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ABSTRACT

In recent years, laparoscopic surgery in veterinary medicine has become a more common clinical practice.
It has been applauded because of its obvious benefits: less tissue trauma, fast healing, less postoperative
pain and consequently less postoperative care. This minimally invasive surgery can however lead to serious
physiological changes and complications. In this review, the advantages of laparoscopy and the side-effects
of the anesthesia are analyzed. The major problems encountered during laparoscopic surgery are related to
the cardiopulmonary effects of the pneumoperitoneum, systemic carbon dioxide absorption, extraperito-
neal gas insufflation and venous gas embolism.

Appropriate anesthetic equipment to monitor the patient is necessary, as it allows the anesthesiologist to
recognize and treat eventual complications. An understanding of the basic pathophysiology of laparoscopy
is required before dealing with the individual problems of the patient. The surgeon should be adequately
trained before undertaking any surgical procedure with a laparoscope.

SAMENVATTING

De laatste jaren worden meer en meer laparoscopische ingrepen uitgevoerd in de diergeneeskunde. De laparo-
scopie wordt toegejuicht omwille van zijn vele voordelen: minder weefseltrauma, sneller wondherstel, minder
postoperatieve pijn en bijgevolg ook minder postoperatieve zorgen. Deze minimaal invasieve chirurgische tech-
niek kan echter aanleiding geven tot ernstige fysiologische veranderingen en complicaties. In dit overzicht worden
de voordelen en neveneffecten tijdens de anesthesie besproken. De meest uitgesproken problemen tijdens laparo-
scopie zijn gerelateerd aan de cardiopulmonaire effecten te wijten aan het pneumoperitoneum, de systemische
CO,-absorptie, de extraperitoneale gasinsufflatie en het risico op veneuze gasembolie. Aangepaste anesthesiemo-
nitoring van de patiént is noodzakelijk om eventuele complicaties zo vlug mogelijk te herkennen en te behandelen.
Enig begrip van de pathofysiologie tijdens laparoscopie is vereist om specifieke problemen van de patiént te on-
derkennen. Ook moet de chirurg voldoende ervaring hebben om de laparoscopie snel en correct uit te voeren.
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INTRODUCTION

The first documented laparoscopy on a live, anes-
thetized dog was performed by Georg Kelling, a hu-
man surgeon from Dresden, in the year 1901 (Lind-
berg, 2002). Major improvements in the optical
system and the introduction of the video laparoscope
in 1986 made endosurgery really popular (Williams

and Murr, 1993; Siegl ef al, 1994). Nowadays many
diagnostic procedures and surgeries are performed la-
paroscopically in dogs. Laparoscopy enables the sur-
geon to inspect a large number of abdominal organs:
gall bladder, kidneys, pancreas, ovaries and liver
(Richter, 2001). The small size of the wound and the
consequent reduction in tissue trauma ensure a quick
and uneventful recovery. The patient needs less post-
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operative care, fewer analgesic drugs and no Elizabet-
han collar. There is no contraindication to doing exer-
cise after the intervention, and both animal and owner
seem satisfied. In recent years many veterinarians
have recognized the advantages of this non-invasive
technique and laparoscopic surgery has become a
more common procedure in veterinary medicine.
However, there are some serious side effects that may
occur during anesthesia which can make this non-in-
vasive surgery a potentially high risk intervention.
The anesthetic problems inherent in the endoscopic
technique are discussed in this review.

BASICS OF LAPAROSCOPIC TECHNIQUE

Minimally invasive surgery requires adequate visua-
lization and access to abdominal structures. There-
fore a pneumoperitoneum is established by abdomi-
nal insufflation of carbon dioxide (CO-), air, helium
or nitrous oxide (N20) (Iberti et al, 1987). This can be
done in two ways: a closed technique with a Veress
needle or an open technique with a Hasson trocar.

The Veress needle contains a spring-loaded, hol-
low, blunt obturator inner portion and a stopcock
(Richter, 2001). The blunt obturator prevents abdo-
minal organ trauma, while the outer cannula with a
sharp point makes the penetration of the abdominal
wall easier.

In the open technique, a periumbical incision is
made down to the periumbical cavity under direct vi-
sion. A Hasson trocar is inserted and used to instill gas
through its cannula.

