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Abstract Objective: Elective ab-
dominal aneurysm repair can be per-
formed by using the transperitoneal
or the retroperitoneal approach. The
latter has been described as having a
better outcome, reducing the impair-
ment of respiratory function or the
incidence of lung complications.
Hence, the retroperitoneal approach
has been proposed for treatment of
medically high-risk patients. Howev-
er, the superiority of one technique or
the other in preserving pulmonary
function has not been conclusively
demonstrated. The aim of this study
was to ascertain whether the retro-
peritoneal and the transperitoneal ap-
proaches affect respiratory function
differently. Design: A prospective
randomized study. Setting: Two four-
bed surgical-medical ICUs of a Uni-
versity hospital. Patients: Twenty-
three consecutive patients undergoing
abdominal aortic aneurysm repair
were randomized to the retroperito-
neal (12 patients) and transperitoneal
approach (11 patients). They were

studied: a) within 30 min the end of
surgery; b) 8 h after the end of sur-
gery; and c) during a T-piece tube-
weaning trial. Measurements: The
comparison between the two groups
was based on respiratory mechanics,
partitioned between lung and chest
wall components, basic spirometry,
tension-time index of the inspiratory
muscle, weaning indexes, and length
of stay both in ICU and hospital. Re-
sults: The two surgical techniques do
not differ in their impact on either
respiratory mechanics or inspiratory
muscle function or weaning indexes.
However, there was a tendency for
retroperitoneal patients to stay for
less time both in ICU and in the hos-
pital. Conclusions: During the first
24 h after surgery, the postoperative
impairment of respiratory function is
independent of the surgical approach.
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Respiratory function after aortic aneurysm 
repair: a comparison between retroperitoneal
and transperitoneal approaches

Introduction

Elective abdominal aortic aneurysm repair is associated
with a relevant incidence of postoperative complications
in 1–15% [1] of patients, among which pulmonary com-
plications could represent 8–45% [1, 2, 3, 4]. Pulmonary
risk factors may play as important a role as cardiac fac-
tors in elective aortic surgery and influence the surgical
strategy [5].

Hence, it is fundamental to attempt to minimize pul-
monary involvement during the perioperative period.
This could be achieved by using a specific surgical tech-
nique, as has been suggested by studies that demonstrate
the retroperitoneal (RP) as having a better outcome when
compared to the transperitoneal (TP) approach [6, 7].
These results seem to suggest that the RP approach
should be used in patients with lung disease [3]. Howev-
er, not all studies agree with this conclusion [8, 9].
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It has previously been demonstrated that both aortic
cross-clamping and unclamping (which are mandatory
with both techniques) and surgical stress influence the
respiratory function by increasing the resistance and
elastance of the lung, thus increasing the total work of
breathing [1, 10]. This is probably due to the aortic
cross-clamping itself and to ischemia/reperfusion of the
lower part of the body [10, 11]. Since different surgical
approaches using either a posterior or an anterior abdom-
inal incision are likely to involve the respiratory muscles
to a different extent, the decision to prefer one technique
or the other should be based on the ability to better pre-
serve the respiratory function, allowing the patient to
better deal with the increased work of breathing which is
independent of the surgical approach. The aim of this
study was to ascertain whether or not the RP approach is
superior to the TP approach in preserving the postopera-
tive respiratory function.

Materials and methods

Patients

Twenty-nine consecutive patients undergoing infrarenal repairs of
aortic aneurysm were prospectively studied and randomized to the
RP or TP approach (Table 1 and Table 2). These two techniques
differ mainly regarding the muscle involvement. While the TP ap-
proach is performed with a midline incision involving the linea al-
ba and the rectus abdominal muscle; the RP approach is based on
an oblique, left-flank incision made from the lateral margin of the
left rectus sheath, beginning midway between the umbilicus and
symphysis pubis, and extended laterally into the 11th intercostal
space for 10–12 cm. The abdominal wall and intercostal muscula-
ture are divided in the line of the incision and the retroperitoneal
space entered at the tip of the 12th rib.

