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Abstract

Background Surgery in the Trendelenburg position (TP) with pneumoperitoneum (PP) is beneficial in several aspects
but is associated with postoperative complications, such as postoperative nausea and vomiting (PONV). The mecha-
nism behind this is unknown, but an increase in intracranial pressure (ICP) has been suggested. There are several stud-
ies of non-invasively estimated ICP during surgery in TP with PP. The association between perioperative estimated ICP
and postoperative complications has not yet been reviewed.

Methods We performed a scoping review of peer-reviewed clinical studies reporting on both perioperative esti-
mation of ICP and postoperative complications in patients undergoing surgery in TP with PP. The literature search
was performed in February 2025 on PubMed, CINAHL, and Web of Science.

Results and conclusions Ten of 12 included studies suggested associations between perioperative elevation of esti-
mated ICP and postoperative complications, most notably PONV. This may have clinical implications since elevated
ICP can be treated. Future research should focus on the association between perioperative ICP estimation and post-
operative complications and the effects of ICP-lowering strategies on postoperative outcomes.
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Background

Challenges and complications related to surgery

in Trendelenburg position with pneumoperitoneum

In laparoscopic or robot-assisted surgery in the pel-
vis, pneumoperitoneum (PP) with carbon dioxide and
Trendelenburg position (TP) is used to provide the

*Correspondence:

Jakob Pansell

jakob.pansell@regionstockholm.se

! Karolinska University Hospital, Solna, Sweden

2 Karolinska Institutet, Solna, Sweden

3 Karolinska Institutet, The Institution of Physiology and Pharmacology,
Solna, Sweden

4 Karolinska Institutet, The Institution of Clinical Neuroscience, Karolinska
Universitetssjukhuset Solna, CIVA E5:67, 171 76 Stockholm, Sweden

B BMC

surgeon with the best access and visibility to the surgi-
cal site. TP uses varying degrees of head-down tilt, from
a few degrees to extreme TP at 30°. The advantages of
laparoscopic or robot-assisted abdominal surgery over
laparotomy are many and include reduced length of hos-
pitalization and faster return to work [1, 2].

Despite the advantages associated with laparoscopic
and robot-assisted surgery, it is not free of postop-
erative complications. A major concern expressed by
patients undergoing laparoscopic surgery is postopera-
tive nausea and vomiting (PONV) [3, 4]. As many as
50-80% of women suffer from PONV after laparoscopic
gynecological surgery [5]. The presence of PONYV also
constitutes a problem after robot-assisted laparo-
scopic radical prostatectomy [6]. Fear of postoperative
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nausea and vomiting is more of a concern to patients
undergoing laparoscopic surgery than fear of postop-
erative pain. The high frequency of PONV after lapa-
roscopic surgery remains a problem even with the use
of total intravenous anesthesia (TIVA) and multimodal
antiemetic therapy [7].

Laparoscopic and robot-assisted surgery offer chal-
lenges regarding anesthetic considerations. The hemo-
dynamic and respiratory effects of PP and TP and the
management of these effects have been well described
in the literature [8]. There are, however, additional fac-
tors that need to be addressed when anesthetizing a
patient for this type of surgery. Positioning has docu-
mented effects on intracranial pressure (ICP), where
elevation of the head decreases ICP, and lowering of
the head increases ICP. This phenomenon is caused
by an increased CVP in the supine or head-down posi-
tion, leading to cerebral venous stasis [9-11]. In cerebral
venous stasis, cerebral veins dilate, leading to an increase
in ICP due to the finite intracranial volume as described
in the well-known Monroe-Kellie doctrine [12]. PP has
also been shown to elevate invasively measured ICP in
observational studies performed in patients undergoing
laparoscopic insertion of ventriculoperitoneal shunts [13,
14]. In PP, carbon dioxide is commonly used to insufflate
the abdomen. Carbon dioxide diffuses to the blood, lead-
ing to a rise in arterial pCO2 [15]. Both TP and PP also
have well-documented negative effects on lung compli-
ance due to cranial dislocation of the diaphragm. This
further compounds the risk of an increase in pCO2 by
adding the risk of hypoventilation due to poor lung com-
pliance [16]. Carbon dioxide increases cerebral blood
flow by dilation of cervical and cerebral blood vessels
[17, 18]. In the pCO2 range between 20 and 80 mmHg,
every 1 mmHg increase in pCO2 has been reported to
correspond to a 3% increase in cerebral blood flow. This
can lead to cerebral hyperemia and an increase in ICP
in hypercapnia. Conversely, hypocapnia can lead to cer-
ebral ischemia caused by cerebral vasoconstriction [19,
20]. There is, however, also a direct effect of abdomi-
nal pressure on ICP, regardless of pCO2, likely medi-
ated by increased venous stasis, similar to the effects
of TP described previously [21]. Since both PP and TP
have documented ICP elevating effects, there is reason
to expect that surgeries with PP and TP will lead to an
increase in ICP, often during several hours.

