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Abstract Background: Laparoscopic surgery produces measurable effects on cardio-circulatory,

respiratory and metabolic systems. Total intravenous anesthesia with propofol using target-

controlled infusion technique guided by Bispectral Index monitoring ensures an optimum level of

anesthesia. This study was designed to evaluate the hemodynamic changes with the use of BIS-

guided TCI with propofol-fentanyl during either laparoscopic or open cholecystectomy.

Methods: Twenty-four ASA class I-II patients, scheduled for cholecystectomy under general anes-

thesia using BIS-guided TIVA with propofol-fentanyl delivered by TCI pump, were divided surgi-

cally into laparoscopic surgery group (LS group, n= 12) and open surgery group (OS group,

n= 12). Hemodynamic data as well as stress hormones were measured at various time intervals.

Results: Within LS, there was rise of both cardiac output after abdominal insufflation (p< 0.05)

and stroke volume after end of surgery (p< 0.05). Blood pressure decreased in the two groups after

insufflation in LS and skin incision in OS (p< 0.01) as well as after 15 min (p< 0.05 & p< 0.01

respectively). LS showed decrease in SVR starting from insufflation till end of surgery, while OS

showed this decrease only with skin incision. Heart rate decreased 15 min after surgical incision till

end of surgery in OS while LS showed decrease only after end of surgery. Only in OS, nore-

pinephrine & epinephrine levels showed significant rises throughout the period of study
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(p< 0.001). Cortisol level was elevated after 30 min in LS while OS showed a rise after the end of

surgery (p< 0.001). ACTH levels increased in OS (p< 0.001). There was positive correlation

between CO and epinephrine, norepinephrine and ACTH in OS.

Conclusion: BIS-guided TCI anesthesia with propofol-fentanyl offers a good and safe anesthesia

technique for patients undergoing either laparoscopic or open cholecystectomy. The hemodynamic

stability guided by esophageal Doppler monitor makes it a very appealing choice.

� 2015 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists.
1. Introduction

Laparoscopy for operative purposes most commonly cholecys-

tectomy offers specific advantages to the patient. Apart from
the anesthetic appeal, the shorter hospital stay and decreased
postoperative morbidity are particularly strong arguments

for laparoscopic surgery which became now a favored
approach for surgeons [1]. Laparoscopic surgery necessitates
intra-abdominal gas insufflation (usually CO2) for inducing

an artificial pneumoperitoneum with controlled intra-
abdominal pressure. This implies cardio-circulatory, respira-
tory and metabolic changes [2,3]. Abdominal CO2 insufflation
probably has some impact on the cardiovascular system with

uncertain clinical significance [4]. The need to extend laparo-
scopic surgery to extreme age groups with systemic complica-
tions calls for reevaluation of hemodynamic monitoring during

these procedures [5].
Propofol is usually the drug of choice during Total intra-

venous anesthesia (TIVA) because of its smooth induction,

rapid recovery, short half life and negligible postoperative
complications. The availability of target-controlled infusion
(TCI) pumps allowed better control of its plasma levels thus

increasing its safety and minimizing its side effects [6].
TCI permits infusion of drugs at predefined rates accord-

ing to a pharmacokinetic profile to reach a preset blood/site
concentration. TCI system uses age, gender and weight of the

patient to incorporate them into a pre-programmed pharma-
cokinetic model describing the distribution and elimination
of the drug in the body. The target drug concentration is

entered to the pump allowing it to calculate the loading
bolus and maintenance infusion rates to maintain it constant
[7]. Optimization of TCI using Bispectral Index (BIS) moni-

toring ensures an optimum level of anesthesia with the min-
imum blood/site concentration and, hence, hemodynamic
changes.

The thermodilution technique using pulmonary artery
catheter is associated with several limitations [1]. Esophageal
Doppler ultrasonography monitoring (EDM) is an alternative
technique for measuring cardiac output providing continuous

inexpensive and relatively non-invasive tool. It is easy to insert
and operate with minimal patient morbidity [8]. Its use during
abdominal surgery improved patient’s outcome mainly at the

level of hospital stay, which is the optimal goal of laparoscopic
surgery [9].

Thus, the authors tested the hypothesis that the use of BIS-

guided TCI with propofol-fentanyl might optimize the hemo-
dynamic fluctuations previously reported with other anesthesia
techniques during either laparoscopic or open cholecystec-
tomy. The primary outcome observed in this study would be

the effect of this technique on the cardiac output as measured
using ODM, while the secondary outcome was the remaining
hemodynamic variables as well as the stress hormones.