Exclusion criteria were: a) aneurysm rupture; b) concomitant
abdominal surgery in which the surgical technique was mandatory.
From the total number of patients enrolled in the study, six pa-
tients were excluded:

a. Three required more than 24 h of mechanical ventilation since
they developed an acute respiratory failure due to cardiogenic
pulmonary edema, intestinal ischemia (RP approach), and sep-
tic shock due to pancreatitis (TP approach), respectively. They
were excluded because our purpose was to evaluate the pure ef-
fect of the surgical technique.

b. Three did not require ICU admission. The decision was always
taken by the anesthetist in charge the patients and was based on
the patient’s clinical condition rather than the surgical ap-
proach. The exclusion of these patients was necessary because
we extended the study period up to the first 24 h after surgery.
This was the only means to investigate a wide number of physi-
ological variables (Table 3), including the respiratory mechan-
ics data, which had to be determined while patients were intu-
bated, sedated, and mechanically ventilated. Of the remaining
twenty three patients, twelve were randomized to the RP ap-
proach. The research was approved by our institutional ethics
committee, and informed consent was obtained from all sub-
jects.

Anesthesia was induced (fentanyl, thiopentone) and maintained
(60% nitrous oxide/0.4–0.5% isoflurane, fentanyl) according to
our standard practice. Orotracheal intubation was facilitated by ve-

curonium bromide and patients were ventilated mechanically by
using a Servo 900 B ventilator (Siemens-Elema, Solna, Sweden),
with a tidal volume (VT) and ventilatory frequency (f) chosen to
maintain normocapnia. The degree of muscle paralysis was moni-
tored by ulnar nerve stimulation (Innervator, Fisher & Paykel
Healthcare, Auckland, New Zealand). At the end of surgery, the
patients were given neostigmine, if necessary, and then discharged
to the ICU, where their lungs were ventilated with assisted-control
ventilation with a Servo 900 C ventilator (Siemens-Elema, Solna,
Sweden). Analgesia and sedation were provided with opioids and
nonsteroidal anti-inflammatory drugs, and midazolam, respective-
ly. The decision to attempt a weaning trial, extubate a patient or
reinstitute mechanical ventilation was made by the ICU primary
physician.

Table 1 Physical and clinical characteristics together with intra-
operative data of patients undergoing abdominal aortic aneurysm
repair. Data are expressed as mean±SD. (TP transperitoneal ap-
proach, RP retroperitoneal approach, BMI body mass index, PaO2
and PaCO2 preoperative arterial oxygen and carbon dioxide par-
tial tension, respectively)

TP RP
(no. 11) (no. 12)

Sex 9 M/2 F 9 M/3 F
Age (years) 68±7 71±8
Weight (kg) 71±13 76±15
ASA 3.1±0.8 3.2±0.9
Smoking history (%) 54 58
PaO2 (mmHg) 82±5 80±6
PaCO2 (mmHg) 37±3 36±2
BMI (kg/m2) 24.2±3.1 24.4±4.1
Associated illness (%)

Hypertension 58 54
Ischemic heart disease 36 50

Fluids administered (ml.kg−1.h−1) 12.5±2.8 11.8±1.8
Crystalloids/Colloids ratio 0.23±0.07 0.24±0.1
VT (ml) 596±57 588±69
f (min−1) 11.6±0.8 12±1.2
Cross-clamp time (min) 63.0±19 68.8±31.5
Duration of surgery (min) 244±51 270±71

Table 2 Baseline ICU setting together with postoperative data in
patients undergoing abdominal aortic aneurysm repair. Data are
expressed as mean±SD. (TP transperitoneal approach, RP retro-
peritoneal approach, f respiratory rate, VT tidal volume, Ti/TTOT
duty cycle of the respiratory system, V’ inspiratory flow, EFL (%)
percentage of patients who developed expiratory flow limitation
within 30 min after the end of surgery, CVP central venous pres-
sure measured within 30’ after the end of surgery)

