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Department of Surgery, Catharina Hospital Eindhoven, Michelangelolaan 2, 5623 EJ Eindhoven, The Netherlands

Received: 19 March 1996/Accepted: 4 July 1997

Abstract
Background:The adverse effects of sustained elevated in-
traperitoneal pressure (IPP) on cardiovascular, pulmonary
and renal systems have been well documented by several
reported experimental and clinical studies. Alteration in the
splanchnic circulation has also been reported in animal ex-
periments, but details of the exact hemodynamic changes in
the flow to solid intraabdominal organs brought on by a
raised intraperitoneal pressure in the human are not avail-
able. The aim of the present study was to estimate effect of
increased IPP on the portal venous flow, using duplex
Doppler ultrasonography in patients undergoing laparoscop-
ic cholecystectomy.
Methods:The studies were performed using the SSD 2000
Multiview Ultrasound Scanner and the UST 5536 7.0-MHz
laparoscopic transducer probe. Details of the measurements
were standardized in according to preset protocol. Statistical
evaluation of the data was conducted by the two-way analy-
sis of variance (ANOVA).
Results:The flow measurement data have demonstrated a
significant (p < 0.001) decrease in the portal flow with
increase in the intraperitoneal pressure. The mean portal
flow fell from 990 ± 100 ml/min to 568 ± 81 ml/min (−37%)
at an IPP of 7.0 mmHg and to 440 ± 56 mmHg (−53%)
when the IPP reached 14 mmHg.
Conclusions:The increased intraperitoneal pressure neces-
sary to perform laparoscopic operations reduces substan-
tially the portal venous flow. The extent of the volume flow
reduction is related to the level of intraperitoneal pressure.
This reduction of flow may depress the hepatic reticular
endothelial function (possibly enhancing tumor cell spread).
In contrast, the reduced portal flow may enhance cryo-
ablative effect during laparoscopic cryosurgery for meta-
static liver disease by diminishing the heat sink effect.
These findings suggest the need for a selective policy, low
pressure or gas-less techniques to positive-pressure inter-

ventions, during laparoscopic surgery in accordance with
the disease and the therapeutic intent.
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Laparoscopy has been for many decades used mainly for
diagnosis and in the conduct of minor gynecological opera-
tions. The advent of laparoscopic cholecystectomy demon-
strated the advantages of minimal access surgery (MAS) to
the general surgeons who have since adopted the laparo-
scopic approach and extended it to include many other op-
erations. Procedures such as laparoscopic antireflex opera-
tions, splenectomy, colonic resections, etc., are now estab-
lished, but because of the insufflation of the peritoneal
cavity necessary to obtain the endoscopic exposure, these
patients are being subjected to an artificially elevated intra-
peritoneal pressure (IPP) for several hours. The adverse
effects of this elevated IPP on the systemic circulation and
cardiac, pulmonary, and renal functions have been well
documented in experimental and clinical studies [4–6, 9, 13,
14]. In addition, changes in the splanchnic circulation such
as decreased mucosal blood flow have been reported in
animal experiments but, to date, information on the effect of
a sustained elevated IPP on the flow to the solid intraab-
dominal organs in the human has been lacking. The present
study was undertaken to quantitate the effect of increased
IPP on the portal venous flow in patients undergoing lapa-
roscopic cholecystectomy using duplex Doppler ultrasonog-
raphy.

Material and methods

Portal venous volume flow measurements were performed in 11 consecu-
tive patients (seven female, four males) undergoing routine uncomplicated
laparoscopic cholecystectomy. The mean age of the patients included in the
study was 45 years, (range 26–76 years). Measurements were performed in
accordance with a preset protocol in a standardized way by the same
investigator with longstanding experience in laparoscopic and duplex
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Doppler ultrasonography. The visual clues from the color Doppler flow
imaging were used for exact plotting of the Doppler samples from areas of
bloodstream with a luminal flow pattern. The ultrasound system was op-
erated and the measurements registered by the same technician.

The same balanced general anesthesia was used in all the patients who
were ASA class I or II and premedication was with diazepam, 10 mg,
orally. Anesthesia was induced with propofol 2.5 mg kg−1 and fentanyl 3
mg kg−1. Tracheal intubation was accomplished after administration of
vecuronium bromide 0.1 mg kg−1. A temporary nasogastric tube was in-
serted. Anesthesia was maintained with propofol delivered by infusion
pump 6–10 mg kg−1 h−1 with increments of IV fentanyl or relaxants when
necessary.

Patients were ventilated with a 40% oxygen/air mixture. The end-tidal
expired CO2 was kept between 4 and 5 vol %. During abdominal CO2

insufflation an end-tidal CO2 of 5–6 vol % was accepted. The propofol
infusion was stopped 5 min before the completion of surgery when the
neuromuscular blockade was reversed with neostigmine and atropine.
Monitoring during surgery consisted of heart rate, ECG, pulse oximetry,
and automatic noninvasive blood pressure.

