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    KANEDA, H., MURATA, T., MATSUMOTO, J., MAETA, T., SHITOMI, K. and 
HARUYAMA, T. Effect ect of Captopril on Blood Pressure and Renin-Angiotensin-
Aldosterone System in Hypertensive Patients on Hemodialysis. Tohoku J. exp. 
Med., 1982, 137 (1), 21-31 We have performed a long-term (6-16 months) 
administration of captopril in 6 hypertensive patients with renal failure undergoing 
hemodialysis. They were divided into two groups according to the basal renin 
levels (pretreatment plasma renin activity, PRA), that is, high PRA group (3 

patients) and normal PRA group (3 patients). 1) In the high PRA group 
efficient reduction of blood pressure was obtained by small doses of captopril. In 
the normal PRA group, however, slight or no pressure reduction was observed. Ap-
propriate initial dose was 10-15 mg/day and maintenance one was 75 mg/day in 
high PRA group. 2) Hemodialysis potentiated the hypotensive action of captopril 
in the high PRA group through massive removal of sodium and water. 3) In the 
normal PRA group PRA was regulated by serum sodium concentration and the 

plasma aldosterone concentration (PAC) was by serum potassium concentration, but 
in the high PRA group PRA and PAC were mainly regulated by captopril itself. 
4) In one patient an adverse reaction consisting of strong bradycardia, dyspnea, 
chest pain and cold sweat was observed soon after the start of captopril medica-
tion. From these results, it was concluded that captopril was an excellent 
drug for the control of severe hypertension in dialysed patients having a high 
basal renin level. -- captopril; dialysis treatment; plasma renin activity

   Captopril (SQ 14,225), a new orally active inhibitor of angiotensin I converting 
enzyme (kininase II, Erdos 1975), has recently been shown to be effective in the 
treatment of essential (Case et al. 1978; Gavras et al. 1978; Brunner et al. 1979; 
Johnston et al. 1979) as well as renal hypertension (Brunner et al. 1979; Kaneda 
et al. 1981). Captopril is also known to lower the severe hypertension (malignant 
hypertension, Abe et al. 1980) in dialysed patients. 

   Numerous studies have been made on the treatment of essential hypertension 
with captopril, but reports on dialysed patients are scarce in the literature 

(Brunner et al. 1979; Kaneda et al. 1981). In these situations, it is worthwhile to 
study the effectiveness of captopril in patients on hemodialysis, to determine the 
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proper initial and maintenance doses in these patients, and to examine the adverse 
reactions, if any. 

   We have had such an experience in 6 severe hypertensive patients on 
hemodialysis. Three out of six patients had high plasma renin activity (pretreat-
ment PRA), and responded excellently to the administration of captopril. On the 
contrary, the remaining three had normal basal PRA, and exhibited no excellent 
results on captopril. Subsequently, the factors influencing the effectiveness of 
captopril were analysed. The results will be reported below.

                       MATERIALS AND METHODS 

   Six patients studied here were 5 males and one female. Their ages ranged from 24 
to 63 with an average of 48, and their durations of dialysis ranged from 6 to 61 months, 
averaging 30. The periods of the treatment with captopril ranged from 6 to 16 months, 
the mean being 11. Their underlying diseases were essential hypertension (4 patients) 
and chronic glomerulonephritis (2 patients). 

   Six patients were divided into two groups according to the levels of basal plasma renin 
activity (PRA), that is, high PRA group (3 patients) and normal PRA group (3 patients). 
The clinical data of the two groups are listed in Table 1. 
   In all patients treated with captopril, PRA and PAC were measured once a week. 

Determination of PRA was done according to Abe et al. (1972, normal range; 5.0-30.0 ng/ml 
from April 1972 to May 1978 and 0.4-2.4 ng/ml from June 1978 to now). PAC was deter-
mined by the method of Ogihara et al. (1977, normal range; 10-100 pg/ml). 
   All patients were treated by hemodialysis through arteriovenous fistula, two or three 
times per week, and were on a restricted sodium diet (approximately 100 mEq or less per 
day). The concentration of dialysate was as follows: Nat, 135-145 mEq/ liter, C1-, 103.0 
mEq/liter, K+, 0-3.3 mEq/liter, Ca++, 3.5 mEq/liter, Mgr ~, 1.5 mg/100 ml, and acetate, 
30-37 mEq/liter. Sodium, potassium, and acetate concentrations in dialysate were 
adjusted in each patient according to the state of electrolytes balance. 
   The dialysate supplying system was composed of a 50 liters tank and recirculation 
system, so that the ffuid and electrolytes dialysed out of the body were easily calculated at 
the end of the dialysis. The removed substances were routinely analysed and recorded 
in each dialysis. Statistical analysis was carried out using Student t-test. 