TP RP
(no. 11) (no. 12)

f (min−1) 13.1±1 13.4±1
VT (ml) 669±46 616±92
Ti/TTOT 0.35±0.06 0.37±0.09
V’ (l*s−1) 0.68±0.2 0.70±0.2
Duration of mechanical ventilation (h) 16±2 15±3
Morphine administration (mg/24 h) 19±8.2 20±8.6
EFL (%) 0 0
CVP (cmH2O) 11±2.4 10±4.0
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Table 3 Partitioning of respiratory mechanics between lung and
chest wall components. Data were measured within 30 min (A)
and 8 hours (B) after the end of surgery. (TP transperitoneal ap-
proach, RP retroperitoneal approach, Est,rs static elastance of the
total respiratory system, Est,L static lung elastance, Rmax,L,
Rmin,L, ∆R,L maximal, minimal, and additional lung resistance,
respectively, Ers,cw chest wall static elastance, Rmax,cw maximal
chest wall resistance, PEEPi,st static intrinsic positive end-expira-
tory pressure, PaO2/FiO2 ratio between arterial partial oxygen ten-
sion and oxygen inspiratory fraction)

A B

TP RP TP RP

Est,rs (l.cmH2O) 24.1±3.8 23.5±3.2 18.4±3.6 17.7±3.3
Est,L (l.cmH2O) 13.3±2.5 13.1±2.6 10.4±2.7a 10.0±2.8a

Rmax,L (l.cmH2O–1) 7.2±1.7 7.8±1.8 6.1±1.6a 6.3±1.4a

Rmin,L (l.cmH2O–1) 4.7±1.5 5.0±1.6 3.2±1.6a 3.4±1.6a

∆R,L (l.cmH2O–1) 2.5±0.9 2.8±0.7 2.9±0.8 2.9±0.9
Est,cw (l.cmH2O) 10.8±3.6 10.2±3.0 8.0±3.5a 7.8±2.8a

Rmax,cw (l.cmH2O–1) 1.8±0.2 1.9±0.2 1.6±0.3 1.6±0.2
PEEPi,st (cmH2O) 2.2±0.9 2.5±0.7 2.1±0.7 2.2±0.8
PaO2/FiO2 295±83 301±65 297±74 311±79

a P<0.05 when compared to A

Monitoring procedures

A different surgical approach could theoretically involve different-
ly chest wall and respiratory muscle function [10, 11]. The net re-
sult is an increased work of breathing in the presence of a de-
creased respiratory muscle function [12]. Hence, differences be-
tween the two techniques should be evaluated in terms of: 1) lung
and chest wall elastance and resistance; 2) the ability of the inspi-
ratory muscle to perform the work of breathing by calculating the
Tension Time Index of the inspiratory muscle (TTIes), which is
the major determinant of the O2 cost of breathing [13]; and 3) in-
dices of weaning from mechanical ventilation.

Airway pressure (Paw) was measured through a side port on
the connector between the anesthesia circuit and the endotracheal
tube (ET tube) using a differential pressure transducer (DP55±
100 cmH2O Raytech Instruments, B.C., Canada). As previously
described [14], the presence of expiratory flow limitation (EFL)
was assessed by the application of a pulse of negative pressure
during the tidal expiration (NEP test).

Partitioning between lung and chest wall mechanics was ob-
tained by recording esophageal pressure (Poes) using a nasogastric
catheter with a 10-cm-long balloon (Mallinckrodt, Germany). The
other end of the catheter was connected to a differential pressure
transducer (DP55±100 cmH2O, Raytech). The validity of Poes
measurements was verified before anesthesia induction using the
occlusion test [15]. All Poes measurements were made with the
balloon volume of 1 ml. Transpulmonary pressure (PL) was ob-
tained by subtraction of Poes from the Paw signal.

Flow (V’) was measured with a heated pneumotachograph
(3700, 0–160 l/min, Hans Rudolf, Kansas City, Mo., USA) con-
nected to a differential pressure transducer (DP55±3.5 cmH2O
Raytech). The response of the pneumotachograph was linear over
the experimental range of flow. Changes in lung volume were ob-
tained by digital integration of the flow signal. The calibration of
the transducers was done before and after each study.