Invasive monitoring of ICP is a cornerstone of mod-
ern neurocritical care. The gold standard for ICP moni-
toring is intraventricular drainage, surgically inserting
a drain into the ventricular system of the brain [22-24].
Such invasive monitoring of ICP is associated with risks,
particularly bleeding and infections [25, 26]. Therefore,

Page 2 of 12

invasive ICP monitoring is not a viable option to study
ICP in patients undergoing surgery with PP in the TP.

Non-invasive methods to estimate intracranial pressure
Due to the risks involved in invasive ICP monitoring,
non-invasive estimation of ICP has been researched
for many years. The most studied and most promising
options for non-invasive estimation of ICP are sono-
graphic measurement of the optic nerve sheath diameter
(ONSD) and transcranial doppler (TCD) [26, 27]. The
rationale for ONSD is that the optic nerves are enclosed
in the cerebral meninges, surrounded by a thin subarach-
noid space with circulating CSF. Under normal circum-
stances, this is communicating with the subarachnoid
space surrounding the brain and the ventricular system
inside the brain. An increase in ICP therefore will lead to
an equal increase in the pressure in the CSF surround-
ing the optic nerves. This in turn leads to a dilation of the
optic nerve sheath and thereby to an increase in ONSD
[28].

Ocular ultrasound has been used to measure ONSD for
more than 30 years [29]. A recent meta-analysis of ONSD
as a method to diagnose elevated ICP yielded a sensitiv-
ity of 0.90, a specificity of 0.88, and an area under the
receiver operator characteristics curve (AUROC) of 0.95
[30]. This apparently excellent diagnostic accuracy should
however be interpreted with caution. There are differ-
ences in measurement methods between studies, with
ONSD being measured either external (ONSDext) or
internal (ONSDint) of the dura mater. Such discrepancies
obviously result in different ONSD cut-offs for elevated
ICP, depending on the method used. Only recently has a
consensus document been published on the ONSD tech-
nique, recommending the ONSDint approach but stating
that evidence supporting one over the other is lacking
and that future studies should use both techniques and
compare them [31]. Future studies will show if ONSD
sonography maintains its excellent diagnostic capabili-
ties when performed according to the consensus guide-
lines. Previous studies with more well-defined methods
for ONSD measurement, and attempts at blinding opera-
tors for invasively measured ICP, yield more conserva-
tive AUROC: just above 0.70. Due to these uncertainties,
there is currently no consensus regarding the ONSD
threshold to diagnose pathologically elevated ICP [32—
34]. Nonetheless, changes in ONSD within an individual
over short time spans can be considered reliable indica-
tors of corresponding changes in ICP [35, 36].

The rationale for TCD as a non-invasive estimate of
ICP is that ICP affects cerebrovascular resistance by
external pressure on cerebral blood vessels. Thereby,
cerebral blood flow velocities are affected by ICP [27].
Several different TCD measurements, for instance,
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pulsatility index (PI) and diastolic flow velocity, have
shown promise as estimates of ICP, commonly meas-
ured in the medial cerebral artery via the transtemporal
acoustic window. A recent review reported AUROC:s for
TCD-based screening of elevated ICP ranging from 0.35
to 0.92 but with most studies reported AUROCs around
0.70 to 0.80 [37]. Limitations of TCD-based estimation of
ICP are, for instance, difficulties to insonate via the tran-
stemporal acoustic windows in some patients and meas-
urement errors caused by insonation angles [27].

Non-invasive estimation of ICP in patients undergoing
surgery with PP and TP

ONSD has been used repeatedly as an ICP surrogate in
studies of patients undergoing surgery in the TP with PP.
Ten such studies, including a total of 433 patients, were
meta-analyzed by Kim et al. in 2018 [38]. This meta-
analysis shows that ONSD rises immediately and sig-
nificantly, both when initiating PP and when initiating
TP. ONSD does not continue to increase over time, and
it returns to baseline after cessation of PP and returns to
normal position. Studies of TCD in patients undergoing
surgery in TP with PP, though few, also seem to indicate
a transient rise in ICP during surgery in TP with PP [39,
40]. Given the known association between ONSD and
ICP and the physiology involved, the most reasonable
interpretation is that changes in ICP actually occur dur-
ing TP with PP. Elevated ICP is a well-known contributor
to neurological complications in other settings [22]. Still,
any potential association between perioperative non-
invasive estimation of ICP and postoperative complica-
tions has not been reviewed. A review of the available
evidence may generate new hypotheses for mechanisms
leading to postoperative complications. It may also sug-
gest therapies to prevent or reduce postoperative com-
plications that could be explored in future research. The
aim of this scoping review is to describe the currently
available evidence regarding any associations between
postoperative complications and perioperative elevation
of non-invasively estimated ICP in patients undergoing
surgery in TP with PP.

