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Deliberate hypotension decreases blood loss and transfusion but
it may be accompanied by adverse effects due either to the
hypotensive agents themselves or to haemodynamic alterations.
Prostaglandin E; (PGE,) has the advantage of a diuretic effect
coupled with systemic hypotension. To elucidate the mecha-
nisms by which PGE, induces diuresis we compared the hae-
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modynamic, diuretic and hormonal responses to PGE; infusion
simultaneously with epidural lidocaine (EP-L n = 7), epidural
Jentanyl (EP-F n = 8) or epidural saline (CONT n = 7) in
halothane anaesthetized mongrel dogs. All groups developed
a decrease in mean arterial pressure during PGE, infusion (from
105 £ 24 10 77 £ 18 mmHg in EP-L; 106 £ 19 to 79 £+
13 mmHg in the EP-F; and 129 + 14 to 106 + 18 mmHg
in the CONT groups (mean £ SD)) (P < 0.05). In the EP-
F and CONT groups urinary output increased during PGE,
infusion (from 4.31 £ 1.89 to 6.15 + 2.03 ml- min~—! and 2.71
+ 123 to 4.48 + 166 mi- min~! (P < 0.05), respectively) and
was accompanied by increases in renal blood flow (from 870
t+ 40.7 to 111.0 £ 42.8 mi- min~! and from 1216 * 46.6 10
158.4 £ 64.9 mi- min~! (P < 0.05), respectively) and in frac-
tional excretion of sodium (FEy,) (from 4.78 L 3.88 1o 763
+ 5.20% in CONT group). Plasma epinephrine concentration
increased after laparotomy in the CONT group (from 0.09 +
0.08 to 0.17 £ 0.14 pg-mi~1) (P < 0.05) and aniidiuretic
hormone (ADH) concentration increased after laparotomy
(from 6.9 + 5.2 10 21.0 £ 13.0 pg- ml~! in EP-F and from
81X 6.2 t0 458 = 299 pg- mi~! in CONT groups). Plasma
renin activity increased after laparotomy in the EP-L group
(from 2.00 £ 137 10 4.72 £ 273 mg - ml~!- hr=1) (P < 0.05).
The results suggest that the mechansim of the PGEinduced
diuretic effect includes increases in renal blood Slow while
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renal sympathetic innervation is maintained and in FEy, in
the presence of elevated plasma ADH concentration.

Lhypotension contrélée diminue les pertes sanguines et le nom-
bre de transfusions mais peut aussi saccompagner des effets
indésirables des agents hypotenseurs ou de ceux des change-
ments hémodynamiques. La prostaglandine E; (PGE,) a la-
vantage de provoquer la diurése tout en exercant son activité
hypotensive. Pour élucider les mécanismes selon lesquel la PGE,
induit la diurése, nous avons comparé simultanément les
réponses hémodynamiques, diurétiques et hormonales a la per-
Jfusion de PGE, pendant une épidurale a la lidocaine (EP-L
n = 7), au fentanyl (EP-F n = 8) ou au soluté physiologique
(CONT n = 7) chez des chiens batards anesthésiés a lhalothane.
Tous présentent une baisse de la pression artérielle moyenne
pendant la perfusion de PGE; (de 105 + 24 a 77 + 18 mmHg
pour le groupe EP-I, de 106 + 19 ¢ 79 £ 13 mmHg pour
le groupe EP-F: de 129 + 14 a 106 + 18 pour le groupe
contrble: moyenne *SD, P < 0,05). Dans les groupes EP-
F et CONT le débit urinaire augmente pendant la perfusion
de PGE, (de 4,31 + 1,89 4 6,15 + 2,03 ml- min~! et de 2,71
+ 1,23 4 448 £ 1,66 ml- min~! respectivement: P < 0,05)
et saccompagne dune augmentation du débit sanguin rénal
(de 87,0 £ 40,7 & 111,0 + 42 ml- min~! et de 121,6 + 46,6
a 1584 + 64,9 ml- min~! respectivement: P < 0,05) dans
le groupe CONT, l'excrétion fractionnée de sodium (FE),) aug-
mente (de 4,78 *+ 3,88% a 7,63 £ 5,20%). La concentration
dépinéphrine plasmatique augmente aprés la laparotomie dans
le groupe CONT (de 0,09 + 0,08 a 0,17 + 0,14 pg-ml~1: P
< 0,05) et la concentration d’ADH augmente aprés la lapa-
rotomie (de 6,9 £ 5,2 a 21,0 % 13,0 pg- ml~! dans le groupe
EP-Fet 81 £ 62 a 458 £ 29,9 pg-ml~! dans le groupe
CONT). Lactivité de la rénine plasmatique augmente aprés
la laparotomie dans le groupe EP-L (de 2,00 * 1,37 4 4,72
+ 2,73 mg-mI~!- h=': P < 0,05). Ces résultats suggérent que
les mécansismes de linduction de la diurése par la PGE; com-
prennent des augmentations du débit sanguin rénal lorsque l'in-
nervation sympathique est conservée et de la FEy, en présence
d'une élévation de la concentration plasmatique d’ADN.

