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Abstract: The novel technology of robotic-assisted surgery (RAS) has been utilized in
children for the past two decades with several potential clinical benefits including reduction
of postoperative pain, shortened hospital length of stay, and improved cosmetic outcomes.
While associated costs and the limitations regarding instruments for smaller pediatric
patients remain relevant issues, surgeon comfort related to ergonomic design in combination
with enhanced three-dimensional high-fidelity imaging and tissue handling compared to
traditional minimally invasive approached may offer improved surgical and postoperative
outcomes. Given that the demand for this innovative technology will likely continue to
expand in the field of pediatric surgery, pediatric anesthesiologists will be called upon to
provide anesthetic care to patients exposed to this novel surgical technology with its unique
features, intraoperative requirements, and potential complications. The current manuscript
provides a narrative review of robotic-assisted surgery and discusses important anesthetic
considerations and potential complications of these techniques.
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Introduction

There is an ongoing search for innovative operative techniques that are less
invasive, limit physiologic stress, and provide improved clinical outcomes follow-
ing surgical procedures. Robotic-assisted surgery (RAS) has become a common
practice in many specialties and in many institutions among the adult population in
response to an increasing demand for increased surgical precision and visualization,
fast-track postoperative recovery, and improved cosmetic outcomes. The potential
benefits of RAS in adults have included smaller surgical incisions, shorter time to
postoperative ambulation, decreased hospital length of stays, improved cosmetic
outcomes, and a reduction in postoperative pain.'* Despite these advantages, RAS
generally remains more costly than traditional minimally invasive surgical techni-
ques, including laparoscopy and/or thoracoscopy as well as conventional or “open”
surgical procedures.”® Following the first report of RAS in a pediatric patient in
2002, its applications in children have expanded to include multiple procedures and
multiple specialties such as urology, general pediatric surgery, and cardiothoracic
surgery for patients from infants to adolescents (Table 1).” The rapid increase in its
application for children is evident by a dramatic increase of published manuscripts
over the past 18-20 years (Figure 1). The number of published manuscripts
increased from 3 in 2002 to more than 40 in the 2019. The most common surgical

procedures from these publications were urology followed by pediatric surgery.®
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Table | Applications of Robotic-Assisted Surgery in the Pediatric Population

Neurological

Cardiothoracic

Gastrointestinal

Genitourinary

Third ventriculostomy

Lobectomy

Fundoplication

Pyeloplasty

Thymectomy

Gastrostomy

Ureteral reimplantation

Otolaryngology

Benign mass excision

Cholecystectomy

Ureteroureterosto my

Thyroid lobectomy

Tumor related

Splenectomy

Nephrectomy (total/partial)

Thyroidectomy

Congenital diaphragmatic hernia repair

Meckel’s

diverticulectomy

Mitrofanoff

Subtotal parathyroidectomy

Diaphragmatic plication

Rectopexy

Augmentation cystoplasty

Dermoid cyst excision

Bronchogenic cyst excision

Esophago-myotomy

Retrovesical remnant

excision

Tongue basal reduction

Thoracic sympathectomy

Choledochal cyst

excision

Sigmoid vaginoplasty

Laryngeal cleft repair

Segmentectomy

Hiatal hernia repair

Uretero-calicostomy

Lingual tonsillectomy

Esophageal fistula repair

Tumor related

Orchidopexy

Posterior glottic stenosis

Tracheoesophageal fistula repair

Bariatric surgery

Gonadal vein ligation

repair

Tumor resection Duplication cyst excision

Kasai procedure Varicocelectomy

Pleurectomy

Colectomy Pyeloplasty

Atrial septal defect closure

Adrenalectomy Cysto-urethropexy

Patent ductus arteriosus closure

Appendectomy Pyelolithotomy

Mitral valve replacement

Pyloromyotomy Tumor related

Tricuspid valve annuloplasty

Pyloroplasty Urachal remnant excision

repair

Partial anomalous pulmonary venous connection

Entero-enterotomy Nephro-ureterectomy

Inguinal hernia repair Renal vascular hitch

Duodeno-jejunostomy Hypospadias repair

Duplication cyst excision

Pancreatojejunostomy

Use of the robotic surgical system in pediatric patients
may present various unique and challenging features
including patient positioning, limited patient access, and
physiologic changes induced by requisite CO, insufflation
to improve surgical visualization. Understanding these
unique challenges and adjusting the anesthesia technique
may be required during RAS. The current manuscript
addresses the anesthetic considerations and potential com-
plications of RAS focusing on pediatric patients. This
review also includes a brief discussion of the physiologic

