated by bending the operating table to a position 
where the hip is flexed to a maximum of  90 degrees. A 30 degrees 
flexion of  the knees is maintained to avoid overstretching of  
the tendons and nerves of  the leg. The patient's head is flexed 
anteriorly and a 2-finger space between the sternal notch and 
the chin to avoid cerebral venous outflow obstruction. Arms are 
supported to avoid traction of  the shoulders; legs, arms and heels 
are padded. Finally, the inclination of  the whole operating table is 
changed to lower the head and higher legs position, where the legs 
of  the patients are as high as the vertex. This modified position 

has been included in quite all recent prospective published series 
from different countries. Advantages of  the SSP for craniotomy 
include improved surgical exposure for midline lesions in the 
posterior cranial fossa, superior anatomical orientation with less 
injury to vital structures, reduced cranial nerve manipulation, 
improved venous drainage with superior hemostasis, gravitational 
drainage of  CSF with decreased ICP, improved access to the 
patient’s face and chest, improved respiratory dynamics, and 
a shorter surgical time. Complications include VAE, systemic 
hypotension, postoperative tension pneumocephalus, subdural 
hematoma, quadriplegia, cranial nerve damage, macroglossia and 
peripheral nerve damage. Multiple studies within the case series 
linked the presence of  an intracardiac shunt (PFO) with instances 
of  VAE and PAE in patients undergoing craniotomies in the 
SSP. Such studies prompted disuse of  the position in Western 
countries [6, 8, 11, 12].

Management of  VAE in the SSP starts with thorough evaluation 
and preparation of  the patient during the preoperative period and 
good communication between the team members in the operating 
room, including the neurosurgeon and anesthesiologist. With 
the first identification or suspicion of  VAE during surgery, the 
anesthesiologist should notify the surgeon to reduce further air 
entrainment and VAE size from the surgical field by flooding the 
surgical site with saline, placing the bone wax over bony edges 
to prevent air entrainment through open venous system of  skull, 
100% oxygen administration, lowering the head (if  possible), 
increasing venous pressure using bilateral jugular venous 
compression, administering intravenous fluids, and by aspiration 
of  air through the central venous catheter [22, 23].

Seward et al., (1975) first described the clinical use of  
intravenously administered aerated saline, as a contrast during 
M-mode contrast echocardiography [57, 58]. With subsequent 
advances in this technology, transesophageal echocardiography 
(TEE) was introduced to diagnose air embolisms in neurosurgical 
patients. TEE was found to be more sensitive than PD, PA and 
CVP catheters, end-tidal CO2 and esophageal stethoscopes, for 
the detection of  VAE at volumes of  0.01 mL/kg. Comparative 
studies of  PFO and VAE detection methods conclude that 
TEE is the gold standard for detection, both preoperatively and 
intraoperatively [47, 59]. However, TEE also has complications, 
of  which the most-important are acute trauma to pharyngeal 
structures and esophagus and vocal cord paralysis [41, 57].

Current preoperative practice for elective semisitting craniotomy 
includes evaluation for intracardiac shunt (PFO) by TEE, TTE 
or TCD. TEE is performed by the cardiologist as an ambulatory 
evaluation, or in the operating room after induction of  anesthesia. 
Intracardiac shunt and flow directions were better-identified by 
a saline contrast agitation test in TEE; its sensitivity, and PFO 
identification rate (26%), is higher compared to TTE (10.8%) and 
TCD (23.9%) [10, 11, 13, 56, 59, 60]. Even following the exclusion 
of  PFO by preoperative TEE, intrapulmonary functional 
arteriovenous anastomoses may still lead to extra-cardiac PAE in 
certain patients undergoing semisitting neurosurgical procedures 
[61]. In a prospective study by Papadopoulos et al., (1994), two 
patients experienced PAE despite preoperative TEE screening [44]. 
In cases of  both PAE and PFO during semisitting neurosurgical 
procedures, venous injury at the surgical site with air entrainment 
rather than the intracardiac shunt itself  is of  primary concern. To 
date, no official guidelines have been formulated regarding when 
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a PFO should be considered an absolute contraindication for 
surgery, and when the intervention should proceed. 