Deliberate hypotension is commonly used, especially dur-
ing neurosurgical and orthopaedic procedures, to reduce
blood loss, thereby decreasing the need for blood trans-
fusion, and keeping a dry operative field.! However, de-
pending on the drugs used, it may have some disadvan-
tages such as a transient decrease of renal function? and
an increase in intracranial pressure.>* Prostaglandin E,
(PGE)) is widely used to produce deliberate hypoten-
sion > whilst maintaining renal perfusion.®

The increase in urinary flow produced by PGE, is
via two mechanisms; the release or dilatation of the renal
arteries from the constriction induced by surgical stress,
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endogenous catecholamines and/or angiotensin,” and an
increase in urinary sodium excretion3? via the renal distal
tubulus in the presence of increased plasma antidiuretic
hormone (ADH) concentration. ' In patients undergo-
ing major surgery with general anaesthesia, an increase
in urinary output by PGE, infusion can be expected in
the presence of increased renal sympathetic activity and
increased plasma catecholamines and ADH concentra-
tions. However, in patients undergoing surgery with lum-
bar or thoracic epidural anaesthesia using local anaes-
thesia, plasma catecholamine and ADH concentrations
are suppressed'*"> and renal sympathetic outflow is
blocked, and these may result in decreased systemic blood
pressure and decreased renal perfusion.'é Therefore, as -
our recent clinical data indicated,'” PGE, may not in-
crease urinary output in patients undergoing surgery with
epidural anaesthesia using local anaesthesia. Epidural fen-
tanyl anaesthesia is widely used during abdominal or
lower extremity surgery, but is not accompanied by sym-
pathetic block. However, it is not clear if epidural fentanyl
anaesthesia blocks the stress-response to surgery and,
hence, whether diuresis induced by PGE, infusion can
be expected during epidural fentanyl anaesthesia.

In this study we evaluated the diuretic effect by four
variables: urinary output, renal blood flow, creatinine
clearance (Ccr), and fractional excretion of sodium ex-
cretion (FEy,). The purpose of the study was to compare
the haemodynamic, diuretic and hormonal responses to
PGE, infusion simultaneously in halothane anaesthetized
mongrel dogs among epidural lidocaine, epidural fentanyl
and epidural saline groups, and to elucidate further the
mechanism of PGE-induced diuretic effect with regard
to renal sympathetic activity and interaction with hor-
monal alterations during laparotomy.

Methods
The study protocol was approved by the ethics committee,
Animal Experiment Center, University of Tsukuba,
Japan, and the local ethics committee, Department of
Anesthesiology, Institute of Clinical Medicine, University
of Tsukuba, Japan. Twenty-two mongrel dogs (8.6-15.5
kg) were randomly assigned into three groups; epidural
lidocaine (EP-L) (n = 7) epidural fentanyl (EP-F) (n =
8), and epidural saline (CONT) (n = 7) groups.
Anaesthesia was induced with thiamylal, 10 mg- kg~!,
iv, tracheal intubation was facilitated with succinylcholine,
1 mg-kg~!, iv. Anaesthesia was maintained with hal-
othane 1.0 to 1.5% and oxygen, 1 L - min~!, in air under
controlled ventilation. Pancuronium bromide, 0.1
mg-kg~!, iv, was given when necessary. The halothane
concentration was adjusted according to mean blood
pressure after laparotomy and before PGE, infusion to
1259 of baseline value or to >90 mmHg.
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After induction of general anaesthesia, an epidural
catheter was placed via the L, interspace using 18G
Minikit@, Portex, U.S.A. Then, in the supine position,
arterial, pulmonary and central venous lines were placed
via the right femoral artery and vein using 1% lidocaine
subcutaneous infiltration. Baseline haemodynamic and
hormonal data were determined before laparotomy (Base-
line). Epidural administration was as follows; the drugs
were 20 lidocaine without epinephrine in the EP-L
group, 0.001% fentanyl without epinephrine in the EP-
F group, and physiological saline in the CONT group.
A bolus of 6 ml was given as the initial dose and a con-
tinuous infusion, 4 mi- hr=!, was continued during the
study period. Ten minutes after the initial epidural ad-
ministration a midline laparotomy was performed from
the xiphoid process to the pubic joint, and were placed
an electromagnetic flow meter probe, 4 mm diameter,
was attached to the left renal artery. The flow probe was
calibrated primarily using automatic calibration from 0
to 200 ml- min~' and then connected to the blood flow
meter (Electric Blood Flowmeter, Nippon Kouden, Japan)
and an appropriate recorder. Polyethylene tubes were
placed in both ureters after their separation from the
bladder. The abdominal wound was kept open by a
wound retractor and covered with surgical drapes during
the study.

