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Introduction 

Laparoscopic cholecystectomy is being performed with 
increasing frequency because of its low level of postop- 
erative pain, faster recovery, and shorter hospitalization 
[1], but data recorded during this procedure indicate 
that it affects some physiologic functions. For example, 
intraperitoneum insufflation with carbon dioxide (CO2) 
often has a depressive effect on circulation and respira- 
tion [2, 3]. However, little is known about the effect of 
CO2 pneumoperitoneum on intracranial pressure or 
cerebrospinal fuid pressure, partly because of the diffi- 
culty in measuring these parameters. In this study, we 
continuously measured epidural pressure after injecting 
a known volume of local anesthetic at a fixed speed. We 
used epidural pressure as an indirect measure of cere- 
brospinal fluid pressure when it was relatively stable 
after epidural injection [4-6]. The influence of CO2 
pneumoperitoneum on epidural pressure in laparos- 
copic cholecystectomy was evaluated. 

Materials and methods 

Eight patients (four men and four women) were in- 
volved in the study. They all had chronic cholecystitis 
and/or gallbladder stone, and were scheduled for 
laparoscopic cholecystectomy. Their mean age was 35 + 
12 (SD) years, and mean weight was 58 2 l lkg ,  ASA I 
or II. Informed consent was obtained from each pa- 
tient on the day before surgery. All patients were pre- 
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medicated with intramuscular atropine (0.01mg.kg 1) 
and hydroxyzine (lmg.kg l) 30rain before arriving in 
the operating room. Before the induction of general 
anesthesia, epidural puncture was performed at the T8- 
T9 interval with a 17 G Tuohy needle. That the epidural 
space had been entered was confirmed by loss of resis- 
tance to normal saline injection. An 18 G epidural cath- 
eter (Terumo, Tokyo, Japan; 0.985 mm inner diameter, 
953 mm length) was advanced 3 cm cephalad. A 25 G 
needle (20mm length) was connected to the outer end 
of the epidural catheter. A pressure transducer was then 
connected with the 25 G needle through a three-way 
stopcock. Using this stopcock, the epidural catheter 
could be connected either to the transducer for moni- 
toring epidural pressure or to the local anesthetic injec- 
tor for injecting anesthetic. General anesthesia was 
induced with thiopentone (5mg.kg -~ i.v.) and endo- 
tracheal intubation was performed with the facilitation 
of intravenous vecuronium (0.2mg.kg 1). The patient's 
respiration was mechanically controlled with a tidal vol- 
ume of 12mg-kg-I at a rate of 10 breaths.min -1. General 
anesthesia was maintained by 0.5%-1.5% isoflurane 
with 40 % oxygen in nitrogen. One per cent mepivacaine 
was injected into the epidural space when necessary. 

After anesthesia induction, the operating table was 
adjusted to the horizontal position. The first 5ml 
mepivacaine was injected into the epidural space at 
0.5ml.s 1. Epidural pressure was monitored continu- 
ously. It increased immediately after epidural injection 
and then decreased gradually. It remained relatively 
stable from 3-5 min to 20 min after the injection. Epidu- 
ral pressure was sampled every minute from 6min to 
20 min after epidural injection to calculate its coefficient 
of variation. 

The second 5ml mepivacaine was injected into the 
epidural space at 0.5ml.s -1 6min before intraperito- 
neum insufflation. Epidural pressure was monitored 
continuously for 20min after the injection. The peri- 
toneal cavity was insufflated with CO2 and intraperito- 
neal pressure was maintained at 12-15mmHg 
throughout the procedure. For statistical comparison 
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between epidural pressure and intraperitoneal pressure, 
the values immediately before  and 5min after the 
start of the insufflation were used. Arterial blood was 
sampled and PaCO2 was measured immediately before 
and 5 min after the start of intraperi toneum insufflation. 

Epidural pressure was referenced at the level of the 
outer  ear tract. Intraperi toneal  pressure was measured 
with a differential pressure transducer. Both pressures 
were read at the end of expiration. Data were presented 
as mean _+ SD. Comparison between before and 5 mi'n 
after the start of intraperi toneum insufflation was con- 
ducted by paired t-test. Statistical significance was 
accepted at P < 0.05. 

