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Abstract: Modern medicine is increasingly beginning the use of not only laparoscopic but also robotic operations. Mini-invasive
operations create a prerequisite for lower frequency of a number of unwanted effects that are common encountered in conventional
surgery. However, the induction of CO, in the abdominal cavity creates a prerequisite for the onset of a number of hemodynamic
complications that are potentially dangerous for the life of the patient. Therefore, their timely recognition and the way they are mastered

is of utmost importance for the best way out of anesthesia and surgery.
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1. Introduction

According to the International Association for the Study of
pain, it is unpleasant sensory and emotional condition
caused by the action of an actual or possible damaging
effects on tissues. (1)

It is not surprising that modern surgical techniques aim
minimal invasiveness, through which is achieved lower
degree of pain and post-operative complications. In modern
medicine, more and more are not used only laparoscopic but
also robotic operations. (2)

Mini-invasive operations create a prerequisite for lower
frequency of a number of adverse effects occurring in
conventional surgery. (3)

It is also considered suitable for patients with high BMI, as
minimal-invasive technique reduces the risk of infections, as
well as the severity of the operative trauma. (4)

Due to the small trauma, excellent visibility of the operative
field, a good cosmetic effect, faster recovery and return to
everyday activities, that kind of surgery is becoming
increasingly widely used for the treatment of many diseases.

(). (6), (7). (8), (9), (10), (11), (12)

It has been shown that in the application of laparoscopic and
robotic operations, the intensity of pain in the early
postoperative period is 1-4 by VAS (Visual Analogue
Scale), regardless of the type of painkillers, which proves
the minimal invasive character of both surgical methods.
(13)

Despite all these advantages, robotic and laparoscopic
operations also hide some risks for patients. This is more
common observed in robotic operations.

At the beginning of robotic operations, an intra-abdominal
pressure is created up to 20 mmHg, as a result of which the
large vessels in abdominal cavity are compressed. (14)

This pressure during pneumoperitoneum includes several
pathophysiological mechanisms, regardless of the species of
the gas used.

The most important mechanisms are the neuro-humoral
responses: secretion of vasopressin and the activation of
renin-angiotensin-aldosterone system in response to the
stress and the reflexes of n. Vagus. (15), (16), (17),
(18),(19).

There are number of cardiovascular changes that occur due
to the mechanical and chemical effects of CO, induced
pneumoperitoneum. (20)

Although laparoscopic surgery is well tolerated by most
patients, cardiovascular changes may have adverse effects
on patients with limited cardiac reserve. Numerous studies
have documented the impact of CO, induced
pneumoperitoneum on haemodynamic variables. In most
studies, were reported increases of mean arterial pressure
and decrease or absence of changes in the heart rate and the
heart work. (22), (23)

These changes are proportionable to the changes in intra-
abdominal pressure, more often when the patient is in
position 15 ° Trendelenburg. (24) Most frequently reported
changes are connected to the haemodynamics.

In 1997, Jungas and coll. came to the conclusion that the
effect of the increased intraabdominal pressure on
haemodynamics depends on the magnitude of the extra
(above normal) increased intraabdominal pressure, the
disorder of hemodynamic volume of circulating fluid
(intravascular ~ condition) and the  baseline  of
haemodynamics. (25)

Therefore, changes in hemodynamic parameters in mini-
invasive operations can be determined by different factors:
intraabdominal  pressure  level, duration of the
pneumoperitoneum, the patient's position on the surgical
table, the rate of accumulation of CO , in arterial blood
(PaC0,) and hypercapnia (Pet CO,), the presence or absence
of cardiacvascular pathologies, etc. (26), (27), (28), (29)

According to Diabel et al., if the intraabdominal pressure
does not exceed 10 mmHg, the mean haemodynamics in
general remain normal, but there is a significant decrease of
the arterial blood flow in the liver. High intraabdominal
pressure (more than 14 mmHg), causes changes in external
breathing function and rotation of the heart as a result of
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displacement of the diaphragm, which increases the overall
pulmonary resistance and decrease in the functional capacity
of the lungs. (30), (31)

The effect on systemic hemodynamics has a two-phase
nature. At first there is a certain increase in the heart volume
and heart rate, b.c. increasing venous return to the right part
of the heart from the organs in the abdominal cavity. Later
on the cardiac flow and the heartbeat decrease as a result of
the pressure on capacitive vessels in the abdominal cavity,
and this leads to increased vascular resistance. Insufflation
of gas in the abdominal cavity causes disturbance of local
haemodynamics - compression occurs in v.cava inferior with
disruption of the circulation in its pool, blood flow disorder
in the arteries and veins in the abdominal cavity and
retroperitoneal space. (32), (33)

Increased intraabdominal pressure also leads to mechanical
obstruction in the venous return of the blood, resulting
increased blood flow pressure in the veins of the lower limbs
and decrease of the preload of the left ventricle.

