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Objective - To analyze hemodynamic and metabolic
effects of saline solution infusion in the maintenance of
blood volume in ischemia-reperfusion syndrome during
temporary abdominal aortic occlusion in dogs.

Methods - We studied 20 dogs divided into 2 groups:
the ischemia-reperfusion group (IRG, n=10) and the ische-
mia-reperfusion group with saline solution infusion ai-
ming at maintaining mean pulmonary arterial wedge pres-
sure between 10 and 20 mmHg (IRG-SS, n=10). All ani-
mals were anesthetized with sodium thiopental and main-
tained on spontaneous ventilation. Occlusion of the su-
praceliac aorta was obtained with inflation of a Fogarty
catheter inserted through the femoral artery. After 60 minu-
tes of ischemia, the balloon was deflated, and the animals
were observed for another 60 minutes of reperfusion.

Results - IRG-SS dogs did not have hemodynamic
instability after aortic unclamping, and the mean systemic
blood pressure and heart rate were maintained. However,
acidosis worsened, which was documented by a greater re-
duction of arterial pH that occurred especially due to the
absence of a respiratory response to metabolic acidosis
that was greater with the adoption of this procedure.

Conclusion - Saline solution infusion to maintain
blood volume avoided hemodynamic instability after aor-
tic unclamping. This procedure, however, caused worse-
ning in metabolic acidosis in this experimental model.
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Temporary aortic occlusion, necessary in surgical pro-
cedures, is a condition that can lead to ischemia-reperfusion
lesions with systemic alterations 1,2. Severe hypotension,
associated with a decrease in cardiac output is a well-known
event occurring after declamping, and hypovolemia is con-
sidered the main cause of this event 3-8. Maintenance of re-
nal function, prevention of hepatic and splanic circulatory
failure and preservation of gastroinstestinal tract intensity
are important consequences of hemodynamic stability 8-11.

 Fluid administration followed by adequate monitoring
based on the physiology of cardiac function, according to
the Frank-Starling mechanism, promotes good myocardial
performance during surgical stress and in the postoperative
period. It improves cardiac output and maintains systemic
blood pressure, which is important for maintaining adequate
coronary blood flow, thereby protecting the heart, especial-
ly in patients with significant coronary occlusive disease 11.
Several authors 4-6,12,13 showed that maintenance of pulmo-
nary artery wedge pressure between 10 and 18 mmHg during
this procedure could prevent a decline in cardiac output and
hypotension after aortic declamping.

However, management of fluid infusion is difficult in
these patients due to the complexity of factors involved, such
as preoperative cardiac function and multiple risk factors
present in the intraoperative period, such as administering
anesthetic drugs and mechanical positive pressure ventila-
tion. This is important especially in these patients that
usually have heart disease, where inappropriate volume
loading is dangerous 5.

Acknowledging the importance of the study of ische-
mia-reperfusion lesion and knowing the capacity of it in de-
termining systemic alterations, even in distant organs, we
studied the effects of saline solution infusion to maintain mean
pulmonary artery wedge pressure between 10 and 20 mmHg
during aortic ischemia-reperfusion in an experimental model
in dogs, especially in the shock phase after aortic declam-
ping, over hemodynamic and metabolic alterations.

Methods

Twenty adult, male, mongrel dogs, weighing between
12 and 23 kg were intravenously anesthetized with sodium
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Thionembutal (sodium thiopental® CEME, Ministério da
Saúde, Brasil) (Brazil’s Health Department) at 20 mg/kg dosa-
ge of body weight, receiving additional dosages of 5 mg/kg
during the procedure, according to the need to maintain the
anesthetic plan. After anesthesia, dogs underwent endotra-
cheal intubation with a Rusch cannula number 8 and were
ventilated spontaneously throughout the experiment.

An 8F-polyethylene catheter was introduced through
the right femoral artery, and its distal end was located in the
distal abdominal aorta for monitoring mean abdominal aortic
artery pressure distal to the occlusion. Later, the left femoral
artery was dissected and catheterized with an 8F Fogarty oc-
clusor, and the balloon was positioned in the descending
thoracic aorta adjacent to the diaphragm at the level of the
10th thoracic vertebra for posterior occlusion. Aortic occlu-
sion was therefore performed above the celiac trunk. Physi-
cal examination, laparotomy, and thoracotomy confirmed in
all dogs the correct position of the balloon at the end of the
procedure.

