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Intra-Abdominal Venous Pressure During
Laparoscopic Cholecystectomy
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Superior vena cava (SVC) and inferior vena cava (IVC) pressures were measured serially during
laparoscopic cholecystectomy in which the intra-abdominal pressure was maintained at
12mmHg. The influences of alteration of position from 15 degrees head-down to 15 degrees
head-up and of the operative procedure of holding the gallbladder up to the right subphrenic
space on SVC and IVC pressures were mild. IVC pressure was maintained almost equal to the
intra-abdominal pressure during prolonged continuous pneumoperitoneum lasting longer than
60min, while SVC pressure did not change significantly during operation. The discrepancy
between SVC and IVC pressures underwent no change during continuous pneumoperitoneum.
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INTRODUCTION

Various experimental studies have previously shown
that critical changes in cardiovascular response or
intra-abdominal visceral blood flow may be induced
by high intra-abdominal pressure, exceeding 20 or
40mmHg, but that these changes are mild when the
intra-abdominal pressure is lower than 20mmHg1’2’3’.
Laparoscopic cholecystectomy with pneumoperito-
neum under general anesthesia has been accepted as a
procedure safe with regard to systemic hemo-dynamics
if intra-abdominal pressure is maintained below
15mmHg. Recent studies of ours, however, have
demonstrated that prolonged continuous pneumo-
peritoneum may result in transient decreases in effec-
tive renal plasma flow and urine output even if intra-
abdominal pressure is maintained at 12 mmHg during

45laparoscopic cholecystectomy We suspect that
these changes in renal hemodynamics are due to the
elevated pressure in the inferior vena cava and renal
vein associated with elevated intra-abdominal pres-
sure. However, no previous study has examined in
detail the serial changes in intra-abdominal venous
pressure which occur during laparoscopic cholecystec-

tomy in the clinical setting when intra-abdominal
pressure is less than 15 mmHg. The purpose of this
study is to determine the influences of prolonged con-
tinuous pneumoperitoneum, intra-operative head-up
or head-down position and operative procedures on
pressure in the inferior vena cava during surgery.
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MATERIALS AND METHODS

Ten patients who underwent laparoscopic cholecystec-
tomy (LAP) and six patients who underwent open-
laparotomy cholecystectomy (OPEN) during the
period June 1992 through October 1992 were studied.
Patients with choledocholithiasis, liver cirrhosis
chronic obstructive lung disease, or congenital or
acquired heart disease were excluded from partici-
pation in this study. Preoperative laboratory data such
as platelet count, hepaplastin test, prothrombin time
and the plasma levels of fibrinogen and fibrinogen
degradation products were normal in all patients. Gen-
eral anaesthesia was maintained using isoflurane and
nitrous oxide following rapid induction. The intra-
abdominal pressure during LAP was maintained at
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12mmHg with an electric CO2 insufflator (OLYM-
PUS OPTICAL Co., Ltd., Tokyo, Japan). Four dis-
posable trocars (Two 10 mm Surgiports and two 5 mm
Surgiports, United States Surgical Corporation, Nor-
walk, USA) were placed with the patient horizontal
and operative procedures were performed in the 15
degrees head-up position for patients in the LAP
group. Operative procedures were performed in hori-
zontal position for patients in the OPEN group. At-
temps were made to perform intra-operative
cholangiography for patients in each of the groups. No
anti-thrombotic therapy was made in any patient in
any group.

Following completion of induction of anesthesia,
16-gauge catheters were inserted into the intrathoracic
superior vena cava (SVC) via the right internal jugular
vein, and into the intra-abdominal inferior vena
cava (IVC) above the renal vein and below the liver
via the right femoral vein. Heart rate (HR), systemic
blood pressure (BP) and SVC and IVC pressures were
measured at six time points during operation, i.e.,
before and after initiation of pneumoperitoneum
or laparotomy, 30 and 60 minutes after initiation of
pneumoperitoneum or laparotomy, and before and
15 min after depneumoperitoneum or closure of the
peritoneum. SVC and IVC pressures were measured 15
seconds after disconnecting the orotracheal tube
from the mechanical ventilator. SVC and IVC pres-
sures were also measured in horizontal, 15 degrees
head-up and 15 degrees head-down positions before
and after initiation of pneumoperitoneum or laparo-
tomy. In six of the 10 patients in the LAP group,
changes in SVC and IVC pressures were determined

with the gallbladder held up to the right subphre-
nic space using a grasper. In three of the 10 patients
in the LAP group, correlation between intra-
abdominal pressure and SVC or IVC pressure was
determined for the period between 60 min after initi-
ation of pneumoperitoneum and depneumoperi-
toneum, when intra-abdominal pressure underwent
gradual change.
Data are expressed as mean +__ standard deviation.