Lactated Ringer’s solution was infused during the
study at 15 ml - kg~! for the first hour followed by 10-15
mil-kg~' - hr~' to maintain pulmonary capillary wedge
pressure (PCWP) level as high as 4-10 mmHg. Lead
II of the ECG was monitored continuously and arterial
blood pressure (AP), heart rate (HR), pulmonary artery
pressure (PAP), pulmonary capillary wedge pressure
(PCWP), and central venous pressure (CVP) were re-
corded continuously via a transducer and an appropriate
amplifier and the recorder (Monitoring Kit™, Baxter,
US.A. and Polygraph@, NEC Sanei, Japan). Cardiac
output was determined by thermodilution technique at
baseline, and 15 and 30 min after the start of each urine
collection. Arterial blood was withdrawn before laparot-
omy (baseline), and 15 min after the start of each urine
collection for arterial blood gas analysis (pHa, PaO,,
PaCO, and base excess), and for serum creatinine, so-
dium, and potassium concentrations, serum osmolarity,
and plasma hormonal concentration determinations.
Blood samples for hormonal study were centrifuged and
stored at —40°C until determination. In the EP-F group
serum fentanyl concentration in the blood sample with-
drawn during the first urine collection was determined
using radioimmuno assay with a detection limit of 0.1
pg-ml~h

After stable urinary output of > 1.0 ml-kg=!- hr~!
was obtained, an exact one-hour urine sample was
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collected. Next, dogs received PGE, infusion, 0.5
ug-kg~!'- min~!, via the central venous line. After blood
pressure and heart rate became stable, approximately 20
min after the start of infusion, a second precise one-hour
urine sample was collected. Then the PGE, infusion was
stopped. After blood pressure and heart rate became sta-
ble, approximately 30 min after the cessation of PGE,
infusion, a third exact one-hour urine sample was col-
lected. With each urine sample, volume, creatinine, and
sodium concentrations were determined. After the study,
dogs were autopsied to confirm proper epidural catheter
placement, and the range of spread of solution in the
epidural space was determined from the colour change
produced by pioctanine dye, 6 ml, injected via the epi-
dural catheter.

Plasma epinephrine and norepinephrine concentrations
were determined using HPLC-electrochemical detection
assay, ADH, cortisol and ACTH concentrations were de-
termined using radioimmunoassay, and PRA was deter-
mined in terms of its enzymatic activity using radioim-
munoassay. The limits of detection and the interassay
coefficients of variation were 1 pg-ml~! and 2.3% for
epinephrine, 3 pg - ml~! and 2.3%, for norepinephrine, 0.2
pg-ml~! and 8.0-8.3% for ADH, 0.1 ng-mi~!-hr-".
and 5.1-9.49% for PRA, 2 pg-ml~! and 2.6-9.99 for
ACTH, and 0.3 pug-dl-! and 4.1-5.89 for cortisol, re-
spectively. Creatinine and sodium concentrations were de-
termined by an ACA SX discrete clinical analyzer, Du-
pont, US.A., and a NOVAG6 Electrolyte analyzer, NOVA
Biomedical, U.S.A., respectively. Arterial blood gas anal-
ysis was made using NT-450, Corning, U.S.A.

Minute uninary output, creatinine clearance (Cer), and
the fractional excretion of sodium (FEy,) were calculated
for each urine sample '® using the following formula:

U-Cre * one-hour urine volume

S-Cre * 60

Cer = (ml - min~")
where

U-Cre: urinary creatinine concentration,

S-Cre: serum creatinine concentration,

U-Na * S-Cre
FE,=———* 100

N~ S.Na * U-Cre (%)
where
S-Na: serum sodium concentration
U-Na: urinary sodium concentration.

