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Abstract: The creation of CO, pneumoperitoneum during laparoscopy causes
a series of adverse effects. Impairment of brain oxygen saturation during laparoscopy is
a result of increased intra-abdominal pressure, absorbed CO, and increased intracranial
pressure.

The aim of this study is to investigate the possible effects of pneumatic intermit-
tent sequential compression (ISC) of legs on oxygenation of the brain during laparoscopy.

100 patients, ASA groups 1 and 2, subjected to elective laparoscopic cholecy-
stectomy, were included in this study. The patients were divided into two groups con-
sisting of 50 patients each, group I, control group, and group II, where ISC was applied.
Oxygen saturation of the mixed venous blood from the internal jugular vein (SjvO,) is
an indirect assessment of cerebral oxygen use (oxygenation of the brain). Blood samples
were obtained from the bulb of the right jugular vein, as the dominant side for venous
drainage from the brain. Informed consent was obtained from each patient. Blood sam-
ples of 2 ml were obtained several times during the operation; the first sample imme-
diately after anesthesia induction in order to establish the baseline values of SjvO,, the
second sample immediately after the creation of the pneumoperitoneum, and then every
15 minutes respectively until the end of the pneumoperitoneum. The last sample was
obtained before the extubation of the patients. The ISC in group II was terminated after
obtaining the last blood sample.
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Results showed that the average values of oxygen saturation of the mixed
venous blood from the internal jugular vein — SjvO, levels were higher in group II
where ISC was applied (82.3% — 86.4% — 853% — 80.2% — 82.8% — 80.4%),
compared to group I, without ISC (85.5% — 77.8% — 80.6% — 83.8% — 84.8%),
statistically significant in the second and third measurement for p < 0.05 for the second
and the third measurement, i.e. after the creation of pneumoperitoneum, when the
decreease in the brain oxygenation is most dramatic in the group without ISC.

In conclusion, application of intermittent sequential compression of the legs is
a simple and safe technique for preserving the brain oxygenation during laparoscopy by
restoring the blood return from the legs.

Key words: laparoscopy, brain oxygenation, intermittent sequential compression.

Introduction

Laparoscopic surgery has been a widely accepted surgical technique for
the last two decades. Its popularity among both patients and doctors has contri-
buted to the low rate of morbidity and mortality associated with this surgical
technique, which justifies the term "minimum invasive surgery" referring to
endoscopic surgery [1, 2]. The advantages of laparoscopic surgery compared to
classical laparotomy are well known: a lower systemic immune stress response
due to the lesser tissue destruction, shorter duration of postoperative ileus, lower
use of antibiotics and analgetics, shorter duration of hospital stay, rapid reco-
very and return to normal activities, better economic effect and superior cosme-
tic effect [3, 4, 5, 6].

Although in the outcome of laparoscopic surgery total morbidity and
mortality rates are lower compared to classical laparotomic procedures, it is a
lesser known fact that there are some considerable risks for the patients during
laparoscopic interventions. These risks originate from the positioning of the
patient during the operation, the pneumoperithoneum created by insufflation of
carbon dioxide under pressure in the abdominal cavity causing increased abdo-
minal pressure, and the effects of the insufflated carbon dioxide [7, 8, 9, 10].

These factors cause a series of changes in some physiological functions
during the laparoscopy and in the immediate postoperative period. Changes to
the haemodynamic, respiratory volumes and capacities, biochemical changes of
the blood and changes in cerebral haemodynamic and oxygenation are most
prominent and of greatest clinical significance [7, 8, 9, 10, 11]. These changes
to physiological functions pose a serious threat to the patient’s health and to the
surgery’s outcome, especially in those patients who already have coexisting
diseases of the cardiovascular, respiratory or central nervous system.
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Several studies conducted on animals and humans have shown that
pneumoperitoneum causes an increase of the intracranial pressure due to the
elevated intra -abdominal pressure, which causes elevated central venous pres-
sure, leading to reduced venous drainage from the central nervous system [12,
13, 14]. Further elevation of the intracranial pressure is due to the effects of the
absorbed carbon dioxide, which causes vasodilatation of the cerebral blood ves-
sels, expanding the vascular compartment of the brain and leading to further
elevation of the intracranial pressure [14, 15, 16]. Oxygen delivery in the brain
is dependent on the perfusion of the brain, which is dependent on the intra-
cranial pressure; therefore the changes to the intracranial pressure during laparo-
scopy lead to a decreasing of the perfusion and oxygenation of the brain [16, 17].