Methods

This scoping review included peer-reviewed observa-
tional studies and randomized controlled trials, includ-
ing patients aged >18 years undergoing laparoscopic or
robot-assisted surgery in TP with PP. We included all
studies reporting on both perioperative non-invasive
estimation of ICP and postoperative complications in
a way that potential associations between them could
be examined. Due to a small number of available arti-
cles, we included not only articles using estimated ICP
as exposure and postoperative complications as primary
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outcomes but all articles reporting on both estimated
ICP and postoperative complications. Only full-text
manuscripts published in English were included. No limit
on the year of publication was applied.

We formulated the research question by applying
the structure of PEO (patient, exposure, outcome). We
searched PubMed, CINAHL, and Web of Science using
the keywords Trendelenburg, pneumoperitoneum, lapa-
roscopic surgery, ONSD, TCD, ICP, postoperative, and
complications. These searches generated synonyms from
MeSH terms, which were then added to the original key-
words, using the Boolean operator OR, to expand the
search. Utilizing keywords and MeSH terms, applying the
Boolean operator AND in different search combinations
while searching all fields, ultimately enabled the search to
be narrowed to find the relevant literature (see Table 1).
The literature search was performed on PubMed,
CINAHL, and Web of Science in February 2025. After
removal of duplicates, articles were initially screened by
title and then once again by reading the abstracts to iden-
tify inclusion criteria.

The heterogenous design of the included studies pre-
cluded a meta-analysis or a systematic review. We read
all included articles in full-text several times. Postop-
erative complications were gathered into groups, and
their potential association with perioperative non-inva-
sively estimated ICP was analyzed. We synthesized and
described the results by groups of postoperative compli-
cations. Any similarities or inconsistencies between the
reported correlation on perioperative ICP estimation and
postoperative complications were sought and presented
in the results section by category. Potential confounding
in observational studies was assessed by searching for
reported significant differences in potential confound-
ers between groups with a higher increase in estimated
ICP, compared to groups with lower increases in ICP. We
evaluated age, sex, anesthetic regime, analgesia regime,
duration of surgery, ASA classification, comorbidities,
perioperative hemodynamics, blood loss, and periopera-
tive ventilatory management as potential confounders.
Since this was a review of published literature, no ethical
permission was required.

Results

The literature search yielded 178 hits after the removal
of duplicates. Of these articles, 87 were removed after
screening on the title. Another 79 articles were excluded
after screening the abstracts. Twelve clinical studies
reporting on both perioperative non-invasive estimation
of ICP and postoperative complications were included in
the analysis. A search on references cited in the selected
articles or using links to related articles did not provide
any additional articles for inclusion. For characteristics of
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the studies, see Table 2. The postoperative complication
categories identified were PONV, postoperative head-
ache, cognitive dysfunction, inadequate emergence from
anesthesia, delirium, and vertigo. The studies included a
total of 838 patients [41-52] (see Table 3).

Estimated ICP and PONV

The most studied postoperative complication was PONYV,
which was used as a primary or secondary outcome in six
of the studies, including a total of 382 patients [41-44,
47, 48]. It was positively associated with PONV in four
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of these six studies, including 273 patients [41, 42, 47,
48]. The degree of perioperative increase in ONSD was
significantly associated with PONV in an observational
study of 61 patients undergoing surgery in TP with PP.
An optimal ONSD threshold to predict PONV was iden-
tified at 5.85 mm. The patients were assessed for PONV 3
h postoperatively. ONSD at the identified threshold pre-
dicted PONV with a sensitivity of 0.85 and a specificity of
0.70 [41].

