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Effects of prostaglandin E, on renal hemodynamics
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Abstract: The glomerular filtration rate (GFR), renal plasma
flow (RPF), renal blood flow (RBF), filtration fraction (FF),
and the ratio of mean arterial pressure (MAP) to RBF (MAP/
RBF), reflecting renal vascular resistance (RVR) were deter-
mined to investigate the effects of intravenously administered
prostaglandin E, (PGE,) on renal hemodynamics in humans.
PGE, produced no significant changes in GFR, but did cause
significant increases in RPF and RBF and significant decreases
in FF and MAP/RBF. The relationships between MAP and
GFR, MAP and RBF, and MAP and MAP/RBF were investi-
gated. PGE, suppressed the increase of MAP/RBF along with
the increase of MAP, increased the RBF along with the in-
crease of MAP, and kept the GFR constant, regardless of
MAP. Also, the effects of PGE, on renal pericapillary vessels
were simulated. According to this simulation, PGE, had a
vasodilator action on both preglomerular and postglomerular
capillaries.
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Introduction

Prostaglandin E, (PGE,), often used to induce
hypotension during anesthesia, is also thought to in-
crease renal blood pressure and urinary volume [1-3].
This effect reduces the decrease of renal blood pressure
and of Na excreted under the stress of surgery and
anesthesia and, therefore, is considered to be effec-
tive in maintaining urinary volume during induced
hypotension [4-6]. This study was carried out to
elucidate the effects of PGE, on renal hemo-
dynamics.
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In this study, glomerular filtration rate (GFR) and
renal blood flow (RBF) showed different reactions to
the administration of PGE,, 0.03 ug-kg~*min~!. Since
the difference in the reaction of afferent and efferent
arterioles to PGE, was thought to be a possible explana-
tion of the difference in the reaction of GFR and RBF,
the vascular resistance of afferent arterioles (Ra) and
efferent arterioles (Re) were simulated to provide a
more detailed explanation of the mechanism of PGE,.

Materials and methods

The subjects of this study were 11 ASA class I~II pa-
tients, six men and five women, with a mean age of 40.6
years, scheduled for elective orthopedic or cranial sur-
gery. Informed consent was obtained from each patient,
and the study was approved by the Hospital Ethics
Committee. None had clinical evidence of renal disease.
Patients served as their own controls.

All patients were premedicated with atropine
(0.5 mg, im) and hydroxyzine (50 mg, im) 30 min before
induction of anesthesia. Anesthesia was induced with
thiopental (5 mgkg!, iv) and pancuronium (0.1 mg:
kg1, iv) and was maintained with enflurane (0.5~2.0%)
and nitrous oxide (67%) in oxygen. After induction of
anesthesia, the left radial artery was cannulated for
measurement of arterial blood pressure and sampling of
arterial blood. Mannitol (5 ml-kg=!) was infused intra-
venously to maintain urinary volume within 15 min
after intubation. Lactated Ringer’s solution was infused
at a rate of 10 mg-kg="-h~' throughout this study.

To evaluate RBF, 15 ml of 3% para-aminohippuric
acid (PAH) was infused intravenously for 6 min, at
150 ml-h~1, after the induction of anesthesia. Then 80 ml
of 3% PAH was infused intravenously at 20 ml-h~! for
the subsequent period. Blood and urine were sampled
at 30-min intervals until 2 h after PAH administration
to determine the concentrations of PAH and en-
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dogenous creatinine (control group), respectively.  Simulation
Thereafter, a continuous infusion of PGE,, 0.03 ug:
kg~'min~!, was begun. Blood and urine were sampled  GFR can be expressed by the following formula:
30 min after the PGE;, infusion in the same manner as
the control group (PGE, group). GFR was determined =~ GFR = Kf(Pg — Pb — ng) (¢))

from the rate of endogenous creatinine clearance, and
renal plasma flow (RPF) using the rate of PAH clear-
ance. RBF was calculated by RPF and hematocrit val-
ues, and the filtration fraction (FF) as the ratio of GFR
to RPF. GFR, RPF, and RBF were normalized by divid-
ing each value (ml'min—') by body surface area (BSA).
A block diagram of the study protocol is shown in Fig. 1.
The results were expressed as mean + SD and a paired
t-test was used for statistical analysis. A P value less
than 0.05 was considered statistically significant.