All these mechanisms increase the systemic vascular
resistance, leading to increase of the heart afterload. The
development of hemodynamic changes depends on the
functional reserve of the myocardium: reduction of the heart
flow and arterial hypotension are possible without increasing
the heart rate. (34), (35)

Joris et al. (1995), using invasive monitoring, proved that
after peritoneal insufflation (8-12 mmHg), there is
significant increase in mean arterial pressure (by 35%),
increase of systolic vascular resistance (65%) and
pulmonary vascular resistance (by 90%), as well as
reduction of heart rate index (by 20%) until central venous
pressure is increased. (36)

Several studies have concluded that it is increased systemic
vascular resistance that leads to decreased heart rate. (37)

According to Darlon Vanlong and colleagues, there is no
change in heart rate at the time of CO 2 insufflation and the
formation of the pneumoperitoneum.

They reported a significant decrease in mean arterial
pressure after two hours of onset of the pneumoperitoneum
compared to the baseline. (38)

Similar results have reached Meininger and coll. (39)

However, in a study by Fabella et al. Meininger et al proves
a significant increase of mean arterial pressure after
insufflation of CO.. (40), (41)

Both studies compared mean arterial pressure with the post-
induction values.

At the same time, all measured parameters are returned to
baseline values (prior to pneumoperitoneum) 10-30 minutes
after the pneumoperitoneum, and more are not affected by
postural changes or desalination of gas from the abdominal
cavity. (42)

The Darlong study noted a significant decrease in peripheral
vascular resistance and cardiac index after the induction,
after the pneumoperitoneum and immediately after
positioning the patient at 45 ° Trendelenburg.

After induction with Thopental and Isoflurane-Fentanyl
anesthesia, there is decrease in hemodynamic performance.
In the end of the laparoscopy, this team of authors describes
the return of the central venous pressure to its baseline level.

Hirvonen and call. report a reduction in peripheral
vascularity resistance and impact volume after induction and
after CO, -pneumoperitoneum and positioning the patient at
45 ° Trendelenburg. (43)

Lin and call. (2013), in a study prove that hemodynamic
changes can be reduced when the pneumoperitoneum is
induced while the patient is on the operative table on his
back before being placed in Trendelenburg or reverse-
Trendelenburg. (44)

In a study by Golubeva and call. (2012) with the help of the
variable pulsometry was found that during the
pneumoperitoneum the original normotonia is replaced
before desuflation with sympathicotonia, which reflects the
activation of adaptation mechanisms. Later on it turns into
growing vagotonia, which testifies of the collapse of the
adaptation mechanisms.

It was found that the peak of the arrhythmogenic effect of
the pneumoperitoneum occurs in the period immediately
before desulflation of gas from the abdominal cavity and
lasts up to 15 minutes. The authors conclude that the
pressure level of pneumoperitoneum that causes the
corresponding hemodynamic effects depend on the patient's
individual characteristics, therefore maintaining intra-
abdominal pressure during laparoscopy in level of 8-10
mmHg is not safe. (45)

One of the most common complications described in the
pneumoperitoneum are hypertension, hypotension and
arrhythmia.

According to Umar and call. and Gut and call. these changes
are more common at first of gas insufflation in normotonic
patients. (46), (47)

It has been proved that CO, more than any other gases
insufflated in the abdominal cavity causes pulmonary
hypertension, as in prolonged operations this effect
increases. (48)

As a result, the CO, -induced pneumoperitoneum occurs
activation of the sympathetic nervous system with the
release of catecholamines in the blood which leads to
vasoconstriction, increased heart rate, increased arterial
pressure and arrhythmia. (49)

It is possible to develop different types of arrhythmia: sinus
tachycardia and ventricular extrasystoles due to released
catecholamines, bradyarrhythmia (sinus bradycardia, nodal
rhythm, atrioventricular rhythm, asistolia), which is
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associates with rapid peritoneal insufflation of CO, (50),
(51), (52), (53), (54), (55), (56)

Vigorous vasovagal response due to rapid insuflation of
peritoneum or in the event of gas embolism may lead to
heart arrest. (57), (58), (59)

To

avoid or minimize these effects of pneumoperitoneum,

most authors recommend:

1)

2)

3)

4)

5)

6)

2.