                          TABLE 1. The results of two groups divided according to the
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                              RESULTS 

Case reports 

   A representative case of each group is described below. 
   Case 1 (high PRA group). A 49 years old male (Case H,F.) was found to have 
hypertension (190-150/100-90 mmHg) in 1972. In July 1975, he visited a 
hospital to be diagnosed as severe hypertension with hypertensive nephropathy. 
In September 1975, he was admitted to our hospital complaining of strong 
emaciation (10 kg loss of body weight during the preceding 8 months), palpitation, 
severe headache, edema on legs, and advanced hypertension. 

   On his admission, severe hypertension (234/140 mmHg), hyponatremia (134 
mEq/liter), advanced retinal changes (KW-III), and deteriorated renal functions 

(BUN, 49 mg/100 ml; serum creatinine, 7.7 mg/100 ml; and 24 hr Ccr, 7.7 ml/min) 
were noted. From these results, he was diagnosed as malignant hypertension and 

were treated with propranolol (20 mg/day) in September 1975. 
   Plasma renin activity (PRA) measured on September 30, 1975 was markedly 
elevated (65.0 ng/ml). Propranolol was increased from 20 mg to 60 mg/day, and 
clonidine (0.45 mg/day), a-methyl dopa (750 mg/day) and bethanidine (30 mg/day) 
were added. Despite these treatments, the hypertension did not improve, and 
BUN and creatinine were still elevating. 

   On November 16, 1975, hemodialysis, three times per week, was started 
for the treatment of severe hypertension and advanced azotemia. Antihypertensive 
drugs were administered intensively as follows : oh-methyl dopa (1,500 mg/day), 
clonidine (0.90 mg/day), bethanidine (60 mg/day), nifedipine (60 mg/day), and 

propranolol (210 mg/day). But the hypertension was not controlled at all. 
   On July 17, 1979, hypertension worsened (226/135 mmHg) and orthopnea 
appeared, indicating emergence of congestive heart failure. On July 18, 1979, 
captopril (SQ 14,225) was administered with a dramatic effect (Fig. 1). Clinical 
course of the patient from July 18 to 23, 1979 was illustrated in Fig. 2.
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Fig. 1. The 

level.

clinical course of a patient (Case H.F., 49 years old, male) having a high renin

Fig. 2. The clinical course of the patient (Case H.F.) from July 18 to July 23, 1979.
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   Initial dose of captopril was 25 mg/day (6.25 mg every 6 hr). 
   Soon after the start of captopril administration, he felt well and his 

appetite improved which lasted thereafter. 
   On July 19, the dialysis was started as usual at 9:00 and ended at 16:00. On 
this day, his blood pressure and pulse rate were still descreasing, and at 20:00, 
12.5 mg of captopril was administered. Subsequently, his blood pressure and 

pulse rate were further decreased. 
   At 0:00 on 20th of July his blood pressure was 140/80 mmHg, pulse rate was 
50/min, and cold sweating, palpitation, and dyspnea were observed. It seemed 
likely that these symptoms might result from an acute reduction of blood 

pressure due to captopril. Three mg of norepinephrine dissolved in 500 ml saline 
was immediately infused, and oxygen inhalation was performed. By these 
treatments, the patient's condition gradually improved but bradycardia remained 
unchanged for a while. Captopril was again medicated in a reduced dose of 6.25 
mg at 20:00 on July 21st as shown in Fig. 2. Thereafter, such an acute reduction 
of blood pressure or bradycardia did not recur. 
   Propranolol and nifedipine were stopped in July 1979, and bethanidine was 
also discontinued in August 1979 (Fig. 1). Captopril was gradually increased up 
to 500 mg/day in November 1979. 
   From November 1979 to July 1980, the amounts of sodium and water removed 
monthly by the dialysis were 6,947 mEq and 44 liters on an average, respectively. 
These values were distinctly larger than those in the initial stage of dialysis (from 
June to October 1979, 4,028 mEq and 21 liters). The differences were statistically 
significant (for sodium p<0.005, and for water p<0.o05). 

   In accordance with these increased removal of sodium and water, blood 

pressure and cardio-thoracic ratio remained low in spite of the reduction of 
captopril and discontinuation of a-methyl dopa and clonidine. 
   From June to October 1979, mean systolic blood pressure was 190 mmHg and 
mean diastolic was 112 mmHg. From November 1979 to July 1980, the former 
was 159 mmHg and the latter was 97 mmHg. 
   These results suggest that the massive removal of sodium and water by the 
dialysis strongly influenced the hypotensive action of captopril on blood pressure. 
   From May 1980, diltiazem (90-120 mg/day) was medicated in combination with 
captopril (75-100 mg/day), and then, further reduction of blood pressure was 
obtained. 