Pneumatic intermittent sequential compression (ISC) of the legs is a
simple and efficient method for improvement of the haemodynamic by impro-
ving venous blood return from the legs, which is compromised during lapa-
roscopy [18].

The aim of this study is to investigate the possible effects of pneumatic
intermittent sequential compression of the legs on oxygenation of the brain
during laparoscopy.

Methods

Patients

Study participants were recruited from the patients at the University
Digestive Surgical Clinic for and the University Clinic for Anaesthesiology,
Reanimation and Intensive Care Medicine (from April 2009 to July 2010). 100
patients (65 females, 35 males), aged between 30 and 60, were enrolled in the
study according to the following criteria: all the patients were subjected to
elective laparoscopic surgical removal of the gall bladder, according to ASA
(American Society of Anesthesiologist) they belonged to groups 1 and 2.

ISC application and measurement of brain oxygenation

The patients were randomly divided into two groups: group I,the con-
trol group, consisting of 50 patients, and group II, also consisting of 50 patients,
where the pneumatic intermittent sequential compression (ISC) of the legs was
applied. The compressions of the legs were sequential and gradual, under a pres-
sure of 45 mmHg above the ankle, 40 mmHg below the knee, and 35 mmHg
above the knee via the SCD Express™ system with vascular refill detection.
The ISC was applied after the anaesthesia induction, and was terminated imme-
diately after the termination of pneumoperitoneum. Pneumoperitoneum was created
by insufflation of carbon dioxide into the abdominal cavity under s pressure of
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12-14 mmHg. The patients were induced in general anaesthesia by a standardi-
zed induction: Midazolam 0.1 mg per kg body weight, Fentanyl 0.005 mg per
kg body weight, Rocuronium bromide 0.6 mg per kg body weight and Propofol
2 mg per kg body weight. The patients were intubated and mechanically venti-
lated with 12 breaths per minute and a tidal volume of 10 ml per kg body weight
with a mixture of 40% oxygen and 60% nitrous oxide, and IMAC Sevoflurane.

Oxygen saturation of the mixed venous blood from the internal jugular
vein (Sjv0O,) is an indirect assessment of cerebral oxygen use (oxygenation of
the brain). Clinical measurements of SjvO, reflect the balance between the oxy-
gen delivery and oxygen consumption of the brain. Simply, when demand exceeds
supply, the brain extracts greater oxygen, resulting in decreased jugular bulb
oxygen saturation [19]. Blood samples were obtained from the bulb of the right
jugular vein, as the dominant side for venous drainage from the brain [19, 20].
Informed consent was obtained from each patient. Blood samples of 2 ml were
obtained several times during the operation: the first sample immediately after
the anaesthesia induction in order to establish the baseline values of SjvO,_ the
second sample immediately after the creation of pneumoperitoneum, and then
every 15 minutes until the end of the pneumoperitoneum. The last sample was
obtained before the extubation of the patients. The ISC in group II was termina-
ted after obtaining the last blood sample. The blood gas samples were analyzed
in the AVL compact gas analyser.

Statistical analyses

Data analysis was performed using the Statistical Package for Social
Sciences (SPSS) for Windows, version 15.0. The following tests were used:
percent of structure for sex, mean and standard deviation for numerical data
such as age as well as for the values of SjvO,. The Mann-Whitney U test was
used in order to test the differences of the mean values of SjvO, between the
two groups, and the statistical significance was set at p < 0.05.

Results

There were 65 females (35 in the group without ISC, and 30 in the
group with ISC) and 35 males (15 in the group without ISC and 20 in the group
with ISC) whose mean age was 47.5 years in the group without ISC, and 46
years in the group with ISC.