The pneumoperitoneum is established by gas pas-
sing through the obturator into the abdomen. Gas
(usually CO2) is insufflated intraperitoneally until an
intra-abdominal pressure of maximally 15 mm Hghas
been reached (Richter, 2001). A laparoscope is inser-
ted through the cannula. Either the surgeon looks di-
rectly through the eyepiece or attaches a video came-
ra. This allows the viewing of the operation field on a
monitor. Working instruments such as an electrocau-
ter, biopsy needles, graspers, and scissors are introdu-
ced in the abdomen at secondary ports (Richter,
2001).

INSUFFLATION GASES

The ideal insufflation gas should be transparent, co-
lorless, non-explosive, physiologically inert; it is
neither absorbed nor eliminated by the pulmonary sys-
tem (Kolata and Freeman, 1999). Several different
gases have been tested and carbon dioxide is nowa-
days the gas of choice for current clinical application.
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Unlike nitrous oxide or air, it does not support com-
bustion and can therefore be used with electrocautery.
CO:1s more soluble than the other insufflation gases,
hereby decreasing the risk for gas embolism; further-
more it is rather inexpensive. The adverse effects of
CO: are peritoneal irritation due to formation of car-
bonic acid and its absorption into the blood, possibly
leading to hypercapnia with ensuing stimulation of
the sympathetic nervous system (hypertension,
tachycardia, arrhythmias), vasodilatation and meta-
bolic acidosis (Williams and Murr, 1993). Under
anesthesia, positive pressure ventilation is necessary
in order to maintain normocapnia.

N:0 has analgesic properties and gives less perito-
neal irritation than COz, but it is highly inflammable
and precludes the use of electrocoagulation (Wolf et
al, 1994, Duke et al, 1996). Moreover, it can lead to
distension of hollow viscera containing nitrogen, and
may cause diffusion hypoxia during recovery. The in-
ert gases (helium, argon and xenon) have similar ad-
vantages as nitrous oxide, but are more expensive and
induce a higher risk of gas embolism.

Air and oxygen are never used nowadays. These
gases are explosive and can promote air embolus be-
cause of their low blood solubility.

MAIN SIDE EFFECTS OF PNEUMOPERITONEUM

The normal intraperitoneal pressure in man varies
from -5 to +7 mm Hg with an average of +2 mm Hg
(Iberti et al, 1987). An increase in elevated intra-ab-
dominal pressure (IAP) causes important cardiovas-
cular, pulmonary and renal changes.

A decrease in cardiac output by reduction of ve-
nous return and higher afterload due to increased pe-
ripheral resistance can be expected when the intra-ab-
dominal pressure goes up to 40 mm Hg. This has been
confirmed in several studies (Ivankovich et al, 1975;
Kashtan et al, 1981; Williams and Murr, 1993;
O’Malley and Cunningham, 2001). On the other
hand, the study of Duke ez a/ (1996) showed no signi-
ficant change in cardiac output during an intra-abdo-
minal pressure of 15 mm Hg. Aninitial so-called para-
doxical increase in cardiac output has also been
reported in man. This phenomenon was explained by
the reduction of blood volume in the splanchnic vas-
culature and redistribution to the central compart-
ment (Richardson and Trinkle, 1976; Chui et al.,
1993).

The high pressure in the abdomen causes a cranial
shift of the diaphragm towards the thoracic cavity,
which leads to an increase in intrathoracic pressure.
The elevated IAP tends to increase physiological
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dead space and reduce compliance, leading to a decre-
ase in functional residual capacity and a ventilati-
on-perfusion mismatch. The cranial movement of the
diaphragm enhances the formation of atelectasis,
which can decrease the oxygenation of the patient.
Perioperative hypoxemia can occur if gas mixtures
with a low O: fraction (e.g. Fi0230% to 40%) are ad-
ministered (Duke, 1996). These changes are more
pronounced in patients with cardiac or pulmonary
diseases. A capnogram is useful for measuring end-ti-
dal CO:2 in anesthetized patients, but end-tidal CO-
may not always reflect accurately the ventilation sta-
tus. A periodic arterial blood gas analysis is certainly
justified in patients undergoing laparoscopy. When
CO:isused as abdominal insufflation gas, the arterial
partial pressure of carbon dioxide (PaCO2) usually in-
creases due to transperitoneal absorption of CO2. Hy-
percarbia and associated respiratory acidosis can be
controlled by increasing the minute ventilation du-
ring intermittent positive pressure ventilation (Duke
et al, 1996). Subcutaneous or retroperitoneal insuf-
flated CO: is absorbed faster than intraperitoneal CO-
(Koivusalo and Lindgren, 2000). No change occurred
in PaCO: when the insufflation gas was helium
(Leighton et al, 1992) and N2O (Ivankovich et al,
1975).