   In July 1980, mean systolic blood pressure was 150 mmHg and mean diastolic 
was 90 mmHg. His general condition was greatly improved and he was discharged 
from the hospital to be treated as an out-patient. 
   As for the PRAs and PACs during the treatment of captopril, PRAs were 

constantly high, whereas PACs were greatly suppressed.
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1976, he complained of nausea and headache. On July 24, 1977 he was admitted 
to our hospital complaining of anorexia, nausea, and headache. On his admission, 
severe hypertension (190120 mmHg), advanced azotemia (BUN, 98 mg/100 ml; 
serum creatinine, 12.3 mg/100 ml), and anemia (Hb, 6.4 ng/ml) were characteristic. 

   Hemodialysis was started on May 28, 1977 to treat the advanced azotemia and 
uremic symptoms. Intensive dialyses, three times per week, or massive 
hypotensive drugs (a-methyl dopa, 450-900 mg/day; clonidine, 0.45-0.90 mg/day; 
bethanidine, 10-20 mg/day, and propranolol, 20 mg/day) were not effective for 
the reduction of blood pressure. 
   On July 27, 1979, he complained of orthopnea indicating an emergence of 
hypertensive heart failure. For the amelioration of heart failure, captopril was 
administered on July 19, 1979 (Fig. 3). As shown in Fig. 3, his blood pressure 
was not changed, though antihypertensive drugs including captopril were 
increased or newly supplemented, and monthly removals of sodium and water 
were intensified. 
   From May to October 1979, mean monthly removal of sodium was 4,200 mEq 
and mean monthly removal of water was 30 liters. From November 1979 to 
August 1980, the former was 6,619 mEq and the latter was 35 liters by means of

Fig. 3. The clinical course of a patient (Case SO.) with a subnormal renin level.
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lowering the sodium concentration of dialysate and increasing the ultrafiltrate. 
Both removed sodium (p<0.005) and water (p<0.005) in the latter period of time 
were significantly larger than those in the former period. In spite of these 
massive removals of sodium and water in the latter period of time, however, the 
blood pressure (191/112 mmHg) was not improved as compared with the former 
period (192/112 mmHg). 
   As for the PRAs and PACs, both showed subnormal levels before and after 
the treatment of captopril. 

Effects of captopril on blood pressure and renin-aldosterone levels 

    Mean levels of serum sodium concentration, serum potassium concentration, 
PRA, and PAC during the treatment of captopril are listed in Table 2. Mean serum 
sodium concentration during the treatment of captopril was 139.9 mEq/liter in the 
high PRA group and 140.0 mEq/liter in the normal PRA group, showing no signi-
ficant difference between the two groups. Mean serum potassium concentration 
was 5.1 mEq/liter in the high PRA group and 4.7 mEq/liter in the normal PRA 
group, showing significant difference (p<0.005) between the two groups. Mean PRA 
during the treatment of captopril was 6.2 ng/ml in the high PRA group and 3.8 ng/ 
ml in the normal PRA group. Mean PAC during the treatment of captopril was 
109.4 pg/ml in the former and 47.8 pg/ml in the latter. PACs between the two 

groups were statistically different (p<0.005), but PRAs were not. 
   Effects of dialysis on the hypotensive action in the two groups are listed in 
Table 3. Blood pressures on the first post-dialysis day were 189.6/109.4 mmHg 
in the high PRA group without captopril treatment, and 160.3/98.2 mmHg with it; 
the difference was significant in both systolic (p <0.005) and diastolic (p <0.01). 

     TABLE 2. Serum sodium concentration, serum potassium concentration, PRA, and PAC 
                   during the treatment o f captopril in two groups

TABLE 3. Blood pressures on the first post-dialysis day and the second post-dialysis 
      day in two groups with or without captopril treatment
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Blood pressures on the first post-dialysis day were 183.1105.9 mmHg in the normal 
PRA group without captopril treatment, and 175.4101.8 mmHg with captopril; 
also the difference was significant in both systolic (p <0.005) and diastolic (p< 
0.025). 
   Blood pressures on the second post-dialysis day were 194.3116.3 mmHg in the 
high PRA group without captopril treatment, and 165.3100.3 mmHg with it; the 

difference was significant in both systolic (p<0.025) and diastolic (p<0.05). Blood 

pressures on the second post-dialysis day were 178.0102.2 mmHg in the normal 
PRA group without captopril treatment, and 179.8104.4 mmHg with it; the dif-
ference was not significant in either systolic or diastolic. 
   As for the blood pressures under captopril treatment in the two groups, there 
was no statistically significant difference in either systolic or diastolic between 
the first and second post-dialysis days. 