2. Subjects, materials and methods

After obtaining Ethical Committee approval of Theodor Bil-

harz Research Institute (TBRI) and patients’ written informed
consents, this study was conducted on twenty-four adult
patients (25–55 years old) ASA physical status I or II of either

sex scheduled for laparoscopic or open cholecystectomy under
general anesthesia using TIVA with propofol-fentanyl deliv-
ered by TCI pump. The study exclusion criteria were as fol-
lows: esophageal abnormalities, obesity class II or III

(BMI > 35 kg m�2), pregnancy and lactation, chronic liver
disease, diabetes mellitus, severe renal, endocrine, rheumatic,
cardiopulmonary disease or malignancy and patients receiving

medications with known effects on the sympathetic response or
the hormonal secretion e.g. b-Blockers.

Power analysis was performed using a general power anal-

ysis program (G* power 3.0.10, Kiel, Germany). The power
calculation was used to determine the minimum sample size,
assuming an alpha of 0.05 at 80% power, based on an effect

size of 0.58. A sample size of twelve patients per group would
be required.

Patients fitting these inclusion criteria and scheduled for
cholecystectomy either laparoscopic or open were included

(the decision for the surgical technique was taken by the sur-
geon in charge). They were divided into two groups of twelve
patients each: laparoscopic surgery group (group LS) or open

surgery group (group OS).
Preoperative evaluation and routine preoperative investiga-

tions were done. Clinical examination included measuring

body weight and height to calculate body mass index (BMI).
Midazolam (0.05 mg kg�1) and ondansetron (4 mg) were given
IM half an hour before operation as premedication. Patients
were then transferred to the operating room. An 18G intra-

venous Teflon cannula was inserted in the contra-lateral ante-
brachial vein and was strictly reserved to propofol infusion.
Ringer solution was then transfused at a rate of 6 ml kg�1 h�1

in the next 15 min. The following monitors were attached to
the patients before the start of anesthesia: 5 leads ECG, non-
invasive arterial blood pressure, peripheral oxygen saturation,

end-tidal carbon dioxide tension, inhaled anesthetic gas analy-
sis and neuromuscular monitoring (Infinity Kappa, Dräger,
Lübeck, Germany). BIS module (Infinity�BISx TM Smart-

Pod�) was attached to the monitor for consciousness level
detection. Disposable BIS electrodes (BIS quatro, Aspect
Medical Systems, USA) were placed on the forehead after
cleaning the skin with alcohol. Temperature was monitored

using a nasopharyngeal probe and normothermia was



Table 1 Demographic features of the two studied groups.

Laparoscopy group (n= 12) Open surgery (n= 12) p value

Age (yrs.) 34.83 ± 12.25 42.17 ± 16.19 0.224 (NS)

Sex (F/M) 9/3 8/4 0.653 (NS)

Weight (kg) 75.00 ± 8.79 76.67 ± 12.31 0.706 (NS)

Height (cm) 165.42 ± 4.98 167.50 ± 6.57 0.391 (NS)

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.
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maintained with standard warming devices (Hawksley’sTM Rip-
pleHeat patient under-body water-filled mattress warming sys-

tem, UK & 3MTM Bair HuggerTM model 750 warming unit using
a whole over-body blanket with a surgical access, USA).

All basic readings were recorded before the beginning of

anesthesia. Before induction, patients were pre-oxygenated
with 8 l min�1 100% oxygen for 5 min. The Injectomat TIVA
Agilia infusion pump (FresiniusKabi, Hamburg, Germany)

was used in all cases. A 50 cc syringe filled with 1% propofol
(10 mg ml�1) was loaded in the pump and attached to the
peripheral IV cannula using a venous extension line. Anesthe-
sia induction began with the use of IV fentanyl 2 lg kg�1.

Intravenous propofol infusion was then started to reach a pre-
set target brain concentration (effect site concentration Ce) of
5 lg ml�1 using the Schneider model pharmacokinetic profile.

