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(From the National Institutes of Health, Bethesda, Maryland, Freedman’s Hospital, and the
Department of Pediatrics, Howard University, Washington, D. C.)

(Submitted for publication March 19, 1956; accepted May 11, 1956)

The frequent occurrence of hyposthenuria in
patients with sickle cell anemia has been noted
since 1928 (1). McCrory, Goren, and Cornfeld
(2), and Kunz, Pratt, Mellin, and Cheung (3),
established that the urinary concentration defect
was not due to a deficiency of the antidiuretic hor-
mone and Zarafonetis, Steiger, Molthan, Mc-
Master, and Colville (4), reported that subjects
with the sickle cell trait also had hyposthenuria.

It has been suggested that the renal defect has a
genetic basis (4); however, the data to be pre-
sented demonstrate the correction of the concen-
tration defect in sickle cell anemia patients in
whom intravascular sickling was suppressed by
transfusions of normal red blood cells.

METHODS

The concentration of solutes in urine was determined
cryoscopically with the Bowman freezing point appara-
tus (5). The accuracy attained is within two per cent.
The symbol mOsml. used to designate the solute concen-
tration of urine, represents that concentration which re-
sults in a freezing point depression of 1.86 X 10~*° C. and
is equivalent to a solution containing one millimole of
“ideal” solute per 1,000 gm. of water.

The bisulfite method was used for determining the
presence of sickle cells (6). The method of Wells and
Itano was used for the identification of hemoglobin (7),
and the benzidine method, as modified by Crosby, Munn,
and Furth was used for the plasma hemoglobin determi-
nation (8).

Urine concentration tests

A. The routine concentration test: Unless otherwise in-
dicated, the routine urine concentration test was used for
the determination of the ability to concentrate urine. In-
gestion of food and water was prohibited for 14 to 17
hours. The overnight urine was collected and discarded
about 2 hours before the administration of Pitressin®.
Two units of Pitressin® were administered subcutane-
ously at about the 15th hour of fasting and thirsting and
another two units were administered 30 minutes later.
Urine samples were collected 10, 30, and 60 minutes fol-
lowing the first injection of Pitressin®. The most con-
centrated of the three samples was considered to repre-

sent the maximal urine concentration ability under the
conditions of the test. If successive urine samples
showed any degree of progressive concentration, it was
assumed the subject had ingested water and the test was
repeated. A catheter was used to obtain urine from in-
fants under 2 to 3 years of age and from the occasional
adult who could not void. Some of the children cried
following the parenteral medication; otherwise, the pa-
tients remained quiescent during the test.

In most cases the concentrations of the three urine
samples were of the same order of magnitude. Occasion-
ally the urine samples following the administration of
Pitressin® were more dilute than the sample obtained
before the Pitressin® was administered; this observation
was confined chiefly to the infants and . children who
physically manifested their displeasure at having re-
ceived an injection. Possibly a renal hemodynamic
change or solute diuresis resulted from the crying.

B. Simple dehydration test: This test was identical to
test A above except that Pitressin® was not used and the
urine collections were extended for two one-hour periods.

C. Urine concentration test during water administra-
tion: The patient was urged to drink water to his maxi-
mum ability. While the patient was undergoing water
diuresis and was in positive water balance amounting to
about 2 to 3 per cent of body weight, Pitressin® was ad-
ministered and urine collected as in the routine urine
concentration test described above.

Case material

The control subjects included normal volunteers, non-
sicklemic siblings of patients with sickle cell anemia and
genetic dwarfs.

The sickle cell anemia patients had a history of sickle
cell crises and had been hospitalized frequently. Hemato-
logical examination revealed positive sickling, predomi-
nantly “S” hemoglobin by paper electrophoresis and
reticulocytosis (see Table I). Most of the older pa-
tients had received many transfusions but almost none of
the patients under 3 years had been transfused. Several
transfusions had been given to patients Nos. 25 and 26
within 5 months of the study. Patient No. 24 had thalas-
semia-sickle cell disease and patient No. 9 had sickle
cell “C” disease.