None of the patients included in the study required central venous
pressure or Swan-Ganz catheter monitoring, which could have provided
additional information on the circulatory state of the patient during the
ultrasound measurements. However, it should be stressed that continuous
monitoring of pulse rate and blood pressure during the entire period of
anesthesia and during the flow measurements showed a stable circulatory
state in all the patients included in the study.

Portal flow measurements were conducted with the patients in the
horizontal position. The transducer probe was introduced through the um-
bilical access port and then placed on the hepatoduodenal ligament. The
anatomic landmarks provided by the structures displayed on the B-mode
ultrasound image were used as guidance throughout the flow measure-
ments.

The ultrasound system used has the ability to calculate and display the
volumetric flow. This is derived as follows. The blood vessel of interest (in
this case the portal vein) is imaged using the pulse echo system. The
Doppler system calculates the mean velocity of the flow in the direction of
the echo-receiving transducer. Indicating the direction of the blood flow in
the image allows the angleu between the ultrasound beam axis and vessel
axis to be known to the system. Thus, the mean velocity parallel to the
vessel axis can be calculated. This value is multiplied by the cross-sectional
area of the vessel to yield the mean flow (Q).

The time-averaged volumetric flowQ through a vessel is given by the
time-averaged product of the cross-sectional area of the vesselA(t) and the
mean velocity of the blood within the vesselv(t):

Q =
1

Tt=0
*T

A~t! v~t!dt (1)

The vessel cross section area is calculated after marking the vessel diam-
eter in the image and assuming the vessel to be circular in cross section.

The mean velocity can be calculated using the standard Doppler equa-
tion:

v~t! =
fd~t! c

2 ftcos~u!
(2)

Where fd(t) is the instantaneous mean Doppler shift,c the velocity of
ultrasound in blood,ft the transmitted frequency, andu the angle between
the axis of the ultrasound beam and the vessel axis. Substitution of equation
2 in equation 1 yields:

Q =
c

2ft cos~u!t=0
*T A~t!fd~t!

T
dt (3)

In the method used changes of the diameter with time were not taken into
account, so equation 3 finally can be written as:

Q =
cA

2ft cos~u!t=0
*T fd~t!

T
dt (4)

Values ofA andu are obtained by caliper (marker) setting, performed by
the investigator;ft is the ultrasound frequency used, andc is the constant
value of ultrasound in blood. This is the basic for the calculation of the
volumetric flow Q, using the Doppler shift frequencyfd.

The data before and after insufflation were analyzed by the two-way
analysis of variance (ANOVA) for repeated measurements.

Results

The changes in the portal flow observed at different pres-
sure levels of 0, 7, and 14 mmHg are outlined in Fig. 1.

A rise of the IPP to 7 mmHg was accompanied by a
reduction of the mean portal flow from 990 ± 100 ml/min to
568 ± 81 ml/min, i.e., a 37% decrease of the flow comparing
to the baseline flow measured at 0 mmHg pressure. At an
IPP level of 14 mmHg, which is used routinely in our de-
partment for all laparoscopic procedures, the portal venous
flow sustained a further drop to 440 ± 56 mmHg, corre-
sponding to 53% reduction of the portal venous flow com-
pared to the initial baseline value. The portal venous flow
was measured again following desufflation of the abdomen
to 0 mmHg. These values were similar to those obtained at
the start of the procedure (p 4 0.20, t-test). These data in-
dicate the existence of a correlation between the level of
intraperitoneal pressure and portal venous flow.

Discussion

The introduction and spread of minimal access surgery
(MAS) stimulated many investigators to study the potential
adverse effects of increased IPP on systemic circulation,
respiratory function, and the splanchnic circulation. These
adverse effects on cardiac, pulmonary, and renal function
have been confirmed by several studies [4–6, 9, 13, 14].

In addition to IPP, other factors may induce cardiovas-
cular changes during laparoscopy, e.g., volume of the CO2
absorbed, the patient’s intravascular volume, patient’s po-
sition, the technique of ventilation during anesthesia, and
the drugs administered during the procedure.

Table 1. Blood volume flow measurement—available techniquesa

Electromagnetic (i)
Ultrasound flowmetry (i)
Magnetic resonance angiography (MRA)
CVI-Q (time domain correlation)
Duplex Doppler ultrasound

a (i) invasive.

Fig. 1. Effect of IPP changes on portal venous flow.
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The effect of increased IPP caused by insufflation of
carbon dioxide evokes changes in systemic hemodynamics,
such as increase of mean arterial blood pressure and sys-
temic vascular resistance. Limited nonsignificant changes in
the central venous pressure and cardiac index have been
reported by different investigators [5, 12]. However, studies
with Swan-Ganz catheter monitoring during laparoscopic
cholecystectomy have failed to demonstrate any significant
change in cardiac output, pulmonary arterial pressure, and
pulmonary arterial wedge pressure [7] when the IPP pres-
sure was set at 10 mmHg. In the present study we had no
sufficient justification to add these invasive monitoring pro-
cedures to the study protocol.