The right internal jugular vein was dissected with a ri-
ght cervicotomy, and a 7F thermodilution pulmonary artery
catheter triple lumen model with its progression control per-
formed through the interpretation of pressure curves
SDM2000 monitor (Dixtal Tecnologia, Brazil) with its distal
tip placed in the pulmonary artery. The proximal and distal
portions of the pulmonary artery catheter were connected
to a pressure transducer (Statham P23 Db), enabling the de-
termination of pressure curves of the right atrium, pulmona-
ry artery, and pulmonary arterial wedge. This pressure is es-
timated through the pulmonary artery occlusion pressure,
obtained with balloon inflation of the distal end of the ca-
theter. Cardiac output was determined by the thermodilution
technique 13 with the debitometer of a SDM2000 monitor
(Dixtal Tecnologia, Brazil). Through the same incision, the
right carotid artery was dissected, and an 8F-polyethylene
catheter was used to assess mean systemic arterial pressure
above the level of aortic occlusion.

Dogs were randomly distributed into 2 groups: the is-
chemia-reperfusion group (n=10) and the ischemia-reperfu-
sion with saline infusion (n=10). In both groups, we establi-
shed as criteria for the beginning of the experiment: pH in ar-
terial blood (pHa) ≥ 7.25, partial oxygen pressure in arterial
blood ≥ 70 mmHg, mean pulmonary arterial wedge pressure
≥ 5 mmHg, and mean systemic arterial pressure ≥  90 mmHg.

In the ischemia-reperfusion group (IRG), after we ob-
tained hemodynamic parameters and basal blood samples
(T0), Fogarty catheter inflation was performed until mean
systemic arterial pressure below the occlusion reached va-
lues between 10 and 20 mmHg and mercury column oscilla-
tion was not observed. The catheter was maintained inflated
for 60 minutes. After this period, reperfusion through bal-
loon deflation started. The animal was observed for another
60 minutes of reperfusion, and then they were put to death
by venous administration of 50 mEq of potassium chloride.
Hemodynamic assessments were repeated at the following
times: 10 minutes of ischemia (T10-I), 45 minutes of ische-
mia (T45-I), 5 minutes of reperfusion (T5-R), 30 minutes of

reperfusion (T30-R), and 60 minutes of reperfusion  (T60-R).
In the ischemia-reperfusion group with volemic repositio-
ning with saline solution (IRG-SS), dogs underwent the
same procedures and the same monitoring. The difference
from the IRG group was the administration of saline solution
aiming at maintaining mean pulmonary arterial wedge
pressure between 10 and 20 mmHg throughout the experi-
ment. To that end mean, the infusion of 209 mL/kg of saline
solution per dog in the IRG-SS group was necessary during
the procedure.

Hemodynamic parameters studied were: mean syste-
mic arterial pressure, mean pulmonary arterial wedge pres-
sure, heart rate, mean pulmonary artery pressure, mean right
atrial pressure, cardiac index, systolic index, systemic vas-
cular resistance index, and pulmonary vascular resistance
index. Metabolic parameters studied were: arterial pH, arte-
rial bicarbonate (HCO3), and lactate. In addition to these pa-
rameters, partial carbonic gas in arterial blood was also as-
sessed (PCO2).

Differences among the groups, regarding hemodyna-
mic and metabolic variables were studied through multiva-
riate analysis of profiles with repeated measures, analyzing
variations in relation to baseline values and parallelism and
the coincidence of parameters between both groups 15. Ac-
cepted significance level was 5% (p<0.05).

The experiments were performed with the approval of
the ethics committee of the Escola Paulista de Medicina
(Paulista Medical School), Universidade Federal de São
Paulo (Federal University of São Paulo).

