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Abstract

Minimally invasive surgery (MIS) is rising in popularity. It offers well-known benefits to the patient. However, restricted
access to the surgical site and gas insufflation into the body cavities may result in severe complications. From the an-
aesthetic point of view MIS poses unique challenges associated with creation of pneumoperitoneum, carbon dioxide
absorption, specific positioning and monitoring a patient to whom the anaesthetist has often restricted access, in
a poorly lit environment. Moreover, with refinement of surgical procedures and growing experience the anaesthetist is
presented with patients from high-risk groups (obese, elderly, with advanced cardiac and respiratory disease) who once
were deemed unsuitable for the laparoscopic technique. Anaesthetic management is aimed at getting the patient safe-
ly through the procedure, minimizing the specific risks arising from laparoscopy and the patient’s coexisting medical
problems, ensuring quick recovery and a relatively pain-free postoperative course with early return to normal function.
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Introduction

Minimally invasive surgery (MIS) is rising in popu-
larity. It offers the benefits of less postoperative pain,
early ambulation and shorter hospital stay [1] as well
as better cosmetic results [2]. On the other hand, re-
stricted access to the surgical site and gas insuffla-
tion into the peritoneum/extraperitoneal space may
result in severe complications such as pulmonary
embolism, pneumothorax, pneumomediastinum, he-
modynamic instability and haemorrhage [3].

Since the first cholecystectomy performed by
Philippe Mouret in 1987 in Lyons, the list of proce-
dures performed endoscopically has been continu-
ously expanding (Table I) [4].

It must be emphasized, however, that minimal-
ly invasive surgery does not mean trivial or easy.
From the anaesthetic point of view, it poses unique
challenges associated with creation of pneumoper-
itoneum, carbon dioxide (CO,) absorption, specific
positioning and monitoring a patient to whom the

anaesthetist has often restricted access, in a poorly
lit environment. Moreover, with refinement of surgi-
cal procedures and growing experience the anaes-
thetist is presented with patients from high-risk
groups (obese, elderly, with advanced cardiac and
respiratory disease) who once were deemed unsuit-
able for laparoscopic technique. Having said that,
the anaesthetic management is aimed at getting
the patient safely through the procedure, minimiz-
ing the specific risks arising from laparoscopy and
the patient’s coexisting medical problems, ensuring
quick recovery and a relatively pain-free postopera-
tive course with early return to normal function.

Preoperative anaesthetic assessment
of patients for minimally invasive surgery
procedures

Contraindications

All patients presenting for minimally invasive
surgery must be thoroughly assessed with respect
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Table I. Selected procedures performed laparo-
scopically

Cholecystectomy

Adrenalectomy

Appendectomy

Hernia repair

Donor nephrectomy

Sleeve gastrectomy

Splenectomy

Liver resection

Colorectal surgery

to issues inherent to laparoscopy and the patient’s
medical status.

The list of contraindications has changed over
time as a result of growing experience of surgeons
and refinement of the laparoscopic technique.

Preoperative assessment and selection of addi-
tional tests is more determined by patients’ function-
al status and comorbidities than the operative tech-
nique. On the other hand, the anaesthetist must be
aware of the fact that increased intra-abdominal pres-
sure and specific intraoperative positioning may have
an impact on both cardiac and respiratory function.
According to the 2014 ACC/AHA Guidelines on periop-
erative cardiovascular evaluation and management of
patients undergoing non-cardiac surgery, periopera-
tive tests and treatments should be targeted at specif-
ic patient subsets. Routine perioperative stress testing
in patients at low risk for cardiac events undergoing
low risk elective non-cardiac surgery has no benefit,
but it could be harmful by exposing the patient to un-
necessary treatments, such as revascularization pro-
cedures [5]. A routine preoperative echocardiogram for
asymptomatic patients is not indicated.

Patients with right-to left cardiac shunt are at
risk of paradoxical embolism and are deemed inel-
igible for laparoscopic surgery. The situation is less
clear in patients with patent foramen ovale since
many of them undergo uncomplicated laparoscopic
surgery without even realizing they have intracardi-
ac pathology [6].

In patients with advanced pulmonary disease
and marginal respiratory reserve, preoperative spi-
rometry and baseline arterial blood gas analysis may
be of benefit [7].
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The intraoperative course may be more turbu-
lent, because the pre-existing respiratory function
impairment is exacerbated by pneumoperitoneum
and the steep head-up position, but in comparison
to open techniques there are fewer incidents of
respiratory dysfunction in the perioperative peri-
od [8].

Obesity was once thought to be a contraindica-
tion, but it has transformed into a strong indication.
In this group in particular quick recovery and early
mobilization make the choice of laparoscopy over
open technique justified [9].

Caution is advised in patients with increased
intracranial pressure particularly if the surgery is
planned in a steep head-down position [10].

