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Abstract The clinical relevance of
mild chronic anemia in patients
after heart transplantation (HTX)
has not yet been demonstrated. For-
ty-five outpatients who had under-
gone HTX 2-99 months prior to in-
vestigation and who had not re-
ceived blood transfusions or eryth-
ropoietin (EPO) before data acqui-
sition were observed over a period
of 37 months. Anemia was found in
36 of the 45 patients and was nor-
mocytic, normochromic, and slightly
anisocytotic (coefficient of varia-
tion = 16 + 2, normal 11.5-14.5).
Anemic patients showed elevated
EPO levels, whereas in nonanemic
patients EPO levels were normal.
Survival after HTX differed signifi-
cantly in anemic and nonanemic pa-
tients (P < 0.02), with 100 % survival
in the nonanemic and 85 % in the
anemic group. Chronic anemia in
patients after HTX shows a typical
pattern. Even when mild, anemia in
patients after HT'X seems to be of
prognostic value and thus might be
an indicator of chronic disorders.

Introduction

been observed. This may be due to cyclosporin A
(CyA) nephrotoxicity [9] and has been regarded as a

Chronic anemia is reported to be frequent after solid or-
gan transplantation and to be of multifactorial etiology
[4,6,9, 11, 15, 18, 24]. The typical pattern of post-trans-
- plant anemia seems to depend entirely on the type of or-
gan transplanted. In lung and heart-lung recipients
(6, 15], erythropoietin (EPO) levels below normal have

major cause of anemia in these patients. Several studies
[24, 28] have indicated a relative EPO deficiency in re-
nal transplant recipients who show elevated EPO levels.
These findings suggest a kind of “EPO resistance”
[24, 28] with a poor bone marrow (BM) response to ele-
vated EPO levels and a disruption of the feedback
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mechanism that is associated with an inadequate release
of EPO, all of which are probably symptoms of chronic
disorder [6, 15, 19, 26].

Iron deficiency has been reported to be an additional
factor that contributes to the development of anemia in
lung and kidney recipients [6, 18]. Other mechanisms in
the pathogenesis of anemia after solid organ transplan-
tation are thought to be azathioprine (Aza)-related
[1, 11], caused by antibodies that lead to hemolysis [4,
15, 23], or due to parvovirus B, infection [2, 25, 27].

In adult heart transplant recipients, chronic anemia
has been described as less severe and less frequent than
in kidney or lung transplant recipients [15], but its etiol-
ogy and clinical relevance have not yet been established.
We present a long-term follow-up study of 45 outpa-
tients after HTX. The aim of the study was to report
laboratory findings of anemic and nonanemic patients
after HTX and to evaluate differences between the two
patient groups with respect to morbidity and mortality
in order to reveal a possible clinical relevance of mild
chronic anemia in patients after HTX.

Materials and methods

Patient population

All of our outpatients (48 patients, 7 female, 41 male) who had un-
dergone HTX at least 2 months prior to the beginning of the study
(November 1994) were evaluated. Median age was 54 years (range
16-66 years), and the median time after HTX was 33 months
(range 2-98 months) at the beginning of the study. Thirty of the pa-
tients had undergone transplantation for dilated cardiomyopathy,
14 for coronary artery disease, 2 for heart failure following valve
replacement, 1 for fibroelastosis of the endocardium, and 1 for tox-
ic heart failure after chemotherapy for a non-Hodgkin’s lympho-
ma.

Surgery of evidence of other blood loss within the sampling pe-
riod, known malignoma, and a known disease of the hematopoietic
system were taken as exclusion criteria, and three patients were con-
sequently excluded from the statistical analysis, the first because
S thalassemia, the second due to pernicious anemia, and the third
due to chronic blood loss with severe iron deficiency due to hyper-
menorrhea. The remaining 45 patients were analyzed. Two of these
patients were known to have cold agglutinins, but there was no sign
of any clinical relevance. During the time of probe sampling and in
the last 3 weeks before that period, neither blood cell transfusions
(BT) nor EPO was given to any of the patients.

None of the patients was on hemodialysis at that time. Acute
rejection (ISHLT grade above 2) did not occur in our group during
the period of data acquisition. A screening for parvovirus B, IgM
antibodies was negative in all patients. By the end of December
1997, 39 (86.6% ) of the 45 patients included in the analysis and all
3 of the patients excluded were alive and well.

Data acquisition, definition of anemia

The laboratory data were obtained over a period of 3-5 months.
During this time, four to six blood samples were taken of every pa-

tient. In one patient who died 3 months after the beginning of the
study, only three samples could be obtained.

Normal hemoglobin values in our laboratory range from 14 to
18 g/dl in men and from 12 to 16 g/dl in women. Thus, anemia was
defined as hemoglobin below 14 g/dl whole blood in men and be-
low 12 g/d! in women, which is in accordance with Harrison’s Prin-
ciples of Internal Medicine [12]. Blood samples were generally
taken between 8 : 00 and 9: 00 a.m. {22].