of CO2 which
a prerequisite for both laparoscopic procedures as well as

implications insufflation remains
RAS. The authors reviewed relevant literature using
PubMed/Medline 2002-2020
a combination of the following terms: “robotic assisted
surgery”,
“complication”. Abstracts were screened and animal or

from and utilizing

“pediatric”, “anesthesia”, ‘“‘anesthetic”, and
adult studies and publications written in languages other
than English were excluded. In addition, reference lists of

published articles were also examined for additional
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Figure | The number of published manuscripts related to pediatric robotic-assisted surgery over the past 18 years. Each column represents the number of papers published

in that year, increasing from 3 in 2002 to more than 40 in the 2019. PubMed was searched using the terms “robotic assisted surgery

” o« ”» o, ”» o

, “pediatric”, “anesthesia”, “anesthetic”,

“complication” between 2002 and 2019. Abstracts were screened and animal or adult studies as well as publications written in languages other than English were excluded.
Reference lists of published articles were also examined and added if applicable. “Multiple” includes multiple procedures such as urology and general surgery. Other includes
articles focusing on instruments or surgeons learning curve on robotic surgery. Unknown includes article which did not have a specific procedure name on the abstract.

manuscripts which were not identified from the literature
searches.

The Robotic System and Specific
Considerations for Pediatric

Patients

The United States Food and Drug Administration (FDA)
has currently approved only 2 “general purpose” robotic
systems for use in adults, the da Vinci Surgical System
(Intuitive Surgical Inc, Mountain View, California, USA),
and the Senhance Surgical System (TransEnterix, Inc,
Research Triangle Park, North Carolina). With 5989 active
systems in operation globally as of December 31, 2020,

including 3720 in the US alone, the da Vinci Surgical
System has dominated the general-purpose clinical market
space in the United States and worldwide since being
approved by the FDA in 2000. Despite the recent entry
of the Senhance System in 2018 and several other compe-
titive platforms currently in use outside the United States,
which are in development or pending regulatory approval,
the da Vinci systems remains the only robot with FDA
approval for pediatric indications.

The da Vinci System is comprised of three separate
components: 1) surgeon console, 2) patient cart, and 3)
vision cart (Figure 2). The operating surgeon sits at the
surgeon console, which houses the controls for a various

Figure 2 Components of the da Vinci robotic surgery system including the vision cart, patient cart, and surgeon console.
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array of surgical instruments that are attached to the
patient cart and subsequently controlled while viewing
the patient’s anatomy through a high-fidelity three-
dimensional display. The vision cart serves as a digital
communication hub between all components and supports
the 3-dimensional (3D) vision system.

The da Vinci Surgical robotic system was initially
designed and targeted for adult patients with cardiac sur-
gery, and hence its technology was not universally suited
for smaller pediatric patients. For example, the size of the
scopes tends to be larger when compared with conven-
tional laparoscopic instruments, especially for infants.
Currently available robotic instruments include two endo-
scopic 3D camera sizes (12 mm and 8.5 mm) and two
instrument sizes (5 mm and 8 mm). The latter include
needle-holders, scissors, graspers, cautery instruments,
ultrasonic energy instruments, and various other disposa-
ble and reusable accessories.” These instruments (5 mm
and 8 mm size) are comparatively larger than the 3 mm
instruments that are routinely available and used for
laparoscopic procedures in infants and neonates. Due to
these differences, the surgical incision length for RAS is
larger and comparatively greater than laparoscopic or thor-
acoscopic techniques. Furthermore, the 8 mm instruments
are generally preferred over the 5 mm instrumentation as
the 5 mm size lacks bipolar electrocautery, having only
monopolar cautery. Additionally, there is restricted
wristed-motion of 5-mm instruments as compared with
the 8-mm instruments especially when the patient size is
small and the space is limited.'*"!