Average values of the oxygen saturation of the mixed venous blood from
the internal jugular vein — SjvO, (cerebral oxygen saturation) levels were higher
in the group II where ISC was applied compared to group I, without ISC (Table
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1, Graph 1 and Graph 2, Graph 3). The average value of SjvO, after the anae-
sthesia induction in the group without ISC was 85,5%. Reduction of the value of
SjvO, from 85.5% to 77.8% was recorded immediately after the creation of the
pneumoperitoneum. In further measurements, there was a tendency to recovery
of the cerebral oxygen saturation (85.5 — 77.8 — 80.6 — 83.8 — 84.8), but
still the values of SjvO, did not reach the basic values even after the termination
of the pneumoperitoneum (Table 1, Graph 1).

The average value of the SjvO, after the anaesthesia induction in the
group with ISC was 82.3%. There was increase of the value of SjvO, in the
second measurement, after the application of ISC and creation of the pneumo-
peritoneum up to 86.4%. In further measurements, there were variations of the
average values of SjvO, (82.3 — 86.4 — 85.3 — 80.2 — 82.8 — 80.4 ) (Table
no. 1, Graphic no. 2). The highest average value of SjvO, (86.3%) in the group
with ISC was registered in the second measurement, i.e. after the application of
ISC and creation of pneumoperitoneum, while the lowest average value of SjvO,
(77.8%) was registered.in the group without ISC, in the second measurement,
after the creation of pneumoperitoneum,

The differences in the average values of SjvO, between the two groups
according to the Mann-Whitney U test are statistically significant for the second
and third measurements of p < 0.05. Although there are differences in the values
between the groups in the other measurements as well, they did not reach the
statistical significance of p < 0.05.

Table 1
Average values of SvjO, in both group of patients
Group | SvjO, | Number | Medium Minimum Maximum + St Dev
1 50 85.578 68.9 99.1 8.532968
IEIO 2 50 77.774 64.0 93.4 8.728883
ISC 3 50 80.582 67.3 97.1 9.680122
4 30 83.84 55.0 97.4 9.324073
5 5 84.8 69.4 89.0 8.611330
1 50 82.2980 64.6 95.5 9.30224
g\/ith 2 50 86.37 70.5 98.9 7.29818
ISC 3 50 85.278 68.8 99.6 7.29826
4 20 80.23 67.0 99.3 9.66878
5 8 82.8375 68.1 97.4 10.79854
6 4 80.45 733 87.5 8.08393
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Graph 1 — Values of SvjO, in group without ISC
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Graph 3 — Values of SvjO, in both groups of patients in time-dependent manner
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Discussion

The results of the measurements of oxygen saturation of mixed venous
blood from the internal jugular vein (SvjO,) in the group without intermittent
sequential compression of the legs contribute to the hypothesis that the creation
of pneumoperitoneum during laparoscopic surgery causes a decrease in cerebral
oxygen saturation. In our study, the average baseline values of SvjO, in this
group was 85.5%, while in the second measurement, after the creation of the
pneumoperitoneum, the value of SvjO, decreased to average values of 77.8%,
which is 9% less than the baseline value. The third measurement showed a 5.8%
decrease in the average value of SvjO, compared to baseline values. Although
further measurements show a tendency of recovery (85.5 — 77.8 — 80.6 —
83.8 — 84.8), the values of SvjO, remain lower than the baseline values for the
entire duration of the surgery. Even after the termination of the pneumoperito-
neum the average value of SvjO, was 1.3% lower than the baseline value, indi-
cating that full recovery was not accomplished. This is in accordance with the
findings of Kitajima et al. [21], Gipson et al. [22] and Kurukahvecioglu et al.
[23], whose results also show a decrease in cerebral oxygen saturation after the
creation of the pneumoperitoneum that persisted throughout the entire laparoscopy.