After drop of the BIS level below 60, the peripheral nerve stim-
ulator was turned on and cisatracurium 0.15 mg kg�1 was
injected IV to facilitate endotracheal intubation. After intuba-

tion, lungs were ventilated using 50% oxygen in air mixture
with a tidal volume of 4–6 ml kg�1 and a respiratory rate
adjusted to maintain PETCO2 between 30 and 35 mmHg with
PEEP of 5 mmHg. An esophageal Doppler probe

(CardioQTM/CardioQ-ODMTM, Deltex Medical Ltd.,
Chichester, Sussex, UK) was then inserted through the
patient’s mouth after applying a water-based lubricant (35–

40 cm from the incisor teeth) and positioned in order to get
the best flow signal (hearing the sharpest sound with the high-
est peak and correct waveform amplification) with an ideal

aortic waveform (sharp well defined outline with a predomi-
nantly black center). This was defined as the onset of the study.
The Ce concentration of propofol was adjusted between 3.5

and 5 lg ml�1 during anesthesia maintenance to ensure a
BIS level between 40 and 55. Supplemental dosages of fentanyl
1 lg kg�1 were given when mean blood pressure (MBP) or
heart rate (HR) increased more than 20% of baseline readings

while BIS level was still between 40 and 55. Cisatracurium
(0.025 mg kg�1) was given once the first twitch in the TOF
(T1) recovered to 25% of its baseline height. During laparo-

scopic surgery, pneumoperitoneum at 14 mmHg was per-
formed through four-trocar ports and patients were placed at
30� reverse Trendelenburg position. Intraoperative intra-

venous fluid management consisted of warmed Ringer solution
infused at a rate of 4–6 ml kg�1 h�1. No colloid or blood trans-
fusion was used. Propofol infusion was discontinued by the

end of skin closure. Residual neuromuscular blockade after
surgery was antagonized by IV 0.05 mg kg�1 neostigmine
and 0.02 mg kg�1 atropine. Multimodal analgesia in the form
of paracetamol 15 mg kg�1 IV, started at the beginning of skin

closure, and meperidine HCl 1 mg kg�1 IV, titrated as 10 mg
increments, were both used for postoperative pain control.
2.1. Hemodynamic measurements

Heart rate (HR) (beat min�1) and mean arterial pressure
(MAP) (mmHg), flow time corrected (FTc) (msec), peak veloc-
ity (PV) (cm sec�1), stroke distance (SD) (cm), mean accelera-

tion (MA) (cm sec�2), minute distance (MD) (cm), stroke
volume (SV) (ml), cardiac output (CO) (l min�1), systemic vas-
cular resistance (SVR) (dynes sec�1 cm–5) were recorded in the

following timings in both groups: T0: onset of the study, T1:
After insufflation (group LS) or skin incision (group OS),
T2: Head-up position, T3: after 5 min, T4: after 15 min, T5:

after 30 min, T6: end of operation. The peak velocity is calcu-
lated from the height of the waveform while its upstroke gives
us the mean acceleration. These parameters are used by ODM

for computing the remaining indices mainly stroke volume,
cardiac output and systemic vascular resistance.

2.2. Laboratory measurements

Five venous blood samples were collected peripherally at the
following intervals in both groups: T0: before induction of
anesthesia; T1: 30 min after the beginning of operation; T2:

at the end of surgery and after deflation of the abdomen; T3:
two hours after the end of surgery; T4: four hours after the
end of surgery. The following stress hormones were estimated

in the samples: epinephrine, norepinephrine, ACTH and
cortisol.
3. Statistical analysis

Results are expressed as mean ± S.D. or number (%). Com-
parison between the two groups was performed using Krus-

kal–Wallis test. Comparison relative to baseline within the
same group was performed using Wilcoxon sign rank test.
Comparison between categorical data was performed using
Chi square test. Correlation between different parameters

was performed using Spearman correlation. The data were
considered significant when the p value was 60.05. Statistical
analysis was done using the SPSS computer program (version

12 windows).

4. Results

Demographic data showed no statistical difference between the
two groups as regards age, sex, weight and height, thus being
comparable (Table 1).

Cardiac output measurements didn’t show statistical signif-
icant differences between the two groups at various timings.



Table 2 Comparison between mean values of cardiac output

(CO) (l min�1) measured at various timings of anesthesia in the

two studied groups.

