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By Michelle Freshcoln, DNP, CRNA and M. Roseann Diehl, DNP, CRNA

The number of surgical procedures performed in
steep Trendelenburg (ST) is increasing.! Researchers
have found that a patient under general anesthesia
placed in ST for a sustained period of time loses nor-
mal autoregulation of ocular pressures. The loss of
normal autoregulation predisposes the patient to risk
factors of postoperative visual loss (POVL).2 This
article will review POVL, surgery in the ST position,
special considerations for robotic procedures, and
interventions to decrease the risks of POVL.

POVL

Research has documented the prevalence of POVL
in spinal surgeries (0.03%), cardiac procedures
(0.08%), and in the supine positions, but lacks infor-
mation regarding the prevalence of POVL in ST.>®
Although exact causes of POVL are uncertain, the
pathology of POVL has been attributed to compro-
mised blood flow to the optic nerve from either
increased intraocular pressure or decreased blood
and oxygen supply, which leads to ischemia and
visual loss. Increased pressure on the globe of the eye
leads to retinal vascular neuropathy from retinal vas-
cular occlusion. Decreased blood and oxygen supply
to the optic nerve results in ischemic optic neuropa-
thy (ION). (See Anatomy of the eye.)
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The most predictive factor for reaching a critical
intraocular pressure (IOP) threshold is an increased
baseline IOP prior to anesthesia or surgical interven-
tion and the presence of chemosis (edema of the
bulbar conjunctiva producing corneal swelling) after
ST positioning.® Comorbid conditions, such as coro-
nary artery disease, diabetes, and hypertension, can
predispose patients to increased IOP and, therefore,
the potential for POVL. Chemosis or scleral edema
can be observed in patients after ST positioning and
should prompt postoperative visual acuity assess-
ment. Additional studies will likely emerge in the
future, delineating the scope of POVL in the ST
position.

ST and robotic procedures

ST positioning allows gravity to pull abdominal
contents out of the surgical field. ST positioning
may be combined with laparoscopy. Laparoscopy
and ST place patients in an unnatural environment,
which causes several pathophysiologic changes.'
Abdominal insufflation, associated with laparoscopy,
creates pressure within the peritoneal cavity, which
can cause hemodynamic and cardiovascular chang-
es (for example, hypertension, tachycardia, brady-
cardia, ventricular dysrhythmias, and asystole).! All
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intra-abdominal organs are affected by insufflation
(see Pathophysiologic changes during laparoscopic proce-
dures). The ST position forces abdominal contents
and diaphragm migration cephalad, causing poten-
tial difficulty with ventilation and oxygenation.'
Additionally, the loss of cerebral and ophthalmic
autoregulation during general anesthesia can cause
venous congestion and edema of the face and ocu-
lar area.® Eyelid and corneal/conjunctival edema
(chemosis), ecchymosis, and facial edema are char-
acteristic changes shared by both prolonged
ST-positioned patients and patients experiencing
POVL?

Robotic surgery using ST position and laparosco-
py is increasingly used for certain intra-abdominal
procedures (for example, prostatectomy and hys-
terectomy) where the surgeon controls a comput-
erized robotic system from a remote control booth
located several feet away from the surgical field in
the OR.! A major benefit of robotic procedures
(from a surgeon’s perspective) is that they decrease
hand tremors and reduce assistant fatigue from
holding instruments and cameras steady. Other
benefits of robotic procedures (from a patient’s

Anatomy of the eye

perspective) include improved range of motion of
robotic arms facilitating surgical access, smaller inci-
sions, improved three-dimensional visualization in
real time, reduced postoperative pain, and quicker
recovery.!” Disadvantages of robotic procedures
include potential increased length of surgical time
and exposure to general anesthesia (depending on
surgeon skill), limited tactile feedback to surgeon,
need for specific personnel training, increased pro-
cedural cost, and an inability to reposition patients
while the robot is in place. Patients often remain in
ST for several hours.!”

Interventions

The proposed interventions consist of five parts:
discussing the risks and interventions to manage
POVL with the OR team, including, but not limited
to, the surgeon, perioperative nurses, and the anes-
thesia provider; inquiring about patient comorbidi-
ties that could predispose him or her to POVL prior
to undergoing ST under general anesthesia; suggest-
ing administration of dorzolamide hydrochloride-
timolol maleate ophthalmic solution after 2 hours of
persistent ST; attempting a level supine intervention

The illustration below shows a cross-section of the right eye and a portion of the fundus of the eye.
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(LSD for 5 minutes after 4 hours of ST; and per-
forming a visual check immediately in the postoper-
ative period.! #6812

A team approach is required to effectively manage
the risk of POVL. The surgeons, perioperative nurses,
and anesthesia providers must collaborate to design
and follow through with a plan to minimize the risk
of POVL for the patients.