The pressure-flow relationship of the ET tube was determined
in vitro with the same gas mixture used during the in vivo experi-
ments. These relationships were then used to estimate the resistive
pressure drop across the ET tube for any given flow during tests
[16].

Measurements and data analysis

Patients were studied in semirecumbent position and data were re-
corded at zero applied end-expiratory pressure, within 30 min and
8 h after the end of surgery. The baseline ventilatory setting,
which was kept constant throughout the study, is provided in Ta-
ble 2. After data collection, sedation was suspended and, when
judged to be ready for extubation by the treating physician, pa-
tients underwent a T-piece weaning trial.

Mechanical ventilation

Patients were sedated intravenously with midazolam (0.1 mg·
kg·h). Respiratory mechanics were assessed by the constant V’
rapid occlusion method previously described in detail [17]. Before
each test breath, an end-expiratory occlusion was performed by
pressing the end-expiratory hold knob on the ventilator. This made
it possible to quantify static PEEPi (PEEPi,st) on the Paw tracing
and to start the test breath from a fixed static elastic equilibrium
condition. Our values of PEEPi,st include a slightly positive end-
expiratory pressure (~ 0.8 cmH2O) due to the ventilator [18]. On
the Poes tracing, the end-expiratory occlusion plateau Poes pres-
sure was then determined (Poes,occl).

The end-inspiratory airways occlusion, obtained by pressing
the end-inspiratory hold knob on the ventilator for 4 s, was fol-
lowed by a rapid initial drop in Paw and PL from a maximum val-
ue (Paw,max; PL,max,) to a lower, zero flow, value (Paw,1; PL,1),
and then by a slow decay to a plateau (Paw,2; PL,2); on the Poes
tracing, only a maximum (Poes,max) and a plateau (Poes,2) value
were clearly identified and no rapid decrease was evident follow-
ing airways occlusion (i.e., Poes,1 could not be identified). During
this period, the contribution of reduction in pressure due to vol-
ume loss by continuing gas exchange should be negligible. Paw,2
and PL,2 were taken as the static end-inspiratory elastic recoil
pressure of the respiratory system and the lung, respectively.

By dividing the initial rapid drops in Paw and PL after occlusion
by the V’ immediately preceding the occlusion, the flow resistance
of the ET tube plus those of the respiratory system and the lung were
obtained. By subtracting the ET tube resistance, the true flow resis-
tance of the respiratory system (Rmin,rs) and of the lung (Rmin,L)
(upper airways excluded) was obtained. The errors caused by the
closing time of the ventilator valve were corrected as previously de-
scribed [19]. Dividing the corresponding slow pressure drops, Paw,1-
Paw,2 and PL,1-PL,2 by V’, the additional inspiratory resistance of
the respiratory system (∆Rrs) and the lung (∆RL) were calculated,
whilst the maximal resistance of the respiratory system (Rmax,rs)
and the lung (Rmax,L) were computed as the sum of the correspond-
ing additional and flow resistance. Since on the Poes tracing no rapid
decrease was evident following airways occlusion, only the maximal
(Rmax,cw) resistance of the chest wall was calculated according to
the formula: Rmax,cw = (Poes,max-Poes,2 / V’) [20].

Finally, the static elastance of the lung (Est,L) and chest wall
(Est,cw) were computed as follows [20]: Est,L = PL,2 − (PEEPi,st-
Poes,occl)/VT Est, cw = Poes,2 − Poes,occl/VT

The following criteria were used to confirm that the measure-
ments had been obtained during relaxation: 1) no trigger activation;
2) stability of peak airway pressure during at least ten− respiratory
cycles; and 3) attainment of a plateau during the 4 s end-inspiratory
and end-expiratory airway occlusions. For each variable, the mean
value of three measurements was calculated [21]. The ratio be-
tween arterial partial oxygen tension and the oxygen inspiratory
fraction (PaO2/FiO2) was calculated during mechanical ventilation.