Laparoscopy group

(n= 12)

Open surgery

(n = 12)

p value

T0 4.98 ± 1.21 5.39 ± 1.54 0.468

(NS)

T1 4.93 ± 1.65 5.27 ± 1.54 0.614

(NS)

T2 5.60 ± 1.93 5.04 ± 1.30 0.415

(NS)

T3 6.01 ± 2.07a 5.03 ± 1.53 0.200

(NS)

T4 5.27 ± 1.49 5.17 ± 1.45 0.869

(NS)

T5 5.14 ± 1.33 5.03 ± 1.50 0.853

(NS)

T6 6.09 ± 1.63aa 4.90 ± 1.70 0.094

(NS)

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.
a p< 0.05 relative to T0 within the same group.
aa p< 0.01 relative to T0 within the same group.

Table 3 Comparison between mean values of stroke volume

(SV) (ml) measured at various timings of anesthesia in the two

studied groups.

Laparoscopy group

(n= 12)

Open surgery

(n = 12)

p value

T0 67.92 ± 19.13 67.50 ± 19.55 0.958

(NS)

T1 61.83 ± 20.62 62.75 ± 19.57 0.912

(NS)

T2 62.42 ± 22.94 61.75 ± 20.06 0.940

(NS)

T3 68.17 ± 24.77 65.00 ± 23.39 0.751

(NS)

T4 68.17 ± 19.72 66.08 ± 19.02 0.795

(NS)

T5 68.58 ± 18.89 66.75 ± 18.72 0.814

(NS)

T6 77.00 ± 22.23a 71.42 ± 20.91 0.533

(NS)

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.
a p< 0.05 relative to T0 within the same group.

Table 4 Comparison between mean values of mean arterial

blood pressure (MAP) (mmHg) measured at various timings of

anesthesia in the two studied groups.

Laparoscopy group

(n= 12)

Open surgery

(n= 12)

p value

T0 104.05 ± 10.05 100.51 ± 12.09 0.444

(NS)

T1 80.08 ± 7.56aa 86.55 ± 7.66aa 0.049*

T2 93.86 ± 16.53 89.11 ± 21.91 0.555

(NS)

T3 92.86 ± 15.48a 88.94 ± 13.89aa 0.521

(NS)

T4 96.49 ± 15.36 99.00 ± 13.65 0.676

(NS)

T5 96.51 ± 14.74 99.19 ± 11.02 0.618

(NS)

T6 98.81 ± 14.10 98.05 ± 12.60 0.894

(NS)

Data are expressed as mean ± SD.

NS= p> 0.05 = not significant.
a p< 0.05 relative to T0 within the same group.
aa p< 0.01 relative to T0 within the same group.
* p< 0.05 between the two groups at the same timing.
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Within the laparoscopic group, there was a statistical signifi-
cant increase in CO five minutes after initiation of abdominal

insufflation (T3) (p < 0.05) and a rebound rise after the end of
surgery (T6) (p < 0.01), a finding not present in the open sur-
gery group (Table 2). Similarly, the stroke volume did not

show any statistical significant difference between the two
groups although there was a similar rebound significant rise
in the laparoscopic group after the end of surgery (T6) as com-

pared to the reading of the onset of the study (T0) (p < 0.05)
(Table 3). There was a statistical significant decrease in the
mean blood pressure in the two groups after insufflation in
the laparoscopic group (T1) or skin incision in the open sur-
gery group (T1) as well as after 15 min (T3) as compared to
the reading of the onset of the study (T0). The mean blood

pressure also showed a significant rise at T1 in the open sur-
gery group as compared to the laparoscopic group
(p = 0.049) (Table 4). The laparoscopic group showed a statis-

tical significant decrease in SVR starting from insufflation till
the end of surgery, while the open group showed statistical sig-
nificance decrease only with skin incision (T1), while there was

no statistically significant difference between the two groups in
all timings (Table 5). Results showed no significant difference
between both groups or within group as regards the stroke dis-
tance (Table 6). The minute distance showed a highly signifi-

cant increase after the end of surgery (T6) in the
laparoscopic group as compared to the onset of the study
(T0) as well as compared to the open surgery group at the same

timing (p = 0.049) (Table 7). There was no statistical signifi-
cant difference in the mean acceleration in the two groups
although the measurement 15 min after insufflation in the

laparoscopic group (T4) showed potential significance
(Table 8). The flow time corrected reading was significantly
higher in the laparoscopic group after the end of surgery as

compared to the open surgery group (T6) (p = 0.001)
(Table 9). The heart rate was significantly decreased 15 min
after surgical incision till the end of surgery in the open surgery
group while the laparoscopic group showed significant

decrease only after the end of surgery (T6) (Table 10).
As regards the stress hormones, norepinephrine level

showed a statistical significance rise throughout the period of

surgery reaching its maximum 30 min after the beginning of
surgery (p < 0.001) and sloping down gradually till four hours
after the end of surgery although still highly significant. These

changes were very clear in the open surgery group and did not
show any significance in the laparoscopic group (Fig. 1). As
with norepinephrine levels, epinephrine levels showed a similar

trend but reaching its maximum two hours after surgery
(p < 0.001) and dropping down afterward in the open surgery



Table 5 Comparison between mean values of systemic

vascular resistance (SVR) (dynes sec�1 cm�5) measured at

various timings of anesthesia in the two studied groups.