Oliguria is a common observation during laparo-
scopy in man. When the AP pressure increases to 20
mm Hg, the renal vascular resistance increases by 555
% and the renal glomerular filtration rate decreases by
25 % (O’Malley and Cunningham, 2001). The com-
pression of the abdominal vena cava, on the one hand,
and the increase inthe ADH level, on the other, are the
possible causes of decreased urinary output (Koivu-
saloand Lindgren, 2000; O’Malley and Cunningham,
2001). Anuria has also been reported in dogs with an
IAP up to 40 mm Hg (Bailey and Pablo, 1999).

OTHER CARDIOPULMONARY RISKS OF PNEU-
MOPERITONEUM

Venous gas embolism is a severe complication that
can occur during laparoscopy (Wolfetal, 1994). The-
reisarisk of puncturing the venous system through an
inappropriate use of the Veress needle. Tension pneu-
moperitoneum can also force gas into an injured ves-
sel. Even more importantly, high intra-abdominal
pressures (20 to 40 mm Hg) favor the formation of gas
emboli. The solubility of the insuftflated gas is the
most significant factor: a low solubility is accompa-
nied by a higher risk for emboli (Wolf et al, 1994).
Small amounts of gas provoke few problems, while
large amounts of gas bubbles can reduce or even stop
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the flow of blood towards or in the heart. Death occurs
because an “airlock™ is created in the right atrium and
ventricle and the pulmonary arteries with a conse-
quent obstruction of the pulmonary flow. This “air-
lock” results in reduced venous return with a decrease
in cardiac output and a subsequent acute right heart
failure (Chui et a/, 1993). This phenomenon can be dia-
gnosed by a typical mill-wheel murmur on auscultati-
on, a suddenly occurring hypoxemia (low peripheral
oxygen saturation) and systemic hypotension and a
decrease in end tidal CO: (Bailey and Pablo, 1999;
Gilroy and Anson, 1987). The characteristic mill-
wheel murmur is a crunching sound caused by the
right ventricle beating against the air bubbles. Treat-
ment should be immediate and includes discontinua-
tion of insufflation together with a CPR and the place-
ment of a central venous line to try to aspirate the
accumulated gas (Gilroy and Anson, 1987).

Gas can accidentally be insufflated outside the pe-
ritoneal cavity, which can lead to subcutaneous em-
physema. The subcutaneous or subfascial emphyse-
ma usually resolves after 24 hours. Due to possible
existing small defects in the diaphragm which have
gone unnoticed, the gas can enter pleural and pericar-
dial spaces causing pneumothorax, -mediastinum and
-pericardium. The consequent pneumothorax can in-
duce hypoxemia, tachypnoe and tachycardia with hy-
potension. An appropriate therapy for pneumothorax
involving a one-way Heimlich valve is indicated.

Arrhythmias such as sinus bradycardia and even
asystoly can occur due to a vagal stimulation induced
by a fast intra-abdominal insufflation.

INFLUENCES OF POSITIONING

During endoscopic surgery the surgical table is til-
ted to allow a better view of the area of interest. Pa-
tient positioning during laparoscopy has major ef-
fects on most hemodynamic parameters. During the
classic Trendelenburg position (30° head down), ab-
dominal organs slide cranially allowing a better view
of the caudal abdominal cavity. This position is ac-
companied with an increased pressure on the di-
aphragm inducing changes in pulmonary mechanics
and cardiovascular parameters. Heart rate generally
remains constant, but cardiac output decreased signi-
ficantly in men and dogs (Bailey and Pablo, 1999).
A15° of the head-down positioning in anesthetized
dogs was demonstrated to have less impact on cardiac
output while using an IAP of 15 mmHg (Williams and
Murr, 1993).

During the reverse Trendelenburg position (30°
head up), abdominal organs slide caudally allowing a
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Table 1. Influences of positioning on cardiopulmonary parameters during laparoscopy in dogs.

