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Abstract change in the cardiac autonomic nervous system after in-
Background:The effects of pneumoperitoneum on the ac-duction of pneumoperitoneum for laparoscopic cholecystec-
tivity of the cardiac autonomic nervous system have notomy.

been completely understood.

Methods:In this study, 45 unpremedicated adult patientsKey words: Cardiac autonomic nervous system — Heart
who underwent laparoscopic cholecystectomy were anegate variability — Isoflurane — Pneumoperitoneum —
thetized with either 3.5% sevoflurane, 2% isoflurane, or 8Power spectral analysis — Propofol — Sevoflurane
mg/kg/h propofol (15 patients in each group). The status of
cardiac autonomic nervous activity was evaluated by heart

rate variability analysis three times: once when the patient

was awake, once after induction of general anesthesia, arRheumoperitoneum has significant implications for cardio-
once after insufflation for pneumoperitoneum. Intra- vascular and respiratory status [3, 23]. However, the effects
abdominal pressure was maintained automatically at 1@f pneumoperitoneum on the cardiac autonomic nervous
mmHg by a carbon dioxide (C§ insufflator. For each system (ANS) have not been reported. Moreover, it is pos-
measurement, electrocardiogram was recorded for 256 s argible that the effects of pneumoperitoneum on the cardiac
played back offline to detect R-R intervals. Power spectralANS differ when patients are anesthetized with different
analysis of heart rate variability was applied, and the low-anesthetics. The purpose of this prospective study was to
frequency (LF, 0.04-0.15 Hz) and high-frequency (HF,evaluate the effects of pneumoperitoneum on the activity of
0.15-0.40 Hz) bands of the spectral density of the heart ratéhe cardiac ANS in patients under anesthesia with sevoflu-
variability were obtained from a power spectra of R-R in-rane, isoflurane, or propofol, which are commonly used
tervals using the fast-Fourier transform algorithm. The HF/anesthetics in clinical settings.

LF ratio also was analyzed. The cardiac ANS regulates heart rate (HR) variability.
Results:Measurements of heart rate variability in the threePower spectral analysis of the R-R interval in the electro-
groups showed similar change. Although the power of HF cardiogram is a noninvasive tool that quantifies the contri-
which represents parasympathetic nervous activity, did nobutions of the parasympathetic and sympathetic systems in
change, the power of LF, which represents both sympathetithe ANS [14]. The spectral components can be divided into
and parasympathetic nervous activity, decreased during theeveral frequency ranges. The low frequency (LF) band is
anesthetized stage and increased during the insufflatediediated by both the parasympathetic and sympathetic sys-
stage. The HF/LF ratio, which represents the balance ofems, and the high frequency (HF) component is mediated
parasympathetic and sympathetic activity, increased aftanainly by the parasympathetic system. To assess the effects
induction of general anesthesia, and decreased after insuff pneumoperitoneum on the ANS, power spectral analysis
flation. was used to evaluate sympathetic and parasympathetic con-
Conclusions:Our results suggest that pneumoperitoneumntrol of HR variability.

increases sympathetic cardiac activity. The choice of gen-

eral anesthetic did not seem to have a major influence on the
Methods

E— This study was approved by our institutional ethical committee for clinical
Correspondence taN. Sato investigation, and informed consent was obtained from 45 adult patients
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scheduled to undergo laparoscopic cholecystectomy. The subjects had fi@ble 1.Patient demographic characteristics
significant systemic or cardiopulmonary disease such as diabetes mellitus;

arrhythmia, coronary artery disease, or chronic obstructive lung disease. Sevoflurane Isoflurane Propofol

None of the patients was receiving beta-adrenergic-blocking drugs, cal- group group group

cium-channel blockers, digitalis, antihypertensives, or vasodilators preop=

eratively. By a closed envelope method, patients were allocated to one dige (year) 47+10 47+13 45+10

three groups: isoflurane, sevoflurane, or propofol group (15 patients irSex (male/female) 6/9 6/9 5/10

each). Height (cm) 160+8 161 +10 157+9
Patients received no preanesthetic medication. On arrival in the opetWeight (kg) 59+10 63+14 63+ 10

ating room, patients were placed in the supine position, and routine car=
diovascular monitoring was applied, including electrocardiogram (ECG,Values are mean + SD or n
lead Il) and pulse oximetry, and indirect arterial pressure (M1166A, Hew-
lett-Packard, Palo Alto, CA, USA). After the peripheral intravenous line
was secured, lactated Ringer's solution was administered at a rate of Ei
mil/kg/h. A continuous 256-s ECG was recorded as the awake stage. esults

