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Abstract. Two renal transplant patients developed anemia 
during treatment of hypertension with enalapril medica- 
tion. Hemoglobin levels normalized after administration 
of enalapril was stopped. In one patient, it was demon- 
strated that the discontinuation of enalapril was followed 
by a decrease in renal blood flow and a significant increase 
in the plasma erythropoietin levels that preceded the rise 
in hemoglobin. These observations are consistent with the 
hypothesis that angiotensin-converting enzyme inhibition 
may cause anemia by increasing renal blood flow and con- 
sequently decreasing erythropoietin levels. 

Key words: Anemia, enalapril, kidney transplantation - 
Enalapril, anemia, kidney transplantation 

Angiotensin-converting enzyme inhibitors are widely used 
in the treatment of hypertension and have limited adverse 
effects, mainly those related to the lowering of blood pres- 
sure, coughing, and angioneurotic edema. The hypoten- 
sive effect is mediated at least partly by decreased angio- 
tensin I1 production, but an increase in the vasodilator 
bradykinin probably also plays a role. These agents may in- 
crease renal blood flow by dilatation of the afferent and ef- 
ferent arterioles. In this case report we describe anemia as 
an unusual adverse effect of treatment with enalapril in two 
hypertensive renal transplant recipients. After discontinu- 
ation of enalapril, the anemia in both patients resolved. In 
one patient this was preceded by a rise in erythropoietin 
and accompanied by a decrease in renal blood flow. 

Case reports 

Case 1 

A 44-year-old man with membranous nephropathy received a ca- 
daveric kidney transplant in 1981. The transplantation was compli- 
cated by acute rejection, which was successfully treated with high- 

* Presenr address: Maasland Hospital, Sittard, The Netherlands 

Offprint requests fo: A. D. Graafland 

dose prednisolone. Maintenance immunosuppression consisted of 
150 mg azathioprine and 10 mg prednisone daily. Hypertension was 
well controlled with a combination of 50 mg triamterene and 4 mg 
epitizide daily until October 1988. This medication was then re- 
placed by 20 mg enalapril daily. No other drugs were prescribed dur- 
ing the observation period. It was noticed that the hemoglobin level 
decreased from 9.3 to 6.7 mmolll over a period of 2 months (Fig. 1). 
On physical examination no abnormalities were found and blood 
pressure was 120/70 mm Hg. Laboratory investigation did not reveal 
a cause for the anemia. Renal function remained the same; a slight 
increase in the mean corpuscular volume was ascribed to azathio- 
prim use (Table 1). The total amount of blood drawn during the 
40 months of observation was approximately 300 ml and could not 
explain the ancmia. Bone marrow aspiration showed slight hypoccl- 
lularity with normal granulopoicsis, crythropoiesis. and mcgaka- 
ryopoiesis. The iron stain was positive. After replacingcnalapril with 
25 mg atcnolol daily, the hemoglobin level increased to 8.9 mmol/l 
(Fig. 1). Blood pressurc remained well undcr control. Erythro- 
poietin levels wcre not measurcd. 

Case 2 

A 31-year-old woman presented in 1971 with proteinuria that was 
complicated by hypertension and progressive renal failure. In 1985 
continuous ambulatory peritoneal dialysis was started. One year 
later she received a cadaveric kidney transplant. An acute interstitial 
rejection was treated with high-dose prednisolone. Maintenance im- 
munosuppression consisted of 320 mg cyclosporin A and 10 mg 
prednisone daily. Hypertension was treated with a combination of 
atenolol and nifedipine. In June 1987 her hemoglobin level fell from 
9.1 to 6.0 mmol/l when antihypertensive treatment was changed to 
20 mg enalapril daily. The hemoglobin level normalized after discon- 
tinuation of enalapril. A second treatment period with enalapril 
again resulted in reversible anemia (Fig. 1). In April 1988 a biopsy of 
the transplanted kidney was performed for proteinuria (2.3 grams 
daily) and deterioration of renal function. Focal and local giomeru- 
lar sclerosis with slight interstitial rejection and fibrosis was do- 
cumented. In August 1988 enalapril was prescribed again (dosage 
20mg once daily) and anemia recurred, with hemoglobin levels 
dropping from 8.7 to 5.0 mmolfl (Fig. 1). No other medication except 
10 mg prednisone and 320 mg cyclosporin A was prescribed. Blood 
pressure was 150/90 mmHg. Laboratory results revealed no obvious 
cause for anemia (Table 1). The total amount of blood drawn during 
the 40 months of observation was approximately 900 ml and could 
also not explain the anemia. Bone marrow aspiration revealed a 
slightly impaired maturation of erythropoietic cells. Several erythro- 
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Table 1. Laboratory results before discontinuation of enalapril 

Patient 1 Patient 2 Normal values 
Erythrocyte sedimentation 

Hemoglobin 6.8 5 .o 7.5-11.0 mmoVl 
Hematocrit 0.33 0.24 . 0.37-0.54 
Mean corpuscular volume 103 95 80-100 fl 

rate 5 25 0-20 m m k  

Re ticulocytes 13 14 2-20 % 

- polymorphonuclears 88 90 39-77 % 

Thrombocytes 198 162 iso+oo x 1 0 9 ~  

Leukocytes 5.7 9.5 4.3-10.0 x 10y/I 
White blood smear 

- lymphocytes 7 6 20-50 % 
- monocytes 5 4 3-11 % 

Vitamin B12 305 475 >'2W pg/ml 
Folic acid 5.6 4.4 > 2.5 n g h l  
Ferri tin 381 61 10-260 pg/ml 
Haptoglobin - 1.22 2.07 0.50-1.80 g/l 
Creatinine 175 256 70-133 pmolfl 
Creatinine clearance 47 32 mVmin 
Lactate dehydrogenase 120 146 < 160 IUfl 
Direct Coombs test Not done Negative Negative 

blasts and proerythroblasts with vacuolized cytoplasm were seen. 
The iron stain was positive. Granulopoiesis and megakaryopoiesis 
were normal. These findings were compatible with secondary dys- 
erythropoietic anemia. 