Statistical analysis

Baseline haemodynamic and plasma hormonal concen-
tration data, and RBE, minute urinary output, Ccr, and
FEy,, and before PGE, infusion were compared among
the three groups using ANOVA. Bonferroni’s correction
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TABLE1 Haemodynamic data (mean £ SD)
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ltems/ Group Baseline Pre-PG During-PG After-PG
MAP (mmHg)

EP-L 130 £ 31 105 + 24* 77 £ 18* 99 + 25+

EP-F 114+ 22 106 £+ 19* 79 £ 13* 102 + 16*

CONT 122 + 19 129 + 14 106 + 18* 133+ 13
HR (bpm)

EP-L 169 + 22 106 + 16* 109 £ 31* 106 + 22*

EP-F 174 £ 19 130 = 16* 148 £ 26* 118 £+ 15*

CONT 167+ 12 160 + 14 168 £ 19 152+ 19
CVP (mmHg) ]

EP-L 6214.1 45132 46137 57+37

EP-F 32422 28+ 16 26120 2715

CONT 6.7+3.0 67130 63130 67130
SVR (dyne - sec - cm™3)

EP-L 2880 £ 1020 4010 £ 1120* 2720 + 8501 3610 + 940*

EP-F 2590 + 910 3310 £ 1070* 2450 + 7001 3640 + 910*

CONT 2330 1 360 3570 £+ 1170* 2700 + 9201 4110 % 1200*
MPAP (mmHg)

EP-L 2417 16 + 5* 16 + 5* 18+3

EP-F 1816 1713 19+3 1613

CONT 20+£2 193 17 + 3+ 19t3
PCWP (mmHg)

EP-L 76129 6.61+27 601+20 80+ 18

EP-F 5.0 1.6 53122 48118 44118

CONT 5725 57124 59124 56124
PVR (dyne - sec - cm™>)

EP-L 398 + 126 425+ 177* 436 + 186 450 £ 165

EP-F 294 £ 105 37 73 431 £ 98* 435 1+ 106

CONT 279 £ 66 370 £ 50* 305 L 67 459 + 108
CO (L - min™")

EP-L 36109 2.1 £0.5* 231+ 08* 22108

EP-F 36107 25104 2.71+0.8* 231+ 04*

CONT 41104 32105+ 34 +0.6* 28 £0.5*

MAP: mean arterial pressure; HR: heart rate; MPAP: mean pulmonary arterial pressure; CVP: central venous
pressure; PCWP: pulmonary capillary wedge pressure; SVR: systemic vascular resistance; PVR: pulmonary

vascular resistance; CO cardiac output.

Pre-PG: before PGE, infusion; During -PG: during PGE, infusion; After-PG: after stopping PGE, infusion.
* P < 0.05 vs Baseline. t P < 0.05 vs Pre-PG; no intergroup difference in changes after laparotomy and during

PGE, infusion.

was applied as appropriate. Each haemodynamic variable
and plasma hormonal concentration before, during and
after PGE, infusion were compared with baseline values
using ANOVA and paired t test. The RBF, Ccr and FEy,
values during and after PGE, infusion were compared
with their values before PGE, using ANOVA and paired
t test as above. A P value < 0.05 was considered to
indicate statistical significance.

Results

There were no differences in the baseline values of hae-
modynamic, diuretic and arterial blood gas variables and
the total infused volume of lactated Ringer’s solution dur-

ing the study among the three groups (Tables I and II,
Figure). In all groups PGE, infusion elicited decreases
in MAP (from 105 + 24 to 77 £ 18 mmHg in EP-
L, from 106 £ 19 to 79 £ 13 mmHg in EP-F, and
from 129 + 14 to 106 + 18 mmHg in CONT groups)
(P < 0.05), but no changes in HR, CO, MPAP, CVP,
and PCWP (Table I). During PGE, infusion MAP was
lower in the EP-L group than in the CONT group (P
< 0.05) (Table I). Plasma fentanyl concentration in EP-
F group was 0.3 £ 0.2 pg- ml~', ranging from 0.1 to
0.5 pg-ml-" 4

One-hour urinary output in the period before PGE,
infusion was >2.3 ml-kg~! in all three groups. In the
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TABLE 11 Laboratory findings (mean + SD)
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Ttems| Group Baseline Pre-PG During-PG Afier PG

Arterial blood gas analysis

PaQ, (mmHg)

EP-L 174 1 66 149 + 43

EP-F 255 +27 232 + 60

CONT 188 + 88 188 £ 77
PaCO, (mmHg)

EP-L 31+4 33+6

EP-F Il+4 371%5

CONT 2917 325
pH

EP-L 737 £0.09 730 £0.09

EP-F 741 £0.04 735 +£0.07

CONT 738 £0.12 7.40 £ 0.09
BE (mEq - L)