In the isoflurane and sevoflurane groups, anesthesia was induced with o . )
fentanyl (3g/kg) and thiamylal (3 mg/kg), then maintained with 3.5% The three groups were similar with respect to demographic
sevoflurane (endexpiratory concentration) or 2% isoflurane in oxygen. Indata including age, gender, height, and body weight (Ta-
the propofol group, anesthesia was induced with fentanylgsg) and ble 1)_

propofol (2 mg/kg), then maintained with propofol (8 mg/kg/h) according .
to Giradis et al. [9]. A 1.75 MAC concentration of sevoflurane and iso- Mean arterial pressure and HR were decreased at the

flurane was used to compare their effects with those of propofol because &nesthetized stage, then resto.red to the control level at the
MAC is comparable to 2% sevoflurane and 1.15% isoflurane [2, 6]. En-end (MAP) or start (HR) of the insufflated stage (MAP<
dotracheal intubation was facilitated with 0.{§/kg vecuronium. Venti- 0. 0001; HR:p < 0.0001) (Table 2). Peak airway pressure

lation was mechanically controlled (NAD Ilb, North American "Des, :
Telford, PA, USA) at a frequency of 18 cycles/min, with a tidal volume and ECO, were increased at the start (PAP) or end (ECO

(V) sufficient to maintain end-tidal CO(E,CO,) between 30 to 35 Of the insufflated stage (PAPp < 0.0001; EtCQ: p <
mmHg. The ECO, was measured by a capnometer (M1026A, Hewlett- 0.0001). As a result of insufflation, Vdecreasedp( <
Packard, Palo Alto, CA, USA). After arterial pressure and heart rate (HR)0_0001)_ There were no intergroup differences among the
became stable for 10 min, a continuous 256-s ECG was recorded as thgrea groups in MAP, HR, PAP,EO,, and \.

anesthetized stage. . . . - .
Pneumoperitoneum was introduced by insufflation of,Gf2 a Veres Log HF, which indicates parasympathetic activity, did

needle inserted into a small umbilical incision. Intra-abdominal pressuré"OI_Change throughout the stuq;/(: Q-O_S; Fig. 1). Log LF,
was maintained automatically at 10 mmHg by aG@sufflator. After the  which represents sympathetic activity, decreased at the
completion of pneumoperitoneum, a continuous 256-s ECG was recordegnesthetized stage, then increased to the control level at the

as the insufflated stage. Ventilator settings were not changed, and th . _
patients were kept in a horizontal position during the study. Msufflated stagep(< 0.0001; Fig. 2)' Log HF/LF, the bal

Measurements including arterial pressure, HR, (at ail three stagesfNC€ Of the sympathetic and parasympathetic activity, in-
Sp0,, E;CO,, and peak airway pressure (PAP) (anesthetized and insufCreased with induction of anesthesia and decreased to the
flated stages) were obtained at the start and end of each ECG recordingontrol level after pneumoperitoneum € 0.0001; Fig. 3).

The V: (during anesthetized and insufflated stages) was obtained at thqhege three measurements made by power spectral analysis
middle of ECG recordings. The PAP and Were observed using a built-in did not diff the th | HE:= 0.19:
monitor. Mean arterial pressure (MAP) was calculated as: | | Eg | eroalr?sorllg HeF/Llr:ee groggs%][ og Hp:= 0.19;
0g . p = 0.16; 109 p =0 .
MAP = [(systolic pressune+ 2 x (diastolic pressure)] + 3

Power spectral analysis of the R-R intervals was performed as previ- ]
ously described [14]. In brief, the ECG channel output was recorded ontdiScussion
a floppy diskette (RD-F1, TEAC, Tokyo, Japan) and digitized at 500 Hz for

offline analysis. The computer program processed the digitized data usinghe results of this study suggested that pneumoperitoneum

a 14-bit A-D converter-equipped desktop computer (PC98, NEC, Tokyo, , . o p
Japan) and analyzed electrocardiographic wave. The program measured tWéth the patient under general anesthesia increased cardiac

time difference between two R waves to create an R-R interval tachogranSympathetic activity. The increase in MAP and HR during
The contamination of artifacts was erased beat by beat manually. Instarpneumoperitoneum also may reflect the increase in cardiac
taneous 1024-HR data from 256-s R-R interval segments were converted toympathetic activity. Three possible mechanisms may ex-
1/R-R interval by sampling at 4 Hz, and the 256-s segment of R-R intervalwain the increase in cardiac sympathetic activity. First, the