POVL in the ST position is a risk compounded
by the inability to reposition patients during the
length of robot engagement during robotic proce-
dures. Cases often last 4 to 6 hours and have been
documented to last as long as 9.9 hours.”!® A sug-
gested intervention is to alleviate the physiologic
complications of ST by periodically pausing the
robotic procedure and disengaging the robot arms
to allow an intermission from the ST position as a
preventive measure to decrease the risk of POVL.
An LSI should be discussed and decided on by the
surgical team prior to initiation of the procedure so
that all team members may prepare as they see
necessary.

In 2010, Molloy reported results from studying IOP
in patients who sustained continuous ST and com-
pared IOP in patients who had an intermission in ST
using 5 minutes of LSL!" IOP in patients without an
LSI at 120 minutes ranged 25 to 54 mm Hg. The IOP
of the group who received the LSI ranged from 10 to
33 mm Hg (IOP measured by the nurse anesthetists).
When the patients were returned to level supine fol-
lowing the conclusion of the procedure, 11% of the
non-LSI returned to baseline IOP. A return to baseline
IOP was seen in 75% of the patients who received the
LSI'! The patients undergoing an LSI showed a
decreased 10P following the LSI and a quicker return
to baseline as compared with those who did not
receive the LSI.

A review of evidence supports the intervention
to perform an LSI of about 5 to 7 minutes during
lengthy ST procedures.'!"'? Returning the patient to
supine, or a position in which the ocular level is
above the heart, will reduce IOP to below critical
levels and facilitate an earlier return to baseline
upon repositioning to level at the end of the case.!!
Elevated IOP is a risk factor for ION and POVL;
however, there is no one specific cause for POVL.
The intervention of an LSI has the potential to
decrease a contributing cause of POVL.

Using an ophthalmic solution to reduce critical
IOP is an even more appealing intraoperative
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Pathophysiologic changes during
laparoscopic procedures'-?
Cardiovascular:

e Increased systemic vascular resistance
e Increased mean arterial pressure

e Decreased cardiac output

Pulmonary:

e Increased end-tidal carbon dioxide

e Increased inflation pressures

e Decreased functional residual capacity
e Decreased lung compliance

Renal:

e Decreased renal blood flow

e Decreased urine output

Hepatic:

e Decreased portal flow

option. Unlike an LSI, eye drops can be adminis-
tered without surgical interruption. Dorzolamide
hydrochloride-timolol maleate ophthalmic solution
is a topical carbonic anhydrase inhibitor and beta-
adrenergic blocking agent, typically used in the
treatment of glaucoma, and has been shown to
be effective in reducing the increased IOP that
results from ST while under general anesthesia.'!
Dorzolamide hydrochloride-timolol maleate oph-
thalmic solution should be administered by the
anesthesia provider per the manufacturer’s recom-
mendations and at the physician’s and anesthesia
provider’s discretion.

Using the dorzolamide hydrochloride-timolol
maleate ophthalmic solution after 2 hours of ST,
followed by an LSI of 5 minutes after 4 hours of
ST, are effective ways to decrease the risk of POVL
during general anesthesia in the ST position.°
Further research is needed to identify the most
optimal time and frequency to administer the
ophthalmic solution and perform an LSI. Both
interventions of LSI and utilization of eye drops
decrease IOP below the critical threshold.?

The team approach

Patients under general anesthesia in the ST posi-
tion for a sustained period of time experience
increased IOP and are at an increased risk of
developing POVL. During the time out in the
OR, perioperative nurses can provide the follow-
ing suggestions for interventions for the patient
undergoing a procedure that requires the ST
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position: discussing the risks and interventions to
manage POVL with the OR team including, but
not limited to, the surgeon, scrub person, and the
anesthesia provider; inquiring about patient
comorbidities that could predispose him or her
to POVL prior to undergoing ST under general
anesthesia; suggesting administration of dorzol-
amide hydrochloride-timolol maleate ophthalmic
solution after 2 hours of persistent ST®; suggesting
an LSI for 5 minutes after 4 hours of ST; and
performing a visual check immediately in the
postoperative period. OR
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