Preoperative infusion therapy (up to 10 ml / Kkg).
Otherwise, the combination of high intra - abdominal
pressure with bending head down to Trendelenburg
position can cause a significant reduction in cardiac
index (up to 50%).(60), (61), (62), (63), (64), (65), (66)
Pneumatic compression of the lower limbs effectively
increases venous return and cardiac overload. (67)

Low rate of gas supply when applying
pneumoperitoneum (< 5 1 / min) is important both for
reducing the possibility of fatal consequences of gas
embolism (in case of accidental intravascular induction
of gas) and to exclude vasovagal reflexes leading to
arterial hypotension, arrhythmia and cardiac arrest. (68)
It is recommended to use the lowest level of intra-
abdominal pressure in each case. It is accepted, that the
main stages of laparoscopic surgery are possible at intra-
abdominal pressure of 5-7 mmHg. (69), (70)

The European Society of Endoscopic Surgeons (EAES),
also recommends using as low pressure as possible in the
abdominal cavity when performing laparoscopic
operations. (71)

Extreme positions of the operation table should be
avoided, except the short episodes needed for the
implementation of the individual stages of the operatio.
(72)

Conclusion

Minimal invasive surgical techniques are widely used in
various surgical areas. It is related to the advantages that this

kind of surgery provides, which are :

weak pain, short

hospital stay and good cosmetic effect.
However, the induction of CO, into the abdominal cavity

creates a prerequisite for

number of haemodynamic

complications that are potentially dangerous to the patient's
life. That’s why, their recognition and the way they are
treated are of utmost importance for the good outcome of
anesthesia and operative intervention.

References

[1]

2]

LeeranoBa K., AranacoBa M ., Mapunosa P.,
Omuceea E., Kumposa /[I., JlioGeHoB A.
dapmakoreHeTnka Ha OojKaTa OT IJIeHA TOYKa HA
AHECEeT3MOJIOTUATa. AHECTE3UOJIOTUSI W HMHTEH3WBHO
neuenue. [on. XLVI, k. 3/2017. Ctp. 61-63.
IIBeranoBa K., IIerkoBa C., NBoBa b., AtanacoBa
M. dunocopekne HayKH: WnTpa- u
MIOCJICONICPAINOHHBIE U3MECHEHHS B CHIBOPOTKE KPOBH
ypoBHs koptm3ona u  AKTIT B oObuaHoM
POOOTH3UPOBOHHOM TMHEKOJIOTHYECKOH  XUPYPTUH:
Kypnane Espazuiickuii Coto3 Yuensix (ECY), 2016, 3
(24): Crp. 78-83.

(3]

[4]

(5]

6]

[7]

(8]

[0]

[10]

[11]

[12]

[13]

Tsvetanova K., Dimitrov T. Surgical Wound
Infections and Duration of Intensive Care Stays in
Robotic, Laparoscopic and Conventional Surgery.
International Journal of Science and Research (IJSR),
2016, 5 (8): Ctp. 1567-1571.

IIBeranoBa K., AramacoBa M., MmmaguaoB Bur.,
IOmuesa JI. Bps3ka mexay BMI, onepatuBHOTO
BpEME, XEeMOAUHaAMHKaTa u HWHTpaoIrcpaTuBHaTa
KpPbBO3bI'y0a NpH POOOTHU3MpPAaHH M JIAIapOCKOICKU
ornepanuu. AHeCcTe3HOJIOTHSI ¥ MHTECH3WBHO JICUECHHE.
Bpoii 1 /2015 r. Ctp. 26-27. ISSN 1310-4284.
IIBeranoBa K., Tomor Ci., Ilanes I'., IIBetkoBa C.,

3an¢puposa JI. KocMuueckne TEXHOJIIOTHH B
MEIUIMHE-UCTOPHSI, TPHIOKEHHE W  HEZOCTAaTKH
POOOTH3NPOBBAHHOM u JIanapOCKONMYECKOM

xupypruu. Eepasuiikuii Corwos Yuenvix (ECY) # 6 (27),
2016. Meouyunckue nayku. Cmp. 50-60.

Chris Kliethermesp Kelly Blazekp Kausar Ali, MS, J.
Biba Nijjarp Stephanie Kliethermes, and Xiaoming
Guan. Postoperative Pain After Single-Site Versus
Multiport Hysterectomy. Journal of the Society of
Laparoendoscopic Surgeons. October—December 2017
Volume 21 Issue 4. P. 1-8.

IIBeranoBa K., Ilmatuxanor B., AramacoBa M.,
3anpupoa JI.  VYcmoxHeHHMs B Xoma  Ha
JIANIapOCKOIICKUTEC u pO6OTI/ISI/IpaHI/I
OHKOI'MHCKOJIOTUYHHU OIllCpaluu. AHecTe3HnoJIoTHs U
WHTCH3UBHO JieueHue, bpoit 1/2015 r. Crp. 28-30.
IIBeranosa K., Aranacoa M., lBoBa b., PIOp,I[aHOB
A. HepBHO-€HIOKPUHHU U XEMOJAWHAMUYIHH NPOMEHH
B XoJla Ha oOmata aHecTe3Ws NpHU POOOTHU3HUPAHU U
KOHBCHIIMOHAJIHHU OHKOI'MHCKOJIOTMYHHA OoTicpamnunu.
AHecTe3MoJIOTHSI ¥ HWHTEH3MBHO JiedeHue, bpoi
4/2015, ctp. 34-36. ISSN 1310-4284. ISSN 1310-
4284,

Tsvetanova K., Atanasova M., Ivova B., Tanchev L.
Comparative analysis of operative time, length of stay
in ICU and estimated blood loss in robotic assisted and
laparoscopic surgery. Scripta Scientifica Medica, Vol.
48, Ne 1, 2016. Cmp. 36-42.

