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omparative Analysis of the Hemodynamic and Respiratory
arameters During Laparoscopic Versus Open Living Donor
ephrectomy: An Experimental Model

. Sáenz, M.S. Asuero, C. Correa, J. Garcı́a, J.J. Villafruela, B. Cuevas, A. Páez, A. Linares, J. Galindo,

. Pascual, R. Marcén, and F.J. Burgos

ABSTRACT

Increased intrabdominal pressure induced by pneumoperitoneum induces modifications in
cardiovascular and respiratory systems. The aim of the study was to analyze the
hemodynamic and respiratory modifications produced by pneumoperitoneum during living
donor nephrectomy in a porcine experimental model. Twenty pigs underwent left
nephrectomy, 10 by laparoscopy and 10 by an open approach. The following parameters
were measured: mean arterial pressure (MAP), central venous pressure, cardiac output
(CO), systemic vascular resistance (SVR), end tidal CO2 (ETCO2), minute volume (MV),
respiratory airway pressure (RAP), and “compliance.” Both groups were monitored for
cardiac and respiratory systems at basal, 5, 30, and 60 minutes as well as postsurgery. The
comparative analysis demonstrated increased CO with a higher difference at 30 minutes
(4.33 � 0.73 vs 8.54 � 1.26 L/min, P � .001); decreased SVR (1118.81 � 302.52 vs
663.37 � 81.45 dinas � s � cm�5, P � .001), and elevated MAP among the laparoscopic
group (66.5 � 11.52 vs 80.25 � 2.49 mm Hg, P � .004). Analysis of respiratory
modifications showed an initial increase in ETCO2 (44.3 � 2.6 vs 54.1 � 12.56 mm Hg, P �
.035) and a higher MV administered (5.6 � 0.1 vs 7.01 � 0.96 L/min, P � .03) to the
laparoscopy group. An increased RAP was observed at 5 minutes (22.11 � 2.76 vs 28.8 �
3.68 mm Hg, P � .001), in the laparoscopic group and lower levels of “compliance” at the
same moment in that group (16 � 1.66 vs 14.9 � 4.07 cm H2O). Laparoscopic
nephrectomy caused an increase in CO and MAP and decreased SVR. Likewise there were

elevations of RAP, ETCO2, and MV and a slight decrease in the “compliance.”
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APAROSCOPIC NEPHRECTOMY induces increased
intraabdominal pressure and hypercarbia.1 These

hanges cause a cascade of systemic events that may
nfluence graft function after laparoscopic living donor
ephrectomy. The aim of the study was to evaluate the
emodynamic and respiratory modifications induced by

aparoscopic or open living donor nephrectomies for
idney transplantation.

ETHODS

wenty pigs underwent left nephrectomy, 10 by an open approach,
he control group (by middle line laparotomy), and 10 by a
aparoscopic approach (three ports, 12 mm Hg pneumoperito-
eum). All the animals were invasively monitored for cardiovascu-

ar and respiratory parameters. Systemic vascular resistance (SVR)
as calculated with the formula: SVR � mean arterial pressure
MAP) � central venous pressure (CVP) � 80/cardiac output S
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CO). All parameters were measured at basal, 5, 30, and 60 minutes
fter the begining the surgery as well as at the end of the procedure.
espiratory parameters were obtained at the same moments

ncluding end tidal CO2 (ETCO2), minute administered volume
MV), respiratory airway pressure (RAP), and “compliance.”

Ventilation was performed with positive intermittent pressure
nd a 100% oxygen inspired fraction. The initial MV was 10 mL/kg.
his parameter was modified in order to maintain ETCO2 at
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round 45 mm Hg. Hydration was performed by infusion of
inger’s lactate (140 mL/h) and hydroxyethyl starch (100 mL/h).
he total perfusion was 8 mL/kg/h.