Another consideration is the recommended distance
between the surgical access ports. The manufacturer of
the da Vinci Surgical System recommends a 4-8 cm dis-
tance between robotic ports, depending on the specific
platform, in order to provide adequate space for movement
of the surgical instruments both inside and outside the
body cavity. Achieving adequate distance between ports
can be challenging for pediatric patients due to the smaller
body size and more limited surgical domain. Therefore,
thoughtful planning is critical to ensure optimal distance
between the ports.”® Additionally, minor modifications of
surgical techniques have been suggested such as allowing
a smaller distance of 5-6 cm between trocar insertion sites
as the distance between the ports increases after
insufflation.” Given the constraints imposed by the instru-
ments and potential size limitations of the patient, outside
of the adolescent and larger pediatric population, the adap-
tation of RAS remains challenging. This is the case for

Table 2 Benefits and Limitations of Robotic-Assisted Surgery for
Pediatric Patients

Benefits Limitations

Instruments provide greater The size of the robot requires

range of motion sufficient room space and limits

access to the patient

Improved visualization with Limited number of the staff who

3-dimensional camera system are familiar with the system

Motion scaling and tremor Room turn-over time

reduction

Intuitive movement of the Cost

console

Endo-wrist with 7° of freedom Limited instrument selection for

beyond that of the human wrist | pediatric patients

with 4° of freedom

Ergonomic benefit for surgeon Limitations related to patient size

Lower pain scores and No standardized way to place

decreased postoperative opioid trocars

needs

Shorter hospital length of stay Physiologic effects related to

insufflation pressure

Improved cosmetic outcomes Physiologic effects related to

absorption of carbon dioxide

pediatric patients that are less than 1 year of age and less
than 10 kilograms in weight. The general benefits and
limitations of the robotic surgical system are outlined in
Table 2.

Intraoperative Considerations
In recent years, robotic surgery has been utilized in wide
variety of procedures including urology, gynecology, gas-
trointestinal, thoracic, endocrine, and cardiac surgery. The
perioperative care may be impacted by the intended surgi-
cal procedure, the patient’s associated comorbid condi-
tions, and the technique of RAS. The latter includes not
only use of the robotic system, but also insufflation of the
target body cavity (ie, abdomen or thorax) and its potential
impact on physiologic function. Some of the implications
of RAS are not specific to the use of the robot itself, but
rather a consequence of the use of a minimally invasive
technique including the use of CO2 insufflation within the
thorax or abdomen to facilitate surgical visualization.

As with minimally invasive techniques (laparoscopy or
thoracoscopy), the preoperative laboratory investigation and
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Figure 3 Intraoperative photograph with the robotic surgery system docked at the
operating room table which is in reverse Trendelenburg position to facilitate
surgical visualization of the abdominal contents. The patient’s head is to the right.

work-up is generally guided by the surgical procedure and
the patient’s comorbid conditions. Given the potential for
blood loss and the proximity of major blood vessels,
a preoperative hemoglobin value and a type and cross are
generally indicated for intrathoracic procedures and those
procedures requiring significant intra-abdominal manipula-
tion or resections. Likewise, placement of additional per-
ipheral intravenous cannulas or intraoperative monitoring
including the placement of invasive cannulas for monitoring
intra-arterial and central venous pressure (CVP) are guided
more by the patient’s status and the intended surgical pro-
cedure rather than the unique implications of RAS. Specific
anesthetic considerations for RAS include space issues
imposed by the robotic surgical device with limited direct
access to the patient, patient positioning, and the physiolo-
gic effects of insufflation of a closed cavity (Figure 3).
Some of these issues have been improved significantly
with the newer da Vinci systems (Xi versus Si).