RESULTS

The urine concentration test was performed on
12 white and 12 nonsicklemic negro normal con-
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TABLE 1
Sickle cell anemia patients
Whole blood Plasma
Bili-  Urea Retic Urine
Age Hb Hct. Hb rubin N count conc, test
Pt. Sex years Gm. % % me. % % sml.
1 F %o 28 2.3 0.8 9 11.5 553
2 F 1 7.8 0.3 2.6 502
3 F 1 24 11 1.7 15 214 682
4 M 2 24 49 2.5 9 14.7 465
5 M 23 31 4 1.0 9 13.0 578
6 F 3 7.0 1.2 12.2 508
7 M 3 7.8 1.2 423
8 F 3 7.0 0.6 460
9 M 4 25 26 2.2 11 5.6 617
10 F 4 27 3.2 1.0 487
11 F 4 22 19 0.9 14 5.8 767
12 M 5 21 25 3.3 10 11 414
13 M 6 25 24 1.8 10 12 494
14 F 6 31 4 1.1 10 8.8 596
15 M 6 20 24 2.1 13 13.8 468
16 M 6 22 26 3.0 9 10.5 451
17 M 8 6.5 3.8 478
18 M 9 6.8 423
19 F 9 23 15 20 8 15.0 473
20 F 10 28 23 3.1 10 5.9 446
21 M 12 36 5 0.5 10 1.8 492
22 F 19 22 21 5.0 14 70 420
23 M 19 7.5 13 3.9 6 5.0 416
24 M 19 29 15 1.3 7 4.5 441
25 F 23 7.8 3.5 1.9 12 3.2 510*
26 M 23 1.7 13 5.0 502+
27 F 24 23 21 3.0 11 10.0 428
28 F 31 8.5 4 0.7 9 10.0 445
29 F 41 27 2.5 15 6.0 369

* Blood transfusions had been given within 6 months.

trols of varying ages (see Figure 1A). The aver-
age urine concentration was similar in both groups
of control subjects, and in subjects of different
ages. The mean value and standard deviation for
the 24 control subjects was 1,055 % 118 mOsml.
" The urine concentration test was performed on
29 patients with sickle cell anemia (see Table I
and Figure 1C). None of the patients was able to
concentrate urine normally. No untransfused pa-
tient over 7 years of age achieved a concentration
over 500 mOsml., whereas one-half of the patients
under 7 years concentrated above 500 mOsml.
One untransfused patient aged 4 years was able to
concentrate to 767 mOsml. The blood urea nitro-
gen and routine urinalyses were normal in all
patients.

It seemed reasonable to hypothesize that if the
concentration defect were due to intravascular
sickling or to sickle cell hemoglobinemia that the
defect might be reversible if sickle cells were elimi-
nated from the vascular system. Therefore multi-
ple blood transfusions were given to seven patients.

The results of urine concentration studies of four
children under five years of age with sickle cell
anemia who were given multiple transfusions of
normal red blood cells ! are presented in Figure 2.
The maximum ability to concentrate urine in-
creased from 553 to 682 mOsml. before the trans-
fusions to 942 to 1042 mOsml. following the trans-
fusions. The ability to concentrate urine returned
to the pretransfusion level following cessation of
transfusions and the return to the sicklemic state.
As there was no decrease in the rate of excretion
of solutes, the observed changes were not due to
solute diuresis effect.