Effects of pneumoperitoneum and patient
position on key vital functions

Cardiovascular function

To optimize surgical access, patients are placed
in either a head-down (Trendelenburg) or a reverse
Trendelenburg position. Several factors may modify
the patient’s response to intraoperative positioning.
Patient’s age, coexisting cardiorespiratory disease,
volaemic status, anaesthetic agents and degree of
table tilt are among those most commonly pointed
out in various studies.

Increased intra-abdominal pressure and neuro-
endocrine vasoactive compounds (catecholamines,
vasopressin) released in response to gas insufflation
cause an increase in systemic vascular resistance
(SVR) and a decrease in preload caused by vena cava
inferior compression. Reduction in cardiac filling
pressures results in decreased stroke volume (SV)
which may lead to a decrease in mean arterial pres-
sure (MAP) [11]. These changes are enhanced in the
reverse Trendelenburg position. Hypotension with
dangerous cerebral and myocardial hypoperfusion
may ensue. This can be mitigated by using the low-
est possible insufflation pressures and fluid loading
prior to induction of anaesthesia.

The effects of pneumoperitoneum are less pro-
nounced in the Trendelenburg position. Gravity, by
enhancing preload, opposes the increase in intra-ab-
dominal pressure maintaining cardiac output.

The reverse Trendelenburg position with pneu-
moperitoneum increases the risk of deep vein
thrombosis due to venous compression and blood
pooling in the lower extremities. This mandates

Videosurgery and Other Miniinvasive Techniques 4, December/2015



thrombosis prophylaxis and early postoperative mo-
bilization [12].

Pneumoperitoneum may also have an impact on
splanchnic perfusion and organ blood flow. Increased
intra-abdominal pressure triggers a reduction in hepat-
ic and renal blood flow, which in turn changes the phar-
macokinetics of drugs metabolized by these organs.

Respiratory function

The pulmonary implications of increased intratho-
racic pressure caused by pneumoperitoneum include
a decrease in pulmonary compliance and functional
residual capacity (FRC) with potential for atelectasis
and ventilation/perfusion (V/Q) mismatch. These
changes are more pronounced in the head-down
position, which results in cephalad diaphragm dis-
placement. Subsequent atelectasis and ventilation/
perfusion mismatch may induce hypoxaemia, which
may be mitigated by application of PEEP (positive
end-expiratory pressure). The decrease in thoraco-
pulmonary compliance necessitates higher airway
pressures to reach targeted tidal volume. Systemic
carbon dioxide absorption must be considered in
anaesthetic management. Mechanical ventilation
should be adjusted accordingly to CO, absorption to
avoid hypercarbia, which may result in hypertension
and dysrhythmias.

Since the degree of postoperative respiratory
function impairment depends on the size and loca-
tion of the surgical incision, the compromise is less
pronounced after laparoscopy in comparison to lap-
arotomy [13].

Other complications related to patients’
positioning for minimally invasive surgery
procedures

The prolonged head-down position may lead to
cerebral oedema and elevation in intraocular pres-
sure with potential for perioperative visual loss [14].

Severe airway oedema with post-extubation ob-
struction was reported after procedures in a steep
head-down position [15].

Severe desaturation due to endotracheal tube mi-
gration into the main bronchus was also reported [16].

Anaesthetic management
Preparation

Good communication among the operating the-
atre team is an essential condition optimizing coop-
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eration during the intraoperative management. All
relevant details concerning type of the surgery, po-
sitioning of the patient and location of the surgical
team and equipment must be discussed within the
operation team.

In order to avoid postoperative neuropathies par-
ticular attention must be paid during the patient’s
positioning and fastening on the operation table. All
potential pressure points should be carefully padded.

Eyes must be covered and protected against
abrasions and compression injury. The endotracheal
tube needs to be properly secured and its position
checked regularly.

Monitoring

The basic vital functions monitoring encom-
passes: three lead ECG, non-invasive blood pressure
(NIBP), pulse oximetry, capnography, monitoring of
neuromuscular block and body temperature. The
patient’s poor cardiac functional status may war-
rant extensive haemodynamic monitoring (invasive
arterial blood pressure, pulse continuous cardiac
output (PICCO) and transoesophageal echocardiog-
raphy).

Instant access to a serial blood gas monitoring
analyzing system may be particularly valuable in dif-
ferential diagnosis in rapid deterioration of cardio-
pulmonary function.

Urinary catheterization should be considered for
lower abdominal procedures.

Intraoperative management

Since quick recovery and minimal disruption to
everyday routine are desirable targets of MIS, this
implies specified requirements from anaesthetic
technique as well. Controllable intravenous and vola-
tile anaesthetics with a favourable pharmacokinetic
and pharmacodynamic profile are usually used for
both induction and maintenance of anaesthesia.
Hence the ideal anaesthetic for MIS should have
quick onset, short duration of action and should be
free of adverse effects. Propofol with its short, con-
text-sensitive half life and new volatile agents (sevo-
flurane, desflurane) that are poorly soluble in the
blood (low blood/gas coefficient) fit these criteria
almost perfectly.