Laparoscopy group

(n= 12)

Open surgery

(n= 12)

p value

T0 1664.94 ± 336.01 1558.23 ± 567.64 0.581

(NS)

T1 1316.92 ± 517.69a 1302.88 ± 428.58aa 0.943

(NS)

T2 1370.06 ± 475.96a 1380.53 ± 523.60 0.960

(NS)

T3 1184.84 ± 320.79aa 1370.74 ± 508.07 0.295

(NS)

T4 1351.58 ± 348.19aa 1460.69 ± 507.66 0.546

(NS)

T5 1400.29 ± 366.28aa 1520.16 ± 452.98 0.483

(NS)

T6 1294.13 ± 349.56aa 1511.86 ± 768.29 0.381

(NS)

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.
a p< 0.05 relative to T0 within the same group.

aa p< 0.01 relative to T0 within the same group.

Table 6 Comparison between mean values of stroke distance

(cm) measured at various timings of anesthesia in the two

studied groups.

Laparoscopy

group (n= 12)

Open surgery (n = 12) p value

T0 17.08 ± 4.36 15.29 ± 3.98 0.307 (NS)

T1 15.50 ± 5.02 14.38 ± 4.04 0.555 (NS)

T2 16.30 ± 4.33 14.93 ± 4.37 0.447 (NS)

T3 16.33 ± 5.56 15.32 ± 5.67 0.664 (NS)

T4 16.61 ± 5.40 15.25 ± 5.07 0.532 (NS)

T5 16.44 ± 5.26 15.31 ± 5.49 0.611 (NS)

T6 19.41 ± 6.85 15.98 ± 6.41 0.219 (NS)

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.

Table 7 Comparison between mean values of minute distance

(cm) measured at various timings of anesthesia in the two

studied groups.

Laparoscopy group

(n= 12)

Open surgery

(n = 12)

p value

T0 1394.42 ± 342.48 1235.17 ± 325.50 0.255

(NS)

T1 1486.50 ± 481.82 1255.00 ± 415.28 0.221

(NS)

T2 1654.83 ± 632.68 1293.92 ± 629.57 0.175

(NS)

T3 1573.75 ± 527.91 1219.58 ± 579.45 0.132

(NS)

T4 1538.00 ± 504.38 1245.33 ± 507.82 0.171

(NS)

T5 1482.50 ± 461.40 1160.50 ± 454.72 0.099

(NS)

T6 1730.58 ± 495.74aa 1281.08 ± 559.93 0.049*

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.
aa p< 0.01 relative to T0 within the same group.
* p< 0.05 between the two groups at the same timing.

Table 8 Comparison between mean values of mean acceler-

ation (cm sec�2) measured at various timings of anesthesia in

the two studied groups.

Laparoscopy group

(n= 12)

Open surgery

(n = 12)

p value

T0 9.70 ± 2.36 8.93 ± 2.29 0.425

(NS)

T1 10.88 ± 3.92 9.41 ± 4.69 0.414

(NS)

T2 11.09 ± 3.46 9.57 ± 3.59 0.303

(NS)

T3 10.75 ± 3.62 9.00 ± 3.32 0.229

(NS)

T4 11.29 ± 3.93 9.38 ± 3.36 0.215

(NS)

T5 10.98 ± 4.03 9.23 ± 3.47 0.269

(NS)

T6 10.71 ± 3.63 8.99 ± 2.86 0.212

(NS)

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.
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group. No similar changes were detected in the laparoscopic
group (Fig. 2). The cortisol level was significantly elevated at
T2 (30 min after the beginning of surgery) in the laparoscopic
group while the open surgery group showed a significant rise

after the end of surgery at T3 and T4 (p < 0.001) (Fig. 3).
ACTH levels significantly increased at T1, T2 and T3 in the
open surgery group (p< 0.001) returning back to the preoper-

ative levels four hours after surgery in the open surgery group.
The laparoscopic group did not show any statistical significant
change (Fig. 4).