Therapeutic regimen

Patients were on immunosuppressive triple-drug therapy with
CyA (Sandimmun Neoral, Sandoz), Aza (Imurek, Wellcome),
and prednisolone (Pred; Aprednislon, Merck). The CyA dosage
was adjusted monthly after measuring whole blood trough levels
with a target value of 200-250 ng/m! during the first 6 months,
180-220 ng/ml during the following 6 months, and 100-180 ng/mi
after the 1st postoperative year. The dosage of Aza was adjusted
in order to keep the white blood cell (WBC) counts between 4000
and 6000 per mm?; in patients with persistent WBC counts below
4000, Aza was discontinued. Pred was given at a dosage of 15 mg
daily during the first 6 months after HTX and was reduced to
7.5 mg daily within 1 year.

Acute rejection grade 1 A was not treated; in the case of acute
rejection ISHLT grade 1B or 2, 1 g of methylprednisolone (Solu-
medrol, Pharmacia & Upjohn) was given daily for 3 days as rejec-
tion therapy. Mean CyA trough levels and mean daily Aza of the
patients are presented in Table 1.

As an additional therapy, all patients had an Hy-blocker (raniti-
din or famotidin) and most were on diuretics (furosemide,
20-80 mg daily), antihypertensive drugs (alpha blockers and/or
calcium antagonists or alpha/beta blocker), a thrombocyte aggre-
gation inhibitor (acetylsalicylic acid in combination with dipyrida-
mole) and allopurinol or benzbromaron as therapy for elevated
uric acid. No ACE inhibitors were used in this patient group [11].

Laboratory investigations

Red and white blood cell counts and hemoglobin concentrations
were measured with an automatic cell counter (Coulter-Counter,
Coulter). Serum electrolytes, serum iron, and creatinine levels
were obtained with the routinely used nonselective analyzer
(SMAC-3, Technicon). Ferritin, vitamin B;,, and folate serum
levels were measured with immunoassay methods on a standard
analyzer (Stratus II, Baxter) and transferrin levels by immunone-
phelometry (Nephelometer, Behring).

Serum concentrations of EPO were analyzed with a radioim-
munoassay (Incstar, Stillwater) using a goat anti-EPO polyclonal
antibody. In our laboratory the sensitivity of the assay is 4 mU/ml.
The levels of the immunoreactive EPO correlate with the levels
of biologically active EPO measured with the polycythemic mouse
bioassay. EPO concentrations of 50 healthy volunteers between 21
and 60 years of age served as normal controls.

CyA trough levels were measured from whole blood taken ex-
actly 12 h after evening administration and immediately before
morning administration (trough levels) by the HPLC method.
The normal ranges of parameters are presented in Table 1.

Statistical analysis

In order to minimize the effects of daily variations and to obtain re-
presentative values over the period of data acquisition, mean



Table 1 Characteristics and laboratory findings of nonanemic and anemic patients after heart transplantation (HTX). Values are pre-

sented as medians (25th percentile/75th percentile)

Normal range Group 1 Group 2 P-value
Nonanemic Anemic

No. of patients (females) 9(4) 36 (3)
Age (years) 50 (40.5/55.5) 55 (49.7/61.7) NS
Months after HTX 58 (27/79) 29.5 (7.25/66.5) NS
Serum hemoglobin (g/dl) female: 12-16 14.5 (12.6/15.3) 12.0(11.3/12.3)

male: 14-18
Mean cellular volume (MCV) 107 - m? 82-101 94.6 (88.1/103.2) 99.1 (93.6/103.4) NS
MCYV: Coefficient of variance 11.5-14.5 15.3 (13.1/17.9) 16.0 (13.8/17.9) < 0.05
Cellular Hb-concentration {(g/dl) 31.5-36 33.4(32.9/33.6) 33.8 (33.6/34.0) <0.01
Reticulocytes (%) 5-15 12.3 (9.8/18) 12.2 (9.5/17.3) NS
Leukocytes {10%/mm?>) 5.7 (4.7/6.5) 5.6 (5.0/6.2) NS
Erythropoetin (mU/ml) 8-20 16.3 (12.7/18.9) 28.7 (21.7/41.1) < 0.001
Serum iron (ug/dl) 60-160 98.7 (82.5/147.4) 98.8 (86.1/128.8) NS
Ferritine (pug/l) 11-132 122.5¢37.2/221.3) 181.6 (100.0/439.9) NS
Transferrin-Sat (%) 16-45 23 (20/41) 32 (25/40) NS
Daily azathioprine (mg) 30(10.8/45.5) 21.7 (4.7/68.6) NS
CyA trough level (ng/ml) 175 (138/196) 158 (133/195) NS
Serum creatinine (mg/dl) 1.6 (1.5/2.4) 2.1 (1.7/2.5) NS
Daily allopurinol (mg) 200 (50/250) 200 (125/300) NS

values of the consecutive parameters were calculated in every pa-
tient. The intraindividual variations between single values were
generally low and tended to show normal distributions. The calcu-
lated means of each parameter were used for statistical analysis,
so that there is one value for every parameter in each of the pa-
tients.