The changes in the systemic circulation are influenced
by the hemodynamic state of the abdominal viscera, which
requires a substantial part of the circulating blood volume.
It may be assumed that changes observed in splanchnic
hemodynamics are induced both by the pharmacological
effects of carbon dioxide and also by mechanical compres-
sion due to the raised intraperitoneal pressure. At the time
the current study was initiated there were limited data on
hemodynamic changes in the blood supply to the solid in-
traabdominal organs.

Laparoscopic duplex ultrasonography provides a nonin-
vasive method of volume flow measurement. Different
techniques are available. Most are relatively invasive. The
accurate measurements of blood volume flow are mainly
used clinically in vascular and transplant surgery. Currently,
the preferred methods in clinical practice use either electro-
magnetic or ultrasound flowmetry. In both methods the
probe has to be placed on the corresponding vessel. This
applies especially to electromagnetic probes, where the
choice of the size of the probe is crucial and may influence
the outcome of the measurement. Both methods are not
applicable in the laparoscopic setting, particularly for mea-
surement of volume flow in the portal vein as the vein needs
to be dissected. A new noninvasive technique based on
magnetic resonance angiography (MRA) became available
recently. This method is time consuming, expensive, and
not applicable to the intraoperative situation. More recently,
ultrasound-based methods for measurement of blood flow
velocities via frame domain correlation have been intro-
duced. One such technique, CVI-Q, is available commer-
cially on the P7000 Ultrasound Scanner: Philips Ultrasound
Irwin Ca [3]. Although this method is accurate and reliable
when compared to invasive ultrasonic flowmetry it could
not be used in the present study because of the absence of a
laparoscopic transducer probe for this ultrasound scanner.
The high correlation of the reliability of volume flow mea-
surements between duplex ultrasound and invasive electro-
magnetic flowmetry (r 4 0.96) has been confirmed by sev-
eral investigators [1–3, 10]. In duplex Doppler flowmetry
the mean velocity measurement is multiplied by the vessel
area to yield the volume flow, assuming a circular vessel
[3]. The outcome of these investigations encouraged us to
use Doppler flowmetry in our study. The potential error in
estimating exact volume flow is not relevant as the main
aim of the study was to estimate the extent of changes in
volume flow rather than actual values.

In an experimental study on dogs, Kotzampassi et al. [6]
indicated that severe hemodynamic changes in the blood
flow to intraperitoneal viscera occur at IPP of 14 mmHg.

This included reduction of the intestinal submucosal blood
(measured by a laser Doppler) to 50% of the baseline value
and elevation of portal and inferior vena cava pressures. A
more recent experimental study in the pig reported by Ras-
mussen et al. [11] documented a significant reduction of the
portal venous flow, which has been confirmed in the human
by the results of the present investigation. The reported
reduction of portal venous flow (66% of baseline volume) at
25 mmHg is accompanied by elevations of the portal/
hepatic venous blood pressure and portal/hepatic vascular
resistance (360 and 650 of the baseline volume, respec-
tively).

The results of the present study in humans confirm not
only the reduction of the portal venous flow but also evi-
dence of a relation between the drop in portal venous flow
and the increase of the IPP. These findings suggest the need
for further studies on the compensatory mechanisms in-
volved and on the effects of reduced portal flow on liver
function during and after laparoscopic surgery, particularly
during prolonged laparoscopic operations. The question of
whether the reduced portal flow is accompanied by an in-
creased flow in the hepatic artery remains unanswered. The
clinical setting of the study did not allow us to prolong the
operation time for the sake of additional studies on the
hepatic arterial flow in these patients.

There are potential clinical complications that can arise
as a consequence of the adverse hemodynamic changes in
the splanchnic circulation induced by a sustained elevation
of the IPP. The reduced portal flow is likely to result in
depression of the hepatic reticular endothelial cell function,
which may enhance tumor cell dissemination and increase
the likelihood of systemic sepsis. On the other hand, the
reduced portal venous flow should enhance the ablative ef-
fect of cryosurgery for metastatic disease of the liver by
diminishing the heat sink effect of blood perfusing the liver
parenchyma.

In view of these observations, a selective setting of IPP
during laparoscopic surgery is advisable with low pressure
or gasless abdominal wall lift approaches being considered
for patients undergoing excisional surgery for cancer. By
contrast, the ablative effect of laparoscopic cryotherapy is
enhanced in the presence of raised IPP in the 12–14 mmHg
range. In any event, during major procedures conducted
with a pneumoperitoneum, the IPP should be kept at the
lowest level which allows optimal visualization [8]. Also,
strategic rest breaks at 2–3-h intervals when the pneumo-
peritoneum is desufflated are advisable in an attempt to
minimize the adverse effects on the splanchnic circulation.
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