R e s u l t s  

The  coefficient of variation of epidural pressure 
sampled every minute from 6min to 20min after the 
first epidural injection was 2.4 _+ 0.3%. Intraperi toneum 
insufflation with CO2 resulted in simultaneous increases 
in epidural pressure and intraperitoneal pressure (Fig. 
1). Epidural pressure remained elevated during the 
15min of CO2 pneumoper i toneum when it was being 
monitored. When we compared the increases in intrap- 
eritoneal and epidural pressure 5min after the start of 
CO2 pneumoperi toneum, it was found that the increase 
in epidural pressure was about  one-third of the increase 

Table  1. Effects of CO2 pneumoperitoneum on intraperito- 
neal pressure, epidural pressure and PaCO2 

Before 5rain after start 
insufflation of insufflation 

Intraperitoneal pressure 0 13.9 -+ 11" 
Epidural pressure 8.4 _+ 1.3 13.2 _+ 1.6" 
PaCO2 33.2 _+ 2.1 36.9 2 4.5 

The unit of pressure is mmHg; n = 8; mean _+ SD. 
* P < 0.0] vs. before insufflation. 

in intraperitoneal pressure (Table 1). PaCO2 did not 
change significantly 5min after the start of CO2 
pneumoper i toneum when compared with that before 
CO2 pneumoperi toneum. 

D i s c u s s i o n  

This study showed that the increase in intraperitoneal 
pressure caused by intraperi toneum insufflation with 
CO2 resulted in a simultaneous increase in epidural 
pressure. The increase in epidural pressure was about 
one-third of the increase in intraperitoneal pressure. 

Epidural  pressure after epidural injection may be af- 
fected by factors such as the volume injected and the 
injecting speed. By controlling these factors, epidural 
pressure can be measured with good reproducibility and 
may remain stable for several minutes [4-6]. Then as 
the injected fluid is absorbed or fluxes out of the epidu- 
ral space, the epidural pressure gradually decreases. In 
this study, we found that by controlling the volume 
injected and the injecting speed, the epidural pressure 
remained relatively stable from 6min to 20min after 
injection of local anesthetic into the epidural space (co- 
efficient of variation 2.4 _+ 0.3%). Influence of intra- 
per i toneum insufflation with CO2 on epidural pressure 
could therefore be investigated during this period. 

This stable epidural pressure has been shown to have 
a good relationship with cerebrospinal fluid pressure in 
both humans and animals [4-6]. This finding is accept- 
able because there is only elastic dura mater  between 
the epidural space and the subarachnoid space. Epidu- 
ral pressure and cerebrospinal fluid pressure may reach 
equilibration through the dura mater  under  stable 
conditions when fluid exists in the epidural space to 
transmit pressure [4]. Therefore,  our results suggest 
that caution should be taken when COa pneumoperi-  
toneum is conducted in patients with low intracranial 
compliance. 
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Fig. 1. Responses of intraperitoneal 
pressure and epidural pressure to C O  2 
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The  reason  for  the increase in epidural  pressure  
caused by CO2 p n e u m o p e r i t o n e u m  is not  well known.  
The  e levated  int raper i toneal  pressure  p roduced  by 
in t r ape r i toneum insufflation with CO2 may  t ransmit  di- 
rectly to the epidural  space th rough  in terver tebra l  fo- 
ramina,  and/or  indirectly increase the epidural  pressure  
by interfer ing with the venous  re tu rn  of  the epidural  
space vein [7]. As  PaCO2 did not  change  significantly 
5 m i n  after  the  start of  insufftation, the increase in 
epidural  pressure  cannot  be a t t r ibuted to the  PaCO2 
change.  

In  summary ,  we have found  that  the increase in 
in t raper i toneal  pressure caused by in t r ape r i toneum 
insufflation with CO2 resul ted in a s imul taneous  in- 
crease in epidural  pressure. Since epidural  pressure  re- 
flects cerebrosp ina l  fluid pressure,  it is suggested that  
caut ion should  be taken  when  CO2 pneumope r i t o -  
n e u m  is conduc ted  in pat ients  with low intracranial  
compliance.  
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