Patients were retrospectively divided into a nonanemic group
(group 1) and an anemic group (group 2). Within these groups,
normal distributions were not found for most of the parameters.
Medians and quartiles were calculated for all variables in both
groups. For comparisons between the groups, the Mann-Whitney
U-test was used. Survival was analyzed by life-table analysis ac-
cording to Kaplan-Meier. Survival comparison was done with the
log-rank test. P-values below 0.05 were considered significant. Val-
ues are presented as medians and 25th percentile/75th percentile.

Results

General findings

Anemia was found in 36 of the 45 patients (3 females,
33 males; 80%). No significant differences between
group 1 and group 2 were found with respect to age,
time after transplantation, creatinine serum levels,
mean CyA trough levels, or daily Aza and allopurinol
dosage (Table 1). Vitamin B, and folate serum levels,
reticulocyte counts, and C-reactive protein (CRP) as a
marker of acute inflammation were within the normal
range in all patients. Total lactate dehydrogenase
(LDH), which was taken as an indicator for hemolysis

since haptoglobin was not available, was in the upper
normal range in almost all patients. There was a trend
to higher values within the group of nonanemic patients,
but this was not statistically significant.

Patients in group 2 had a normocytic, normochromic
anemia. Slight anisocytosis was seen in both groups,
but the coefficients of variations of the cellular volume
were significantly higher in the anemic group (Table 1).
Cellular hemoglobin concentration was significantly
higher in group 2 but within the normal range in both
groups.

Outstanding laboratory findings of both groups are
presented in Table 1.

Erythropoietin and parameters of iron metabolism

EPO serum levels were normal in most patients in
group 1 and elevated in most patients in group 2, with a
highly significant difference between the groups
(P < 0.001). Generally, there was a significant inverse
correlation between hemoglobin and logEPO
(r=-0.272, P < 0.05; Fig. 1).

Iron serum levels and transferrin saturations {(TF-
Sat) were comparable and within the normal range
[iron 98.7 (82.5/147.4) ng/ml vs 98.8 (86.1/128.8) ng/ml,
P = NS; TF-Sat 23 (20/41) % vs 32 (25/40) %].

Ferritin levels (FT) were elevated in group 2 without
a significant difference between the groups [122.5 (37.2/
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221.3) pg/l vs 181.6 (100.0/439.9) ug/l, P =0.125] and
showed high interindividual variation.

Patient survival and morbidity

Survival after HTX was significantly different in the two
groups (P <0.02). In group 1 (n =9), all patients were
alive at the end of the study. In group 2 (n = 36), six pa-
tients died within 2, 7, 10, 18, 25, and 34 months after
the beginning of the study. The causes of death were
pneumonia (n =2), pneumonia with terminal intracer-

ebral hemorrhage (n = 1), and allograft vascular disease
(n = 3). A Kaplan-Meier curve of patient survival dur-
ing the study is presented in Fig. 2.

Patient morbidity within the observation period (No-
vember 1994-December 1997) was defined as the need
for hospitalization due to rejection or infection. The
length of time spent in the hospital for other reasons,
such as trauma, hypertension, hyperlipemia, and diag-
nostic purposes, was similar in both groups (data not
shown).

Comparability is limited because of the deaths in
group 2. No significant differences were found between
the groups when analyzed with the above-mentioned
statistical tests. There was a substantial number of pa-
tients in both groups who were not hospitalized for ei-
ther rejection or infection during the follow-up (similar
or equal medians). A comparison of the means ( SD)
may serve as an indicator of a trend to longer hospita-
lization in group 2. In group 1, patients were hospita-
lized for treatment of bacterial infection for a mean
time of 2.2+3.1days vs 14.2+36days in group?2
(P =0.193). Hospitalization time due to viral infection
was 12 £ 14 days in group 1 vs 16 + 23 days in group 2,
and due to rejection 4.4 £ 6.7 days in group 1 vs 5.8+
8.1 days in group 2.

Discussion

Although anemia is often seen in solid organ recipients
[9]. there is little data about anemic heart transplant re-
cipients in the literature. Hunt et al. [15], who analyzed
and compared blood films and EPO levels as well as
other relevant parameters of heart and heart-lung re-
cipients, concluded that there were “no patients with
unexplained anemia” in their group of heart recipients.
The difference between Hunt et al.’s results and ours
concerning the prevalence of anemia after HTX can be
explained by our different definitions of anemia. In
their study, anemia was considered significant when he-
moglobin was below 10 g/dl. On the basis’of our labora-
tory’s normal range, which is in accordance with Harri-
son’s definition [12], a majority of our patients were
anemic.