Statistical analysis was performed using the generaliz-
ed Wilcoxon test or ANOVA for repeated measure-
ments and multiple.comparison (with Scheffe-Tukey).
Obtained p values less than 0.05 were taken to indicate
statistically significant differences.

RESULTS

1. Intra-Operative Water Balance and Postoperative
Course

Operating time was 132 __+ 28 min in the LAP group
and 105 39 min in the OPEN group. Intra-operative
infusion rate was 0.38 __+ 0.09ml/kg/min in the LAP
group and 0.41 +__ 0.07 ml/kg/min in the OPEN group.
Intra-operative rate of urine output was 0.07 __+ 0.02
ml/kg/min in the LAP group and 0.09 __+ 0.04 ml/kg/
min in the OPEN group. There was no significant
difference in intra-operative rate of infusion or rate of
urine output between the two groups. Between 5 to
10 mg frusemide was administered during operation to
four of the 10 patients in the LAP group.

Postoperative course was uneventful in all patients
in the OPEN and LAP groups. Postoperative abnor-

Table Serial changes in HR, BP and SVC and IVC pressures.

Time points
2 3 4 5 6

LAP group

HR(beats/min) 80+9 79+9 82+ 10 83+9 81+/- 11 76+ 11
Systolic BP (mmHg) 127 + 24 152 + 25 136 + 18 139

___
23 142 21 132 + 21

Diastolic BP (mmHg) 66+ 16 86+ 18 77 14 80+ 14 82 17 78 19
SVC pressure (mmHg) 3.2 1.2 3.6 +__ 1.0 3.8 +__ 1.5 2.9 +__ 1.2 4.0 +__ 1.1 3.9 +__ 1.4

*#tp *#tp *#t,o *#tp
IVC pressure (mmHg) 3.7 + 1.6 11.8 2.0 10.5 1.9 9.7 1.6 10.5 + 2.2 4.4 2.3

HR (beats/min) 79 14 78 + 13 83 + 14 78 + 11 77 + 11 78 12
Systolic BP (mmHg) 122 13 150 24 141 26 132 + 20 128 + 21 136 19

OPEN group Diastolic BP (mmHg) 68 14 88 22 80 21 78 + 22 79 + 19 76 + 20
SVC pressure (mmHg) 3.4 + 1.8 3.9 1.6 4.1 1.9 3.3 2.0 3.9 + 1.4 3.8 2.0
IVC pressure (mmHg) 3.8 + 2.1 4.8 + 2.4 4.9 2.0 3.9 2.2 4.4 + 1.9 4.5 + 2.1

Data are expressed as mean __+ standard deviation. *:p < 0.05 v.s. time point "1". #: p < 0.05 v.s. time point "6". ’: p < 0.05 v.s. OPEN group.
p: p < 0.05 v.s. SVC pressure. 1" following initiation of anesthesia. 2: following initiation of pneumoperitoneum or laparotomy. 3:30 min after
initiation of pneumoperitoneum or laparotomy. 4: 60min after initiation of pneumoperitoneum or laparotomy. 5: preceding de-
pneumoperitoneum or closure of the peritoneum. 6: following depneumoperitoneum or closure of the peritoneum.
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malities in blood coagulation was not recognized in
any patient in any group.

2. Serial Changes in HR, BP and SVC and IVC
Pressures (Table 1, Figure 1)

There were no significant changes in HR, BP or SVC
pressure during operation in either the LAP or the
OPEN groups. There were no significant differences
between the LAP and the OPEN groups in HR, BP or

SVC pressure at any time point tested. There was no
significant change over time during operation in IVC
pressure in the OPEN group. IVC pressures at four
time points tested during pneumoperitoneum were all
significantly higher than those prior to initiation of
pneumoperitoneum and following depneumoperi-
toneum in the LAP group. There was no significant
change in IVC pressure during pneumoperitoneum in
the LAP group. There were no significant differences in
IVC pressures between the LAP and the OPEN groups

(mmHg)

12-

10-

ILAP groupl IOPEN group]

Time points Time points

Figure Serial changes in SVC and IVC pressures. Open circles represent SVC pressures. Closed circles represent IVC pressures. Data are
expressed as mean + standard deviation. *:p < 0.05 v.s. time point "1". #; p < 0.05 v.s. time point "6". ’: p < 0.05 v.s. OPEN group: p < 0.05 v.s.
SVC pressure. 1: following initiation of anesthesia. 2: following initiation of pneumoperitoneum or laparotomy. 3:30 min after initiation of
pneumoperitoneum or laparotomy. 4:60min after initiation of pneumoperitoneum or laparotomy. 5 :preceding depneumoperitoneum or
closure of the peritoneum. 6: following depneumoperitoneum or closure of the peritoneum.

Table 2 Influence of position on SVC and IVC pressures.