TRENDELENBURG POSITION

INCREASE

Mean arterial blood pressure

Mean pulmonary arterial pressure
Pulmonary shunt fraction

Cerebral venous, spinal fluid pressure

Vascular resistance

INCREASE

Heart rate

Mean arterial blood pressure

REVERSE TRENDELENBURG POSITION

DECREASE

Functional residual capacity
Pulmonary compliance

Vital capacity

Stroke volume

Index of cardiac contractility

Minute ventilation

DECREASE

Cardiac output
Cerebral vascular resistance
Minute ventilation

Vital capacity

better view of the cranial area of the abdomen. A sig-
nificant decrease in cardiac output and stroke volume
was observed in men and dogs due to venous pooling,
along with a significant decline in preload (Williams
and Murr, 1993; Duke, 1996; O’Malley and Cunning-
ham, 2001) ( Table 1).

SPECIFIC ASPECTS OF THE ANESTHETIC PRO-
TOCOL FOR LAPAROSCOPIC PROCEDURES

A careful examination should precede any laparo-
scopic intervention. Coexisting diseases such as dia-
betes mellitus or hyperthyroidism should be treated
preoperatively. Patients with a diaphragmatic hernia
or with infections of the abdominal wall should not be
scheduled for surgery.

The cardiovascular changes thatare induced by the
pneumoperitoneum should be taken into consideration
when choosing an anesthetic protocol.

Alow dose of phenothiazines (such as acepromazine)
induces moderate sedation and muscle relaxation.
However, these neuroleptics are accompanied by an

alpha-lytic effect (dose dependant vasodilatation),
which may intensify the cardiovascular changes asso-
ciated with laparoscopy. Alpha-2 agonists (including
xylazine and medetomidine) produce analgesia, mus-
clerelaxation and sedation. These drugs reduce cardiac
output significantly and increase pulmonary and syste-
mic vascular resistance. Therefore the cardiovascular
side effects that occur do not justify the use of alpha-2
agonists in laparoscopic procedures. Postoperative
pain can be minimized by analgesics if they are given
before surgical manipulation (preemptive analgesia).
Analgesia can be provided by opioids, local anesthe-
tics or nonsteroidal anti-inflammatory agents, whe-
ther administered alone or in combination. The ef-
fects of opioids on the cardiovascular system are
minimal (Martin, 1983); a clinically relevant respira-
tory depression is rarely observed in patients, except
for the potent opioids, including fentanyl, sufentanil
and alfentanil (Nolan and Reid, 1991, Hall et al,
2001). Induction can be performed either with thio-
pental or propofol. Propofol was proven to induce a
reduction in the size of the spleen compared to thio-
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pental, decreasing accidental puncturing ofthe spleen
during the placement of the trocar (Wilson et al,
2004).

The maintenance of anesthesia for laparoscopy is
generally performed with an inhalent agent such as
isoflurane, sevoflurane and desflurane. Supplemen-
tal analgesia is provided preoperatively by an opioid
such as fentanyl or sufentanil, either given as a conti-
nuous rate infusion or administered in boli (Martin et
al,2001). Nitrous oxide is not recommended as there
is little MAC reduction compared to men and it leads
to low inspired oxygen concentration. Moreover, ni-
trous oxide diffuses into viscera containing nitrogen,
distending hereby the intestines and interfering with
the laparoscopic field.

Local and regional anesthesia, such as epidural
anesthesia with lidocaine or bupivacaine, help to pro-
vide supplemental analgesia and are attractive for
postoperative pain management (Bailey and Pablo,
1999).

Neuromuscular blocking agents help to maximize
abdominal distension while minimizing intra-abdo-
minal pressure (Chui et al, 1993, Bailey and Pablo,
1999). Agents such as atracurium or vecuronium can
be used for that purpose (Jones, 1985). Atracurium in
pigs, however, did not alter the pulmonary or abdomi-
nal elastic properties (Chassard et al, 1996); so the use
of neuromuscular blocking agents during laparosco-
pic interventions in dogs remains controversial.