The results of the measurements of SvjO, in the group where ISC was
applied are different compared to the values of SvjO, in the group without ISC
(Table 1, Graph 2, Graph 3). In the second measurement, after the creation of
the pneumoperitoneum, there was an increase in the average value of SvjO, of
4.8% compared to the baseline value, while in the group without ISC, there was
a 9% decrease in the value of SvjO, compared to the baseline value in the same
measurement. In the third measurement, the average value of SvjO, in the group
with ISC was increased by 3.6% compared to baseline value, while in the group
without ISC, the value of SvjO, was decreased by 5.8% compared to the
baseline value. The application of ISC of the legs in our study resulted in an
improvement of the oxygen saturation of the brain, especially in the period
immediately after the creation of the pneumoperitoneum, which showed to be
the most vulnerable phase for the patients, whereas despite the mechanisms of
auto-regulation of the circulation of the brain, changes in the intra-abdominal
and intra-cranial pressures caused a decrease in brain oxygenation. This is in
accordance with the results of Kurukahvecioglu et al. (23), whose results also
show that the changes in cerebral oxygen saturation can easily be restored by
using intermittent sequential compression on the lower extremities.

It should be noted that the patients in this study belonged to groups 1
and 2 according to ASA classification, meaning that they had well-preserved
mechanisms of auto-regulation of the brain circulation. Despite that, there was a
decrease in the oxygenation of the brain in the group without ISC. A greater
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decrease of the oxygenation of the brain should be expected in patients subjected to
laparoscopic surgery who have concomitant diseases, especially cardio-circula-
tory, cerebrovascular or increased intra-cranial pressure, and they are the ones who
should gain the greatest benefit from the use of ISC during laparoscopy. Further
studies should be conducted that would include these populations of patients.

Conclusion

Application of intermittent sequential compression of the legs is a
simple and safe technique for preserving brain oxygenation during laparoscopy
by restoring the blood return from the legs.
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Peszume

MNOJOBPYBAIBE HA OKCUTEHAIINJATA HA MO30KOT
BO TEK HA JTAITAPOCKOIIMJA CO YIIOTPEBA
HA MHTEPMUTEHTHA CEKBEHIIMOHUPAHA
KOMITPECNJA HA HO3ETE

Kysmanoscka B., Jankynosekn H.2, Ucjanoseka P2, Kapranos A.',
Creganoscku W.!

'Kauruka 3a anecitiesuja, peaHumaultja u URIEH3UBHO AEKY8arbe,
Meouvurcku paxyaineiti, Yuusepsuivein Ce. Kupua u Meitioou;,
Ckotje, P. Maxeoonuja
2 — pa— — . —_—
Kaunuka 3a ouzecitiusna xupypzuja, Meouyuncku ¢paxyaitei,
Yrnusepsuiteiti Ce. Kupua u Meitioouj, Cxoiije, P. Maxeoonuja
SUncitiuitiyiti 3a efiudemuonozuja u ciiainucitiuxa, Meduyuncku gaxyaitieit,
Yrnusepsuiteiti Ce. Kupua u Meitioouj, Cxoiije, P. Maxeoonuja

Co3naBameTo Ha MHEBMOIIEPUTOHEYM Off jarJIepofieH JUOKCH BO TEKOT
Ha JlamapocKoNmjata TPEefn3BUKYBa HM3a HecakaHW e(eKTH BO OPraHU3MOT.
3rojeMeHnoT MHTpaadOMHUHAICH MPUTHCOK, aliCOPOUPAHHUOT jarjiepofeH AUOK-
CHJl W 3TOJIEMEHHOT MHTpaKpaHWjaJIeH MPUTHCOK BO TEKOT Ha JIallapoCKOommjara
MIPEeAN3BUKYBaaT BIIOIIyBamke Ha caTypalyjaTa co KHCIOPOJ] Ha MO3OKOT.

LlenTa Ha OBaa CTyiMja € a ce UCMUTAAT MOKHUTE e(PEeKTH Ha TTHEBMAT-
CKaTa MHTEPMHUTEHTHA CeKBEHIMOHUpPaHa Komrpecuja Ha Ho3ete (MCK) Bp3 okcu-
reHalujaTa Ha MO30KOT BO TEKOT Ha JIallapOCKOIMjaTa.