Intra-Abdominal Procedures

RAS of the abdomen and pelvis requires carbon dioxide
(CO2) insufflation into a closed cavity (the peritoneal
cavity) to create a pneumoperitoneum and allow effective
visualization. In addition, steep Trendelenburg or head-up
(reverse Trendelenburg) positioning may be needed to

further improve visualization during lower or upper

surgery,
abdominal pressure (IAP) and CO2 absorption during

abdominal respectively.  Increased intra-
insufflation may impact respiratory and hemodynamic
function. The end-organ physiologic effects of laparoscopy

have been reviewed elsewhere.'®

'3 Increased IAP during
insufflation shifts the diaphragm cephalad, which can
potentially result in main stem intubation so ongoing
assessment of bilateral breath sounds may be indicated,
especially in smaller patients where the distance from the
mid-trachea to the mainstem bronchi is limited. The
increased IAP also impacts respiratory and cardiovascular
function. Respiratory changes include a decreased func-
tional residual capacity, decreased lung compliance, and
increased airway resistance. These effects alter ventilation/
perfusion (V/Q) matching and increase dead space ventila-
tion, which can result in hypoxemia and hypercarbia.

The absorption of the gas used for insufflation and
patient positioning may further impact respiratory func-
tion. Given its high solubility and limited physiologic
impact during inadvertent systemic embolization, carbon
dioxide (CO2) is universally used for insufflation. Its
absorption will cause hypercarbia during the procedure,
the magnitude of which is impacted by the duration of the
procedure and the TAP. Patient positioning may also affect
respiratory function with the Trendelenburg positioning
causing cephalad displacement of the diaphragm, gener-
The

Trendelenburg positioning generally unloads the dia-

ally worsening respiratory function. reverse

phragm and partially mitigates the impact of
increased IAP.

Physiological changes are generally manageable with
appropriate changes of ventilatory settings including a 20—
25% increase in minute ventilation to compensate for CO2
absorption and adjustments in mean airway pressure (posi-
tive end expiratory pressure [PEEP], peak inflating pres-
sure [PIP], and inspiratory time) to increase mean airway
pressure and compensate for decreased FRC, decreased
compliance, and increased resistance. Most importantly,
attention to and limitation of the IAP is mandatory. The
impact of insufflation on respiratory function is related to
the IAP as insufflation pressures less than 10 mmHg will
have fewer effects on respiratory function.'®"'* The use of
novel techniques of mechanical ventilation such as
volume-guaranteed, pressure-regulated ventilation, may
maintain tidal volumes better during periods of changing
respiratory resistance and compliance and thereby

maintain minute ventilation more effectively than pressure
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or volume-controlled techniques.'* In addition to affecting
respiratory function, the increased IAP with alterations in
dead space and ventilation-perfusion matching may affect
end-tidal carbon dioxide monitoring. Although it remains
a standard of care for intraoperative monitoring during
general anesthesia, end-tidal carbon dioxide (ETCO2)
monitoring may be inaccurate during insufflation and
alternative continuous techniques such as transcutaneous
CO2 monitoring may offer specific advantages for contin-
uous CO2 monitoring.'>

The impact of insufflation on hemodynamic function
generally includes a decrease in preload and an increase in
afterload. In the adult population, these are manifested by
an increase in mean arterial pressure, systemic vascular
resistance, left ventricular afterload with a concomitant
decrease in cardiac index, stroke volume index, and frac-
tional area shortening with an IAP set at 15 mmHg.'*2° In
the pediatric population, the hemodynamic changes vary
based on the IAP. Low pressure carbon dioxide pneumo-
peritoneum (IAP 5-6 mmHg) in otherwise healthy chil-

function.?"??

dren does not impact hemodynamic
However, with an IAP of 10 mmHg, Gueugniaud et al
reported that aortic blood flow measured by esophageal
Doppler decreased to 67 + 9% of baseline, stroke volume
decreased to 68 + 10% of baseline, and systemic vascular
resistance increased to 162 + 34% of baseline.”® With an
IAP greater than 12 mmHg, other investigators have
demonstrated diminishing left ventricular systolic function
using transesophageal echocardiography, with a significant
decrease in cardiac index (approximately 10-13%) from
baseline.”*** As with respiratory changes, the hemody-
namic changes will be affected by patient positioning as
to absorption of CO2.

Hemodynamic effects of hypercarbia include pulmonary

well as hypercarbia due
vasoconstriction, increased systemic vascular resistance,
and arrhythmias. Although these hemodynamic changes
are generally well tolerated for a limited period of time
in otherwise healthy pediatric patients, the impact may be
magnified in patients with pre-existing myocardial func-
tion. Despite these concerns, a retrospective database stu-
died confirmed the safety of laparoscopic surgery in
infants with CHD including the benefit of a shorter-
hospital stay.”> Insufflation pressures <10-12 mmHg are
generally recommended to limit value its impact on car-

diac output and tissue oxygenation.