After discontinuation of enalapril, blood pressure was controlled 
with a combination of atenolol, hydrochlorothiazide, and alpha- 
methyldopa. The hemoglobin level increased but did not normalize. 
Further analysis showed that iron deficiency with a serum ferritin of 
7 pg/l had developed simultaneously with the rise in hemoglobin. A 
second bone marrow aspiration was unaltered, except for a negative 
iron stain. There were no signs of occult gastrointestinal blood loss. 
With iron supplements the hemoglobin level normalized to 
9.6 mmol/l. Erythropoietin levels were measured using a RIA assay 
(Kit no.23200, Incstar, Stilhater, Minn., USA, normal values 10- 
20 IUII: Fig. 1). Mean erythropoietin levels were 10.4 IUll during en- 
alapril use and rose significantly (P < 0.05) to 14.4 IUA after stop- 
ping enalapril (difference 4.0 IUII; 95% confidence interval of 
difference 0.16-7.90 IUII). After discontinuation of enalapril, a de- 
crease in renal plasma flow (measured with '"'I-hippuran) and 
glomerular filtration rate (measured with "'I-thalamate) was ob- 
served (SO vs 70 mVmin and 18 vs 15 mVmin, respectively) with a 
decrease in renal blood flow from 105 to 95 mlhin.  

Discussion 

In this study we report on two patients who developed 
anemia during treatment with the angiotensin-converting 
enzyme inhibitor enalapril. Other causes of anemia were 
excluded. and after discontinuation of enalapril the hemo- 
globin level increased. In the second patient rechallenge 
inadvertently occurred twice with recurrent anemia dur- 
ing both episodes. During the last period, an increase in 
erythropoietin levels was demonstrated after discontinua- 
tion of enalapril. 

A number of studies provide information to explain the 
underlying mechanism of these findings. In animal experi- 
ments it has been demonstrated that angiotensin I1 sti- 
muIates erythropoietin production [4, lo]. In humans, 
angiotensin I1 also seems to play an important role in 
erythropoiesis in patients on hemodialysis because of the 

observation that anemia in hemodialysis patients worsens 
with captopril treatment [ 6 ] .  In that study no angioten- 
sin I1 levels or erythropoietin levels were reported. An- 
other study by the same group showed that angiotensin I1 
levels decreased during captopril treatment, whereas ery- 
thropoietin levels unexpectedly remained thc same. This 
was ascribed to methodological problems with the ery- 
thropoietin assay [7]. Onayama et al. [ll], using a more 
sensitive and specific radioimmunoassay, found a reduc- 
tion in erythropoietin levels, as well as a reduction in an- 
giotensin I1 levels during angiotensin-converting enzyme 
inhibition in hemodialysis patients. These findings con- 
firm the hypothesis that angiotensin-converting enzyme 
inhibition could worsen the degree of anemia through 
suppression of angiotensin I1 and erythropoietin produc- 
tion, especially when the renin-angiotensin system is acti- 
vated. A drop in hemoglobin during angiotensin-convert- 
ing enzyme inhibition has also been shown in renal 
transplant patients [l, 91, as well as in hypertensive pa- 
tients without renal disease [2, 51. However, no erythro- 
poietin levels were reported in these studies. Kamper et al. 
showed a moderate but significant decrease in hemo- 
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Fig. 1. Hemoglobin (Hb) and serum creatinine (Cr) levels in relation 
to  enalapril treatment in two renal transplant patients who de- 
veloped reversible anemia. --O-- Hemoglobin: -0- serum crea- 
tinine; -- 0 -- erythropoietin levels measured in patient 2 
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globin, accompanied by a fall in erythropoietin levels, 
3 months after starting enalapril in patients with chronic 
nephropathy [8]. 

In the present study, a significant increase in erythro- 
poietin was followed by a rise in hemoglobin after discon- 
tinuation of enalapril. This suggests that erythropoietin 
levels were inadequate with respect to the degree of 
anemia, which might have been the result of direct 
suppression of erythropoietin production by enalapril or 
indirectly mediated by angiotensin-converting enzyme 
inhibition, resulting in low angiotensin I1 levels. An alter- 
native explanation might be that angiotensin-converting 
enzyme inhibition results in improved renal blood flow 
with lessening of renal ischemia, resulting in a decreased 
production of erythropoietin [3 ,6 ] .  Accordingly, we found 
that the glomerular filtration rate and renal blood flow de- 
creased slightly after discontinuation of enalapril. Our 
study does not allow discrimination between direct and in- 
direct effects of enalapril. 

We conclude that treatment with enalapril, and pos- 
sibly with other angiotensin-converting enzyme inhibi- 
tors, can cause marked and reversible anemia in renal 
transplant recipients. This may be mediated by decreased 
erythropoietin production. 
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