where Kf is the glomerular filtration coefficient, Pg is
the glomerular hydrostatic pressure, Pb is the hydro-
static pressure in Bowman’s capsule, and ng is plasma
colloid osmotic pressure along the capillary (Fig. 2).
Assuming there was no marked change in Pb, and
that the change in ©g was small enough to be ignored in
comparison with the changes in Pb and Pg, Kf and Pg
were almost constant because GFR was constant. It was
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therefore assumed that Pg was constant at 50 mmHg
[7].

Renal vascular resistance (RVR), Pg, and RBF are
expressed in the following formulas:

RVR = Ra + Re (2)
Pg = MAP X Re/(Ra + Re) (3)
RBF = MAP/RVR 4)

where Re is the vascular resistance of efferent arteri-
oles, Ra is the vascular resistance of afferent arterioles,
and MAP is the mean arterial pressure. RVR, Re, and
Ra were calculated by solving equations (2), (3), and (4)
simultaneously. The correlation between RVR, Re, Ra,
and MAP was then examined.

Results

The results are summarized in Table 1. MAP decreased
significantly (11.8%) after administration of PGE, at
the rate of 0.03 pgkg tmin~!. Urinary volume de-
creased significantly (28.6%) from &87.5 * 15.8 ml-
BSA-'to 62.5 = 18.1 mI-BSA™L

The PGE, group and control group did not differ
significantly as to GFR. Both RPF and RBF increased
significantly after administration of PGE,. Because of
the lack of change in GFR and the increase in RPF,
these resulted in a decrease in FF from 0.33 + 0.20 to
(.20 £ 0.08. The ratio MAP to RBF (MAP/RBF) re-
flecting renal vascular resistance (RVR), decreased sig-
nificantly in the PGE, group.

Figure 3 shows the correlation between MAP and
GFR, and between MAP and RBF. In the control
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Table 1. Comparison of mean arterial pressure (MAP) and
renal hemodynamics before and after prostaglandin E,
(PGE,) administration

Control group PGE, group
(n=11) (n=11)
MAP (mmHg) 892 =153 78.7 = 12.8*
Urinary volume 87.5 =158 62.5 + 18.1*
(ml/BSA) ‘

GFR (ml/min/BSA) 451 + 18.8 46.6 = 15.3
RPF (ml/min/BSA) 165.3 = 48.1 249.4 + 111.6*
RBF (ml/min/BSA) 242.5 = 70.2 370.3 = 155.6*
FF 0.33 = .20 0.20 = 0.08*
MAP/RBF 0.40 + 0.15 0.25 = 0.13*

Values are expresed as mean = SD.

GFR, glomerular filtration rate; RPF, renal plasma flow; RBF, renal
blood flow; FF, filtration fraction.

* P < 0.05 significantly different from the control group.

group, GFR and RBF were regulated from 40 to
50 ml'min~*-BSA~! and at 250 ml-min~-BSA 1, respect-
ively, as MAP ranged from 60 to 120 mmHg. MAP/
RBF, reflecting RVR increased with MAP. In contrast,
in the PGE, group, GFR was regulated from 40 to
50 ml-min~'-BSA~!, and RBF increased along with
MAP, as MAP ranged from 60 to 120 mmHg. MAP/
RBF remained constant regardless of MAP.