Wong M. ,Morris S., Wang K. ,Simpson K.Managing
Postoperative  Pain  After Minimally Invasive
Gynecologic Surgery in the Era of the Opioid
Epidemic. J Minim Invasive Gynecol.2018 Nov-
Dec;25(7):1165-1178. doi:
10.1016/j.jmig.2017.09.016. Epub 2017 Sep 28.

Chris Kliethermes, MD, Kelly Blazek, MD, Kausar
Ali, MS, J. Biba Nijjar, MD, MPH,Stephanie
Kliethermes, PhD, and Xiaoming Guan, MD, PhD.
Postoperative Pain After Single-Site Versus Multiport
Hysterectomy.  Journal of the Society of
Laparoendoscopic Surgeons. October—December 2017
Volume 21 Issue 4. P. 1-8.

Beaussier M. Minimally invasive postoperative
analgesia for pain relief after minimally invasive
surgical procedures: the role of local anesthetic
infusion. Techniques in Coloproctology December
2012, Volume 16, Issue 6, pp 403-404.

Ilgeranora K., IIserkoBa C., BoBa b., FOnuera JI.
HOCJ’ICOHepaHI/IOHHaH 00JIb-II0KA3aTEIIb KayecTBa
XKU3HU B MUHH-UHBa3suBHOW xupypruu. Kypnaie
EBpasuiickuii Coro3 Yuensix (ECY), 2016, 3 (24):
Crp. 75-78.

Volume 8 Issue 6, June 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20198497

10.21275/ART20198497

262


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kliethermes%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blazek%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nijjar%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nijjar%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nijjar%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kliethermes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guan%20X%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guan%20X%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guan%20X%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28964926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morris%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28964926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28964926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simpson%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28964926
https://www.ncbi.nlm.nih.gov/pubmed/28964926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kliethermes%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blazek%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nijjar%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kliethermes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kliethermes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kliethermes%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guan%20X%5BAuthor%5D&cauthor=true&cauthor_uid=29238155
https://link.springer.com/journal/10151
https://link.springer.com/journal/10151/16/6/page/1

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Tsvetanova K., Odiseeva E., Zanfirova L., Tomov
S., Dimitrov T. Effective glomerular filtration and
robotic surgery. Sciences of Europe. Vol. 2, Nel12 (12),
2017. Crp. 102-110.

Barczynski, M. A prospective randomized trial on
comparison of low-pressure (LP) and standard-
pressure (SP) pneumoperitoneum for laparoscopic
cholecystectomy / M. Barczynski, R.M. Herman //
Surg Endosc. - 2003. - Ne 17. - P. 533-538.

Gutt, C.N. Circulatory and respiratory complications of
carbon dioxide insufflation / C.N. Gutt, T. Oniu, A.
Mehrabi // Dig Surg. - 2004. - Ne 21(2). - P. 95-105.
Sandhu T. [et al.]. Low-pressure pneumoperitoneum
versus standard pneumoperitoneum in laparoscopic
cholecystectomy, a prospective randomized trial / //
Surg. Endosc. - 2009. - Ne 23. - P. 1044-1047.

Myre, K. Catecholamine release during laparoscopic
fundoplication with high and low doses of remifentanil
/ K. Myre [et al.] // Acta Anaesthesiol Scand. - 2003. -
Ne 47(3). - P. 267-273.

Perrakis E. [et al.]. Randomized comparison between
different insufflation pressures for laparoscopic
cholecistectomy / // Surg. Laparosc. Endosc. Percutan
Tech. - 2003. - Ne 13. - P. 245-249.

Kameliya Tsvetanova. The influence of a
Pneumoperitoneum on a Cardio-vascular System and
Central Hemodynamics in the Medical Cases of
Robotic and Laparoscopic Gynecological Surgeries.
IJSR, Vol .5. P. 968.

Baltayian S. A brief review: anesthesia for robotic
surgery. J Robot Surg. 2008;2:59-66. doi:
10.1007/s11701-008-0088-4.