were subjected to offline power spectral analysis by fast-Fourier transform: inint bd inal h d initial
A rectangular local window periodogram method was used as a Iow-pasg1Crea$e In intra-abdominal pressure may have caused initia

antialiasing digital filter at a point above the Nyquist sampling rate (2 Hz), feduction in venous return and cardiac output [10, 11], re-
which allowed spectral estimates between 0 and 1 Hz to be computegulting in reflexed increase of sympathetic activity. How-
reliably. The power spectra at frequencies less than 0.5 Hz were standargner some authors have reported that pneumoperitoneum

ized as the square of the mean HR (Hz). The spectra were quantified b, A . .
examining two areas of the spectrum: the LF (0.04-0.15 Hz) and HF‘y"done does not cause significant change in cardiac output

(0.15-0.40 Hz) band areas. The peak areas of the power spectral densiti[éls7a_ 19]. Therefo_re, further_ in\/.eStigati_on is required to
were integrated, and the HF/LF ratio was computed. Then the log power otlarify whether this mechanism is possible when pneumo-
these peak areas and the HF/LF ratio were calculated by taking theiperitoneum is applied.

common logarithm. Second hypercarbia itself may have directly stimulated

Data were expressed as mean + standard deviation (SD). Demograph{'i;]e svmpathetic nervous svstem. resulting in increased car-
data were analyzed by one-way analysis of variance (ANOVA). Propor- ymp Y ) g

tions of gender in each group were compared by the chi-square test. Féiac output and MAP [18, 21]. Then hypercarbia also may
data analysis of cardiovascular and respiratory measures and the measutegve stimulated sympathetic nervous system indirectly by
from power spectral analysis, intergroup and intragroup differences werqancreasing plasma catecholamine concentration, including

evaluated by two-way ANOVA for repeated measures. Once the intragroup, - : . .
differences were identified, the effects of the successive steps in the prggplnephnne and norepinephrine [21]. Indeed, the plasma

cedure were analyzed by pairetest. Ap of less than 0.05 was considered co_ncentrgtion of qODamine, yaso_pressin, epinephrine, nor-
significant. epinephrine, rennin, and cortisol increased shortly after in-
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Fig. 1. Change in log HF, which indicates cardiac parasympathetic activity in each
group. Each point represents the mean of 15 patients, and the error bar indicates
standard deviation.G— sevoflurane group,®— isoflurane group;-OJ-- propofol

group.

Fig. 2. Change in log LF, which indicates cardiac sympathetic activity in each
group. Each point represents the mean of 15 patients, and the error bar indicates
SD. -O- sevoflurane group,®— isoflurane group;-[J-- propofol group.
*Significantly different p < 0.05) when compared with awake stage (pair¢est).

Fig. 3. Change in log HF/LF, the balance of the sympathetic and parasympathetic
activity in each group. Each point represents the mean of 15 patients, and the error
bar indicates standard deviatiorfO— sevoflurane group, ®— isoflurane group,

--[J-- propofol group. *Significantly differenty( < 0.05) when compared with

awake stage (pairettest).

Awake Anesthetized Insufflated
Start End Start End Start End

MAP (mmHg)

Sevoflurane 96.3 (13.3) 95.8 (13.8) 65.4 (12.2) 64.1 (14.8} 82.8 (11.23° 91.9 (14.3y

Isoflurane 99.5 (13.0) 96.1 (13.9) 66.2 (16.5) 60.3 (11.3} 81.5 (10.8}° 104.2 (16.0

Propofol 99.1 (16.6) 99.6 (15.3) 74.2 (1£6) 73.2 (11.8} 92.6 (17.7}° 105.8 (17.5)
HR (beats/min)

Sevoflurane 75.1 (13.1) 76.4 (15.1) 68.0 (18.6) 68.4 (17.0} 76.7 (16.9) 79.2 (19.5)

Isoflurane 78.8 (19.2) 78.9 (18.4) 72.5(15.0) 68.6 (13.2} 76.3 (14.1Y 83.1(13.6)

Propofol 83.9 (14.8) 85.2 (14.9) 62.3 (35) 61.1 (9.2} 70.0 (10.13° 71.2 (9.2}
PAP (mmHg)

Sevoflurane 9.7 (2.2) 9.7 (2.2) 13.7 (24) 14.1 (2.8

Isoflurane 10.0 (1.8) 10.1 (1.8) 13.8 (1) 13.9 (3.0Y

Propofol 10.5 (2.4) 10.7 (2.4) 14.2 (223) 14.5 (2.3%
E;CO, (mmHg)