Thus far, prospective and retrospective studies have drawn their 
conclusions based on personal experiences and the grading 
systems developed to assess VAE [7, 10, 25, 28, 49, 51, 62, 63]. In 
a study conducted by Fathi et al., patients with PFO underwent 
interventional closure 2-4 weeks before their neurosurgical 
procedure in the SSP [5]. Although PFO closure is performed 
as an ambulatory procedure, it exposes the patient to the risks 
of  a second procedure, and increases the economic burden on 
healthcare systems. Even after PFO closure, a residual shunt may 
still present, although this shunt does not confer a sizable risk 
for neurological patients [64]. Technical problems associated with 
PFO closure include the fact it is feasible only during elective 
neurosurgery, and the risk of  closure failure in certain patients. 
In such cases, the neurosurgical procedure is performed in the 
horizontal position [5].

The VAE incidence rate for patients undergoing neurosurgery in 
the SSP has been reported at 39% for PFS and 11% for CSS. The 
majority of  studies demonstrate a low incidence of  PAE, ranging 
between 0-14%. However, in all reported cases, the identification 
of  PAE was achieved only after surgery utilizing non-standard, 
inaccurate methods of  detection and incomplete data registration 
[5, 17, 29, 41, 44]. Ischemic brain injury and other types of  organ 
damage have been identified as possible sequelae of  PAE after SP 
neurosurgical procedures [5, 57, 65-71]. Prior to 2013, such risks 
rendered PFO contraindicatory for neurosurgery in the SSP, with 
the prone or park bench positions used instead. More recently, 
studies by Ammirati et al., (4 patients), Feigl et al., (52 patients) 
and Genslandt et al., (24 patients) have altered this clinical practice 
and reported VAE prevalence rates of  26.8%, 55.7%, and 19%, 
respectively, in patients with diagnosed PFOs. Moreover, these 
rates did not differ significantly between surgical populations with 
and without a PFO [50-52].

Table 1. Group I (Studies with unknown PFO status).

Author Year Type of  Study Number 
of  cases

Mean Age 
group (Yrs)

Type of  
Surgery

VAE inci-
dence (%)

Method of  detec-
tion of  VAE

Important 
events

Hypotension 
Incidence (%)

Michenfelder, et al., [15] 1972 Prospective 69 NA PFS+CS 32 PD NA NA

Albin et al., [16] 1976 Retrospective 180 NA PFS 25 PD NA 32

Buckland et al., [17] 1976 Prospective 36 NA PFS 33 PD, ETCO2, ESO 
STETH

1 PAE, 2 
DEATHS NA

Albin et al., [18] 1978 Retrospective 400 NA PFS+CS 25 PD NA 6

Bedford et al., [19] 1981 Prospective 100 NA PFS+CS 35 PD, PAC, ETCO2 1 PAE NA

Cucchiara et al., [20] 1982 Retrospective 96 NA PFS 40 PD NA 53

Voorhies et al., [21] 1983 Retrospective 81 NA PFS+CS 50 PD NO CVP LINE NA

Standefer et al., [22] 1984 Retrospective 488 NA PFS+CS 7 PD 30 DAY MOR-
TALITY 2.5% 1

Matjasko et al., [23] 1985 Combined 554 NA PFS+CS 23.5 PD
2 PAE, 1 MI, 1 
QUADRIPLE-