Hong JY, Oh YJ, Rha KH, Park WS, Kim YS, Kil HK.
Pulmonary edema after da Vinci-assisted laparoscopic
radical prostatectomy: a case report. J Clin Anesth.
2010;22:370-372. doi: 10.1016/j.jclinane.2009.05.010.
[PubMed] [CrossRef] [Google Scholar]

Secin FP, Jiborn T, Bjartell AS, Fournier G, Salomon
L, Abbou CC, et al. Multi-institutional study of
symptomatic deep venous thrombosis and pulmonary
embolism in prostate cancer patients undergoing
laparoscopic or robot-assisted laparoscopic radical

prostatectomy.Eur Urol.2008;53:134-145. doi:
10.1016/j.eururo.2007.05.028.[PubMed]
[CrossRef][Google Scholar]

Zollinger A, Krayer S, Singer T, Seifert B,

Heinzelmann M, Schlumpf R, et al. Haemodynamic
effects of CO2 pneumoperitoneum in elderly patients

with an increased cardiac risk.Eur J
Anaesthesiol.1997;14:266—75.[PubMed][Google
Scholar]

LBeranosa K. I[TocTypanHu xeMoAHMHAMUYHHA TPOMEHHU
pyu poOOTH3MPAHH U JIATAPOCKOIICKH THHEKOJIOTHIHH
onepanuu. Monorpadust. Berec koucynr. Ctp. 64-78.

Henncenko, A.M. OcobeHHOCTH TepHONIEPalmOHHOTO
BEJICHHS MAIEHTOB IIPH SHIOBHICOXHPYPTHIECKUX
BMmewarenbcTBax. Yacte 1. [lonoxenue nanueHra Ha
ONEpalMOHHOM CTOJIE, BIUSHHE Ha CUCTEMY OPI'aHOB

KHU3HEOOECTICeUEeHHS ! reMoAuHaMMKa (o630p
nutepatypsl) [ Texct] / A. . denucenko // Kniniuna
xipypris.—2015.-Ne 7.—C. 69-72.

Ameliorating effects of CAPE on oxidative damage
caused by pneumoperitoneum in rat lung tissu / L.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Davarci [etal.] // Int J. Clin. Exp. Med. - 2014. - Ne 7. -
P. 1698.

Grabowski, J.E.  Physiological effects of
pneumoperitoneum / J.E. Grabowski, M.A. Talamini //
J. Gastrointest Surg. - 2009. - Ne 13(5). - P. 1009-1016.
Pathophysiologic effects of CO2-pneumoperitoneum
in laparoscopic surgery / V. Nesek-Adam [et al.] //Acta
Med Croatica. - 2007. - Ne 61(2). - P. 165-170.

Diebel, L. N. Effect of increased intra-abdominal
pressure on arterial, portal venous and hepatic
microcirculatory blood flow / L. N. Diebel [et al.] // J.
Trauma. 1992. Vol. 33. P. 279-283.

Safran, D. B. Physiologic effects of
pneumoperitoneum / D. B. Safran, R. Orlando //Am. J.
Surg. 1994. Vol. 167. P. 281-286.

Halverson, A. Evaluation of mechanism of increased
intracranial pressure with insufflation / A. Halverson //
Surg. Endosc. 1998. Vol. 12. P. 266-269.

Rosenthal, R. J. Intracranial pressure: effects of
pneumoperitoneum in a largeanimal model / R. J.
Rosenthal [et al.] // Surg. Endosc. 1997. Vol. 11. P.
376-380.

Stimpelmann R. [et al.]. Haemodynamic, acid-base and
blood volume changes during prolonged low pressure
pneumoperitoneum in rabbits / // Br. J. Anaesth. -
2006. - Ne 96(5). - P. 563-568.

Neudecker  J. [et al.]The EAES clinical practice
guidelines on pneumoperitoneum for laparoscopic
surgery / // Surg. Endosc. - 2002. - Ne 16. - P. 1121
1143.

Joris, J.L. Pneumothorax During Laparoscopic
Fundoplication: Diagnosis and Treatment with Positive
End-Expiratory Pressure/ J.L. Joris, J.D. Chiche, M.L.
Lamy // Anesth Analg. - 1995. - Ne 81. - P. 993-1000.
The Physiologic Effects of Pneumoperitoneum in the
Morbidly Obese / T. Ninh [et al.] // Ann. Surg. - 2005.
- Ne 241(2). - P. 219-226.

Zuckerman, R.S. The duration of hemodynamic
depression during laparoscopic cholecystectomy / R.S.
Zuckerman, S. Heneghan // Surg. Endosc. - 2002. - Ne
16(8). - P. 1233-1236.

Vanlal Darlong, Nishad Poolayullathil Kunhabdulla,
Ravindra Pandey, Chandralekha, Jyotsna Punj, Rakesh
Garg,and Rajeev Kumar. Hemodynamic changes
during robotic radical prostatectomy. Saudi J Anaesth.
2012 Jul-Sep; 6(3): 213-218.