Results

Significant hemodynamic parameters are shown in
tables I and II. Aortic occlusion caused similar results in the
2 groups with an increase in mean systemic arterial pressure
and a decrease in cardiac index. However, after aortic de-
clamping, the IRG group had hypotension, which did not
occur in the IRG-SS group (p=0.004 for parallelism between
the groups). The same pattern was observed regarding car-
diac index after aortic declamping. Deterioration occurred in
the IRG group, and a return to baseline values occurred in
the IRG-SS group (p=0.01 for parallelism between the
groups). No difference existed between both groups re-
garding heart rate (p=0.59 for parallelism and p=0.73 for
coincidence between the groups). In the IRG-SS group,
mean pulmonary arterial wedge pressure during all the pro-
cedure had values in accordance with those that were previ-
ously stipulated for this experimental model, that is, main-
taining it between 10 and 20 mmHg. Additionally, a decrease
occurred in the mean pulmonary arterial wedge in the IRG
group at the times T45-R and T60-R (p=0.000 for parallelism
between the groups). Analyzing mean right atrial pressure,
an increase in this parameter in both groups was observed
after aortic occlusion. However, during the reperfusion
period, a decrease occurred in it in the IRG group regarding
baseline values, which did not occur in the IRG-SS group
(p=0.03 for parallelism between the groups). Additionally, in
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the IRG-SS group, systemic vascular resistance index
(p=0.04 for parallelism between the groups) and pulmonary
vascular resistance index (p=0.002 for parallelism between
the groups) had smaller values after release of the aortic
clamp, when compared with that in the IRG group.

Significant metabolic parameters are shown in table III.
Metabolic acidosis was greater in the IRG-SS group (p=0.046
for coincidence between the groups) with arterial bicarbona-
te always having lower values in the IRG-SS group compa-
red with that in the IRG group (p=0.003 for parallelism betwe-
en the groups). Additionally, respiratory acidosis associated
with metabolic acidosis was present in the IRG-SS group, as
observed by the evolvement of PaCO2 (p=0.0 07 for coinciden-
ce between the groups), mixed acidosis therefore occurring.

Regarding lactate, no significant statistical difference
existed between the 2 groups (p=0.80 for parallelism and
p=0.88 for coincidence). An increase in lactate regarding
baseline values was observed throughout the experiment.

Discussion

Our study showed that saline infusion with mainte-
nance of mean pulmonary arterial wedge pressure is suita-
ble for minimizing hemodynamic changes after release of the
aortic clamps, mainly avoiding hypotension and decrease in
the cardiac index. Previous studies demonstrated that cor-
rection of central hypovolemia with consequent mainte-

nance of preload before and during release of the aortic
clamps may avoid hypotension after aortic declamping 3-6,8.
In an experimental study in dogs, Perry 3 avoided hypoten-
sion through infusion of Ringer’s lactate solution (at 5% of
body weight) before aortic declamping. Falk et al 4, studying
the effect of infrarenal aortic cross-clamping in cardiac func-
tion, showed that severe hypotension after aortic declam-
ping did not occur when mean pulmonary arterial wedge
pressure was maintained from 10 to 15 mmHg. Several gro-
ups avoided hypotension by maintaining it at 4 mmHg
above baseline levels during aortic occlusion and also mea-
suring pulmonary arterial wedge pressure. Additionally, it
was observed that when pulmonary arterial wedge pressure
was maintained above 10 mmHg, a decrease in systemic ar-
terial pressure was avoided 5,6.

Cardiac index after aortic declamping is not the same
in the several studies. It may increase 16, decrease 3, or remain
unchanged 1,17. These results may be due to the role of se-
veral mechanisms that occur after aortic declamping, be-
cause although releasing the aortic clamps decreases sys-
temic vascular resistance, facilitating blood ejection
through the left ventricle, reperfusion may release several
mediators with depressing activity over myocardial func-
tion 18-21. Furthermore, preload interferes with the final car-
diac index and systolic index, which are stable or increased
when preload is appropriate 17. The importance of volume
loading in cases of aortic ischemia-reperfusion was well dis-

Table I - Mean systemic arterial pressure (in mm Hg), cardiac index (in L/min.m2), systolic index (in mL/m2) and heart rate (in bpm) in the ischemia-
reperfusion group (IRG) and ischemia-reperfusion with saline infusion (IRG-SS)