Intrathoracic Procedures

Technical challenges, size constraints, and the limited
availability of pediatric-appropriate instruments have
resulted in a limitation of the reports regarding robotic-
assisted thoracic surgery in infants and children. To date,
these reports have been limited to small series or isolated
case reports for treatment of congenital diaphragmatic
hernia, esophageal atresia, mediastinal cysts, diaphrag-
matic hernia, pulmonary lobectomy, esophageal cysts,
and patent ductus arteriosus.’*>® Given size constraints
and limited surgical access, one-lung ventilation (OLV)
techniques may be required to allow surgical
visualization.>'* Depending on the patient’s age and
weight, several options are available including a double-
lumen ETT, bronchial blocker, and main stem endotra-
cheal intubation. The techniques for and intraoperative
anesthetic care during OLV have been reviewed
elsewhere.*' % Given technical challenges of OLV in neo-
nates and infants, CO2 insufflation into the intrapleural
cavity with standard two-lung ventilation is an additional
option although this may result in systemic hypercarbia
related to systemic absorption of CO2 (see above) as well

as hemodynamic effects from the shift of intrathoracic

Figure 4 Intraoperative photograph showing the head of the bed. The patient’s
head is covered with a foam pillow (white arrow) to prevent pressure from any of
the surgical instruments or operating personnel. The anesthesia circuit (red arrow);
orogastric tube (yellow arrow); Bair hugger tubing (green arrow); and peripheral
intravenous infusions (black arrow) are labelled. The patient’s head is covered in
plastic and an upper body Bair Hugger™ is placed to maintain normothermia.
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structures.”* 37 Procedures are generally performed with
two instrument arms, one camera arm, and occasionally an
additional 5-mm non-robotic accessory port. Carbon diox-
ide (CO,) is used for insufflation at low flow rates and
maintained at the lowest possible pressure throughout the
procedure. Physiologic implications of CO2 insufflation
include the potential for inadvertent gas embolism, sys-
tematic CO2 absorption across the pleura or peritoneum,
and the
pressure.

increase in intrathoracic or intra-abdominal

Patient Positioning and Limited Access
With older versions of the da Vinci system, there were
limitations with regard to accessibility to patients during
intraoperative care. These concerns have been improved
with the newer platforms which have improved access to
the patient’s airway and extremities even when the system
is docked and in use. The improved access is considered
a comparative safety benefit of the new system. Patients
should be securely positioned and padded to prevent skin
and soft tissue damage during the prolonged immobility
required during the procedure. Robotic arms may contact
the patient’s head, body or extremities during surgical
movements (Figure 4). The endotracheal tube and all
intravenous catheters must be secured. Assurance that all
non-invasive monitoring is placed and working is ensured
prior to docking the robot. Adequate intravenous access is
generally secured prior to the start of the procedure as
patient access is somewhat limited intraoperatively due
to the presence of the robotic and the placement of the
patient’s arms at their side. For prolonged procedures,
a urinary catheter is placed. Use of a catheter with an
indwelling temperature probe is helpful to allow intrao-
perative temperature monitoring. For intravenous infu-
sions, free dripping devices are generally used for fluid
administration as they may allow earlier detection of intra-
venous infiltrations. When infusion pumps are used for
fluids or medications, the pressure limits should be
checked regularly. More recently, new devices have
entered the market that are suggested to allow for earlier
detection of IV infiltrates when direct observation of the
site is limited.”®

Data from the adult literature demonstrate the impor-
tance of patient positioning and padding as information
from adults has demonstrated that the most frequent com-
plications have included peripheral neuropathies, corneal
abrasions, vascular complications including compartment
syndrome, and the effect of edema (cerebral, ocular and

airway).*® The authors concluded that the combination of
Trendelenburg position with insufflation and longer proce-
dural times was highly related to the risks of complica-
tions; therefore, positioning must be appropriate for
patients’ safety. Pre-existing neurologic condition, obesity
and procedure times greater than 240 minutes were the
identified risk factors for complications.