5. Discussion

BIS-guided total intravenous anesthesia is currently a new tool

added to the armamentarium of the anesthesiologist to obviate
the use of volatile anesthetics. Propofol with its unique charac-
teristics as a short acting non-cumulative agent proved to be

the ideal drug for this technique. Laparoscopic cholecystec-
tomy with the hazards of pneumoperitoneum, and open chole-
cystectomy with its stress response both need a revision of the
anesthetic technique for intraoperative optimization of their

outcome. Hemodynamic changes during the procedure require
also a thorough close monitoring offered ideally by the eso-
phageal Doppler monitor as well as the measurement of the

stress hormones since these changes are both neuro-humoral
and mechanically mediated.

Hemodynamic disturbances in laparoscopic procedures are

mainly due to pneumoperitoneum. When intra-abdominal
pressure (IAP) reaches above 10 mmHg, hemodynamic distur-
bances are clinically significant, while above 15 mmHg,
abdominal compartment syndrome can occur affecting multi-

ple organ systems. The following equation can emphasize
many cardiovascular manifestations



Table 9 Comparison between mean values of flow time

corrected (msec) measured at various timings of anesthesia in

the two studied groups.

Laparoscopy group

(n= 12)

Open surgery

(n = 12)

p value

T0 359.33 ± 30.62 367.08 ± 32.09 0.551

(NS)

T1 348.17 ± 41.72 369.17 ± 24.44 0.147

(NS)

T2 356.17 ± 41.86 364.08 ± 23.72 0.574

(NS)

T3 374.50 ± 36.49 357.08 ± 37.99 0.264

(NS)

T4 364.00 ± 37.43 376.33 ± 26.68 0.363

(NS)

T5 378.33 ± 31.64 366.58 ± 19.51 0.285

(NS)

T6 397.33 ± 24.71aa 359.00 ± 26.19 0.001**

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.
aa p< 0.01 relative to T0 within the same group.
** p< 0.01 between the two groups at the same timing.

Figure 1 Comparison between mean norepinephrine (NE) levels

at various timings of anesthesia in the two studied groups.
**p< 0.01, ***p< 0.001 as compared to T0.
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Table 10 Comparison between mean values of heart rate

(beat min�1) measured at various timings of anesthesia in the

two studied groups.

Laparoscopy group

(n= 12)

Open surgery

(n = 12)

p value

T0 87.50 ± 14.39 89.00 ± 15.90 0.811

(NS)

T1 81.50 ± 10.98 86.75 ± 18.55 0.408

(NS)

T2 82.33 ± 12.46 87.67 ± 16.11 0.374

(NS)

T3 81.58 ± 12.11 82.42 ± 11.88 0.866

(NS)

T4 83.17 ± 11.84 80.33 ± 13.40a 0.589

(NS)

T5 83.17 ± 15.32 81.42 ± 11.91a 0.758

(NS)

T6 78.50 ± 12.15a 80.00 ± 11.39a 0.758

(NS)

Data are expressed as mean ± SD.

NS = p> 0.05 = not significant.
a p< 0.05 relative to T0 within the same group.

Figure 2 Comparison between mean epinephrine (E) levels at

various timings of anesthesia in the two studied groups.
***p< 0.001 as compared to T0.

Figure 3 Comparison between mean cortisol levels at various

timings of anesthesia in the two studied groups. ***p< 0.001 as

compared to T0.
MAP ¼ CO� SVR

Pneumoperitoneum increases SVR and decreases CO but

MAP usually increases since the increase in SVR surpasses
the decrease in CO. These changes are relative to the rise in
IAP. The increase in SVR is due to abdominal organs and ves-
sels compression as well as difficulty to the flow through arte-

rial beds caused by neurohumoral and mechanical
components.

The drop in CO can be due to decreased venous return from

compressed inferior vena cava, increased resistance in the
venous circulation, hypovolemia from bowel preparation or
the type of anesthesia used. The head up (reverse Trendelen-
burg) position reduces even more the venous return. CO typi-
cally decreases 10–30% [10]. Thus, intraoperative cardiac

function is affected by many factors such as preload, afterload,
contractility, heart rate, type of anesthesia, positioning and
myocardial compliance [11]. Hypercapnia is known to affect

the autonomic nervous system causing tachycardia, increased



Figure 4 Comparison between mean ACTH levels at various

timings of anesthesia in the two studied groups. ***p< 0.001 as

compared to T0.
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myocardial contractility and CO [12]. Hirvonen and his col-

leagues showed that the reverse Trendelenburg position exag-
gerates the pneumoperitoneum-related decrease in venous
return as well as cardiac preload and cardiac index [13].

