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Introduction

Success of minimally invasive surgical
techniques in adults

Application in pediatric patients
Downsize of surgical instruments
| earning curve

Develop safe and reliable anesthetic procedures



Advantages

Smaller incisions

Less fluid and heat loss

Less retraction of tissues

Better visualisation of difficult areas

Earlier postoperative mobilisation and recovery
Shorter post op ileus and earlier oral intake
Fewer respiratory and wound complications

Less post op pain and earlier discharge



New physiological concerns following
Pneumoperitoneum

New critical situations (pneumothorax and
CO2 embolism)

Duration of procedure (learning curve)
Patient positioning




Most common procedures

Curently more than 4o indications for video-surgery

Nissen fundoplication
Cholecystectomy
Splenectomy

lleo-anal pull-trough
Inguinal herniorrhaphy
Adrenalectomy
Nephrectomy
Appendicectomy
Diagnostic laparoscopy



Pneumoperitoneum

Insufflation of a gaz in the peritoneal cavity in
order to create a space for visualisation and
surgical work

Insufflation pressure
Insufflation flow rate
CO2 remains the ideal gaz
Low cost
Readily available
Highly soluble in blood

Non combustible
Excretion via lungs



Pneumoperitoneum

Old technique : closed laparoscopy with
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Pneumoperitoneum

Open laparoscopy technique (Hasson)




Pneumoperitoneum

PHYSIOLOGICAL EFFECTS ON ORGANS

Intra-Abdominal Pressure (IAP)

Absolute Pressure
Length of time pressure is applied

Systemic absorption of CO2

Peritoneal surface area to mass ratio
Distance between capillary vessels

Patient Positioning




Respiratory Effects

A Intra-abdominal pressure (IAP)

Cephalad shift of diaphragm
WV Functional Residual Capacity and A\atelectasis
VLung compliance

Risk of endobronchial intubation
AV/Q mismatch

Trendelenburg
Worsen negative effects



Respiratory Effects

CO2 Absorption
> than adults

Peritoneal surface per unit of weight is high in
newborns

Low peritoneal fat

Slight distance between vessels and serous
surface

Proportional to IAP



Respiratory effects

Tolerance of Laparoscopy and Thoracoscopy in Neonates

Nicolas Kalfa, MD*; Hossein Allal, MD?¥; Olivier Raux, MD{; Manuel Lopez, MD?;
Dominique Forgues, MD*; Marie-Pierre Guibal, MD*; Jean-Charles Picaud, PhD§; and
René-Benoit Galifer, MD, PhD*

49 neonates (mean age : 11 days)
5o video-surgical procedures
8% of SpO2 decrease (5%)

88% increase EtCO2 (9mmHQ)

56% hyperventilation did not correct EtCO2
All cases returned to nl 15 min after stop of insufflation

PEDIATRICS Vol. 116 No. 6 December 2005



Respiratory effects
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Fig 1. The mean variation in ETCO, depends on the insufflation
pressure of pneumoperitoneum or pneumothorax (P = .05).

PEDIATRICS Vol. 116 No. 6 December 2005



Respiratory effects
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Fig 2. Variations in ETCO, according to the length of surgery. The
observations were gathered per 25-minute insufflation period. The

patients with extreme per-operative variations in ETCO, are not
represented in this diagram.

ETCO2 variations
tended to be greaterin
case of long
procedures

PEDIATRICS Vol. 116 No. 6 December 2005



Respiratory Effects

Increase in PaCO2
Mechanical
CO2 absorption
CO2 absorption is more important is smaller
children
Worsen with Trendelenburg
Depends on insufflation pressures
Depends on duration of procedure



Cardiovascular effects

AIAP

AP <10 mmHg : APreload (displacement of
blood from splanchnic vasculature

AP >15 mmHg : WPreload (impeding correct VR)

A Afterload — increasing transaortic pressure in
abdominal cavity

Kardos A at al, Paediatr Anaesth 2001
Tobias J at al, Best pract Res Clin Anaesthesiol 2002



Cardiovascular Effects

Patient Position
Anti-trend and trend : Venous return
25 to 30% blood volume below the waist
Well tolerate if normal CV function

Compensation by ASVR to mantain BP
But CO is decreased by 30%

Il Cardiac contractility
Infants under 3 months




Cardiovascular effects

Tolerance of Laparoscopy and Thoracoscopy in Neonates

Nicolas Kalfa, MD*; Hossein Allal, MD*; Olivier Raux, MD}; Manuel Lopez, MD";
Dominique Forgues, MD*; Marie-Pierre Guibal, MD*; Jean-Charles Picaud, PhD§; and
René-Benoit Galifer, MD, PhD*

80% stable systolic blood pressure

Compensatory increase in heart rate
20% drop of 210mmHg or more in blood
pressure

Requiring volume expansion
More important in thoracoscopy

PEDIATRICS Vol. 116 No. 6 December 2005



Central nervous system

AIAP

Aintracranial pressure

‘bcerebralerfusion pressure

4A Vcerebral Compliance
> to de @KL venous return

worsened with trendelenburg

Duration dependent

Bloomfield G at al, J Trauma 1996



Thermic consequences

Hypothermia! e e
Insufflation of cold and dry 3
gaz
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Fig 3. The decrease in body temperature during surgery is pro-
portional to the length of insufflation (linear regression analysis,
P < .05).