Additionally, there may always be the need for con-
version to an open surgical procedure for various rea-
sons. In a retrospective review of 39 pediatric-aged
patients, conversion to an open procedure was required
in 3 (7.5%) due to inadequate surgical working space.*’
This was related to marked bowel distention in two
patients and insufficient ability to provide hepatic retrac-
tion in one patient. These 3 patients were significantly
younger (mean age of 2.97 versus 9.83 years) and
weighed less (mean weight of 11.83 versus 35.47 kilo-
grams) than the remainder of the surgical cohort. Other
factors responsible for the need for conversion to an
open procedure were not identified including duration
of mask ventilation before endotracheal intubation, dose
of neuromuscular blocking age, and the type of bowel
preparation that had been used. The authors concluded
that the incidence of conversion to an open procedure
was acceptable and was mainly related to inadequate
working space in smaller patients and not influenced
by measurable anesthetic factors or different regimens
for bowel preparation.

Preoperative and Intraoperative

Anesthetic Management

Intraoperatively,  standard ~ American  Society  of
Anesthesiologists’ monitoring is recommended in otherwise
healthy patients. Two peripheral intravenous catheters are
generally placed as access to a patient is limited during
a procedure. More invasive monitoring may be indicated
based on the patient’s comorbid conditions. An arterial line
cannula may be beneficial for frequent blood monitoring, in
a patient with cardiovascular or respiratory complications or
for a procedure which has a potential for hemodynamic
instability due to bleeding or interreference of large vessels.
In our practice, a depth of anesthesia monitor may be useful
to allow titration of anesthetic agents and prevent patient
movement. There are several approaches for anesthetic
induction and maintenance, including inhalation or intrave-
nous techniques. To date, there is no evidence to demonstrate

the superiority of any technique.
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As with traditional minimally invasive techniques,
nitrous oxide is avoided for robotic procedures since it
may cause bowel distension. In addition, the technique
is chosen to limit the potential for postoperative nausea
and vomiting as one of the goals of minimally invasive
surgery is early ambulation and hospital discharge.
Endotracheal intubation with a cuffed endotracheal
tube is recommended to minimize an air leak during
mechanical ventilation especially when IAP increases
during CO2 insufflation. blockade
(NMBA) is required for RAS to avoid injury from
unexpected patient movement, facilitate mechanical

Neuromuscular

ventilation, and improve visualization of the surgical
field. The fixed nature of the instrumentation when the
robot is docked and instruments are inserted can result
in serious organ or vascular injury if the depth of
anesthesia is inadequate and there is patient movement.
Given such concerns, neuromuscular blockade is con-
tinued throughout the procedure with appropriate mon-
itoring to maintain the needed level of blockade.

Enhanced Recovery After Surgery (ERAS) techniques
are widely used for robotic-assisted colorectal and gastro-
intestinal tract surgery.*"**> ERAS is a multimodal, multi-
disciplinary approach aimed to provide faster patient
recovery from a surgical procedure. These guidelines
include the administration of carbohydrate drinks up to 2
hours before surgery, minimally invasive surgery, specifics
regarding intraoperative intravenous fluid management,
avoidance of or early removal of drains and tubes, early
ambulation and the initiation of oral intake the day of the
procedure. These techniques have been successful in
achieving improved recovery profiles, shorter length of
hospital stay, reductions in postoperative complications,
decreased readmission rates, and cost reduction.
Although initially introduced in the adult population, simi-
lar successes have been reported in pediatric-aged
patients.*' A single institution experience with the imple-
mentation of ERAS for pediatric colorectal surgery
demonstrated a significant decrease in median hospital
length of stay with no increase in complications or read-
mission rates.*” The ERAS protocol from our institution is

summarized in Table 3.

Postoperative Care Including Pain

Management
Like the traditional minimally invasive approach, RAS
administration of

reduces the requirement for the

Table 3 Modified ERAS Protocol for
Colorectal Surgery

Robotic-Assisted

Day before the operation

Bowel preparation per surgical team.

Intravenous hydration during bowel preparation.

Preoperative area and day of surgery

Electrolyte based drinks encouraged up to 2 hours prior to surgery.