EP-L -70 % 3.1 —-8.0136

EP-F -39+13.1 —-63+18

CONT -13+37 ~74 135
K* (mEq-L™"

EP-L 3204 3104

EP-F 30+04 32107

CONT 32x05 3004
Haematocrit (%)

EP-L 32+6 31x7

EP-F 306 29+5

CONT 31+4 28 + 5+
Serum glucose (mg - dI")

EP-L 99 +24 113 1 47

EP-F 119 +27 120 £ 22

CONT 125+ 34 170 £ 75
Plasma osmolarity (mOsm * kg™')

EP-L 292+ 10 292+ 10

EP-F 291 +8 295 + 1t

CONT 295+ 13 294 £ 10

138 1 59 141 £ 63
218 + 59 221 + 65
185 + 72 181 + 74
6+9 317
36ES5 I5x6
32+4 31+4
730+ 0.14 733 £ 0.09
7.30 £0.05 734 1+ 0.04
7.38 £ 0.08 741 1+ 0.08
—-86%5.0 —-89+63
-69t 16 -67+18
-79+29 —64 135
31X05 3102
32+02 34+04
3004 31£04
308 29 +6*
27 £ 6* 28 +4*
27 £ 4+ 26 1 4*
125 £ 61 116 + 41
96 1 19* 105 £ 40
159 £ 41 159 £ 46
206 +7 3026
294 + 12 290 + 17
300 £+ 11 304 £+ 9*

BE: Base excess.

Pre-PG: before PGE, infusion; During-PG: during PGE, infusion; After-PG: after stopping PGE, infusion.
*P < 0.05 vs Baseline; no intergroup difference in changes after laparotomy and during PGE, infusion.

EP-L group, PGE, infusion did not elicit changes in RBF,
urinary output, and FEy,, while in the EP-F and CONT
groups, PGE, infusion increased RBEF, urinary output,
and FEy, (P < 0.05) (Figure). Percent changes in RBE,
urinary output and FEy, in the EP-F and CONT groups
were greater than those in the EP-L group (P < 0.01)
(Figure (A)). In the EP-F group, RBF increased from
87 £ 41 to 111 * 43 ml - min~!, urine output increased
by from 4.31 & 1.89 t0 6.15 £ 2.03 ml - min—! and FEy,
increased from 6.15 + 2.01 to 8.26 + 4.13%, and in
CONT group, RBF increased from 122 + 47 to 158 +
65 ml- min~!, urinary output increased by from 2.71 +
1.23 to 4.48 + 1.66 ml - min~! and FEy, increased from
4.78 £ 3.88 to 7.63 * 5.20% (Figure (A), (B), (D)). Creat-

inine clearance remained the same as baseline during
PGE, infusion in the EP-F and CONT groups, but de-
creased in EP-L group (from 25.2 £ 16.5 t0 20.3 £ 2.6
ml - min~") P < 0.05 (Figure (C)).

Plasma epinephrine concentration increased after la-
parotomy (from 0.09 =+ 0.08 to 0.17 &+ 0.14 pg- ml-")
P < 0.05 and remained elevated during PGE, infusion
in the CONT group (Table 1II). Plasma norepinephrine
concentration did not change during the study in the EP-
F or CONT groups, but decreased during and after PGE,
infusion in the EP-L group. Plasma ADH concentration .
increased after laparotomy and during PGE, infusion
from 6.9 £ 5.2 to 21.0 £+ 13.0 pg- mi~! in EP-F and
from 81 X 62 to 458 X 299 pg-ml~! in the
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FIGURE The diuretic effect induced by PGE infusion in the three groups, showing (A) renal blood flow (RBF), (B) urinary output, (C)
creatinine clearance (Cecr) and (D) fractional excretion of sodium (FEy,). In the EP-F group, RBEF, urinary flow increased during PGE, infusion
compared with Baseline and with those changes in EP-L group. In the CONT group, RBF, urinary flow, and FEy, increased compared with
Baseline and with those changes in EP-L group (except for FEy,). In EP-L group, RBF, urinary flow and FEy, did not change during PGE,
infusion, and Cer decreased during PGE, infusion compared with Baseline and with change in the EP-F group.