    Correlations among serum sodium concentration, serum potassium concentra-
tion, PRA, and PAC during the treatment of captopril are shown in Table 4. 
Between serum sodium concentration and PRA, significant correlation was found 
only in the normal PRA group (r=-0.29, p<0.05). Between serum sodium 
concentration and PAC, no significant correlation was found in either group. 
Between serum potassium concentration and PAC, significant correlation was 
found in the normal PRA group (r=0.34, p<0.01), but not in the high PRA 

group. Between PRA and PAC, no correlation was recognized in either group.

                              DISCUSSION 

   Introduction of captopril (SQ 14,225, D-2-methyl-mercaptopropanoyl-L-

proline) into the clinical trials was an epoch-making event in the treatment of 
hypertension. Specific inhibition of angiotensin-converting enzyme (Ferguson 
et al. 1977; Ondetti et al. 1977) and feasibility of oral administration are two

TABLE 4.  Correlations between serum sodium concentration and PRA, between serum 

sodium concentration and PAC, between serum potassium concentration and 

PAC, and between PRA and PAC
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major characteristics of this drug. Many studies related to captopril have proved 
that this drug is effective for essential hypertension as well as for renal hyperten-
sion, and it is more effective for high renin type hypertension (Case et al. 1978; 
Brunner et al. 1979) than for normal or low renin type in which it shows slight 
hypotensive action owing to bradykinin potentiation (Ondetti et al. 1977; McCaa 
et al. 1978; Brunner et al. 1979) or unknown mechanism. Most studies on Captopril 
had been done in essential hypertension, but in patients with renal failure and 
hypertension, the effect of captopril had been studied in few institutions (Brunner 
et al. 1979; Kan eda et al. 1981). 

   We performed a long-term treatment of 6 hypertensive patients on hemo-
dialysis with captopril, and the following results were obtained. 

   1) Hypotensive action and basal renin levels. 
   Patients having high basal renin activity in the plasma (mean value of PRA, 
4.8 ng/ml) responded with excellent reduction of blood pressure compared to the 
normal renin group (mean value of PRA, 1.3 ng/ml). Case et al. (1978) and 
Brunner et al. (1979) reported similar results. It was, however, an interesting fact 
that patients with normal PRA also showed slight hypotensive response to the 
administration of captopril. It was not certain whether this hypotensive effect of 
captopril in the normal PRA group resulted from potentiation of bradykinin 

(Ondetti et al. 1977; McCaa et al. 1978; Brunner et al. 1979) or other unknown 
mechanisms. 

   2) Appropriate initial and maintenance doses of captopril in hypertensive 

patients under hemodialysis. 
   Case H.F., one day after the dialysis, received 25 mg/day of captopril as an 

initial dose and presented severe hypotension, bradycardia, and dyspnea. He did 
not show such symptoms thereafter, though much larger doses of captopril were 
administered and intensive dialysis treatment was carried out. To avoid this 
excessive hypotension, the initial dose of captopril in dialysed patients should be 
limited to small doses (10-15 mg/day). 
   On the other hand, the maintenance dose in the high PRA group was 75 mg/ 
day as a mean, but in the normal PRA group it was 225 mg/day. Blood pressures 
were efficiently controlled in the former by small doses of the drug, but not excel-
lently regulated in the latter by massive doses of the drug. 
   From these results, it was concluded that the optimal maintenance doses of 
captopril in patients sensitive to the drug (high PRA group) might be relatively 
small and comparable to those in essential hypertension. 

   3) Relationship between the hypotensive action of captopril and the dialysis 
treatment. 
   The high PRA group responded to captopril with significant blood pressure 

reduction on both the first and second days after the dialysis, whereas the normal 
PRA group responded only on the first day after the dialysis. From these results, 
it was obvious that hypotensive action of captopril was strengthened by the 
dialysis treatment.
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   R emoval of sodium and water from the body, enhancing the renin-angiotensin 
system, is likely to intensify the hypotensive action of captopril. Similar observa-
tion has been made in patients with essential hypertension treated with diuretics 

(Case et al. 1978; Brunner et al. 1979; Johnston et al. 1979). 
   4) Regulation of PRA and PAC in patients treated with captopril. 

   PRA was correlated negatively with serum sodium concentration in the normal 
PRA group, but not in the high PRA group. On the contrary, PAC was significant-
ly correlated with serum potassium concentration in the normal PRA group, but 
not in the high PRA group. From these results, PRA and PAC may be regulated 
by captopril itself, independently of electrolytes balance, in the high PRA group, but 
not in the normal PRA group, in which they were dependent on electrolytes balance.
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