Loss of 0,01C”  per surgical minutes
Not influence by patient weight or age
Devices for warmed CO2

PEDIATRICS Vol. 116 No. 6 December 2005



Pre-anaesthetic assessment

Non eligible patients

Abdominal Trauma (Hypovolemia — gaz
embolism)

Heart disease
Raised intracranial pressure

Severe respiratory compromise



Pre-Anaesthetic assessment

Identify acute or chronic problems

Undiagnosed conditions (congen, difficult
airways)

Disease specific complications (pneumonia,
sepsis, renal failure)

Preoperative laboratory
Depends on clinical condition of patient
Group and cross match



Premedication

Not required in older children or infants less
than g months

Oral Midazolam before induction
Parental presence at induction
Atropine or glycopyrolate

prevents reflex bradycardia and decreases airway
secretions




Induction

Inhalational or intravenous induction

IV line in the upper limb

Non depolarizing neuromuscular blocking
agent

Endotracheal intubation (cuffed)

Naso gastric tube

Urinary catheter for prolonged procedures



Maintenance

Inhalational anesthesia combined with

intravenous opioids
Or totally intravenous anaesthesia

Avoid Nitrous oxide
Exacerbates postop nausea and vomiting
Increases bowel distension
Increases bubbles sizes in case of gaz embolism



Monitoring

Continous electrocardiogram
Pulse oxymetry

NIBP

PetCO2

Temperature monitoring
Peak inspiratory pressure



Monitoring - Capnography

Evaluation of PaCO2:

Gradient PaCO2-PetCO2 variable in small age
groups

PetCO2 not a good reflect of PaCO2

Transcutaneous measure of CO2 (PtcCO2) more
reliable

I Less reactive g



Monitoring of insufflation

As low as possible!

Infants : Pressure limited to 5-aommHg
Older children : 10-22mmHg

Insufflation flow rate max 1L/min (0,3 in
neonates)




Ventilation

Increase in ETCO2

Mechanical effect < IAP on the lungs
CO2 absorbtion

ncrease minute ventilation (25-30%)
ncrease PIP
PEEP

ncrease FIO2




Ventilation

Reduction of dead space
Small filters X
No filters
24G catheter placed into ETT

Temporary interruption of
pneumoperitoneum and surgery



Ventilation

Other causes!
Endobronchial tube — obstruction
Pneumothorax
Excessive |AP
Decreased cardiac output
Bronchospasm
Machine malfunction



Respiratory complications

Pneumothorax and CO2 gaz embolism

In upper abdominal procedures (Nissen
fundoplication)

Pneumothorax (capnothorax)

CO2 can dissect along mediastinal fascial planes
into the thorax

APetCO2 and A\ventilation pressures

VSPO2

Stop insufflation, PEEP to reexpand lung

Dalens B, Veyckemans F
Anesthésie sur terrains pédiatriques a risques — Sauramps Medical



Respiratory complications

CO2 embolism
Insufflated gaz enters the circulation

Risk increases with high IAP and venous
perforation

Consequences depend on volume, rate of
entrainment and patient hemodynamic status

Stop insufflation, release the pneumoperitoneum,
FiO2=1, resuscitation with fluid and inotropes

Rare and rapidly reversable



Cardiovascular considerations

Keep insufflation pressures as low as possible
Deep anaesthesia at insufflation

Avoid reflex bradycardia

Normovolemia before and during the
procedure



Pain Management

Pain is important during first 24H
Rapid distention of the peritoneum
Visceral manipulation
Irritation of the phrenic nerve with CO2
Unusual positions can stretch nerves

Multimodal approach
Paracetamol/NSAIDS/clonidine/

Local anesthetics —intraperitoneally instillation and
infiltration of puncture sites

Caudal /Epidural analgesia
Opioids

Cote C.in A practice of Anesthesia for Infants and Children



Pain Management

Intra-peritoneal instillation of local Anesthetics

Ropivacaine or Bupivacaine

Instillation with special devies
or spray needle

After pneumoperitoneum,
before surgery




Pain management

James K. Hamill' |Jamie-Lee Rahiri® Andrew Liley®> Andrew G. Hill?

May reduce pain score, opioids I high absorptive capacity of

use, time to first opioid and the peritoneum

need for rescue analgesia I high peritoneal surface area

No effect on hospital stay to volume ratio

Promising in pediatric surgery Dose limitation
Understudied in pediatric
surgery

Eur | Pediatr Surg 2016;26:469-475.



Conclusion

Surgical technique with many advantages
New chalenges for anesthesiologists
Understanding of physiological effects of
Pneumoperitoneum

Understudy in pediatric population

Questions?
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