Besir and Tugcucil also demonstrated a strong asso-
ciation between perioperative elevation of ONSD and

Table 2 Characteristics of included articles

Year Author Design N patients Exposure/intervention Outcome categories

2019 Chenetal Obs 90 JWVI ONSD, cognitive function

2020 Colombo et al Obs 20 TP and PP ONSD and emergence

2020 Yilmaz et al Obs 61 ONSD PONV, headache

2021 Bangetal Obs 67 ONSD Emergence, PONV, headache, vertigo,
cognitive function

2021 Besir and Tugcugil RCT 60 Hypervent ONSD, PONV

2022 Kim et al RCT 42 Propofol vs Sevoflurane ONSD, PONV

2022 Zhuetal RCT 90 Dex ONSD, PONV, headache, vertigo

2023 Yang et al Obs 80 1JV catheter ONSD, cognitive function, emergence

2023 Park et al RCT 62 Remimazolam vs Sevoflurane Cerebral oxygenation, ONSD, PONV

2023 Aceto et al Obs 60 TCD derived ICP Cognitive function

2024 Song et al Obs 140 ONSD Cognitive function

2024 Rehabetal RCT 66 Lidocaine Headache

Abbreviations: CAM confusion assessment method, Dex dexmedetomidine, ICP intracranial pressure, UV internal jugular vein, JVVI internal jugular venous valve
insufficiency, Hypervent hyperventilation, MMSE mini-mental state examination, N/A not applicable, Obs observational, ONSD optic nerve sheath diameter, PACU-LOS
post-anesthesia care unit length of stay, PONV postoperative nausea and vomiting, PP pneumoperitoneum, RCT randomized controlled trial, TCD transcranial doppler,
TP Trendelenburg position

Table 3 Reported association between perioperative elevation of estimated ICP and postoperative complications in the included
studies, categorized by complication

Association between perioperative elevation of estimated ICP and postoperative complications, categorized by complication

Year Author PONV Inadequate Headache Cognitive dysfunction/  Vertigo
emergence delirium

2019 Chenetal N/A N/A N/A Yes N/A
2020 Colombo et al N/A No N/A N/A N/A
2020 Yilmaz et al Yes N/A Yes N/A N/A
2021 Bang etal No Yes No No No
2021 Besir and Tugcugil Yes N/A N/A N/A N/A
2022 Kim et al No N/A N/A N/A N/A
2022 Zhu et al Yes N/A Yes N/A Yes
2023 Yang et al N/A Yes N/A No N/A
2023 Park et al Yes N/A N/A N/A N/A
2023 Aceto et al N/A N/A N/A Yes N/A
2024 Song et al N/A N/A N/A Yes N/A
2024 Rehab et al N/A N/A Yes N/A N/A

N/A not applicable, ONSD optic nerve sheath diameter, PONV postoperative nausea and vomiting
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PONYV during the first 24 postoperative hours. In this
RCT, 60 patients undergoing surgery in TP with PP
were randomized to normoventilation or slight hyper-
ventilation. The hypothesis was that hyperventilation
would decrease ICP through cerebral vasoconstriction
and thereby decrease the frequency of PONV. Hyper-
ventilation alleviated the rise in ONSD, compared to
normoventilation, as hypothesized. During the first 2 h
postoperatively, 17% in the normal ONSD (hyperventi-
lated) group and 80% in the elevated ONSD (normoven-
tilated) group experienced PONV. During hours 2 to 24
postoperatively, 33% in the normal ONSD group and
60% in the elevated ONSD group experienced PONV.
No patients in the normal ONSD group experienced
more than two episodes of PONV during hours 2 to 24,
whereas 43% in the elevated ONSD group experienced
three or more episodes of PONV [42]. Another rand-
omized controlled study by Zhu et al. demonstrated a
strong association between lower perioperative ONSD
and a lower frequency of PONV. This study evaluated
the effects on ONSD of adding dexmedetomidine to
anesthesia during surgery in TP with PP and its asso-
ciation to postoperative complications. Ninety patients
were included in this study. The addition of dexmedeto-
midine resulted in a lower ONSD as well as a more than
halved frequency of PONV with 18% compared to 49%
[47]. Park et al. performed an RCT of remimazolam vs
sevoflurane in 62 patients undergoing surgery in the TP
with PP, where remimazolam resulted in a significantly
lower ONSD as well as a significantly lower use of rescue
antiemetics in the post anesthesia care unit. Interestingly,
although the frequency of rescue antiemetics was signifi-
cantly lower, the frequency of reported PONV was only
non-significantly lower [48].