Sevoflurane 32.2(1.8) 31.8(1.6) 32.6 (2.5) 35.0 (3.1)

Isoflurane 32.1(1.7) 31.6 (1.8) 32.0(2.1) 34.5(3.4)

Propofol 32.3(2.1) 31.8(2.2) 32.5(2.4) 35.3(2.9)
Vo (ml)

Sevoflurane 370.8 (105.0) 355.4 (10%.2)

Isoflurane 379.5 (66.1) 369.0 (65°3)

Propofol 334.7 (40.5) 316.2 (442)

Values are mean + SD; & 15 in each group; MAP= mean arterial pressure; HR heart rate; PAP= peak airway pressure; EtGG= end-tidal CQ

concentration; Vt= tidal volume

2 Significantly different p < 0.05) from start of awake stage (pairetest)

b Significantly different p < 0.05) from start of anesthetized stage (pairéeist)
¢ Significantly different p < 0.05) from anesthetized stage (paite@st)

Start, end; measurement at the start or end of each EEG recording



365

duction of pneumoperitoneum [1, 4, 12]. However, O’learythe three groups in cardiovascular measurements as a re-
et al. [20] demonstrated that only renin-aldosterone in-sponse to the pneumoperitoneum. Neither was any differ-
creased in parallel with the MAP increase after induction ofence noted in ventilatory measurements among the three
pneumoperitoneum. Epinephrine, norepinephrine, and comgroups. Therefore, cardiovascular and ventilatory response
tisol increased only after deflation of the pneumoperito-to pneumoperitoneum seemed to be identical among the
neum. Therefore, the contribution of neumoendocrine rethree groups.
sponse to the increase in sympathetic activity shortly after Three measurements from HR variability analysis, log
induction of pneumoperitoneum still is uncertain. HF, log LF, and log HF/LF, showed similar change in re-
Third, the increase in log LF might have representedsponse to pneumoperitoneum in all three groups. The dif-
direct stimulation with pneumoperitoneum. Distention of ferent anesthesias used in this study did not have major
the abdominal muscles might have produced pain [15]. Fureffect on cardiac ANS as measured by HR variability analy-
thermore, some authors consider that insufflated carbon dsis. These results indicate that changes in HR variability are
oxide, diaphragmatic distention, or both may be the cause dfimilar no matter what anesthesia is used when the cardio-
irritation at the phrenic nerve distribution area, resulting invascular and ventilatory changes are equivalent. The au-
postoperation pain after laparoscopic cholecystectomy [Sthors suggest that measurements from HR variability analy-
16]. Similarly, it is speculated that mechanical stimulationsis mainly reflect cardiovascular and ventilatory change
and stimulation by insuffulated carbon dioxide may directly rather than the characteristics of the anesthetics used.
cause sympathetic activation as nociceptive stimulation. In summary, the findings of this study showed that
In this study, although log LF decreased in all threepneumoperitoneum increased sympathetic cardiac activity
groups after induction of anesthesia, log HF did not changeas evaluated by HR variability analysis. The choice of gen-
Several reports showed the effect of anesthetics used in thesal anesthetic did not seem to have a major influence on the
study on the cardiac autonomic nervous system, evaluatethanges in cardiac ANS induced by pneumoperitoneum.
using spectral analysis of HR or systemic arterial pressure.
Kato et al. [13] showed dose-related decreases in three
bands of spectral analysis of HR variability (low, 0.04—0.09References
Hz; mid, 0.09-0.15 Hz; and high, 0.15-0.4 Hz) during iso-
flurane anesthesia. Galletly et al. [8] also demonstrated ai. aoki T, Tanii M, Takahashi D, Tateda T, Miyazawa A (1994) Car-
decrease in three frequency bands of HR variability (low, diovascular changes and plasma catecholamine levels during laparo-
0.02—-0.08 Hz; mid, 0.08-0.15 Hz; and high, 0.15-0.45 Hz)  scopic surgery. Anesth Analg 78: S8 . '
under 1.5% isoflurane with 66% nitrous oxide anesthesia. 2- Campbell C, Nahrwold ML, Miller DD (1995) Clinical comparison of
Scheffer et al. [22] showed both a low (0.06-0.12 Hz) sevoflurane and isoflurane when administered with nitrous OXId.e for
. surgical procedures of intermediate duration. Can J Anaesth 42: 884—
and a high (0.12-0.36 Hz) frequency spectral power de- ggo
crease after 2.5 mg/kg bolus administration of propofol. 3. Cunningham AJ, Brull SJ (1993) Laparoscopic cholecystectomy: an-
Furthermore, Galletly et al. [7] demonstrated that propofol esthetic implications. Anesth Analg 76: 1120-1133
induces a significant reduction in all component frequencies#: Felber AR, Blobner M, Goegler S, Senekowitsch T, Jelen-Esselborn S
(IOW, 0.02-0.08 Hz: mid, 0.08-0.15 Hz: and high, 0.15— gilj(g)’;‘;ilggsxgzvasopressm in laparoscopic cholecystectomy. Anesthe-
0.45 Hz) of spectral power of HR variability under continu- 5 Fredman B, Jedeikin R, Olsfanger D, Flor P, Gruzman A (1994) Re-
ous infusion of propofol (mean infusion rate, 0.19 mg/kg/  sidual pneumoperitoneum: a cause of postoperative pain after laparo-
min). However, Wang et al. [24] showed a significant de-  scopic cholecystectomy. Anesth Analg 79: 152-154
crease in powers of Very |0W frequency (000_008 Hz)' low 6. Frink EJ Jr, Malan TP, Atlas M, Dominguez LM, KiNardo JA, Brown

