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Summary

Blood pressure and plasma renin activity were re-
measured after an interval of8 to 17 months in 16 patients
on maintenance haemodialysis previously found to have
high renin activity. Continuing intermittent haemo-
dialysis changed the plasma renin activity and blood
pressure but no consistent pattern was seen. This con-
firmed our previous finding that adequate dialysis can
control blood pressure in the presence of high renin
activity. We therefore conclude that bilateral neph-
rectomy should be approached with renewed caution.

Introduction

In a previous study (Craswell et al., 1972 a) we found that
single measurements of plasma renin activity bore no significant
relationship to blood pressure control. Vertes et al. (1969), Kono
(1970), and Weidmann et al. (1971) have recommended that
patients on dialysis with poorly-controlled blood pressure and
high plasma renin activity should undergo bilateral nephrectomy
to achieve better blood pressure control, and all three groups
noted the value of a high renin activity in predicting which
patients would be difficult to control by dialysis.

In the present study we have reassessed those patients pre-
viously found to have raised plasma renin activity. The object
was to determine whether continuing intermittent haemo-
dialysis for 8 to 17 months had effected any change in plasma
renin activity and or blood pressure control.

Patients and Methods

Plasma renin activity was raised in 21 out of the 89 patients
in whom it was measured in the original study (Craswell et al.,
1972 b). Sixteen of the 21 patients were available for restudy.
Of the five who were unavailable four had received cadaver
kidney transplants and the fifth had transferred to another unit.
As in the original study, all patients were examined in the

morning after fasting from the previous midnight and more
than 24 hours after finishing dialysis. Blood pressure was
measured with a standard mercury sphygmomanometer after
the patients had lain supine for one hour. Blood for measuring
plasma renin activity and plasma electrolyte concentrations was
then taken from either the arterial end of a Quinton-Scribner
shunt or from a Cimino-Brescia fistula-the patients remaining
supine. Electrocardiograms were recorded on the day of the
blood sampling.
Plasma renin activity was measured by a modification of the

radioimmunoassay for angiotensin I of Haber et al. (1969)
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as described in our original study. The normal range for our
laboratory for the supine position with varying sodium intake
was 0-28 to 2-62 ng angiotensin I/ml/hr. All plasmas were
assayed in duplicate within three weeks of the blood sampling.
Pooled plasma samples were assayed with each run and gave
coefficients of variation of5% and 9% within and between runs.
Pearson correlation coefficients were calculated using program
S.P.S.S. of the Control Data Corporation Computer, model
cyber 73.
There were no major changes in the technique of dialysis

during the 8 to 17 months interval between the two studies.
The 13 home dialysis patients continued to dialyse overnight
for three 10-hour periods with a 1m2 Kiil kidney and continued
to use dialysis fluid with a sodium concentration of 135 mmol/l.
The three hospital-based patients dialysed for two 12-hour
periods using the more efficient Meltec multipoint haemo-
dialyser.

Results

Continuing intermittent haemodialysis was accompanied by a
fall in plasma renin activity and falls in both systolic and diastolic
blood pressures (table I). Mean plasma sodium and potassium

TABLE i-Comparison of 1971 and 1972 Plasma Renin Activities, Blood
Pressures, Electrocardiograms, and Plasma Electrolytes. Results are given as
Means ± S.E. of Mean

Observation 1971 1972 No. of t* 2Pt
Pairs

Plasma renin activity
(ng/ml/hr) .. 14-4 + 8-9 13-8 ±7-3 16 0-27 <0*79

Blood pressure (mm Hg):
Systolic .128-1 9-5 121-1 +45 16 0-92 <0 37
Diastolic .78-4± 50 77-4 + 2-8 16 0 35 <0 74

Electrocardiogram (mV) ' . 29-9 ±3-8 31-3 ±4-4 15 0-6 <0-56
Plasma sodium (mmol/l.) . . 132-9 ±0-8 131-2 ± 1-1 15 1-64 <0-12
Plasma potassium (mmol/l.) 5-2 ±0-2 4-5 ±0-2 15 2-74 <0 016

*Student's t test for paired data.
tTwo-tailed significance.

concentrations also fell whereas electrocardiographic voltage
rose. Of the differences between the means only the plasma
potassium achieved significance at the 5% level or above.
The percentage change in plasma renin activity did not

correlate significantly with the percentage change in any of the
other five variables-systolic blood pressure, diastolic blood
pressure, electrocardiographic voltage, plasma sodium con-
centration, and plasma potassium concentration. A negative
correlation was found between the 1971 plasma renin activity
and the 1971 plasma sodium concentration (r = 0-6015,
P < 0-018) and a positive correlation between the 1971 plasma
renin activity and the 1971 electrocardiographic voltage (r +
0-6414, P < 0 01). The 1972 plasma renin activity failed to
correlate significantly with any of the five variables tested.
The plasma renin activity in 1971 and in 1972 in each of the

16 patients are shown in fig. 1. A plasma renin activity of
10 ng/ml/hr (about four times the upper limit of normal) has
been taken as an arbitrary value to separate the high renin
group from the very high renin group. Two of the three patients
in the very high renin group in 1971 remained there in 1972
and two others had joined them. The renin activity in four
patients had fallen to the normal range.
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TABLE i-Clinical Details of 16 Patients Studied

Duration of Plasma Renin Blood Pressure Electro- Plasma Plasma
Age (Years) Dialysis Activity (mm Hg) cardiogram Na K

Case and Sex Diagnosis (Months) (ng/ml/hr) (mV) (mEq/l.)
No.