Spontaneous breathing

When judged to be ready for a weaning trial, patients were discon-
nected from the ventilator and breathed spontaneously through the
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endotracheal tube. All data were collected within the 5th minute
after the beginning of the T-piece trial [22]. The timing of the
measurements was based on the assumption that the parameter
less involving the patient was determined first. Hence, the respira-
tory variables were measured in the following order: first, the res-
piratory frequency (f) and minute ventilation (VE), which were
measured by analyzing the flow and volume curves over 1 min.
Next, the vital capacity (VC) was measured with a calibrated
Wright Spirometer by asking the patient to inspire and expire
maximally. This maneuvre was repeated three times and the high-
est value was selected [21].

After this, maximal inspiratory pressure (MIP) was obtained
by measuring the amplitude of the negative swing in airway pres-
sure during an occluded inspiration from FRC [21]. Airway occlu-
sions were performed using a noiseless pneumatic shutter (DAR,
Mirandola, Italy) placed on the inspiratory line of a two-way valve
connected to the proximal end of the endotracheal tube [21]. Oc-
clusion of the inspiratory line during a control expiration allowed
expiration but prevented inspiration. The shutter was controlled at
distance by a physician and the MIP value was determined by
maintaining the airway occluded at FRC for at least 20 s [23] and
read on an aneroid manometer (NIF-Kit; Markos, Monza, Italy).
The maximal value of three repeated maneuvers was accepted.

The tension-time index of the inspiratory muscle (TTIes) was
calculated as mean Poes/MIP x Ti/Ttot, where the mean Poes is
the integral of the esophageal swing over time and Ti/Ttot is the
duty cycle of the respiratory system [24].

Statistical analysis

Data are presented as mean±SD. The approximate degree of nor-
mal distribution was calculated for each parameter by the 
Kolmogorov-Smirnov test. To detect a 20% difference in Est,rs
with an SD of 3.8, with a type I error of 0.05 and a power of 0.80,
22 patients had to be recruited, 11 in each group. The Student’s t-
test was used for analyzing the normally distributed data and the
Wilcoxon rank-sum pair analysis was used where this approxima-
tion was valid in terms of kurtosis and skewness. The Bonferroni
adjustment was utilized in assessing the differences between RP
and TP. A P value of less than 0.05 was considered statistically
significant.

Results

Postoperative data collected within 30 min and 8 h after
the end of surgery are summarized in Table 3 and Ta-
ble 4. None of the patients were flow-limited after sur-
gery. There was a statistically significant improvement
of respiratory variables 8 h after the end of surgery in
both groups since lung and chest wall elastance de-
creased together with flow resistance. This improvement
of respiratory mechanics was not associated with a con-
comitant increase of PaO2/FiO2 ratio, both at the end of
surgery and after the ICU discharge (Table 3 and Ta-
ble 4, respectively).

The surgical technique had no effects either on respira-
tory mechanics or on spirometric parameters (Table 3 and
Table 4). Indeed, both groups exhibited equal values of
lung and chest wall elastance and resistance. Moreover,
both groups exhibited equivalent low values of PEEPi,st.

The inspiratory muscle ability to perform the in-
creased elastic and resistive work-load, as indicated by

MIP, was reduced to the same extent in both groups 
(~ 65 cmH2O) (Table 4). However, the mean value of
TTIes was far from the fatiguing zone for both patient
populations [23] and the weaning parameters were al-
most superimposed in both groups. Furthermore, none of
the patients needed the reinstitution of mechanical venti-
lation. There was a tendency for RP patients to stay less
both in ICU (3.3±1.3 vs 4.1±2.4 days) and in hospital
(10.2±4.1 vs 14.8±5.1 days).

Discussion

Two different techniques, transperitoneal and retroperito-
neal are mainly proposed for abdominal aneurysm repair. It
has been suggested that the RP approach could have lower
perioperative morbidity, shorter ICU length of stay, and
mortality. Hence, the RP technique has been recommended
for the treatment of patients with COPD, and generally for
high-risk patients, mostly on the basis of a reported lower
incidence of general morbidity and of pulmonary compli-
cations associated with this technique [3, 7]. However, oth-
er studies did not confirm these results [4, 8, 9].