In the current study, cardiac output measurements didn’t
show any statistical significant difference between the two
groups at various timings even after head up position. Within
the laparoscopic group, there was a statistical significant

increase in CO 5 min after initiation of abdominal insufflation
and a rebound rise after the end of surgery (T6), and this find-
ing was not observed in open surgery group. This goes in

accordance with the findings of Zhang and his colleagues
who found that CO increases at IAP of 7.5 mmHg, normalizes
at 15 mmHg and decreases at pressures around 30 mmHg.

Thus, the rise of IAP does not always obviate a drop in CO
[14]. Our stable intraoperative hemodynamics are further sup-
ported by the study of Gu and his colleagues in children with

ASA physical status I–II scheduled for laparoscopic proce-
dures [15]. The increase in CO after abdominal insufflation
in laparoscopic group may be partially due to the hypercarbia
as well as the absence of inhalational anesthetic negative ino-

tropic effect. The BIS-guided target-infused propofol probably
offered better hemodynamic control in this study through opti-
mization of serum level of propofol thus minimizing its side

effects. This goes in accordance with a study held in 2010
which concluded that during laparoscopic surgery with
patients in the head-up position, TIVA technique may improve

cardiac autonomic control by enhancing protective parasym-
pathetic activity [16]. After reverse Trendelenburg positioning
CO decreased in this study. Bakri and El-Tablawy showed that
this positioning may not be a major factor affecting intraoper-

ative CO, thus the difference in anesthesia technique may con-
tribute to these changes as patients in their study were
maintained using isoflurane inhalational anesthesia while we

used TIVA BIS-guided target-infused propofol [17]. As the
CO didn’t decrease, the stroke volume also did not show any
significant decline, but, there was a similar rebound significant

rise of both the CO and stroke volume in the laparoscopic
group after the end of surgery (T6) compared to the reading
at the onset of the study, and this may be due to the relief of

the insufflation and increase in the venous return at the end
of the procedure. Regarding arterial blood pressure, there
was a statistical significant decrease in the mean arterial pres-
sure in both groups: after insufflation in the laparoscopic

group (T1), or skin incision in open surgery group (T1) and
after 15 min (T3) compared to the reading at the onset of the
study (T0). The laparoscopic group showed a statistical signif-
icant decrease in SVR throughout the whole procedure. SVR

decreased only with skin incision in the open group. Similar
to our results, Danzig and his colleagues showed an elevation
of the mean arterial blood pressure with no change in the time

course of SVR. Yet, they reported also many contradictions as
a significant tendency for hypotension and bradycardia caused
by the chronic use of cardiac medications (b-blockers and

ACE inhibitors) acting against the tendency of blood pressure
elevation after peritoneal insufflation. It is to be noted that
their patients suffered from ischemic heart disease or aortic
stenosis [18]. In a case discussion held by Jones and his col-

leagues showing effect of laparoscopic cholecystectomy in a
cardiac transplant patient with ejection fraction 15%, contrar-
ily to our result there was a rise in MAP and SVR with insuf-

flation of 10 mmHg with a minimal decline in CO. These
differences may be due to the previous cardiac status of the
patient and the anesthetic technique used [19]. In the current

study, the laparoscopic group showed a statistical significant
decrease in SVR starting from insufflation till the end of sur-
gery, while the open group showed statistical significance

decrease only with skin incision (T1), and there was no statis-
tically significant difference between the two groups in all tim-
ings. These results go in accordance with Deryck and his
colleagues who found that propofol better maintained arterial

pressure, increased arterial compliance and optimized the
coordination between the left ventricle and the arterial vascu-
lar bed as compared to isoflurane [20]. Regarding the surgical

technique, it is known that increased IAP during laparoscopy
induces circulatory changes due to redistribution of abdominal
venous blood toward the thoracic cavity resulting in an

increase in SV, CO, and MAP. Concurrently, on the arterial
side, this increase in IAP causes a rise in MAP and SVR,
potentially causing a decrease in both SV and CO. These