The pattern of anemia in our patients was compa-
rable to that in other reports about anemia after solid
organ grafting: a normocytic, slightly anisocytic, normo-
chromic anemia with generally normal reticulocyte
counts [3, 6, 9, 10, 12, 14, 15, 18, 24, 26]. Despite these
shared characteristics and a similar clinical and immu-
nological situation in allotransplant recipients who re-
ceive CyA, Aza, and Pred for standard immunosuppres-
sion, a comparison of recipients with different trans-
planted organs appears to be problematic. In kidney
and liver recipients, the transplanted organ is directly
involved in endogenous EPO production [5, 8,9, 17, 24,
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28], and in lung and heart-lung recipients a possible in-
fluence of a preoperatively impaired oxygen saturation
on the EPO feedback mechanism [6, 15] has to be con-
sidered. A further argument is that with regard to serum
EPO, laboratory findings in the literature are different,
indicating that endogenous EPO production may be de-
termined by the type of organ transplanted. End et al.
[6] and the Vienna Transplant Group report an absolute
EPO deficiency in both anemic and nonanemic patients
after lung transplantation, whereas Hunt et al. reported
“appropriate” serum EPO levels for the underlying de-
gree of anemia in patients after heart-lung transplanta-
tion [15]. Other groups observed a “blunted EPO re-
sponse” in transplant recipients with a pathological
EPO-to-hemoglobin relationship [9] and a reduced ra-
tio of measured-to-expected serum EPO [3,7, 9, 10, 16,
18,21, 24, 28].

In our anemic patients, serum EPO levels were ele-
vated as described by Erslev in patients with simple ane-
mias and other diseases complicated with anemia [7]
(Fig.1). It is difficult to state whether the elevation of
EPO in our anemic patients can be called “appropri-
ate”. On the one hand, the levels measured are within
the expected range [7]; on the other hand, a symptomat-
ic therapy with recombinant human EPO [10, 13, 19]
proved to be sufficient in anemic heart recipients [29].
Thus, an elevation in endogenous EPO as found in our
patients can be characterized as “relatively inappropri-
ate” because it is not able to correct the anemia.

We have not found that EPO production is impaired
by CyA [3. 9, 18]. Since CyA is only given when thera-
peutic immunosuppression is required, it seems likely
that immunological reactions [19, 26] cause the reported
blunting of EPO response [6, 24], not because of, but re-
gardless of, CyA administration. This would also ex-
plain the fact that anemia is not observed in all patients
receiving CyA. It seems necessary to analyze post-trans-
plant anemia separately for every type of organ trans-
planted. We suggest that only patients with the same
type of graft be compared.

Aza, which has been described as a possible cause of
macrocytic anemia due to its properties as purine-anti-
metabolite and which is also reported to cause an in-
crease in ineffective iron turnover [1, 14], was given in
similar dosages in anemic and nonanemic patients, with
a tendency to higher dosages in the nonanemic group.
Anemic patients seemed to be less tolerant of Aza, and
Aza had to be discontinued more often in that group.
Although haptoglobin was not available, chronic hemo-
lysis was a very unlikely additional cause of anemia in
our patients. LDH was not elevated and tended to be
higher in the nonanemic group.

Asin patients with chronic disease [19], anemia in our
transplant recipients appeared to be due to an impaired
reactivity of the bone marrow to raised EPO serum
levels. Unlike anemia in cancer or rheumatoid arthritits
patients [19, 20], a functional iron deficiency with low
transferrin saturations and low serum iron levels was not
observed in our patients and seems generally not to be ty-
pical of anemia in transplant recipients [6, 9, 15].

The different survival rates of anemic and nonanemic
patients over the observation period of 3 years suggest a
clinical relevance of mild anemia in patients after HTX.
Latent rejection or episodes of latent infection are prob-
ably the cause of both chronic anemia and impaired sur-
vival in a majority of the patients. A possible influence
of chronic rejection on the effectiveness of EPO in kid-
ney recipients has also been suggested [26].

Our data suggest that chronic anemia after HTX is a
sensitive indicator of latent disorders. Anemia in pa-
tients after HTX seems to show specific characteristics
and should be seen as a separate entity. Separate studies
on cytokine levels in anemic and nonanemic patients,
especially interleukins-1, -2, and -6 and tumor necrosis
factor alpha [19. 20], and on the effects of therapies like
enhanced immunosuppression and antiviral treatment
in anemic patients are needed to devise a rationale for
a causal therapy. Whether a symptomatic elevation in
hemoglobin would improve patients survival remains
controversial.
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