Bo oBaa ctynuja 6ea Bkiaydenu 100 malueHTH MOAJIOKEHN HA €JeKTUBHA
JIallapoCKOIICKa XoJlenucTekToMuja, kou cnopef ACA kinacugukanyjata npuma-
faart Ha rpynuTe 1 u 2. [TanmentuTe Gea moeseHn BO iBe rpynu oy o S50 manueH-
TH, KOHTPOJIHA Tpyma 1 u rpyna 2, Kaje wro Oellle alInnupaHa THTepMUATEHTHATA
CeKBEHI[MOHMpPaHa KommpecHja. Kncnopognara caTypanyja Ha MelllaHaTa BEHCKa
KpB Of BHaTpeIIHaTa jyryiapHa BeHa (SjvO,) € HHIUPEKTeH oKa3aTes Ha IOTpo-
IIyBayKaTa Ha KHCJIOPOJ BO MO30KOT (OKCHTeHamuja Ha MO30KOT). IIpumepo-
nuTe on KpB Oea 3eMaHM off OyJ0ycOT Ha JiecHaTa BHATpeIllHA jyryjiapHa BeHa,
OupiejKu fecHaTa € JOMIHAHTHA APEHa’KHA CTpaHa Ha BEHCKATa KPB Off MO30KOT.
ITo mobmeHara cOrmacHOCT Off CEKOj MAIWEHT, MPAMEPONHX Of 1O 2 MII KpB Gea
3eMaHH 10 HEKOJKY MaTH BO TEKOT Ha OMNepalyjaTa; IpPBHOT HPUMEPOK HEIo-
CpeffHO TI0 BOBEIOT BO aHECTE3MWja, CO IeJ 1a Ce YTBpAAT 0a3WIHUTE BPEJHOCTH
Ha SjvO, BTOPHOT MPAMEPOK HETMIOCPETHO IO CO3AaBambETO HA THEBMOIIEPUTOHEY-
MOT U IOTOA Ha CEKOM 15 MUHYTH JIO KpajoT Ha jamapockonujara. ITocienHuoT
IpUMEPOK Gellle 3eMeH Ipef] ekcTybanujaTa Ha nanueHTuTe. VIHTepMuTeHTHATA
KOMIIpecHja Ha HO3eTe Kaj Mal@eHTHTE Off BTopara rpymna Oelle NpeKnHaTa 1o
3eMameTO Ha MOCIEHIOT TPUMEPOK O KPB.
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PesynrarnTe nmokaskaa IOBHCOKY ITPOCEYHH BPETHOCTH Ha KMCIOPOIHATA
caTypanyja Ha MelllaHaTa BEHCKa KpB Of BHAaTpelIHaTa jyryiaapHa BeHa (SjvO,)
Kaj mal@eHTUTe Off Tpymara 2, T.e. rpymara Kaje mro Oeme ammnupana MCK
(82,3% — 86,4% — 85,3% — 80,2% — 82,8% — 80,4%), Bo cnopeba co rpy-
nmata 1, 6e3 UCK (85,5% — 77,8% — 80,6% — 83,8% — 84,8%), co cratu-
CTHYKA CUTHI(UKAHTHOCT 3a p < 0,05 BO BTOPOTO M TPETOTO MEPEHE, T.€. IO CO3-
[aBamETO Ha MHEBMOIEPUTOHEYMOT, KOTa BIIOLIYBakhETO Ha OKCUTEHAlMjaTa Ha
MO30KOT € Haju3pa3eHo Bo rpynara 6e3 MCK.

Annukanyjata Ha MHTEPMHUTEHTHATa CEeKBEHIMOHUpaHa KOMIpecuja Ha
HO3eTe BO TEKOT Ha JIallapOCKOIMjaTa € eHOCTaBeH M 6e30efeH MeToy 3a 3ady-
ByBa-¢ HAa OKCUTEHAIMjaTa Ha MO30KOT TPEKy Mofo0pyBame Ha BEHCKUOT MOBpa-
TOK Ha KpBTa Of] HO3€ETE.

Koyunn 300poBH: J1lanapocKomNyja, OKCHTEHalWja Ha MO30KOT, HHTEPMUTEHTHA
CEKBEHIMOHNPaHa KOMIIpECHja.
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