Time points Position SVC pressure IVC pressure
(mmHg) (mmHg)

before initiation
LAP group of pneumoperitoneum

15 head-up 3.3 _+ 1.3 3.9 + 1.9
horizontal 3.2 1.2 3.7 __+ 1.6
15 head-down 3.3 1.1 3.6 _+ 1.7

after initiation 15 head-up 3.7 1.2 12.2 1.8
of pneumoperitoneum horizontal 3.6 + 1.0 11.8 + 2.0

15 head-down 3.5 -t- 1.4 10.4 -t- 2.4

OPEN group
before laparotomy

15 head-up 3.5 1.4 3.6 + 1.9
horizontal 3.4 __+ 1.8 3.8 + 2.1
15 head-down 3.6 1.9 3.9 +__ 2.0

after laparotomy

Data are expressed as mean + standard deviation.

15 head-up 4.1 + 2.0 4.0 1.8
horizontal 3.9 1.6 4.8 + 2.4
15 head.down 4.2 + 1.8 4.4 _+ 1.9
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Figure 2 Correlation between intra-abdominal pressure and SVC and IVC pressures.

at the time points tested prior to initiation of pneu-
moperitoneum or laparotomy and after depneumo-
peritoneum or closure of the peritoneum. IVC press-
ures at four time points during pneumoperi-toneum in
the LAP group were significantly higher than those
during laparotomy in the OPEN group.

3. Influence of Position or Holding up of the
Gallbladder on SVC and IVC Pressures

During neither pneumoperitoneum or laparotomy did
patient position have any effect on SVC or IVC pres-
sure (Table 2). In the LAP group, SVC pressure was
3.7_+ 1.4mmHg and IVC pressure was 11.2__+ 3.4
mmHg without holding up of the gallbladder, while
SVC pressure was 3.8 __+ 1.5 mmHg and IVC pressure
was 11.6 __+ 3.8 mmHg with holding up of the gallblad-
der. Whether the gallbladder was held up or not during
pneumoperitoneum had no effect on either SVC or
IVC pressure.

4. Correlation Between Intra-Abdominal Pressure and
SVC or IVC Pressure (Figure 2)

SVC pressure was unaffected by raising the intra-
abdominal pressure from 2 to 12 mmHg. However, the
elevation of intra-abdominal pressure was associated
with gradual elevation of IVC pressure.

DISCUSSION

It has been considered that IVC pressure is elevated
due to direct pressure when the intra-abdominal
pressure is elevated2’6. It has been reported that car-
diac output fell following, a decrease in venous return
from the intra-abdominal viscera and the lower ex-
tremities in association with an intra-abdominal press-
ure above 15 or 20mmHg6’7. Results of another study
suggested that cardiac output was increased following
the elevation of SVC pressure by Starling’s law when
the intra-abdominal pressure was less than 25 mmHg8.
It has been though that this elevation of SVC pressure
is the direct result of pressure by the diaphragm8’9.
However, previous studies of ours have shown that
heart rate, systemic and pulmonary blood pressures,
central venous pressure, pulmonary arterial wedge
pressure and cardiac output do not change signi-
ficantly during laparoscopic cholecystectomy per-
formed in a clinical setting when the intra-abdominal
pressure is maintained at 12mmHg4. In the present
study, indeed, the influence of elevated intra-abdomi-
nal pressure on SVC pressure was found to be mild
when intra-abdominal pressure was less than
12 mmHg. We believe that sufficient quantity of infu-
sion under general anesthesia may play a role in main-
taining this stability of SVC pressure and cardiac
output in the clinical setting.
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The exact nature of serial change in IVC pressure
during prolonged continuous pneumoperitoneum with
constant SVC pressure and cardiac output in the clini-
cal setting remains unclear. The present study demon-
strated that IVC pressure continued to reflect the
intra-abdominal pressure during pneumoperitoneum,
and that the discrepancy between SVC and IVC pres-
sures did not change during pneumoperitoneum. The
operative procedure of holding the gallbladder up to
the right subphrenic space in the 15 degrees head-up
position has occasionally been used for laparoscopic
cholecystectomy1. It has been reported that signifi-
cant changes in hemodynamic parameters occur in the
25 degrees head-down position8. It is possible that
holding up of the gallbladder, and consequently of the
liver, may affect the shape of the sectional plane of the
compressed IVC. In the present study, the influences of
operative procedure and of variation of position on
IVC pressure were found to be mild.

In conclusion, IVC pressure was maintained almost
equal to the intra-abdominal pressure during pro-
longed continuous pneumoperitoneum in spite of vari-
ation in operative procedures and traditionally-used
alterations of position during laparoscopic cholecy-
stectomy. The clinical message from our findings is that
much attention should be paid to the continuous dis-
crepancy between SVC and IVC pressures when oper-
ating time is prolonged.
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