CONT groups, (P < 0.05) but not in the EP-L group.
Plasma renin activity increased after laparotomy (from
200 £ 1.37t04.72 £ 2.73 mg- ml~!- hr~!) and during
PGE, infusion in EP-L group, but decreased during
PGE, infusion from 228 + 094 to 1.76 *+ 048
mg-ml~' - hr~! in the CONT group (P < 0.05). Plasma
ACTH concentration increased after laparotomy and re-
mained elevated until the end of the study in all three
groups. Plasma cortisol concentration showed small in-
creases in the EP-L and CONT groups, and remained
at similar levels in the three groups.

Discussion

The principal findings of the study are that first, in the
EP-L group the increases in RBF, urinary output and
FEy, during PGE, infusion were prevented; PRA was
increased but without increases in plasma epinephrine
and ADH concentrations after laparotomy. This finding
supports our clinical observations.'” Secondly, in the EP-
F group, during PGE, infusion there were increases in

RBF and urinary output, and Ccr and FEy, were main-
tained.

Haemodynamic changes in the EP-L group during
PGE, infusion were comparable with those in the EP-
F and CONT groups: PGE, was associated with de-
creased MAP and SVR but no change in HR, MPAP,
CO and PCWP, which is different from our clinical ob-
servation. !’

It is reported that PGE, dilates the renal artery in
the presence of surgical stress and catecholamine- and/
or angiotensin-induced renovascular constriction.” In an-
imal studies,®1%-?! PGE, increased renal blood flow but
did not affect Ccr, which was considered to indicate that
PGE, dilates not only afferent but also efferent arterioles
in animals® so that the filtration ratio was not increased.
In the present study, Ccr was not increased during PGE,
infusion in the EP-F and CONT groups which suggests
that PGE, had a vasodilating action on both renal af-
ferent and efferent arterioles in dogs. On the other hand,
Cer decreased during PGE, infusion in the EP-L group,



Yamaguchi et al.: PGE,;-INDUCED DIURETICS

TABLE III ' Plasma hormonal concentrations (mean + SD)
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ltems/' Group Baseline Pre-PG During-PG After-PG
Epinephrine (pg - ml~")

EP-L 0.10 £ 0.08 0.03 £ 0.02 0.02 £ 0.01 0.03 £0.02

EP-F 0.12+0.21 0.15+0.13 0.14 £ 0.13 0.15+024

CONT 0.09 1 0.08 0.17 £0.14 025 +044 0.23 £ 043
Norepinephrine (pg - mi~")

EP-L 0.08 + 0.05 0.06 £ 0.04 0.02  0.014| 0.03 + 0.01%|

EP-F 0.07 £ 0.02 0.07 £0.02 0.09 £0.03 0.09 £ 0.05

CONT 0.11 £0.07 0.11 +£0.09 0.13 £ 0.10 0.10 £ 0.08
Antidiuretic hormone (pg - ml™")

EP-L 83132 99 %55 146 £ 6.7 75 +5.1

EP-F 69152 21.0 = 13.0* 237+ 198 19.5 +278

CONT 81162 45.8 + 29.9*¢ 455+ 374 *f 75+31
Plasma renin activity (ng * ml~! - hr=)

EP-L 2.00 % 1.37 4.72 1 2.73*§ 5.50 & 4.16*§ 490 +3.10¢

EP-F 1.28 +0.44 1.36 + 1.09 144 £0.70 1.32 £ 0.89

CONT 220 +0.54 228 +£094 1.76 + 0.48* 1.42 £ 0.70*
ACTH (pg* ml-")

EP-L 340+ 128 614 £+ 10,0t 66.4 + 8.21 64.3 £ 16.71

EP-F 3571122 62.5 £ 23.3* 60.3 + 23.1* 4771153

CONT 4.4 1+ 14.1 65.0 + 26.2¢ 694 1 343+ 56.8 +23.8
Cortisol (ug ' dI™})

EP-L 6.23 +£2.04 7.74 + 1.82% 7.07 £ 1.65 7.80 £ 1.52*

EP-F 6.51 + 1.66 599 + 1.76 6.36 - 1.94 6.57 +2.28

CONT 8.54 + 1.28 10.01 £ 1.97* 9.16 £ 2.58 9.71 £ 3.03

Pre-PG: before PGE), infusion; During-PG: during PGE, infusion; After-PG: after stopping PGE, infusion.
* P < 0.05 vs Bascline; P < 0.01 vs Baseline; Intergroup differences in changes: P < 0.05 vs EP-F and EP-L
groups, §P < 0.05 vs EP-F group; § < 0.05 vs EP-F and CONT groups; || P < 0.05 vs CONT group.

which suggests that renal sympathetic denervation
coupled with PGE -induced hypotension prevented the
diuretic effect.