ESULTS
aemodynamics

aparoscopic nephrectomy induced a significant increase of
O in comparison with open nephrectomy, a difference that
as significant during all the surgical process but maximal
t 30 minutes (4.33 � 0.73 vs 8.54 � 1.26 L/min, P � .001).
here was no significant difference in CVP values between

aparoscopic and open nephrectomies. Nevertheless, after
he emptying the pneumoperitoneum, the values were
igher in the control group (11.44 � 4.30 vs 5.33 � 2.64 cm

Table 1. Evolutive Values of Hemodynamic and Res
Open N

Parameters Op

CO basal (L/min) 5.2
CO 5 min (L/min)
CO 30 min (L/min) 4.3
CO 60 min (L/min) 4
CO postsurgery (L/min) 5.3
SVR basal (dinas � s � cm�5) 1151.8
SVR 5 min (dinas � s � cm�5) 1146.5
SVR 30 min (dinas � s � cm�5) 1118.8
SVR 60 min (dinas � s � cm�5) 992.7
SVR postsurgery (dinas � s � cm�5) 966.2
MAP basal (mm Hg) 79
MAP 5 min (mm Hg) 76
MAP 30 min (mm Hg) 66
MAP 60 min (mm Hg) 67
MAP postsurgery (mm Hg) 71.9
CVP basal (cmH2O) 7
CVP 5 min (cmH2O) 10.2
CVP 30 min (cmH2O) 9
CVP 60 min (cmH2O) 10.7
CVP postsurgery (cmH2O) 11.4
ETCO2 basal (mm Hg) 41
ETCO2 5 min (mm Hg) 44
ETCO2 30 min (mm Hg) 43.4
ETCO2 60 min (mm Hg) 41.8
ETCO2 postsurgery (mm Hg) 43.5
VM basal (L/min) 6.1
VM 5 min (L/min) 5
VM 30 min (L/min) 6.1
VM 60 min (L/min)
VM postsurgery (L/min)
RAP basal (mm Hg) 21.3
RAP 5 min (mm Hg) 22.1
RAP 30 min (mm Hg) 23.3
RAP 60 min (mm Hg) 23.1
RAP postsurgery (mm Hg) 23.2
“Compliance” basal (cmH2O) 16.2
“Compliance” 5 min (cmH2O) 1
“Compliance” 30 min (cmH2O) 1
“Compliance” 60 min (cmH2O) 15.1
“Compliance” postsurgery (cmH2O) 16.6
2O, P � .008). d
During the initial period of nephrectomy, there were no
ignificant difference in MAP values, except for the higher
alues among the laparoscopic group at 30 (66.5 � 11.52 vs
0.25 � 2.49 mm Hg, P � .004) and at 60 minutes (67.6 �
0.42 vs 78.37 � 3.34 mm Hg; P � .013).

Once the pneumoperitoneum was established, SVR
alues among the laparoscopic group descended, reach-
ng a major difference at 30 minutes (1118.81 � 302.52 vs
63.37 � 81.45 dinas � s � cm�5, P � .001) and
aintained at 60 minutes, not disappearing until desuf-
ation of the gas (Table 1).

espiratory

ignificant increases of ETCO values were documented

ory Parameters in Lalparoscopic and Living Donor
ctomy

oup Laparoscopic Group P

1.02 5.88 � 1.13 NS
0.85 7.28 � 1.23 .004
0.73 8.54 � 1.26 �.001
0.99 7.6 � 1.17 �.001
1.15 6 � 1.77 NS
231.92 981.02 � 137.29 NS
276.02 757.47 � 127.37 .003
302.52 663.37 � 81.45 �.001
154.70 736.85 � 63.63 .001
224.57 979.36 � 359.71 NS
10.60 79.11 � 9.06 NS
12.40 76 � 5.13 NS
11.52 80.25 � 2.49 .004
10.42 78.37 � 3.34 .013
8.14 72.89 � 8.80 NS
3.75 5.89 � 3.21 NS
4.23 8.67 � 6.12 NS
3.56 9.89 � 4.96 NS
3.3 8.44 � 4.41 NS
4.30 5.33 � 2.64 .008
4.47 48 � 4.69 NS
2.60 54.1 � 12.56 .035
4.19 50.9 � 4.20 �.001
4.24 51.55 � 9.84 .006
3.24 48.33 � 6.14 NS
0.50 6.20 � 1.11 NS
0.10 7.01 � 0.96 .03
0.12 7.2 � 0.76 .03
0.12 7.39 � 0.79 .001
0.12 7.37 � 0.91 NS
2.54 20.90 � 4.30 NS
2.76 28.80 � 3.68 �.001
4.22 27.10 � 8.21 NS
3.44 24.55 � 8.40 NS
3.05 23.44 � 7.14 NS
0.97 17.60 � 5.03 NS
1.66 14.90 � 4.07 NS
2.24 14.40 � 4 NS
1.27 15.22 � 4.68 NS
1.22 16.22 � 4.76 NS
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uring laparoscopic nephrectomy at 5 minutes (44.3 � 2.60
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s 54.1 � 12.56 mm Hg, P � .035), 30 minutes (43.4 � 4.19
s 50.9 � 4.20 mm Hg, P � .001), and 60 minutes (41.8 �
.24 vs 51.5 � 9.84 mm Hg, P � .006).