However, two of the studies, including 109 patients,
reported no association between the degree of elevation
in estimated ICP and PONV. The RCT by Kim et al. com-
pared the effects of propofol anesthesia vs sevoflurane
anesthesia on ONSD in 42 patients undergoing surgery in
TP with PP. As a secondary outcome, they also reported
PONV. There was a noteworthy low frequency of PONV
in this study, occurring in only two out of all 42 patients.
Both of these patients were in the sevoflurane group,
which also showed a significantly higher ONSD, but this
10% vs 0% difference in PONV frequency did not reach
statistical significance [43]. Finally, Bang et al. performed
an observational study on 67 patients undergoing sur-
gery in the TP with PP. With a threshold for perioperative
ONSD increase set at>10%, ONSD could not predict
PONYV, either in the postoperative unit or on postopera-
tive day 3 [43].
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Estimated ICP and inadequate emergence from anesthesia
Inadequate emergence from anesthesia was used as a pri-
mary outcome in three studies, including a total of 167
patients [43, 46, 49]. Two of these studies, including 147
patients, showed an association between perioperative
ONSD and inadequate emergence from anesthesia. The
threshold for ONSD increase>10%, as used by Bang
et al,, occurred in 36 out of 67 patients undergoing sur-
gery in the TP with PP. Of these 36 patients, 47% showed
some form of inadequate emergence from anesthesia,
mainly delayed awakening and a low RASS in the oper-
ating theatre. The duration of this was not described,
though there were no differences in RASS in the post
anesthesia care unit. Of the patients with an ONSD
increase of<10%, inadequate emergence was reported
in merely 13% [43]. In the study by Yang et al., internal
jugular vein catheterization was shown to be associated
with internal jugular vein valve regurgitation and thereby
also a larger increase in ICP as estimated by ONSD. The
group with an internal jugular vein catheter, and hence
the group with a higher ONSD, showed a significantly
longer time to eye-opening [49]. On the other hand,
Colombo et al. could not show any association between
the degree of ONSD-elevation and time to eye-opening
or extubation after cessation of propofol and remifenta-
nil, in 20 patients undergoing surgery in TP with PP [46].

Estimated ICP and postoperative headache

Headache was used as a primary or secondary outcome in
four studies, including a total of 284 patients [41, 43, 47,
51], and perioperative increase in ONSD was associated
with postoperative headache in three of these, includ-
ing 217 patients [41, 47, 51]. In the observational study
by Yilmaz et al., patients experiencing headaches within
3 h after recovery from surgery in TP with PP showed a
significantly higher increase in ONSD intraoperatively
[41]. In the randomized controlled study by Zhu et al.,
perioperative elevation of ONSD was strongly associated
with postoperative headache. This study evaluated the
addition of dexmedetomidine to anesthesia in 90 patients
undergoing surgery in TP with PP. The dexmedetomidine
group showed significantly lower ONSD intraoperatively,
and postoperative headache was significantly less com-
mon in this group at 13% compared to 42% in the control
group [47]. Likewise, in an RCT by Rehab et al., including
66 patients, intravenous lidocaine was associated with
both a lower perioperative ONSD and a lower frequency
of postoperative headache [51]. Conversely, Bang et al.
did not report any difference in postoperative headache
associated with intraoperative ONSD elevation>10% in
67 patients undergoing surgery in TP with PP [43].
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Estimated ICP, cognitive dysfunction, and postoperative
delirium

Cognitive function and delirium were used as primary or
secondary outcomes in five studies, including a total of
437 patients [43, 45, 49, 50, 52]. In three of these studies,
including 290 patients, perioperative non-invasively esti-
mated elevation of ICP was associated with postoperative
cognitive dysfunction or delirium [45, 50, 52]. In both the
study by Chen et al. and the study by Song et al., perioper-
ative elevation of ONSD was associated with lower scores
on the postoperative Mini-Mental State Examination
(MMSE). A mild but statistically significant lower average
MMSE as well as an increase in the confusion assessment
method score (CAM) was present up to 4 days after sur-
gery in patients with larger perioperative ONSD [45, 50].
In the study by Aceto et al., postoperative cognitive func-
tion was tested on the day before surgery and the second
postoperative day postoperatively, using the Rey Audi-
tory Verbal Learning Test, the Raven’s Progressive Matri-
ces test, the trail-making test, the Clock drawing test, a
phonemic and semantic verbal fluency test, and the Rey—
Osterrieth complex figure test. Delirium was assessed by
CAM. Cognitive function on the second postoperative
day was impaired in 20 patients of 60, and the intraop-
erative ICP estimated by TCD was higher in this group
compared to patients with normal cognitive function on
postoperative day 2. On the other hand, Bang et al. did
not find any association between intraoperative ONSD
increase of>10% and postoperative delirium or postop-
erative MMSE, or neurologic function on postoperative
day 3, in 67 patients [43]. Likewise, Yang et al. did not
find any association between perioperative ONSD and
delirium on postoperative day 3 in 80 patients [49].