1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972

1 39 M. Glomerulonephritis 2 10 2-71 4-54 70/30 80/50 39 20 130 135 4-6 4-3
2 50 M. Glomerulonephritis 41 54 2-95 5-78 140/90 150/90 20 35 135 129 6-3 5-1
3 32 M. Glomerulonephritis 46 59 2-95 6-54 120/80 105/70 21 20 132 130 5-6 7-2
4 51 M. Glomerulonephritis 66 80 3-25 8-49 100/70 115/70 14 21 131 121 5-7 5-2
5 33 F. Lupus nephrits 25 40 3-35 2-21 150/85 120/80 35 42 131 131 4-1 3-8
6 29 F. Pyelonephritis 32 48 3-47 0-20 115/70 115/70 37 29 134 129 4-3 3-8
7 51 F. Pyelonephritis 9 18 3-96 0-48 100/70 110/70 11 14 132 132 3-4 3-8
8 24 F. Pyelonephritis 15 30 4-44 3-06 100/60 120/80 24 23 135 128 4-6 3-8
9 49 F. Glomerulonephritis 29 44 5-84 4-87 140/100 135/85 20 20 136 135 5-3 4.9
10 52 M. Polycystic kidneys 14 27 5-87 10-42 130/80 125/85 14 10 137 134 6-0 4-4
11 51 F. Pyelonephritis 18 33 5-94 2-06 85/60 98/68 30 26 135 136 6-3 5-3
12 32 M. Pyelonephritis 77 94 6-09 5-37 130/80 120/70 51 72 133 137 6-1 4-0
13 43 F. Glomerulonephritis 49 65 8-82 11-36 180/110 135/95 39 39 130 129 5-9 4-6
14 28 M. Glomerulonephritis 7 15 11-07 4-73 230/110 130/85 32 56 - 132 - 5-4
15 30 F. Glomerulonephritis 30 46 13-08 31-15 130/70 150/80 30 38 137 134 4-2 4-0
16 6 F. Haemolytic uraemic syndrome 10 21 146-7 119.5 130/90 130/90 63 61 126 128 4 9 3 8
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FIG. 1-Plasma renin activities in 16 patients in 1971
and in 1972 after an interval of 8 to 17 months.
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FIG. 2-Diastolic blood pressures in 16 patients in 1971
and in 1972 after an interval of 8 to 17 months.

The diastolic blood pressures in 1971 and 1972 are represented
in fig. 2. Only two patients in 1972 had diastolic pressures of
90 mm Hg or above.

The clinical details of the 16 patients are summarized in
table II.

Discussion

Bilateral nephrectomy has been advocated for the control of
hypertension which is slow to respond to haemodialysis (Brown
et al., 1971). Vertes et al. (1969) performed bilateral nephrectomy
in five out of 40 patients and recommended early operation in
those patients with high plasma renin levels. Weidmann et al.
(1971) also noted the predictive value of plasma renin activity
measurements, and they performed bilateral nephrectomy on
18 out of their 51 patients. More recently, Medina et al. (1972)
emphasized the practical value of measurements of renin and
angiotensin in predicting the fall of blood pressure after bilateral
nephrectomy. There is evidence from the above three reports
that a high plasma renin activity or concentration associated
with poor blood pressure control is an indication for bilateral
nephrectomy.

Since 1963 only one patient in the renal unit of the Royal
Free Hospital has had a bilateral nephrectomy to control hyper-
tension. All 16 patients in the present study had high plasma
renin activities in 1971 while three patients (cases 9, 13, and
14) had diastolic blood pressures higher than 90 mm Hg.
In 1972 case 13 was the only patient with a diastolic pressure
higher than 90 mm Hg, and her blood pressure had fallen
despite a rise in renin activity. In addition to case 13, three other
patients (cases 10, 15, and 16) in 1972 had renin activities of
more than four times above the upper limit of the normal range.
Blood pressure remained well controlled in cases 10 and 15 but
in case 16, a 6-year-old girl who has been described in detail
elsewhere (Craswell et al., 1972 a), the patient was still hyper-
tensive. Thus of the 12 patients in 1972 with high plasma renin
activities blood pressure was not well controlled in two. Both
patients were to continue with intermittent haemodialysis.
There is little evidence that the patients have suffered from

not having their kidneys removed. No patient has had a cerebro-
vascular accident or a myocardial infarction, despite recent
suggestions that patients with high plasma levels of renin are at
increased risk (Brunner et al., 1972). Also the survival rate for
home dialysis patients at the Royal Free Hospital of 98'9% at one
year and 86% at four years (Moorhead et al., 1970) is superior
to other published igures (Lancet, 1970). There is some evidence
that dialysis patients who retain their kidneys benefit by requir-
ing fewer blood transfusions (van Ypersele and Stagier, 1969).
At the Royal Free Hospital blood transfusion is reserved for
patients who have an accidental or perioperative haemorrhage.
It is also possible that some patients may retain a residual
capacity to metabolize vitamin D (Fraser and Kodicek, 1970).
We agree with Moore (1972) that bilateral nephrectomy should
be approached with renewed caution, especially as we have
shown that persistent haemodialysis can control blood pressure
in the presence of high plasma renin activity.