GIA
6

Young et al., [24] 1986 Retrospective 255 NA PFS+CS 30 PD, ETCO2

2MI, 9 
DEATHS, 8 

PULM DYSF
5

Black et al., [6] 1988 Retrospective 333 NA PFS 45 PD, ETCO2

1 MI, 9 
DEATHS 36

Von Gosseln et al., [25] 1991 Retrospective 704 NA PFS 6.5 PD, ETCO2 NA NA

Losasso et al., [26] 1992 Prospective 300 50 PFS+CS 25 PD, ETCO2 NA NA

Simo Moyo et al., [27] 1995 Prospective 30 NA PFS+CS 31 ETCO2 NA NA

Lobato et al., [28] 1997 Combined 100 48 Torticollis 
Surgery 1 PD NA NA

Mammoto et al., [29] 1998 Prospective 21 NA PFS+CS 100 TEE NA NA

Ralston et al., [30] 2000 Retrospective 65 8.1* PFS 12 ETCO2 NA NA

Orliaguet et al., [31] 2001 Retrospective 60 7* PFS 35 ETCO2 NA 5

Harrison et al., [32] 2002 Retrospective 407 5* PFS+CS 9.3 ETCO2 NA 2

Schmitt et al., [33] 2002 Prospective 18 NA PFS+CS 72 TEE NA NA

Bithal et al., [34] 2004 Retrospective 431 NA PFS 25 ETCO2 NA NA

Domaingue [35] 2005 Prospective 58 NA PFS+CS 43 ETCO2, PAC, PD, 
TEE NA NA

Leslie et al., [36] 2006 Prospective 100 53 PFS+CS 9 ETCO2 NA NA

Rath et al., [37] 2007 Retrospective 46 28.2 PFS 15.2 ETCO2 NA 23.9

Lindroos et al., [38] 2010 Retrospective 72 33 PFS 19 PD, ETCO2 NO CVP LINE 38

Schafer et al., [39] 2011 Retrospective 799 44 PFS 6.5 PD, ETCO2 NA NA

Dilmen et al., [40] 2011 Retrospective 692 43.8 PFS+CS 21.2 ETCO2 NA 28
6495

* - Median age in years, NA - Not applicable (not discussed in the study), PFS- Posterior fossa surgery, CS- Cervical spine surgery, 
PD- Precordial doppler, ETCO2- End-tidal Carbon dioxide, TEE- Transesophageal echocardiogram, PAC- pulmonary arterial catheter, 

ESO STETH- Esophageal stethoscope.
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Our systematic analysis obtained similar results. The incidence of  
VAE did not differ significantly between groups with unknown 
and known PFO status (23.5% and 24.5%, p = 0.88). Comparison 
of  other complications, including PAE, hypotension, myocardial 
infarction, stroke and death, were not feasible due to variation 
in data reportage among studies. As suggested by Kaye et al., 
the most-robust experimental model would include patients 
presenting with PFS or CSS, randomized to the SSP or a non-
SSP after standardization of  anesthesia and surgical techniques 
[72]. “However, no audit will resolve the issues of  the selection of  
suitable patients and their intra- and post-operative management” 
[73, 74]. 

Until further literature is available providing definitive guidelines, 
it is prudent to adhere to the basic physiologic concepts of  SSP 
management and employ advanced monitoring techniques, such 
as TEE preoperatively to evaluate the size and flow direction 
of  intracardiac shunts, and use intraoperative standard ASA 
monitors with arterial line and central venous catheters, with 
proper positioning at the junction of  the superior vena cava and 
right atrium, and precordial Doppler to optimize clinical practice 
during the management of  neurosurgical procedures conducted in 
the SSP for PFO patients. Each planned neurosurgical procedure 
that involves the SSP should be evaluated in terms of  risks and 
benefits to provide superior patient outcomes.

Table 2. Group II (Studies with known PFO status).

Author Year Type of  
Study

Number 
of  cases

Mean Age 
group (Yrs)

Type of  
Surgery

VAE 
incidence 

(%)