N : _ BR (1992) Clinical comparison of sevoflurane and isoflurane in
frequency (0.08-0.15 Hz), and very high frequency (0.80 healthy patients. Anesth Analg 74: 241-245

1.60 Hz), but n_0t In pO_VVerS_ of high frequency (0.15-0.25 7. Galletly DC, Buckley DHF, Robinson BJ, Corfiatis T (1994) Heart
Hz) under continuous infusion of propofol (5 and 10 mg/  rate variability during propofol anesthesia. Br J Anaesth 72: 219-220
kg/min) using spectral analysis of systemic arterial pressure 8. Galletly DC, Westenberg AM, Robinson BJ, Corfiatis T (1994) Effect
Little is known about sevoflurane anesthesia. Therefore, of halothane, isoflurane and fentanyl on spectral components of heart
direct comparison between current and previous studies is, Zitrea;i”:‘/lbngéi%é Azite;rﬁztg:elzggﬁo A (1996) The effect of
dlfﬁ.CUIt because StUdy Condltlon.s such as the age of the Iaparosco;l)ic cholec;/stectomy on ’cardiovascular function and pulmo-
patients, doses of the anesthetics, coadministered drugs, nary gas exchange. Anesth Analg 83: 134—140
definition of each frequency bandwidth, and mode of ven-10. Johannsen G, Andersen M, Juhl B (1989) The effect of general anes-
tilation differ from study to study. However, because the log  thesia on the haemodynamic events during laparoscopy withiGO

HF is coupled with respiration, the relatively unaltered log  sufflation. Acta Anaesthesiol Scand 33: 132-136
HF in the current study may be caused partly by the cond® Joris JL, Noirot DP, Legrand MJ, Jacquet NJ, Lamy ML (1993) He-
modynamic changes during laparoscopic cholecystectomy. Anesth

trolled respiration [24]. Analg 76: 1067-1071

Three different anesthetics commonly used in daily an2. joris J, Lamy M (1993) Neuroendocrine changes during pneumoperi-
esthesia practice were employed in this study. Propofol an- toneum for laparoscopic cholecystectomy. Br J Anaesth 70: A33
esthesia was prepared by the same recipe that Giradis et &B. Kato M, Komatsu T, Kimura T, Sugiyama F, Nakashima K, Shimada
[4] used. The cardiovascular and ventilatory measurements Y (1992) Spectral analysis of heart rate variability during isoflurane
in the current propofol group almost agreed with their re-, = 2nesthesia. Anesthesiology 77: 669-674 .

. . 4. Kawamoto M, Tanaka N, Takasaki M (1993) Power spectral analysis

sults. For sevoflurane and isoflurane E_’meStheS'a’ 1.75 MA of heart rate variability after spinal anesthesia. Br J Anaesth 71: 523—
of each were used to match the cardiovascular response to 527
pneumoperitoneum. Indeed, no difference was noted amontp. Koivusalo AM, Kellokumpu I, Lindgren L (1996) Gasless laparoscop-
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ventional technique. Br J Anaesth 77: 576-580 scopic cholecystectomy: haemodynamic and neuroendocrine re-
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cholecystectomy. Br J Anaesth 75: 567-572 21. Rasmussen JP, Dauchot PJ, DePalma RG, Sorensen B, Regula G,
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cholecystectomy. J Laparoendosc Surg 1: 241-246 22. Scheffer GJ, Ten Voorde BJ, Karemaker JM, Ros HH, de Lange JJ
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