Our aim was to ascertain whether the RP and the TP
surgical approach differently affect the postoperative res-
piratory function. The two approaches were compared in
a homogeneous series of patients undergoing abdominal
aortic aneurysm repair, in which probably no other rea-
son but the surgical technique could have determined a
different perioperative course. This was obtained by ex-
cluding patients with aneurysm rupture, because of the
higher incidence of complication and associated mortali-
ty and because the transperitoneal approach is mandato-
ry. For the same reason, patients undergoing any con-
comitant abdominal surgery were excluded.

A surgical technique could be proposed on the basis
of its impact on perioperative respiratory function. There

Table 4 Respiratory variables and weaning parameters measured
during spontaneous breathing. Data are expressed as mean±SD.
(TP transperitoneal approach, RP retroperitoneal approach, f respi-
ratory rate, VT tidal volume, Ti/TTOT duty cycle of the respiratory
system, MIP maximal inspiratory pressure, TTIes tension time in-
dex of the inspiratory muscle, VC vital capacity, PaO2/FiO2 ratio
between arterial partial oxygen tension and oxygen inspiratory
fraction measured at time of discharge from intensive care unit)

TP RP
(no. 11) (no. 12)

f (min−1) 18±3 17±5
VT (ml) 538±86 521±95
Ti/TTOT 0.36±0.03 0.38±0.03
MIP (cmH2O) 65±10 66±11
TTIes 0.039±0.001 0.038±0.002
f/VT 33.4±16.4 32.6±13.6
VC (l) 1.3±0.38 1.4±0.41
PaO2/FiO2 294±40 319±53



are at least two mechanisms by which aortic surgery
could interfere with the respiratory function. One is com-
mon to any abdominal intervention, which reduces the
efficiency of the respiratory muscles [24] and decreases
the functional residual capacity (FRC) and vital capacity
(VC) [12]. The other is specific to this type of surgery
and is due to the aortic cross clamping and ischemia/re-
perfusion of the lower part of the body, which tend to in-
crease lung elastance [10, 11].

Although one could theoretically expect the two dif-
ferent surgical incisions to have a different impact on the
respiratory function, no statistical difference was found
in any of the considered parameters between the TP and
RP approaches.

Muscle function

The postoperative respiratory muscle function is charac-
terized by a change from diaphragm to intercostal activi-
ty, which support reflex inhibition via visceral afferent
pathways and by a phasic activity of the abdominal mus-
cle [26]. These changes could conceivably be an appro-
priate and effective response to surgical trauma [27].
However, several authors [12, 28] have demonstrated the
contribution of the respiratory muscle impairment to pul-
monary complications after upper abdominal surgery.
Comparing the effects of a midline and a subcostal inci-
sion for cholecystectomy, Ali et al. found a greater de-
crease in VC and PaO2 and a higher incidence of pulmo-
nary complications in the former group [25], suggesting
the importance of the integrity of the linea alba for the
correct functioning of the rectus abdominal muscle. We
could expect a posterior access to the aorta to be less
traumatic on the respiratory function. However, TP and
RP patients showed the same alteration in respiratory
mechanics parameters as well as VC and MIP. The latter
has been questioned due to the uncertainty of the full di-
aphragmatic activation during a MIP maneuvre [29].
However, expiratory muscles play a less important role
in breathing than inspiratory muscle; furthermore, Maxi-
mum Expiration Pressure (MEP) is strongly dependent
on lung volume and patients need to inspire to total lung
capacity to perform the maneuvre correctly. Finally, the
strong intrathoracic pressure generated during an MEP
measurement can have detrimental effects on cardiovas-
cular function so that patients seldom exert a maximal
effort. Hence, MIP is still considered a good index for
evaluating both the muscle strength and weaning from
mechanical ventilation [21].