Urinary sodium excretion is augmented by PGE, in
the presence of increased plasma ADH concentra-
tion. !> Bonnet et al.'* and ourselves'” have reported
that ADH concentration during surgery under epidural
anaesthesia using local anaesthetics was less than that
during general anaesthesia, and this is similar to the pres-
ent results. Intravascular volume distribution and a sur-
gical procedure may affect the diuretic effect but in this
study the fluid infused and the surgical procedures were
similar in the three groups. Therefore, the difference in
PGE-induced effects on FEy, among the groups may
be due to the difference of plasma ADH concentra-
tion. - In addition, it is possible that the decreased per-
fusion pressure in the EP-L and EP-F groups might have
contributed to the absence of an increase in FEy,. 2%

Renin is secreted in response to changes in perfusion
pressure at the afferent arteriole and in solute delivery
to the distal tubulus.?” Also, renal sympathetic nerve stim-
ulation or an infusion of catecholamine increases renin
secretion.?”? In the EP-L group, the PRA level was ele-

vated after laparotomy and during PGE, infusion in spite
of renal sympathetic denervation,?® which suggests pos-
sible renal hypoperfusion.?>? On the other hand, in the
EP-F and CONT groups, the PRA level did not change
after laparotomy and during PGE; infusion, which sug-
gests that renal perfusion was maintained? during PGE,
infusion. The PGE -induced diuretic effect was observed
to be greatest in the CONT group, and secondly in the
EP-F group, which suggests that the stress-response to
lapartomy was less in the EP-F than in the CONT group
and this may be related to the level of renal sympathetic
activity. These observations support previous re-
ports.”!-13 Plasma ACTH concentration increases soon
after severe trauma, although the mechanism is not
clear. %,

In oliguric subjects or patients in whom residual uri-
nary volume is small, Ccr may not be a reliable test
of glomerular function.** In this study, one-hour uri-
nary output was >1 ml- kg~! and bilateral ureters were
cannulated to the collector to reduce residual urine to
zero.

In conclusion, epidural 'lidocaine prevented and epi-
dural fentanyl preserved PGE,-induced diuresis. The re-
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sults of this study demonstrated that the mechanism of
the PGE,-induced diuretic effect in dogs includes an in-
crease in RBF under preserved renal sympathetic activity
and/or elevated plasma catecholamines concentrations,
and an increase in FEy, in the presence of elevated
plasma ADH concentration,

References

1

10

11

12

13

14

Miller RD. Anesthesia, 2nd ed. New York: Churchill Liv-
ingstone Inc., 1986: 1949-70.

Behnia R, Siqueira EB, Brunner EA. Sodium
nitroprusside-induced hypotension: effect on renal function.
Anesth Analg 1978; 57: 521-6.

Dohi S, Matsumoto M, Takahashi T The effects of nitro-
glycerin on cerebrospinal fluid pressure in awake and anes-
thetized humans, Anesthesiology 1981; 54: 511-4.

Marsh ML, Shapiro HM, Smithe RW, Marshall LF.
Changes in neurologic status and intracranial pressure as-
sociated with sodium nitroprusside administration. Anes-
thesiology 1979; 51: 336-8.

Goto F, Otani E, Kato S, Fujita T. Prostaglandin E; as a
hypotensive drug during general anaesthesia. Anaesthesia
1982; 37: 530-5.

Anderson RJ, Berl T, McDonald KM, Schrier RW.
Prostaglandins: effects on blood pressure, renal blood
flow, sodium and water excretion. Kidney Int 1976; 10:
205-15.

Inscho EW, Carmines PK, Navar LG. Prostaglandin in-
fluences on afferent arteriolar responses to vasoconstrictor
agonists. Am J Physiol 1990; 259: F157-63.

Gross JB, Baruter FC. Effects of prostaglandins E|, A,
and Fjypn, on renal handling of salt and water. Am J Phy-
siol 1973; 225: 218-24.

Alisheler B Klahr S, Rosenbaum R, Slatopolsky E.
Effects of inhibitors of prostaglandin synthesis on renal so-
dium excretion in normal dogs and dogs with decreased
renal mass. Am J Physiol 1978; 235: F338-44.

Berl T, Schrier RW, Mechanism of effect of prostaglandin
E; on renal water excretion. J Clin Invest 1973; 52:
463-71.

Beck TR, Dunn MJ. The relationship of antidiuretic hor-
mone and renal prostaglandins. Miner Electrolyte Metab
1981; 6: 46-59.

Grantham JJ, Orloff J. Effect of prostaglandin E; on the
permeability response of the isolated collecting tubule to
vasopressin, adenosone 3’, 5-monophosphate, and theophyl-
line. J Clin Invest 1968; 47: 1154-61.