Estimated ICP and postoperative vertigo

Finally, vertigo was used as a secondary outcome in
two studies, including a total of 157 patients [43, 47]. In
the study by Zhu et al,, a smaller perioperative ONSD

Table 4 Assessment of confounding
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increase was associated with a more than halved fre-
quency of self-reported dizziness in 90 patients. This
study examined the effects of adding dexmedetomidine
to anesthesia in patients undergoing surgery in TP with
PP. In the dexmedetomidine group, with lower ONSD,
the frequency of postoperative dizziness was 20%, com-
pared to 56% in the control group [47]. However, Bang
et al. did not find any association between intraoperative
ONSD increase of >10% and postoperative vertigo in 67
patients [43].

Potential confounding

For the observational studies, we assessed potential
confounding by age, sex, anesthetic regime, analgesia,
duration of surgery, ASA classification, comorbidities,
perioperative hemodynamics, blood loss, or periopera-
tive ventilation. These are summarized in Table 4. Over-
all, none of the reported results are suggestive of
significant confounding.

Discussion
Ten of the 12 included studies reported an association
between perioperative elevation of estimated ICP and
at least one of the postoperative complications PONYV,
headache, inadequate emergence, delirium or cognitive
dysfunction, or vertigo. The currently available evidence
is insufficient and too heterogenous for a systematic
review or meta-analysis. However, for PONYV, headache,
inadequate emergence, or cognitive dysfunction, the
majority of the included studies reporting on these out-
comes suggest that they may be associated with the mag-
nitude of perioperative increase in ICP. Still, with most
of these being reported as secondary outcomes, we urge
caution in interpreting these results. With regard to ver-
tigo, the results are contradictory, and no conclusions
can be drawn.

The groups of postoperative outcomes identified in the
included studies may be considered benign. Likewise,

Evidence of confounding on the association between estimated perioperative intracranial pressure and postoperative complications

Study Age Sex Anaesthetic Analgetic Duration ASA Comorbidities Hemodynamics Blood loss Ventilatory
regime regime of surgery classification management
Yilmaz No N/R No No N/R N/R N/R N/R N/R No
Bang No N/A  No No N/R No No N/R N/R N/R
Colombo N/R N/A N/R N/R N/R N/R N/R N/R N/R N/R
Yang No No No No No No No No N/R No
Song No  N/A  N/R N/R No N/R N/R N/R No N/R
Aceto No  N/A No No No No N/R No N/R N/R
Chen No  N/A  N/R N/R No N/R N/R No No N/R

N/A not applicable, N/R not reported
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the increase in ICP in TP with PP is transient. Still, case
reports demonstrate that persisting cerebral edema and
elevated ICP after surgery in TP with PP do occur and
can result in serious conditions requiring intensive care
[53-55]. A pathologically low bispectral index (BIS) has
also been reported in a patient during surgery in TP with
PP, resolving after cessation of TP and PP. The authors of
that case report suggest that the phenomenon was likely
caused by an elevated ICP [56]. It could be speculated
that the cerebral venous stasis caused by TP and PP may
increase the risks of cerebral thromboembolism or hem-
orrhage. A targeted literature search yielded no reports
of cerebral thromboembolism associated with TP and PP.
We found one case report of lethal intracerebral hemor-
rhage possibly caused by TP during gamma knife treat-
ment [57]. Likewise, infarction of a pituitary adenoma
likely caused by surgery in TP with PP has been reported
[58]. Still, these serious complications seem very rare. It
should also be noted that although ICP likely increases
during TP, there is also an increase in both arterial blood
pressure and cardiac output [59]. This may alleviate some
of the negative effects of an elevated ICP by maintaining
an adequate cerebral perfusion pressure (CPP). Studies
have shown that though ICP may increase, CPP often
remains unchanged during TP with PP [39] and that cer-
ebral oxygenation may even increase [60]. This suggests
that cerebral ischemia is unlikely in the setting of ele-
vated ICP caused by TP and PP. Still, it may also indicate
cerebral hyperemia with concomitant risks of cerebral
edema.

Although PONYV rarely constitutes a life-threatening
condition, it causes suffering for the patient experiencing
it, and it may also lead to prolonged postoperative recov-
ery [61]. A previous review shows that PONV is the sec-
ond most common postoperative complaint by patients
even though for decades; several studies have been made
to examine the cause [62]. In a survey by Macario et al.,
101 patients were asked to rank their most undesirable
postoperative outcomes where vomiting came in first and
nausea in fourth place. This was regardless of whether
they had previously suffered from PONV or not. The
findings also suggest the need for an individualized care
plan for different patient categories [63]. No qualitative
studies examining a potential association between perio-
perative estimated ICP and postoperative patient expe-
riences were found. Only five studies [43, 45, 49, 50, 52]
report on postoperative outcomes or recovery beyond
the day of surgery. None of the studies reporting on
PONYV assessed this complication beyond the first 24 h
postoperatively.

