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Plasma angiotensin-converting enzyme activity was measured by spectrophotometer in
normal subjects and in patients with end stage renal failure, serially during a routine
hemodialysis. Patients on maintenance hemodialysis tended to be associated with elevated
plasma angiotensin-converting enzyme activity versus normal subjects. Plasma angio-
tensin-converting enzyme activity was significantly elevated in patients with chronic renal
failure after 5 hours of hemodialysis(p<.001). Plasma angiotensin-converting enzyme
activity corrected for hemoconcentration was also significantly increased(p<.05). There
was a significant correlation between the increase in plasma angfotensin-converting
enzyme activity after 5 hours of hemodialysis and the decrease in white blood cell count
at one hour of hemodialysis(r=0.51, p<.05). It is suggested that plasma angiotensin-con-
verting enzyme analysis may prove to be a method for assessing transient pulmonary
dysfunction during hemodialysis.
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INTRODUCTION

The activity of serum angiotensin-converting
enzyme (peptidyldipeptidase; angiotensin 1-11)
has already been found to be elevated in the
blood of patients with sarcoidosis’, Gaucher's
disease?, Graves' disease®, diabetes mellitus?,
chronic renal failure® and various types of liver
disease®.

Angiotensin-converting enzyme(ACE) is nor-
mally abundant in endothelial cells especially in
pulmonary vascular endothelium and renal tubules
7. Acute damage to pulmonary vascular endoth-
elium induced in animals by the administration of
paraquat resulted in pulmonary edema and an
increase of ACE in the blood which is thought to
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reflect the release of ACE from damaged endoth-
elial cells®. During hemodialysis, pulmonary vas-
cular damage may appear in the uremic patient,
possibly caused by the plugging of pulmonary
vessel by leukocytes®. The present study was
undertaken to determine whether a single hemo-
dialysis treatment causes an acute increase in the
activity of ACE in the blood, thereby pointing to
injury of the pulmonary vascular endothelium
during hemodialysis.

MATERIALS AND METHODS

The subjects in the study consisted of 24
healthy adult control(11 males and 13 females
between 24 to 37 years of age; mean age 30
years) and 30 adults with end-stage renal failure
on maintenance hemodialysis. The hemodialysis
patients(16 males and 14 females) aged 27-66
years(mean age 59 years) on chronic maintenance
hemodialysis for durations of 7-120 months(mean
35 months) were examined during a routine
dialysis. The etiology of renal failure was as fol-
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lows; chronic glomerulonephritis, 20 patients;
diabetic nephropathy, 5 patients; polycystic kid-
ney disease, 1 patient; renal tuberculosis, 1 patient;
cervix cancer, 1 patient. The patients were dialyzed
for 5 hours twice a week with hollow fiber capillary
kidneys(GF 80H, 0.9 m?) using Gambro AK-10
dialyzers. Vascular access was provided by inter-
nal arteriovenous fistula and heparin was used for
anticoagulation. The dialysate contained 134
mmol/t sodium and 33 mmol/l acetate. No patient
was treated with an ACE inhibitor.

Blood sampies for PO,, white blood cell (WBC)
count, hematocrit and plasma ACE analysis were
taken from the arterial line of the artificial kidney
immediately before, at one hour, and after hemo-
dialysis on all patients. Plasma samples were
stored at —20°C for up to one week before assay.
Plasma ACE was assayed by Lieberman’s meth-
odY. This method employs hippuryi-L-histidyl-L-
leucine as a substrate and determines the liberat-
ed hippuric acid by using a spectrophotometer.

Statistical significance was determined by the
Student’s t-test. The correlation coefficients were
determined by linear regression analysis. A p
value less than 0.05 was considered significant.

RESULTS

The changes in PO,, WBC count and hemato-
crit with dialysis time is shown in Table 1. The
arterial oxygen tension fell from an initial value of
97.9+11.6 mmHg to 95.5+14.0 mmHg at one hour
but increased to 100.6+15.4 mmHg at the end of
hemodialysis. Nevertheless it showed no statis-
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tically significant difference in PO, change during
hemodialysis. The WBC count also fell from initial
value of 5,520/ul to 4,880/ul at one hour but
significantly increased to 7,270/ul at the end of
dialysis(p <.05)(Tabie 1). In normal subjects plas-
ma ACE for males(9.2+1.9 U/ml) showed higher
values than females(7.8+1.5 U/ml), and in patients
with hemodialysis maies(9.6+2.3 U/ml) showed
higher value than females(8.3+2.0 U/ml). Howe-
ver, it did not show statistical significance respec-
tively. Patients on maintenance hemodialysis tend
to be associated with elevated plasma ACE activ-
ity versus normal subjects (Fig. 1).