Probably during aortic surgery, independently of the
incision site, the central inhibition of the respiratory
muscle [12, 27] is the prevailing phenomenon leading to
a reduced muscle efficiency. In any case, TTIes values
less than 0.04 clearly show that patients were breathing
far from the fatiguing zone, none of them having a TTIes

value higher than 0.15–0.18, which has previously been
demonstrated to be associated with fatigue of the inspira-
tory muscle [24]. This implies that muscle inefficiency is
not a relevant clinical problem for this type of surgery.

Lung and chest wall mechanics

The second facet to be considered in the pathogenesis of
pulmonary complications after aortic surgery is the in-
crease in the work of breathing. As previously reported
by our group, aortic cross-clamping increased lung elas-
tance without any increase in pulmonary artery occlusion
pressure or central venous pressure [10]. The pathophysi-
ology of this change in respiratory mechanics is uncer-
tain, but it may be due to an increased thoracic blood vol-
ume, pulmonary microembolism, prostaglandins, neu-
trophyl activation, release of interleukin-8, oxygen free
radicals, and the renin-angiotensin and complement sys-
tems [1, 10, 11, 28, 29, 30]. The net result is a pulmonary
edema, which is likely to be responsible for the decreased
arterial oxygenation observed in the present study [30].
As previously reported by Raijmakers et al. [31], a high
percentage of patients (48% and 47% of the RP and TP
groups, respectively) exhibited a PaO2/FiO2 <300, the lat-
ter being part of the definition of acute lung injury [32].
Although this hypoxia was easily corrected by O2 admin-
istration, all patients were discharged under O2 therapy.
In this connection it should be noted that none of them
needed either facial CPAP or non-invasive ventilation or
reinstitution of invasive mechanical ventilation.

Since lung and chest wall elastance were equally af-
fected in both groups, it is conceivable that the pulmona-
ry involvement was caused by aortic cross clamping and
its biochemical consequences and not by the surgical ap-
proach. Furthermore, the improvement of respiratory
function 8 h after the end of surgery (Table 3) was al-
most the same in both groups, suggesting that the surgi-
cal approach has no influence on recovery of respiratory
function. While the improvement of lung mechanics
could be explained by various mechanisms, such as reso-
lution of lung atelectasis or a decrease of extravascular
lung water, the Est,cw variation appears more intriguing.
One can argue that the higher Est,cw after the end of sur-
gery is related to the fentanyl administered during sur-
gery. However, it has previously been demonstrated [33]
that the volume infusion markedly alters chest wall me-
chanics, mainly by increasing abdominal pressure. This
effect has also been demonstrated after cardiopulmonary
by-pass [34], since a marked decrease of Est,cw was re-
ported 7 h after the end of surgery, when compared to the
values obtained after the end of surgery.

Nevelsteen reported a significantly lower impairment
of pulmonary function after the RP as compared to the
TP approach, in terms of forced vital capacity and FEV1
[35]. Cambria et al. [8], on the contrary, found no differ-
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ences between RP and TP patients regarding FEV1, VC,
the duration of postoperative ventilation and the inci-
dence of major pulmonary complications. This was also
the case in the present investigation. Although we did
not measure the FEV1, the results in terms of VC, the
other respiratory parameters, and the weaning indices
confirm that the two techniques equally affect the respi-
ratory function after the first 24 h following surgery.

In conclusion, our study shows that elective abdominal
aortic surgery affects the respiratory function by increas-
ing lung and chest wall elastance, by reducing the muscle
strength and postoperative oxygenation. Unfortunately,
these effects are independent of the surgical approach.

A recent paper shows that early extubation after a TP
approach is safe and should be recommended to avoid
complications due to prolonged mechanical ventilation
[36]. Our results show that this result could be achieved
by both techniques and hence one technique should be
chosen on a different basis than the pulmonary involve-
ment; for example, the evidence for the RP approach for
less pain [3] and constipation which is associated with
early enteral feeding [6]. It is possible that other factors,
such as the underlying diseases, rather than the surgical
approach, can probably play a role in the determination
of postoperative complication.
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