Meininger D, Byhahn C, Bueck M, Binder J, Kramer
W, Kessler P, et al. Effects of prolonged
pneumoperitoneum on haemodynamics and acid-base
balance during totally endoscopic robot-assisted
radical prostatectomies. World J Surg. 2002;26:1423—
7. [PubMed] [Google Scholar]

Falabella A, Moore-Jeffries E, Sullivan MJ, Nelson R,
Lew M. Cardiac function during steep Trendelenburg
position and CO 2 pneumoperitoneum for robotic-
assisted prostatectomy: A trans-oesophageal Doppler
probe study. Int J Med Robot. 2007;3:312-5.
[PubMed] [Google Scholar]

Meininger D, Westphal K, Bremerich DH, Runkel H,
Probst M, Zwissler B, et al. Effects of posture and
prolonged pneumoperitoneum on haemodynamic
parameters during laparoscopy. World J Surg.
2008;32:1400-5. [PubMed] [Google Scholar]

Volume 8 Issue 6, June 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20198497

10.21275/ART20198497

263


https://www.ncbi.nlm.nih.gov/pubmed/20650386
https://dx.doi.org/10.1016/j.jclinane.2009.05.010
https://scholar.google.com/scholar_lookup?journal=J+Clin+Anesth&title=Pulmonary+edema+after+da+Vinci-assisted+laparoscopic+radical+prostatectomy:+a+case+report&author=JY+Hong&author=YJ+Oh&author=KH+Rha&author=WS+Park&author=YS+Kim&volume=22&publication_year=2010&pages=370-372&pmid=20650386&doi=10.1016/j.jclinane.2009.05.010&
https://www.ncbi.nlm.nih.gov/pubmed/17597288
https://dx.doi.org/10.1016/j.eururo.2007.05.028
https://scholar.google.com/scholar_lookup?journal=Eur+Urol&title=Multi-institutional+study+of+symptomatic+deep+venous+thrombosis+and+pulmonary+embolism+in+prostate+cancer+patients+undergoing+laparoscopic+or+robot-assisted+laparoscopic+radical+prostatectomy&author=FP+Secin&author=T+Jiborn&author=AS+Bjartell&author=G+Fournier&author=L+Salomon&volume=53&publication_year=2008&pages=134-145&pmid=17597288&doi=10.1016/j.eururo.2007.05.028&
https://www.ncbi.nlm.nih.gov/pubmed/9202912
https://scholar.google.com/scholar_lookup?journal=Eur+J+Anaesthesiol&title=Haemodynamic+effects+of+CO2+pneumoperitoneum+in+elderly+patients+with+an+increased+cardiac+risk&author=A+Zollinger&author=S+Krayer&author=T+Singer&author=B+Seifert&author=M+Heinzelmann&volume=14&publication_year=1997&pages=266-75&pmid=9202912&
https://scholar.google.com/scholar_lookup?journal=Eur+J+Anaesthesiol&title=Haemodynamic+effects+of+CO2+pneumoperitoneum+in+elderly+patients+with+an+increased+cardiac+risk&author=A+Zollinger&author=S+Krayer&author=T+Singer&author=B+Seifert&author=M+Heinzelmann&volume=14&publication_year=1997&pages=266-75&pmid=9202912&
https://scholar.google.com/scholar_lookup?journal=Eur+J+Anaesthesiol&title=Haemodynamic+effects+of+CO2+pneumoperitoneum+in+elderly+patients+with+an+increased+cardiac+risk&author=A+Zollinger&author=S+Krayer&author=T+Singer&author=B+Seifert&author=M+Heinzelmann&volume=14&publication_year=1997&pages=266-75&pmid=9202912&
https://www.ncbi.nlm.nih.gov/pubmed/?term=Darlong%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kunhabdulla%20NP%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandey%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chandralekha%20%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Punj%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garg%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garg%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garg%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23162392
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3498657/
https://www.ncbi.nlm.nih.gov/pubmed/12297911
https://scholar.google.com/scholar_lookup?journal=World+J+Surg&title=Effects+of+prolonged+pneumoperitoneum+on+haemodynamics+and+acid-base+balance+during+totally+endoscopic+robot-assisted+radical+prostatectomies&author=D+Meininger&author=C+Byhahn&author=M+Bueck&author=J+Binder&author=W+Kramer&volume=26&publication_year=2002&pages=1423-7&pmid=12297911&
https://www.ncbi.nlm.nih.gov/pubmed/18200624
https://scholar.google.com/scholar_lookup?journal=Int+J+Med+Robot&title=Cardiac+function+during+steep+Trendelenburg+position+and+CO+2+pneumoperitoneum+for+robotic-assisted+prostatectomy:+A+trans-oesophageal+Doppler+probe+study&author=A+Falabella&author=E+Moore-Jeffries&author=MJ+Sullivan&author=R+Nelson&author=M+Lew&volume=3&publication_year=2007&pages=312-5&pmid=18200624&
https://www.ncbi.nlm.nih.gov/pubmed/18224479
https://scholar.google.com/scholar_lookup?journal=World+J+Surg&title=Effects+of+posture+and+prolonged+pneumoperitoneum+on+haemodynamic+parameters+during+laparoscopy&author=D+Meininger&author=K+Westphal&author=DH+Bremerich&author=H+Runkel&author=M+Probst&volume=32&publication_year=2008&pages=1400-5&pmid=18224479&