The animals should preferably be mechanically
ventilated with adequate monitoring (tidal volume,
inspiratory and expiratory time and positive end expi-
ratory pressure). The minute volume has often to be
increased by 20-30 % to maintain normocapnia. Whe-
ther pressure controlled or volume controlled ventila-
tion is used, is a matter of equipment available and
personal preference. Volume controlled ventilators
deliver a preset tidal volume without regard for the
maximum inspiratory pressure. Large tidal volumes
(12-15 ml/kg) prevent alveolar atelectasis and hy-
poxemia, but there is a higher risk for barotrauma du-
ring intermittent positive pressure ventilation (Chui
et al, 1993). Pressure controlled machines allow in-
spiratory volumes (depending on the compliance and
airway resistance) to vary. As the anesthesiologist of-
ten has touse high airway pressure to overcome the ef-
fect of increased intra-abdominal pressure for a given
volume, this method allows a more safe and efficient
ventilation. Changes of respiratory compliance and
increase in airway pressure during laparoscopy canbe
monitored using pressure-volume or flow-volume
loops of a side-stream spirometry monitor. With this
method, any change in airway pressure, tidal volume,
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resistance or compliance can be evaluated and correc-
ted, if needed. Postoperative analgesia is best
provided with a repeated dosing of a long-acting par-
tial mu-opioid (6-8 hours postoperative analgesia)
such as buprenorphine or with an epidural analgesia.

CONCLUSION

In the future, minimally invasive surgery will su-
rely become the method of choice for some selected
surgical and diagnostic procedures (Siegl et al, 1994;
Richter, 2001). However, both surgeon and anesthesio-
logist must be prepared to encounter potential pro-
blems occurring during the endoscopic intervention.
The major problems are related to the cardiopulmona-
ry effects of the pneumoperitoneum and the systemic
carbon dioxide absorption. Other risks are extraperi-
toneal gas insufflation, venous gas embolism and
unintentional injuries. Obviously a ventilator and ap-
propriate monitoring equipment for detecting early
irregularities should be available, and both surgeon
and anesthesiologist should always be prepared to
perform an open laparotomy.

Initially, laparoscopy takes longer to perform, but
as the training and experience of the surgeon and the
anesthesiologist increase, the duration of the proce-
dure decreases.

Overall, the recently introduced technique of lapa-
roscopy should become a so-called “safe technique”,
whose ultimate goal is the patient’s well-being.
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Uit het verleden

KOEIENMEESTERS EN PAARDENMEESTERS IN DE JAREN 1600

Hoe gingen de koeienmeesters beschreven op pag.
116 volgens de gegevens te vinden in de zeventien-
de-eeuwse heksenprocessen te werk? Om te zien of
een koe ziek was, baseerde een smid die ook koeien-
meester was uit Zulte, zich louter op uiterlijke tekens,
zoals de stand van de ogen van de beesten. Hij behan-
delde de zieke koe van Antheunis de Sloovere met
aderlating en allerlei drankjes. Pieter Minne liet ver-
staan dat hij als koeienmeester alleen ‘natuurlijke’
ziekten behandelde, zoals de bloedziekte, de balg-
pijn, het qualick compas en de pest. In gevallen van
‘bloedziekte’ voerde hij aderlatingen uit. Uit ervaring
wist hij heel goed dat de meeste koeien en paarden
wormen hadden en dat die wormen bij paarden meest-
al in de pens (sic) en bij koeien achter het hart te vin-
den waren.

Als het verkeerd afliep, durfden deze ‘dieren-
artsen’ lijkschouwingen aan om op zoek te gaan naar

mogelijke ziekteoorzaken. Zo sneed de paardenmees-
ter Carel Populier het paard van Jan Minne open en
vond er fenyneghe beesten (het Latijnse venenum of
vergift betekende in de streek ook schadelijk insect)
ende slym als pugereck (kikkerdril). Twee van die
beesten zaten rond het hart en ze hadden elk twee
vleugels. Bij de dissectie van een ander paard vond hij
fenynighe beesten in de vorm van ‘palinghen’ en in
koeien fenynighe beesten ghelyck loppen (bloedzui-
gers — Hirudo) ende platte ghelyck blicken (zoetwa-
tervisje). Uit de muil van een kalf kwam er een beeste
ghelyck een loppe die zich op een bord langzaam uit-
rok. Dat waren echter geen alledaagse bevindingen.
Ze wezen op betovering ...

Bron: Monballyu J., 2003 (zie pag 116)