Plasma ACE was significantly increased at the
end of hemodialysis as compared to predia-
lysis(p <.001). Plasma ACE was corrected for
changes in hematocrit and showed a small but

ier
ACE

Normal
Fig. 1. Plasma ACE activity in normal control &
patients with hemodialysis,

Table 1. Hematocrit, WBC Count and PO, Changes During Hemodialysis

Pre - HD After 1 hr Post - HD
Ht (%) 223149 206157 23966
WBC (/uf) 5,520 1,310 4,880+1,820 7,270 £ 2610*
PO, (mmHg) 979116 9551140 100.6 £15.4
*P <.01, vs Pre-HD

Table 2. Plasma ACE Activity During Hemodialysis
Control Pre - HD After 1 hr Post - HD

ACE (U/ml) 84118 91122 88%19 109 £2.8%*
Ht (%) - 223149 20.6*5.7 23.916.6
Corrected ACE (U/ml) 84%18 9.1%22 956+%22 10,2%£2.2*

* P< .05, ** P<.001, vs Pre-HD
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Fig. 2. Relationship between the changes in ACE and
the decrease in PO, at 1 hour after hemodialysis.
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Fig. 3. Relationship between the changes in ACE and
the decrease in WBC count at 1 hour after
hemodialysis.

significant increase after 5 hours of hemo-
dialysis(p<.05)(Table 2). The increase in plasma
ACE activity at the end of hemodialysis did not
significantly correlated to the PO, drop at one
hour after hemodialysis(Fig. 2). But there was a
significant correlation between plasman ACE
increment at the end of hemodialysis and drop in
WBC counts at one hour after hemodialysis(r=0.
51, p<.05) (Fig. 3).

DISCUSSION
It remains uncertain whether renal disease per
se!® is associated with plasma ACE elevation or

the hemodialysis procedure!V influences the
enzyme level. One possibility is that the diseased
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kidney secretes excessive amounts of the enzyme
in the blood. The is unlikely to be the case, how-
ever, since increased plasma ACE activity was
also observed in a patients who had undergone
bilateral nephrectomy®. A second possibility is
that the enhanced ACE activity is a sonsequence
of the failure of the kidney to excrete or degrade
the enzyme. The high molecular weight of plasma
ACE would argue against this possibility. Third
possibility is that the increase in plasma ACE level
in patients with hemodialysis may be due to
diabetes mellitus® or chronic liver disease® in
which an associated increased ACE level is known
to exist. The fourth possibility is that hemodialysis
procedure itself could increase plasma ACE level
in patients with hemodialysis.

Craddock et al® showed the interaction
between the blood and dialyzer membrane acti-
vates the complement system mainly by the alter-
native pathway leading to transient leukopenia
during the first hour of dialysis therapy. An
increase in complement fraction C5a was suggest-
ed to induce the formation of leukocyte aggre-
gates and the embolization of these to the pulmo-
nary vasculature causing pulmonary dysfunction
with decreased diffusion capacity and increased
small airway closing volume!®.

Although localized in the vascular endothelium
of several organs™, ACE is principally found in the
lungs where it is concentrated on the luminal
surface of the vascular endothelium in close con-
tact with the blood and thus subject to pertubation
by all factors that affect the integrity of this en-
dothelium!®, Our data showes that plasma ACE
tends to be elevated in patients with maintenance
hemodialysis. The further increase in plasma ACE
following hemodialysis can be largely accounted
for by the hemodialysis procedure.

The human ACE is a large, single polypeptide
chain with an approximate molecular weight of
150,000'% and accordingly does not cross dialyzer
membranes. In our study plasma ACE corrected
for hemoconcentration also increased significant-
ly after 5 hours of hemodialysis. We found an
increase in plasma ACE during hemodialysis wh-
ich was of the same order of magnitude and
followed a similar time course as seen in animals
with acutely induced damage to the vascular
endothelium in the lung®. The increase in plasma
ACE after 5 hours of hemodialysis is significantly
correlated with the decrease in WBC counts at
one hour of hemodialysis. But there was no signifi-
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cant correlation between plasma ACE changes
and PO, changes.

Dialysis associated hypoxemia is probably due
to two concurrent process. In the earlier stages,
the hypoxemia is related to the intrapulmonary
leukostasis which is strongly dependent on the
membrane material being used. This is super-
imposed on hypoventilation induced hypoxemia
due to reduction in the CO, load that occurs in
acetate dialysis'®. Since the decrease in PO,
during hemodialysis is not caused solely by leuko-
cytes sequestration in pulmonary vessels, the
increase in plasma ACE during hemodialysis more
likely related to the change in WBC count than to
PO,. Our study confirms that plasma ACE incre-
ases during hemodialysis are possibly due to
vascular endothelial injury of the lungs.

Although further studies are needed to estab-
lish that the increase in plasma ACE during
hemodialysis is selectively due to release of ACE
from the lung, our result indicates that plasma
ACE analysis may prove to be a new method for
assessing pulmonary dysfunction during hemodia-
lysis.
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