Adequate analgesia must be provided to block
painful stimuli from the operative field. Controlla-
ble opioids are usually preferred due to the require-
ments of MIS procedures.
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The opioid of choice is remifentanil due to its
unique pharmacokinetic properties. Metabolism of
remifentanil is independent of the liver and kidney
function with a short, context-sensitive half-life, and
it does not accumulate within the body even during
prolonged procedures.

Fentanyl and sufentanil are viable alternatives.

The unique pharmacokinetic properties of propo-
fol and remifentanil coupled with their ease of titra-
tion have made total intravenous anaesthesia (TIVA)
the preferred method for minimally invasive surgery
in many centres [17]. The antiemetic properties of
propofol are particularly noteworthy in the context
of increased risk of emesis in laparoscopic proce-
dures. There is no clear advantage of TIVA versus vol-
atile anaesthesia with a short-acting opioid in terms
of awakening time [18].

There has been an increased interest in anaes-
thetic adjuvants such as intravenous lignocaine
and a,-agonists (dexmedetomidine) as part of the
opioid-sparing strategy and a method to attenuate
the hemodynamic stress response [19, 20]. Some
authors advocate using regional anaesthesia such
as transverse abdominis block (TAP) to decrease the
requirement for opioids and minimize their side ef-
fects [21].

Good muscle paralysis is mandatory to keep
the abdominal cavity compliant to enable gas in-
sufflation and to provide the surgeon with optimal
operation conditions [22]. The challenge for the
anaesthetist is to keep the patient adequately re-
laxed almost till the end of the procedure and to
allow efficacious spontaneous breathing after the
last sutures are placed. This can be achieved by us-
ing short-acting non-depolarizing muscle relaxants.
The use of neuromuscular monitoring is mandato-
ry in this context. The introduction of new reversal
agents such as sugammadex enables termination of
deep neuromuscular blockade almost instantly after
the end of the procedure [23]. Avoidance of neostig-
mine — a cholinesterase inhibitor used traditional-
ly to reverse the neuromuscular blockade — can be
particularly beneficial due to its strong emetic po-
tential.

To ensure the patient’s safety, as well as to pro-
vide the operator with optimal surgical conditions,
general anaesthesia with endotracheal intubation
and controlled ventilation is employed in the majori-
ty of cases. The endotracheal tube provides ultimate
airway protection and enables efficient ventilation,
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when higher airway pressures are required to pro-
vide desired settings. The use of a laryngeal mask
airway (LMA) remains controversial. Second gener-
ation supraglottic airway devices (SAD 2) are pre-
ferred over the classic LMA since they offer better
protection from aspiration and enable higher venti-
lation pressures [24].

Controlled ventilation is recommended in MIS
to provide ventilation suitable to compensate for
changes resulting from fluctuations in chest compli-
ance and CO, absorption. Pressure controlled venti-
lation modes enable implementation of lower peak
pressures to achieve desirable ventilation, as well
as better oxygenation due to alveolar recruitment.
The beneficial effect of PEEP application to prevent
atelectasis should be balanced against its potential
impairment of cardiac output.

Postoperative management

Careful monitoring of the patient’s vital func-
tions must be continued in the recovery ward. Suffi-
cient oxygenation is usually provided with the nasal
catheter until the patient is discharged to the ward.

Satisfactory postoperative analgesia is of par-
amount importance. Pain intensity must be reg-
ularly evaluated with an objective scale. The visu-
al analogue scale (VAS) and verbal pain score are
routinely used for this purpose. A multimodal pain
relief approach is usually used, with a combination
of paracetamol, non-steroidal anti-inflammatory
drugs (NSAIDs) [25], opioids and regional anaesthe-
sia techniques. The latter is achieved by wound and
peritoneum infiltration with local anaesthetics [26].
Anticonvulsants such as gabapentin and pregabalin
administered perioperatively reduce postoperative
pain and opioid consumption without significant
side effects [27, 28]. The multimodal approach pro-
vides analgesia by blocking various pain transmit-
ting pathways and enables reduction of doses of
individual drugs. Such treatment extends the safety
margin and reduces side effects and the complica-
tion ratio [29].

Postoperative nausea and vomiting (PONV) can
prevent early oral intake and ambulation. The risk
factors for PONV occurrence include female gen-
der, previous postoperative nausea and vomiting,
non-smoking status, motion sickness and use of
opioids, volatiles and cholinesterase inhibitors. The
strategy to reduce this complication comprises me-
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ticulous anaesthetic technique aimed at avoiding
stomach insufflation, a drug regimen relatively free
of emetogenic drugs, and pharmacologic prophylax-
is with dexamethasone and ondansetron [30].

Summary

Laparoscopic techniques have revolutionized sur-
gery. It is hard to think of a procedure that has not
at least been attempted in a minimally invasive way.
Anaesthetic management must be focused on safe,
controllable anaesthesia and provision of quick,
pain-free recovery. Uneventful surgery and properly
conducted anaesthesia enable early hospital dis-
charge of the patient and return to full functional
status. To achieve this goal, good communication
and cooperation among all members of the opera-
tion team are absolutely essential.
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