             SAP                                                CI                                                   SI           HR

IRG IRG-SS IRG GIRG-SS IRG IRG-SS IRG IRG-SS

T0 133 ± 12 128 ± 17 5.70 ± 1.17 5.79 ± 2.72 38.5 ± 4.1 37.1 ± 16.0 149 ± 30 158 ± 23
T10-I 174 ± 24b 176 ± 24b 4.96 ± 1.83 5.73 ± 1.69 35.8 ± 8.3 34.7 ± 11.0 139 ± 40 158 ± 31
T45-I 175 ± 20b 161 ± 28b 4.26 ± 1.31a 4.07 ± 1.12a 29.2 ± 8.7a 28.8 ± 9.4a 151 ± 32 145 ± 22
T5-R 97 ± 27b 120 ± 23 2.72 ± 0.69 b 5.25 ± 0.92 21.0 ± 3.9b 36.6 ± 7.0 133 ± 38 146 ± 26
T45-R 101 ± 14b 124 ± 20 2.65 ± 0.81b 5.47 ± 1.54 18.0 ± 4.8b 40.3 ± 13.2 147 ± 24 141 ± 28
T-60-R 94 ± 14b 117 ± 18 2.47 ± 0.63b 5.28 ± 1.42 16.7 ± 4.2b 38.8 ± 13.1 149 ± 30 142 ± 29

Values are expressed as mean ± standard deviation; SAP- mean systemic arterial pressure; CI- cardiac index; SI- systolic index; HR- heart rate; a – P<0.05 in relation
to baseline values; b – p<0.01 in relation to baseline value, Tx-I/Tx-R (T=Time, x=minutes, I=ischemia, R=reperfusion).

Table II - Mean pulmonary arterial wedge pressure (in mm Hg), mean right atrial pressure (in mmHg), pulmonary vascular resistance index
(in din.s.cm-5.m-2) and systemic vascular resistance index (in din.s.cm-5.m-2) in ischemia-reperfusion groups (IRG) and ischemia-reperfusion

with volume loading (IRG-SS)

        PAWP RAP   PVRI                SVRI

IRG IRG-SS IRG IRG-SS IRG IRG-SS IRG IRG-SS

T0 7 ± 2 7 ± 3 1 ± 2 3 ± 2 159 ± 38 200 ± 122 1929 ± 448 2164 ± 1121
T10-I 13 ± 8 19 ± 5 b 4 ± 2 b 9 ± 3b 159 ± 55 181 ± 115 3121 ± 1202 2781 ± 1058
T45-I 11 ± 4 18 ± 5 b 4 ± 2 b 7 ± 2 b 180 ± 48 216 ± 99 3518 ± 1221 3305 ± 1065
T5-R 3 ± 2 13 ± 5 b -1 ± 2a 5 ± 3 285 ± 73 b 183 ± 81 2893 ± 544b 1809 ± 492
T45-R 2 ± 1 b 12 ± 2 b -2 ± 2 b 4 ± 2 350 ± 98 b 171 ± 83 3431 ± 1176b 1899 ± 670
T-60-R 2 ± 1 b 10 ± 2 b -1 ± 1 a 3 ± 2 389 ± 123 b 190 ± 122 3300 ± 894b 1942 ± 977

Values are expressed as mean standard deviation; PAWP- mean pulmonary arterial wedge pressure; RAP- mean right atrial pressure; PVRI- pulmonary vascular
resistance index; SVRI- systemic vascular resistance index; a – P<0.05 in relation to basal values; b – p<0.01 in relation to basal value, Tx-I/Tx-R (T=Time,
x=minutes, I=ischemia, R=reperfusion).
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cussed in our study in which decreases in cardiac index and
systolic index were avoided through this procedure. A stu-
dy presenting the importance of the volemic state in proce-
dures with aortic occlusion and release of the clamps oc-
cluding the aorta was performed by Huval et al 12, who sho-
wed prevention of myocardial function depression in pati-
ents undergoing aortic aneurism resection if adequate volu-
me load is maintained to keep pulmonary arterial wedge
pressure above 10 mmHg. They also observed that ibupro-
fen (cyclo-oxygenase inhibitor that eliminates thromboxane
A2 synthesis) was effective in maintaining cardiac index on-
ly in patients that kept these levels of pulmonary arterial
wedge pressure.