In the control group, RVR increased along with
MAP. According to this simulation, this increase was
caused mainly by an increase in Ra, while Re remained
almost constant (Fig. 4). In the PGE, group, RVR
showed no marked change when MAP was between 60
and 120 mmHg. This simulation shows that this con-
stancy resulted from an increase in Ra and a decrease in
Re as MAP increased; RVR, the sum of Ra and Re,
remained almost constant.
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Fig. 3. Correlation of mean arterial pressure (MAP) and renal hemodynamics before and after prostaglandin E, (PGE,)

administration
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Fig. 4. Comparison of renal hemodynamics before and after PGE, administration. RBF, renal blood flow; GFR, glomerular

filtration rate; RVR, renal vascular resistance

Discussion

It is generally accepted that RBF and GFR are constant
regardless of MAP in a normal kidney (autoregulation)
[7]. Autoregulatory responses are mediated by the ac-
tive adjustment of smooth muscle tone. This
autoregulation is controlled mainly by changing arterial
resistance at the preglomerular site. This Ra adjustment
enables the kidneys to keep Pg and GFR constant
[8,9]. In a healthy, normal kidney, Ra exceeds Re
when MAP increases above 100 mmHg, so that an
increase in GFR is suppressed regardless of MAP. Re
exceeds Ra when MAP decreases below 100 mmHg.
This tendency prevents a decrease in renal perfusion
pressure and keeps GFR constant. An increase in RVR
along with MAP suppresses increase in RBF along
with MAP.

As shown in Fig. 4, in the control group, RVR in-
creased along with MAP and GFR and RBF were con-
stant even during general anesthesia. According to this
simulation, the adjustment of smooth muscle tone re-
mained effective under general anesthesia. In contrast,
the administration of PGE, suppressed the increase in
RVR and increased RBF while keeping GFR constant.
The constant GFR and increasing RBF suggest an in-
crease in blood flow in peritubular capillaries. A previ-

ous study [10] has revealed that exogenous PGEs
increase renal medullary blood flow, and protect renal
tubular cells from the damage due to low perfusion in
shock. PGE, is thought to prevent postischemic renal
failure [11-13] and to protect renal cells during induced
hypotension, since PGE,; decreases the release of en-
zymes (N-acetyl-f-glucosaminidase, y-glutamyl trans-
peptidase) in the urine [14].

According to this simulation, both Ra and Re
decrease after the administration of PGE,, but Ra ex-
ceeds Re at a MAP of 100 mmHg. Decreases in Ra and
Re after the administration of PGE, lead to an increase
in hydrostatic pressure in the peritubular capillaries.
Because the decrease in Ra is greater than that in Re,
both RPF and GFR are increased. At the same time,
however, a decrease in Re suppresses any increase in
GFR. Thus, PGE,, by means of changes in Ra and Re,
keeps the increase in GFR relatively smaller than that
in RPF. This difference results in a decrease in FF, more
plasma flow in postglomerular vessels, and a decrease in
the plasma protein concentration, i.e., plasma colloid
osmotic pressure. The increase in hydrostatic pressure
and the decrease in plasma colloid osmotic pressure of
peritubular capillaries, derived from the decreases in Ra
and Re, decrease the intake of fluid into peritubular
capillaries. This series of phenomena may be one of the
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reasons PGE, decreases sodium reabsorption and in-
creases urinary volume [15-17].

One of the possible protective mechanisms of PGE,
may be related to the inhibition of preglomerular
vasoconstriction. During general anesthesia, under vari-
ous kinds of stresses, the endogenous prostaglandin
system and the renin-angiotensin system are already
activated, leading to a prostaglandin-dependency of
kidney functions. Angiotensin (ANG) II acts mainly on
efferent arterioles [18-20], whereas PGE, is thought to
dilate both afferent and efferent arterioles. McGiff et al.
[21] suggested that endogenous prostaglandin E group
(PGEs) is an important factor in controlling the de-
crease in RBF induced by ANG 11, because PGEs pro-
vide an action antagonistic to that of ANG II. This
concept is supported by the fact that cyclooxygenase
antagonists such as indomethacin enhance the renal
vasoconstriction induced by ANG II [22,23]. This may
be another reason why PGE, maintains urinary volume
during induced hypotension.

Microscopic observation of efferent and afferent ar-
terioles may permit a direct assessment of the effects of
PGE,; on renal microcirculatory dynamics [1,24,25].
RBF under general anesthesia is decreased by stress;
additional decreases may lead to renal failure post-
operatively. PGE, can improve renal function during
induced hypotension.
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