Laparoscopic and robot-assisted surgery are becom-
ing increasingly more common, and the length of hos-
pital stay is shorter than after having undergone open
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abdominal surgery. Laparoscopic hysterectomy is a pro-
cedure that is increasingly being performed as same-day
surgery [64]. This indicates that, overall, the benefits of
laparoscopic and robot-assisted surgery outweigh the
risks and that serious complications are rare. For this
group of patients, health-related quality of life is scarcely
reported but may very well be impacted by short- and
long-term complications. Quantitative studies, such as
the studies reviewed here, carry the risk of overlooking
subjective aspects that are of significance to patients [65].

Contradictory results

Some of the contradictory results warrant further discus-
sion. It should be noted that with regards to inadequate
emergence from anesthesia, the study with a negative
result may be questioned due to both a small sample size
and possibly a poor choice of outcome measures [46],
as discussed further below. Also, it should be noted that
when reviewing the evidence by category of complica-
tion, one study [43] accounts for several of the negative
results. With this small amount of evidence at hand, we
caution that unproportionate weight should not be given
to any single publication simply because it reported many
outcome measures.

One of the two negative studies reports a non-signifi-
cant difference in PONV, but with a very low overall fre-
quency of PONV at 5% [44]. This warrants a discussion
regarding sample size and power. Based on the results
and characteristics of this study, a power calculation
using a chi® test was performed, yielding a power of
merely 0.31 for the conclusion that perioperative ONSD
and PONYV are not associated, cautioning that this study
may have been too small to draw any conclusions on the
matter. It should be noted that the primary purpose of
that study was to compare the effects on ONSD of propo-
fol anesthesia vs sevoflurane anesthesia, and it was not
designed nor powered to study the association between
perioperative ONSD and PONYV. Neither did the authors
make any such claim. The other study, not showing any
association between perioperative ONSD and postop-
erative outcomes, used time to eye-opening and time to
extubation after cessation of propofol and remifentanil
as the primary outcome [46]. This was a small study with
only 20 patients. Altogether, both negative studies are at
risk of being underpowered.

Limitations

The most obvious limitation with this scoping review
is the small amount of available peer-reviewed evi-
dence, with merely 12 studies and a total of 838 patients
involved. Hand searching or in-depth search of grey liter-
ature might have yielded unpublished studies of interest
to the research question. Also, only articles that offered
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full text in English were included, which may have con-
tributed to language bias. Studies reporting perioperative
non-invasively estimated ICP as related to postopera-
tive outcomes are few and heterogenous with regards to
both methods and evaluation of outcomes, precluding a
meta-analysis or systematic review. We included all stud-
ies reporting on the association between perioperative
estimated ICP and postoperative outcomes, regardless of
whether this was the primary analysis of the study. Only
four of the included studies were primarily designed to
analyze the association between perioperative estimated
ICP and postoperative outcomes [41, 43, 50, 52].

Although the inclusion of results from secondary and
exploratory analyses provided more data, it may also
have introduced reporting bias and confounding. In the
studies not primarily designed to explore the association
between perioperative estimated ICP and postopera-
tive outcomes, it is not possible to discern unmeasured
direct effects of the exposure from hypothesized indirect
effects via the ICP pathway. The associations between
estimated ICP and postoperative outcomes in these
studies may thus be caused by confounding. There is an
overall higher risk of PONV in women than in men [66].
With ONSD possibly being a more accurate estimate of
ICP in women than in men [67], this is a potential source
of confounding if ONSD increases more with ICP in
women, and women also are at greater risk of suffering
from PONV. Still, there is no obvious difference in results
between the reviewed studies only including men and
the reviewed studies only including women. Further, in
the observational study including both men and women
that reported on sex differences, there was no evidence of
confounding by sex [49].

The risk of postoperative delirium increases with age
in laparoscopic surgery [64]. Still, six out of seven obser-
vational studies evaluated age for confounding on their
results and could not show any significant age-related
differences. None of the other variables we analyzed
showed signs of significant confounding of the associa-
tion between estimated ICP and postoperative outcomes
in the studies that reported on them. Nonetheless, not all
studies reported on all potential confounders, and con-
founding can therefore not be entirely ruled out. Further,
reports on possible associations between estimated ICP
or postoperative complications in relation to the angle
of tilt, duration of TP, or insufflation pressure are scarce,
and no conclusions can be drawn with regard to this.