Lipson LC, Sharp GWG. Effect of prostaglandin E; on
sodium transport and osmotic water flow in the toad
bladder. Am J Physiol 1971; 220: 1046-52.

Bonnet F, Harari A, Thibonnier M, Viars P Suppression
of antidiuretic hormone hypersecretion during surgery by
epidural anaesthesia. Br J Anaesth 1982; 54: 29-36.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

CANADIAN JOURNAL OF ANAESTHESIA

Adams HA, Biscoping J, Baumann B Borgmann A,
Hempelmann G. Maternal and fetal stress responses dur-
ing cesarean section with general and peripheral anaesthe-
sia. Reg Anaesth 1989; 12: 87-94.

Pelayo JC, Zieglere MG, Jose PA, Blantz RC. Renal den-
ervation in the rat: analysis of glomerular and proximal tu-
bular function. Am J Physiol 1983; 244: F70-7.
Yamaguchi H, Harukuni I, Dohi S, Watanabe S, Naito H.
Lumbar epidural anaesthesia prevented prostaglandin E;-
induced diuretic effect in enflurane anaesthetized patients.
Can J Anaesth 1993; 40: 619-24.

Richardson JA, Philbin PE. The one-hour creatinine clear-
ance rate in healthy men. JAMA 1971; 216: 987-90.
Stokes JB. Integrated actions of renal medullary prosta-
glandins in the control of water excretion. Am J Physiol
1981; 240: F471-80.

Reineck HJ, Stein JH. 3. Sodium metabolism. /n: Max-
well MH, Kleeman CR, Narins RG (Eds.). Clinical Dis-
orders of Fluid and Electrolyte Metabolism, 4th ed. New
York: McGraw-Hill Book Co, 1987: 33-59.

Beck TR, Levenson DJ, Brernner BM. 15, Renal prosta-
glandins and kinins. Jn: Maxwell MH, Kleeman CR, Nar-
ins RG (Eds.). Clinical Disorders of Fluid and Electrolyte
Metabolism, 4th ed. New York: McGraw-Hill Book Co.,
1987: 343-70.

Preece MJ, Richardson JA. The effect of mild dehydration
on one-hour creatinine clearance rates. Nephron 1972; 9:
106-12.

Beck NP, Kaneko T, Zor U, Field JB, Davis BB. Effects
of vasopressin and prostaglandin El on the adenyl cyclase-
cyclic 3, 5’-adenosine monophosphate system of the renal
medulla of the rat. J Clin Invest 1971; 50: 2461-5.

Kanto J, Vinamiki O, Gronroos M, Lammintausta R, Li-
ukko P Blood glucose, insulin, antidiuretic hormone and
renin activity response during caesarean section performed
under general anaesthesia or epidural analgesia. Acta
Anaesthesiol Scand 1981; 25: 442-4,

Schneider E, McLane-Vega L, Hanson R, Childers J, Glea-
son S. Effect of chronic bilateral renal denervation on
daily sodium excretion in the conscious dog. Fed Proc
1978; 37: 645.

DiBona GF, Sawin LL. Effect of renal nerve stimulation
on NaCl and H,O transport in Henle’s loop of the rat. Am
J Physiol 1982; 243: F57680.

Landsberg L, Young JB. 10. Cathecolamines and the ad-
renal medulla. /n: Wilson JD, Foster DW (Eds.). Williams
Textbook of Endocrinology, 8th ed. Philadelphia; WB
Saunders Co., 1992 621-705.

Stella A, Zanchetti A. Effects of renal denervation on
renin release in response to tilting and furosemide. Am J
Physiol 1977; 232: H500-7.

Skinner SL, McCubbin JW, Page IH. Renal baroreceptor
control of renin secretion. Science 1963; 141: 814-6.



Yamaguchi et al.: PGE,-INDUCED DIURETICS

30 Wilson RF. Chapter 32. Trauma. In: Shoemaker WC,
Aryres S, Grenvik A, Holbrook PR, Tompson WL (Eds.).
The Textbook of Critical Care, 2nd ed. Philadelphia: W.B.
Saunders Co., 1989: 1230-71.

31 Sladen RN, Endo E, Harrison T Two-hour versus 22-
hour creatinine clearance in critically ill patients. Anesthesi-
ology 1987, 67: 1013-6.

32 Wilson RE, Soullier G. The validity of two-hour creatinine
clearance studies in critically ill patients. Crit Care Med
1980; 8: 281-4.

433