effects are variable according to the level of IAP and the
patient’s preload status which may explain the discrepancies
in results between various studies [21–23,4]. Contrary to our
results, Joris and his colleagues demonstrated that at an IAP

of 14 mmHg during laparoscopic cholecystectomy in healthy
patients there was major hemodynamic changes such as an
increase in MAP and SVR, and an almost 50% decrease in car-

diac Index (CI). Increased venous resistance [24] and compres-
sion of the abdominal aorta contributed to the increase in
cardiac afterload [25–27]. These changes may be attributed

to the difference in anesthetic technique used in these patients
as well as the difference in monitoring facilities as our usage of
propofol, BIS and non-invasive esophageal Doppler as
opposed to invasive Swan-Ganz catheter.

Morbidity and mortality of patients undergoing surgical
procedures depend not only on intraoperative complications,
but also on the severity of the surgical wound which determi-

nes the body’s stress response [28,29]. The systemic response to
surgical injury is complex involving psychological, physical
stress, neuroendocrine and inflammatory mediators. In

humans, there is anticipatory stress that is associated with ele-
vations of cortisol and catecholamines on the day of surgery.
The anesthetic management as well as the type of ventilation

strategy and analgesia received has also been related to the
level of surgical stress in such patients [30]. Serum cortisol
increases after acute stress. Its level indicates the degree of
stimulation of the hypothalamic–pituitary–adrenal axis. Corti-
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sol acts either directly or indirectly on different homeostatic
mechanisms of body to attenuate the stress [31]. In the current
study, cortisol level was significantly elevated 30 min after the

beginning of surgery in the laparoscopic group, while the open
surgery group showed a significant rise after the end of surgery
at T3 and T4. These results go in accordance with Zea and his

colleagues who showed that in open cholecystectomy group
the rise of serum cortisol was significant 6 h after the operation
when compared to the laparoscopic group which fell after 48 h.

However, at both intervals of time, 6 h and 48 h, the serum
cortisol level was significantly higher in the open group [32].
A study held by Krikri and his colleagues on male pigs showed
that plasma adrenaline and noradrenaline concentrations were

significantly lower during laparoscopic cholecystectomies and
adrenalectomies than the open surgeries. These results meet
ours although it is an experimental animal study with different

anesthetic techniques [33]. Our results showed that nore-
pinephrine and epinephrine levels have a similar increase
reaching their maximum 2-h after surgery and dropping down

afterward in open surgery group. No similar changes were
detected in the laparoscopic group. These results don’t meet
Donald and his colleagues who compared the responses of

the stress hormones to elective conventional and laparoscopic
cholecystectomy and found that adrenaline did not signifi-
cantly decrease by the laparoscopic approach, but there was
a significant increase in the noradrenaline response. This dif-

ference in results may be due to the difference in anesthetic
technique as their patients received fentanyl, thiopentone and
vecuronium and maintained by N2O nO2 [34]. Some authors

have argued that the trauma of laparoscopic cholecystectomy,
although lacking the long incision in the abdominal wall, is
ultimately not smaller than that of open surgery and thus the

body’s response is practically the same. They have suggested
that the tissue trauma in the form of intraperitoneal manipula-
tions pulling of the gall bladder and mesentery are similar in

both methods and the pneumoperitoneum is an aggravating
factor on the surgical wound [35,36]. Calvo-Soto and his col-
leagues compared the stress response to laparoscopic cholecys-
tectomy during spinal-general anesthesia and epidural-general

anesthesia. They found that noradrenaline, adrenaline and
total catecholamines that were measured pre- and intra-
operatively were lower when compared to preoperative levels

but they were significantly lower in the spinal-general group
compared with the epidural-general group. They used different
anesthetics and maintained it with sevoflurane. This may indi-

cate a role of general anesthesia effect on stress hormones [37].

6. Conclusions

In conclusion, this study suggests that BIS-guided TCI anes-
thesia using propofol-fentanyl offers a good and safe anesthe-
sia method for patients undergoing either laparoscopic or open
cholecystectomy. The hemodynamic stability offered by this

technique makes it a very appealing choice. Thorough hemo-
dynamic monitoring using the esophageal Doppler monitor
tailors the drug administration in the safe limits and would

probably offer an excellent guide in critically patients to its
easiness in use and extensive real-time data acquisition. We
must reiterate that our results should be considered in the con-

text of this trial since our population was of a limited number
and did not suffer from any chronic disease.
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