MV increases were documented during laparoscopic
ephrectomy. Significant differences were achieved at 5 min-
tes (5.6 � 0.10 vs 7.01 � 0.96 L/min, P � .03), 30 minutes
6.10 � 0.12 vs 7.2 � 0.76 L/min, P � .03), and 60 minutes
6 � 0.12 vs 7.39 � 0.79 L/min, P � .001).

There were no differences between the groups in RAP
alues.

“Compliance” values of both groups were quite stable,
ithout a significant difference, though it’s noteworthy that

here was a fall from the basal values among the laparo-
copic values (17.60 � 5.03 cm H2O), reaching the nadir at
0 minutes (14.40 � 4.00 cm H2O), in contrast to the open
roup in which this did not occur (Table 1).

ISCUSSION

emodynamic and respiratory modifications induced by
neumoperitoneum in laparoscopic nephrectomy have po-
ential influences on graft function after kidney transplan-
ation. The importance of some factors, such as volume
elocation or the use of low intrabdominal pressures (IAP),
ave been scarcely analyzed.2,3

This experimental work showed that laparoscopic ne-
hrectomy induced significant elevation of CO, which is
xplained by the compression of the whole venous
planchnic territory secondary to increased IAP. Poste-
ior sympatetic stimulation due to hypercarbia and intra-
ascular volume status also plays an important role in CO
ehavior.
These data are similar to those reported in the literature

n other experimental models.4,5 However they disagree
ith those reported in human models.1,6 The behavior
uring laparoscopy is similar to that of CO. There was an
sceding trend until 30 minutes and a progressive fall
hereafter.

In humans,1,7 an elevation of CVP values has been
xplained by the emptying of the intraabdominal viscera
nd a drop in CO, caused by elevation of the intrathoracic
ressure. The morphology of the CO and CVP curves are so
imilar that it induces one to think that the porcine heart is
ble to completely absorb the coming volume, pumping it
ut easier than humans. This finding may be explained by a
ajor tolerance of the abdomen to pneumoperitoneum

ressures, causing less repercussion to the intrathoracic
ressure, or by the low intraabdominal pressures (12 mm
g) used herein.
MAP in our study showed similar behavior as in humans.

oris et al1 reported a 35% rise in MAP values among
umans during laparoscopic retrieval. Similarly, Ortega et
l,4 Bannenberg et al,5 and Kaklamanos et al8 reported
ncreased MAP in their porcine models of laparoscopy.

The behavior of SVR during laparoscopic nephrectomy

n our experimental work disagreed with the reported

c
2

esults in humans. However, most porcine experimental
odels have reported data similar to ours.4,5

Looking at the formula, it is possible that the SVR
ehavior depended on CO values and were less influenced
y MAP and CVP values. SVR and CVP showed a more
table pattern than CO.

ETCO2 values during laparoscopic nephrectomy were
igher than during open surgery. Most reports1,6 have
escribed the same pattern in humans, due to peritoneal
iffusion of CO2 and increased intrathoracic pressure. This
ise is usually controlled in clinical practice by increasing
idal volume and respiratory rate.7,9

Porcine models10,11 showed the same behavior, al-
hough in both cases respiratory parameters (tidal vol-
me and respiratory rate) were kept constant to more
onsistently evaluate ETCO2 changes. In our study, we
ried to maintain ETCO2 values around 45 mm Hg,
eeking to reproduce real conditions of human beings
uring laparoscopic surgery.
Laparoscopic nephrectomy produced increased RAP

fter 5 minutes of insufflating the pneumoperitoneum,
robably due to diaphragm displacement.6,12 This pat-
ern which is similar to that reported in other porcine
odels,10,11 may be explained by a “recruitment phenom-

non,” consisting of progressive alveolar opening during
he surgical procedure.

A “compliance” reduction has been observed during
aparoscopic surgery in humans, reaching 50% of basal
alue.6,12 This situation is caused by the upward swing of
he diaphragm, being the main cause for rising RAP. Later
ecovery of values may be due to the previously mentioned
entilatory redistribution.

In conclusion, the laparoscopic and open approaches
uring living donor nephrectomy are associated with hemo-
ynamic and respiratory changes. These modifications are
otentially important not only for the donor but also for
raft function after kidney transplantation.
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