In spite of hemodynamic improvement, acidosis wor-
sened with volume loading. A decrease in pHa in both
groups, was observed right after aortic declamping, proba-
bly due to the lactate washout phenomenon and its conse-
quent increase in arterial blood 22. Greater acidosis, present
in the group where volume loading was performed, was pro-
bably due to metabolic acidosis present in this group in as-
sociation with lactic and renal acidosis, and the presence of
respiratory acidosis, which can be seen by the evolvement
of PaCO2. Studies previously performed in experimental
models with dogs and human beings showed an increase in
renin activity, causing elevation in angiotensin II concen-

Table III - pH in arterial blood, bicarbonate in arterial blood (in mEq/L), partial carbonic gas pressure in arterial blood (in mm Hg) and lactate (in mg/
100 mL) in ischemia-reperfusion groups (IRG) and ischemia-reperfusion with volume loading (IRG-SS)

pHa HCO3 PaCO2 Lactato

IRG IRG-SS IRG IRG-SS IRG IRG-SS IRG IRG-SS

T0 7.28 ± 0.08 7.31 ± 0.07 18.5 ± 2.9 19.1 ± 3.4 41 ± 8 40 ± 6 13 ± 4 12 ± 6
T10-I 7.22 ± 0.11 7.13 ± 0.07 b 16.9 ± 2.7 a 14.5 ± 2.0 b 44 ± 5 46 ± 4 a - -
T45-I 7.20 ± 0.10 a 7.08 ± 0.08 b 12.8 ± 2.5 b 12.1 ± 1.7 b 34 ± 6 a 42 ± 4 35 ± 10 b 36 ± 18b

T5-R 7.11 ± 0.11 b 7.01 ± 0.10 b 10.6 ± 2.8 b 10.3 ± 1.6 b 34 ± 6 a 43 ± 7 46 ± 16 b 48 ± 21b

T45-R 7.15 ± 0.13 a 7.03 ± 0.14 b 11.4 ± 2.7b 10.5 ± 1.7 b 33 ± 6 44 ± 13 - -
T-60-R 7.17 ± 0.14 7.03 ± 0.16 b 11.8 ± 3.0 b 10.7 ± 2.0 b 33 ± 7 44 ± 13 28 ± 15 b 22 ± 13a

Values are expressed as mean ± standard deviation; pHa- pH in arterial blood; HCO3- bicarbonate in arterial blood; PaCO2- Partial carbonic gas pressure in arterial
blood; a – P<0.05 in relation to baseline values; b - p<0.01 in relation to baseline value, Tx-I/Tx-R (T=Time, x=minutes, I=ischemia, R=reperfusion).

tration during procedures of aortic cross-clamping and un-
clamping, which can be easily explained by the decrease in
perfusion in afferents arterioles during ischemia 23-25. The
major effects of angiotensin II are increase in vascular renal
resistance and tubular sodium absorption, acting directly
on the tube and indirectly through the increase in aldostero-
ne production 26. This increased sodium tubular reabsorp-
tion is followed by chloride absorption either hydrogen or
potassium ion secretion, to maintain neutrality of tubular
renal electric potential. Thus, an increase in the amount of
chloride, which occurs in association with administration of
large volumes of saline, determines a decrease in hydrogen
and potassium ion secretion resulting in a hyperchloremic
metabolic acidosis with normal anion gap 11.

Therefore, we may conclude that saline infusion to ma-
intain blood volume, in this experimental model, avoided
hemodynamic instability after aortic declamping. However,
this procedure resulted in worsening of acidosis with the
presence of mixed acidosis, which may be observed by arte-
rial bicarbonate and PaCO2 in both groups. These results
raise the perspective of new studies about the effects of sa-
line infusion in this type of ischemia-reperfusion model, es-
pecially those related to reperfusion pulmonary lesion, pul-
monary gas exchange, and use of oxygen by the tissues.
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