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Zuckerman, R.S. The duration of hemodynamic
depression during laparoscopic cholecystectomy / R.S.
Zuckerman, S. Heneghan // Surg. Endosc. - 2002. - Ne
16(8). - P. 1233-1236.

Hirvonen EA, Nuutinen LS, Kauko M. Haemodynamic
changes due to Trendelenburg positioning and
pneumoperitoneum during laparoscopic
hysterectomy. Acta Anaesthesiol Scand.1995;39:949—
55.[PubMed] [Google Scholar]

Lin M.C. [et al.]. Pneumoperitoneum complicated
pneumomediastinum causing cardiovascular
deterioration in a low-body-weight premature infant
during laparoscopic Nissen fundoplication / // Acta
Anaesthesiol Taiwan. - 2013 Dec. - Ne 51(4). - P. 177-
179.

TomyGeB, A.A. Croco0 npo¢uIakTHKH HapyIIeHUH
perysinuu CepaACYHOIo puTMa B XOAC BBIIIOJIHCHUA
JIaMapOCKOMNMYCCKUX OINCPATUBHBIX BMEIIATEILCTB /
A.A. Tonybes, B.A. 3yeBa, B.B.  Aptemor //
TuxookeaHCKHit MeTUIIMHCKUH )ypHan .—2012.—No 4—
C. 95-98.

Gutt, C.N. Circulatory and respiratory complications of
carbon dioxide insufflation / C.N. Gutt, T. Oniu, A.
Mehrabi // Dig Surg. - 2004. - Ne 21(2). - P. 95-105.
Umar, A. Evaluation of hemodynamic changes using
different intra-abdominal pressures for laparoscopic
cholecystectomy / A. Umar, K.S. Mehta, N. Mehta //
Indian J. Surg. - 2013. - Ne 75(4). - P. 284-289.

Ho, H. S. Effector of hemodynamic during
laparoscopic: CO2 absorption or intraabdominal
pressure / H. S. Ho [et al.] // J. Surg. Res. 1995. Vol.
59. P. 497-503.

Mikami, O. High intra-abdominal pressure increases
plasma  catecholamine  concentrations  during
pneumoperitoneum for laparoscopic procedures / O.
Mikami [et al.] // Arch. Surg. 1998. Vol. 133. P. 39—
43.

Henncenko, A.M. OcoOeHHOCTH TEpUOTIEPAIHOHHOTO
BCACHUA HNALUCHTOB IIPpU SHAOBUACOXUPYPIrUYCCKUX
pmemiarenbeTBax. Yacts 1. [lonoxxkenne manueHta Ha
OIICPALTMOHHOM CTOJIC, BJIUAHUC HAa CUCTEMY OPIraHOB
KU3HE0OeCTIeUeHHSI: reMoJIMHAMUKa (0630p
nmuteparypsl) [Tekcr] / A. U. [enucenko // Kiinigyaa
xipyprist.—2015.-Ne 7.—C. 69-72.

Falabella A. [et al.]. Cardiac function during steep
Trendelenburg position and CO2 pneumoperitoneum
for robotic-assisted prostatectomy: a trans-oesophageal
Doppler probe study / // Int J. Med Robot. - 2007. - Ne
3(4). - P. 312-315.

Egawa / H. [et al]. Comparison between
intraperitoneal CO2 insufflation and abdominal wall
lift on QT dispersion and rate-corrected QT dispersion
during laparoscopic  cholecystectomy //  Surg.
Laparosc. Endosc. Percutan Tech. - 2006. - Ne 16. - P.
78-81.

Sarkéany / P. [et al.]. Non-invasive pulse wave analysis
for monitoring the cardiovascular effects of CO2
pneumoperitoneum during laparoscopic
cholecystectomy--a prospective case-series study //
BMC Anesthesiol. - 2014. - Ne 31. - P. 14.

Meininger, D. Special features of laparoscopic
operations from an anesthesiologic viewpoint: a review

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

/ D. Meininger, C. Byhahn // Anaesthesist. - 2008. - Ne
57(8). - P. 760-766.