Method of  
detection of  

VAE

PFO 
incidence 

(%)
Important events

Hypotension 
Incidence 

(%)
Cucchiara et al., 

[41] 1984 Prospective 15 NA PFS 60 PD, TEE 0 1 PAE, 2 VOCAL 
CORD PALSY NA

Lechat et al., [42] 1986 Prospective 100 NA PFS+CS 18 TEE 10

SITTING POSI-
TION ABORT-
EDD IN PFO 

PT’S

NA

Guggiari et al., 

[43] 1988 Prospective 218 45 PFS+CS 20 ETCO2, PAC 14.2

SITTING POSI-
TION ABORT-

EDD IN 29 PT’S, 
QUADRIPARESIS 

IN 1 PT

NA

Papadopoulus et 

al., [44] 1994 Prospective 62 49 PFS+CS 76 TEE 14.5

SITTING POSI-
TION ABORTED 

IN PFO PTS, 2 
PAE IN NON 

PFO PT’S

8

Schwarz et al., 

[45] 1994 Prospective 226 NA PFS+CS 27.4 PD, ETCO2 25.2 NA NA

Duke et al., [46] 1998 Retrospective 222 NA

VES-
TIBULAR 
SCHWAN-

NOMA

28 TEE, PD, 
ETCO2

33 NA 2

Stendel et al., 

[47] 2000 Prospective 92 51* PFS+CS 55 TEE 26 NA NA

Girard et al., [10] 2003 Retrospective 342 50.1 Tortcollis 
Surgery 2 ETCO2, PD, 

PAC 5

IN PFO PT’S 
SURGERY DONE 

IN PRONE OR 
PARK BENCH 

POSITION

NA

Englehardt et al., 

[48] 2006 Prospective 90 56.5* PFS+CS 10 PD, ETCO2 29

IN PFO PT’S 
SURGERY DONE 

IN PRONE OR 
PARK BENCH 

POSITION

NA

Jadik et al., [49] 2009 Retrospective 187 51.4 PFS 1.6 TEE, ETCO2 21.5

IN PFO PT’S 
SURGERY DONE 

IN PRONE OR 
PARK BENCH 

POSITION

NA

Ammirati et al., 

[50] 2013 Retrospective 41 NA PFS 26.8 PD, ETCO2 20.8

4 of  10 PT’S 
WITH PFO UN-
DERGONE SIT-
TING POSITION 

SURGERY

56.1

Feigl et al., [51] 2013 Prospective 200 42.6 PFS 55.7 TEE, ETCO2 26 NA NA
Ganslandt et al., 

[52] 2013 Retrospective 600 58* PFS+CS 19 TEE, PD, 
ETCO2

4 NA NA

2395

* - Median age, NA- Not applicable (not discussed in the study), PFS- Posterior fossa surgery, CS- Cervical spine surgery, PD- Precordial doppler, 
ETCO2- End-tidal Carbon dioxide, TEE- Transesophageal echocardiogram, PAC- pulmonary arterial catheter, ESO Steth- Esophageal stethoscope.
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Study Limitations

The results of  the current study, with respect to its clinical relevance, 
must be interpreted with caution. In terms of  limitations, the first 
and most important caveat is the potential bias introduced by the 
design of  the studies included in the systematic analysis, because 
they were non-randomized and not adjusted for non-confounding 
variables. The second limitation concerns variation in the sample 
size of  each group (lack of  level A evidence). Third, in the 
majority of  the observational and retrospective studies included, 
the methods used for case allocation and patient selection were 
not clear. Fourth, in group 1 (patients with unknown PFO) the 
patient was not certain to be free of  PFO, considering that the 
prevalence of  PFO is approximately 25% (10-35%). Fifth, there 
are currently no specific guidelines pertaining to neurosurgical 
procedures performed in the SSP, nor to monitoring, such that we 
must depend on the opinions professed in the studies reviewed 
herein.

Conclusions

In summary, the results of  our systematic-analysis clearly show 
that there is no difference among patients in VAE incidence, 
provided a standardized approach is applied with respect to 
patient selection and monitoring methods during semisitting 
neurosurgical procedures. Neurosurgical procedures in the SSP 
can be performed safely under conditions of  precise assessment 
of  inherent, potential, and unavoidable risks. Patient positioning 

should be determined not only on the basis of  intracardiac shunt, 
but should also take into consideration all of  the potential benefits 
and risks of  a particular position, and its effects on the overall 
outcome. Furthermore, stricter guidelines should be developed 
based on properly designed, multicenter prospective studies to 
clarify the indications and risks of  the SSP during neurosurgery.
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