Reporting of multiple outcome variables is another
limitation with several of the studies reviewed. None of
the studies performed Bonferroni corrections for mul-
tiple outcome variables. The estimates of statistical sig-
nificance in the studies reporting on several outcome
measurements should be interpreted cautiously due to
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the increased risk of random findings caused by multiple
analyses.

Another obvious limitation with this review is that nei-
ther ONSD nor TCD are methods to measure ICP. They
are non-invasive methods to estimate ICP, and as such,
they have several limitations. Importantly, the methodo-
logic discrepancies in ONSD studies mean that there is
no consensus regarding the optimal ONSD threshold to
diagnose a pathologically elevated ICP [32]. None of the
included studies using ONSD report on whether ONS-
Dext or ONSDint was the preferred approach. It should
be noted that all of the included studies using ONSD to
estimate ICP were published prior to the recently pub-
lished consensus document on ONSD methodology [31].
Poor inter-rater reliability for ONSD is another concern
with this technique. Although our research group has
shown that ONSD can be performed with an excellent
inter-rater reliability [68], none of the studies included
in this review report on inter-rater reliability. However,
a poor inter-rater reliability is more likely to introduce
general noise in the data, leading to underestimation of
results rather than introduce bias. Another limitation
of ONSD is that it has recently been shown that there
may be large and important sex differences in the diag-
nostic accuracy for ONSD to identify elevated ICP [67].
Thus, no conclusion can be drawn with regard to either
the magnitude of the ICP increase, the frequency of
pathologically high ICP, or any sex differences in the
ICP response to TP and PP. This is an important limita-
tion and question for future studies to address. Still, since
invasive ICP monitoring is not an option, ONSD and
TCD are reasonable alternatives with their well-known
associations with invasively measured ICP. Though abso-
lute levels of ICP are currently not achievable in this con-
text, all available evidence indicates that ICP rises during
TP with PP.

Directions for future research

The effects of TP and PP on ONSD have been well-
documented and meta-analyzed [38]. There is however
still a lack of evidence regarding the magnitude of ICP
increase during TP and PP, as well as the frequency of
pathologically elevated ICP. Although this review sug-
gests associations between perioperative elevation of
ICP and postoperative outcomes, we urge caution in
interpreting these findings. Further research in larger
cohorts is necessary to establish any such associations
with a degree of certainty that may guide clinical prac-
tice. There is also currently a lack of qualitative studies of
the association between perioperative estimated ICP and
patient’s postoperative experiences. Finally, there is still a
need for more evidence regarding the effect on postop-
erative complications of potential interventions aimed
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at mitigating the perioperative increase in ICP. There are
risks inherent in several of the potential interventions
aimed at the perioperative increase in ICP. Hyperventila-
tion, for example, may mitigate such an increase in ICP
but also carries the risk of cerebral ischemia caused by
cerebral vasoconstriction discussed earlier. There is cur-
rently not enough evidence to recommend such interven-
tions aimed at reducing the ICP effects of TP and PP.
All these questions may be addressed in future studies.

Strengths

With the lack of evidence in the field, we believe a scop-
ing review is a well-suited approach, identifying future
research questions rather than providing answers or
guidance to clinical practice. The main strength with this
scoping review is that it is the first-ever review of the evi-
dence regarding a possible association between perioper-
ative estimation of ICP and postoperative complications
in patients undergoing surgery in TP with PP. Further, it
was performed with systematic searches of three large
databases, PubMed, CINAHL, and Web of Science. The
heterogeneity of the cohorts, anesthetic regimes and
surgical interventions also is a strength. By providing a
wide underlying material, this increases generalizability
and decreases the risk that the phenomenon reported is
restricted to certain cohorts, anesthetic regimes, or sur-
gical interventions.

Conclusions

There is a perioperative increase in non-invasively esti-
mated ICP during surgery in TP with PP. This may be
associated with postoperative complications, particularly
PONYV, which is a very common complication to sur-
gery in TP with PP. Still, studies are few, contradictive,
and the complications reviewed here were, for the most
part, reported as secondary outcomes. The suggested
associations may be weak or caused by confounding. Fur-
ther research is necessary to establish the association—if
any—between estimated ICP and postoperative compli-
cations. Likewise, more research is needed to determine
whether better postoperative outcomes can be achieved
by mitigating perioperative ICP increase.
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