Grabowski, J.E.  Physiological effects of
pneumoperitoneum / J.E. Grabowski, M.A. Talamini //
J. Gastrointest Surg. - 2009. - Ne 13(5). - P. 1009-1016.
Futier E. [et al.].Intraoperative recruitment maneuver
reverses  detrimental  pneumoperitoneuminduced
respiratory effects in healthy weight and obese patients
undergoing laparoscopy / // Anesthesiology. - 2010. -
P. 1310-1319.

Meininger D. [et al.].Effects of posture and prolonged
pneumoperitoneum on hemodynamic parameters
during laparoscopy / // World J. Surg. - 2008. - Ne
32(7). P. 1400-1405.

Nguyen N.T. [et al].Effect of prolonged
pneumoperitoneum on intraoperative urine output
during laparoscopic gastric bypass / // J. Am Coll Surg.
-2002. - Ne 195. - P. 476-483.

Gutt, C.N. Circulatory and respiratory complications of
carbon dioxide insufflation / C.N. Gutt, T. Oniu, A.
Mehrabi // Dig Surg. - 2004. - Ne 21(2). - P. 95-105.
Meininger D. [et al.]. Effects of posture and prolonged
pneumoperitoneum on hemodynamic parameters
during laparoscopy / // World J. Surg. - 2008. - Ne
32(7). P. 1400-1405.

Gutt, C.N. Circulatory and respiratory complications of
carbon dioxide insufflation / C.N. Gutt, T. Oniu, A.
Mehrabi // Dig Surg. - 2004. - Ne 21(2). - P. 95-105.
Junghans T. [et al.].Systematic evaluation of different
approaches for minimizing hemodynamic changes
during pneumoperitoneum / // Surg. Endosc. - 2006. -
Ne 20(5). - P. 763-769.

Egawa H. [et al.].Comparison between intraperitoneal
CO2 insufflation and abdominal wall lift on QT
dispersion and rate-corrected QT dispersion during
laparoscopic cholecystectomy / // Surg. Laparosc.
Endosc. Percutan Tech. - 2006. - Ne 16. - P. 78-81.
Gutt, C.N. Circulatory and respiratory complications of
carbon dioxide insufflation / C.N. Gutt, T. Oniu, A.
Mehrabi // Dig Surg. - 2004. - Ne 21(2). - P. 95-105.
Meininger, D. Special features of laparoscopic
operations from an anesthesiologic viewpoint: a review
/ D. Meininger, C. Byhahn // Anaesthesist. - 2008. - Ne
57(8). - P. 760-766.

Systematic evaluation of different approaches for
minimizing hemodynamic changes during
pneumoperitoneum / T. Junghans [et al.] // Surg.
Endosc. - 2006. - Ne 20(5). - P. 763-769.

Grabowski, J.E.  Physiological effects of
pneumoperitoneum / J.E. Grabowski, M.A. Talamini //
J. Gastrointest Surg. - 2009. - Ne 13(5). - P. 1009-1016.
Nguyen N.T. [et al].Effect of prolonged
pneumoperitoneum on intraoperative urine output
during laparoscopic gastric bypass / // J. Am Coll Surg.
-2002. - Ne 195. - P. 476-483.

Meininger D. [et al.].Effects of posture and prolonged
pneumoperitoneum on hemodynamic parameters
during laparoscopy / // World J. Surg. - 2008. - Ne
32(7). P. 1400-1405.

Stimpelmann R. [et al.].Haemodynamic, acid-base and
blood volume changes during prolonged low pressure
pneumoperitoneum in rabbits / // Br. J. Anaesth. -
2006. - Ne 96(5). - P. 563-568.

Volume 8 Issue 6, June 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20198497

10.21275/ART20198497

264


https://www.ncbi.nlm.nih.gov/pubmed/8848897
https://scholar.google.com/scholar_lookup?journal=Acta+Anaesthesiol+Scand&title=Haemodynamic+changes+due+to+Trendelenburg+positioning+and+pneumoperitoneum+during+laparoscopic+hysterectomy&author=EA+Hirvonen&author=LS+Nuutinen&author=M+Kauko&volume=39&publication_year=1995&pages=949-55&pmid=8848897&

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
ResearchGate Impact Factor (2018): 0.28 | SJIF (2018): 7.426

[72]

[73]

Mario Schietroma [et al.] Effects of low and standard
intra-abdominal pressure on systemic inflammation
and immune response in laparoscopic adrenalectomy:
A prospective randomised study / // J. Minim Access
Surg. - 2016. - Ne 12(2). - P. 109-117.

Gutt, C.N. Circulatory and respiratory complications of
carbon dioxide insufflation / C.N. Gutt, T. Oniu, A.
Mehrabi // Dig Surg. - 2004. - Ne 21(2). - P. 95-105.

Volume 8 Issue 6, June 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20198497 10.21275/ART20198497

265