I
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Intraluminal Precipitation of Bile Acids in Stagnant Loop
Syndrome
T. C. NORTHFIELD

British Medical Journal, 1973, 2, 743-745

Summary

The postprandial concentrations of free and conjugated bile
acids were measured in total content and micellar phase of
jejunal aspirates from nine patients with steatorrhoea due
to the stagnant loop syndrome and from 11 normal controls.
Aspirates from the stagnant loop syndrome patients, but not
from the normal controls, had a high concentration of free
(unconjugated) bile acids. There was a reciprocal decrease
in the concentration of conjugated bile acids, but total bile
acid concentration in the whole aspirate remained normal.
Total bile acid concentration in the micellar phase of intes-
tinal content was reduced, indicating precipitation of bile acids.
These findings suggest that precipitation of unconjugated
bile acids, rather than passive absorption, leads to a reduced
postprandial concentration of bile acids in the micel-
lar phase of jejunal content, and are consistent with
the hypothesis that fat malabsorption in the stagnant loop
syndrome results from decreased micellar dispersion of lipo-
lytic products.

Introduction

Current evidence suggests that steatorrhoea in the stagnant
loop syndrome is due to malabsorption of dietary fat, as
opposed to production of endogenous or bacterial lipids
(Donaldson, 1965). It does not appear to be due to bacterial
inactivation of pancreatic lipase (Donaldson, 1965; Kim
et al., 1966). The small intestinal mucosa has been widely
reported as normal by light microscopy (Paulk and Farrar,
1964; Donaldson, 1965; Rubin and Dobbins, 1965) and by
electron microscopy (Kjaerheim and Nygaard, 1968;
Tabaqchali et al., 1968), though abnormalities have been
reported by Ament et al. (1971).

Bacterial deconjugation of bile acids occurs in the small
intestinal lumen of animals with surgically created blind
loops (Donaldson, 1965; Kim et al., 1966) and of patients
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with the stagnant loop syndrome (Donaldson, 1965;
Tabaqchali and Booth, 1966). Free (unconjugated) bile acids
inhibit the uptake and esterification of fatty acids by small
intestinal slices in vitro (Dawson and Isselbacher, 1960), but
this does not appear to be the mechanism of fat malabsorp-
tion in vivo (Gallagher et al., 1968; Cheney et al., 1970;
Clark et al., 1970). Steatorrhoea in the stagnant loop syn-
drome is more likely to be due to a reduction in the concen-
tration of bile acids in the aqueous phase of in-
testinal content to a level inadequate for micellar solubiliza-
tion of dietary fat. A reduced incorporation of lipid into the
micellar phase of intestinal content has been found in ani-
mals with surgically created blind loops (Kim et al., 1966),
and oral administration of conjugated bile acids has been
shown to abolish the steatorrhoea in these animals, and in
one patient with the stagnant loop syndrome (Tabaqchali
et ail., 1968). Tabaqchali et al. (1968) reported a low concen-
tration of conjugated bile acids in intestinal content from
patients with the stagnant loop syndrome, but they studied
fasting rather than postprandial samples, so that the signific-
ance of their results in relation to the solubilization of
dietary fat is uncertain.
Two alternative mechanisms have been suggested to ac-

count for a reduced micellar concentration of bile acids. One
is rapid absorption of free bile acids. Since these have a
higher pK value (about 6) than bile acids conjugated with
glycine (about 4) or with taurine (about 2), they are more
rapidly absorbed than conjugated bile acids by passive
nonionic diffusion at the pH of jejunal content (about 6), as
has been shown in the rat by Dietschy et al. (1966) and in
man by Hislop et il. (1967). The second suggested mechan-
ism is that free bile acids may precipitate out of solution at
the pH of intestinal content, since in-vitro experiments have
shown that free bile acids precipitate at a pH below 6 5 to
7-0 (Small, 1971). Previous studies in patients with the
stagnant loop syndrome have not paid attention to the physi-
cal state of bile acids in the intestinal aspirate.

In order to clarify further -the role of altered bile acid
metabolism in the pathogenesis of steatorrhoea in the stag-
nant loop syndrome, the postprandial concentration of free
and conjugated bile acids has been measured in jejunal
aspirate from nine patients with steatorrhoea due to the
stagnant loop syndrome, and from 11 control subjects with-
out gastrointestinal disease. Total bile acid concentration has
also been measured in the micellar phase of intestinal aspir-
ate obtained from both groups of subjects,
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