Gabapentin 10 mg/kg (maximum dose 600 mg) orally 2 hours prior to surgery.

Acetaminophen 10 mg/kg (maximum dose 1000 mg) orally prior to surgery.

Aprepitant | mg/kg (maximum dose 40 mg) orally.

Intraoperative interventions

Induction technique based on provider’s preference and patient’s status.

Maintenance anesthesia with inhalation agent (desflurane or sevoflurane)

titrated to bispectral index of 50-60.

Opioid infusion (sufentanil, alfentanil or remifentanil) or intermittent dosing

(fentanyl) as needed based on hemodynamic response.

Dexamethasone 0.5 mg/kg (maximum dose 10 mg).

Regional anesthesia technique (TAP blocks for abdominal case) or local

infiltration of trocar insertion sites.

Ketamine | mg/kg after induction (consider ketamine infusion 0.1-0.25 mg/kg/

hour).

Dexmedetomidine 0.5 pg/kg IV followed by an infusion at 0.5 pg/kg/hour.

Ketorolac 0.5 mg/kg (maximum 30 mg) at completion of the case.

Limit intraoperative fluid administration to 3—4 mL/kg/hour as feasible based on

blood loss.

Ondansetron 0.15 mg/kg (maximum 8 mg).

Maintain normothermia.

Avoid nasogastric tubes as feasible based on surgical technique.

Postoperative interventions

Physiologic maintenance intravenous fluids and sodium until able to take oral

fluids then discontinue.

Early ambulation.

Early oral intake.

Prophylaxis for postoperative nausea and vomiting.

Pain management with use of non-opioid adjuncts including ketorolac,

acetaminophen, and gabapentin.

Intravenous or oral opioids as needed for breakthrough pain.

postoperative analgesics when compared with open surgical
techniques and has been reported to have more favorable

pain profiles when directed compared to non-robotic
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minimally invasive techniques.***> This less invasive
approach, in combination with the use of ERAS protocols
which emphasize adjunctive analgesic agents, has allowed
for minimizing postoperative opioid utilization facilitating
earlier ambulation and hospital discharge. Limitation of the
need for parenteral opioids can also be facilitated by the use
of regional anesthetic techniques and the parenteral admin-
istration of non-opioid agents such as acetaminophen and
a non-steroidal anti-inflammatory agent.*® Regional anes-
thetic techniques may include transversus abdominis plane
(TAP) blockade or infiltration of the access sites with a local
anesthetic agent of the amide class (bupivacaine, levobupi-
vacaine or ropivacaine). Total dosing of these agents should
be limited to 2-2.5 mg/kg with the concentration adjusted
from 0.2-0.5% according to the volume required to achieve
satisfactory fascial spread and dermatome coverage. Opioids
can be administered intravenously (morphine, hydromor-
phone) or orally (oxycodone) as needed for breakthrough
pain.

Conclusion

Following successes and demonstrated advantages in the
adult population, the applications of RAS will continue to
expand among pediatric patients.*” Innovations in the equip-
ment will make these techniques more suited for smaller
patients. Despite the reported advantages of the technique,
robotic surgery imposes specific challenges for the anesthe-
sia provider especially in the pediatric-aged patient. In addi-
tion to our review, the reader is referred to reference 46 for
more information regarding these concerns.** Although
recent innovations have improved access to the patient,
even the modern generation of robotic surgical systems
may limit the anesthesia providers’ access to the patient
thereby mandating careful preoperative assessment and
planning. Intraoperative anesthetic concerns include the
physiologic impact of CO2 insufflation and increased IAP,
concerns that are shared by and similar for minimally inva-
sive (laparoscopy and thoracoscopy) and robotic techniques.
Given the fixed nature of the instruments and the operating
console, a deep level of neuromuscular blockade is main-
tained during the procedure to avoid the potential for organ
and vascular injury should inadvertent patient movement
occur. As these techniques evolve, evidence-based medicine
is needed to evaluate the cost-benefits of robotic surgery, its
impact on postoperative outcomes (pain, length of hospital
stay), and identify the optimal techniques for perioperative
care including anesthetic regimens, ERAS techniques, and
intraoperative monitoring.
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