1 Blood stored from one to three days, from which 80
per cent of the plasma was removed, was used for the
transfusions. The details concerning the per cent sickle
cells remaining in the vascular system during multiple
transfusions appear elsewhere (9). Less than 1 per cent
sickle cells were seen when the whole blood hemoglobin
concentration was maintained at 13 to 15 gm. per cent.
However, the bone marrow continues to contain a normal
number of sickle cells. When the hemoglobin concentra-

tion drops below 11 gm. per cent, reticulocytes and sickle
cells reappear.
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In a 10-year-old patient the maximum ability
to concentrate urine increased from 500 mOsml.
to 750 mOsml. only after 2 months of repetitive
transfusions (see Figure 3). While this increase
represents a substantial improvement in urine con-
centration, the highest concentration achieved is
considerably below the lower limit attained by the
control subjects. Possibly a normal maximum
urine concentration would have been attained if
the transfusions had been continued for a longer
period. In two young adults the concentration de-
fect was altered only slightly, or not at all, follow-
ing correction of the anemia (see Figure 4).
However, insufficient observations were made, and
the transfusions may not have been continued for
a sufficiently long period of time, to conclude that
the urine concentration defect in these older pa-
tients was irreversible, The data suggest however
that both the severity and reversibility of the hy-
posthenuria are altered with age.

A consideration of possible mechanisms resulting
in hyposthenuria in sickle cell anemia

A. The possible effect of anemia and hemoglobi-
nemia on formation of concentrated urine. It has
been suggested that anemia, which in some in-
stances is associated with reduced renal clearances
of inulin and PAH (10), may result in hypos-
thenuria but this apparently is not always the case
(3, 4, 11). The maximum urine specific gravity
value recorded in the hospital record of patients
with various types of anemia, including some with
chronic anemia, is seen in Figure 5. In over one-
third of the patients specific gravity values over
1.025 were observed, whereas adult patients with
sickle cell anemia have urine specific gravity values
that range from 1.010 to 1.020. The simple de-
hydration urine concentration test was performed
on six adult patients with anemia not due to sickle
cell disease. The results are presented in Table
II. Normal urine solute concentrations were seen
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in four patients and a slightly reduced value was
seen in one other. The value of 685 mOsml. of
patient “G”, the sixth patient, is higher than those
observed in all but one of the sickle cell anemia
patients. The patient with homozygous “C” dis-
ease, who obviously had the disorder since birth,
had a higher plasma hemoglobin concentration
than many of the sickle cell anemia patients.
Sickle cell anemia patient No. 21 had been noted
to have hematocrit values above 35 per cent over
a one-year period; the impairment of his urinary
concentration ability is as severe as in the patients
with a more pronounced degree of anemia. Sev-
eral sickle cell anemia patients (Nos. 1, 5, 10, 14,
21, and 28) have plasma hemoglobin concentra-
tions which are just above the normal range (see
Table I). In two of these patients (Nos. 1 and
27) it was ascertained that the plasma hemoglobin
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remained below 6 mg. per cent for several months,
even during sickle cell crises. The urine concen-
tration defect is as severe in these patients as in the
patients with more pronounced hemoglobinemia.
Since it has been shown that the degree of hemo-
globinuria is usually directly related to the plasma
hemoglobin concentration it would appear that
hemoglobinuria also may not be the cause of the
hyposthenuria.

B. Hemodynamic factors and renal function. A
frequent finding in children with sickle cell anemia
is an increase in the glomerular filtration rate
(GFR) (12). However, adults with sickle cell
anemia usually have a normal or even decreased
GFR (13). Itis not clear how an increase in the
GFR could, in the absence of solute diuresis, influ-
ence the concentration of urine during hydropenia.
The findings of Bruck (14) of an increase in the
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GFR in patients with Mediterranean anemia indi-
cate that the increase in GFR is not primarily re-
lated to the concentration defect since these pa-
tients concentrate normally (14).

Quiet standing, which resulted in syncope, and
prolonged dehydration, which increased osmolality
of plasma by 10 per cent, failed in each instance
to alter the ability of the kidney to concentrate
urine in two sickle cell anemia patients. Dehy-
dration and quiet standing are frequently accom-
panied by a reduction in the GFR (15, 16).

The effect of correcting anemia on renal clear-
ances was determined in two sickle cell anemia
patients. The results which appear in Table III
indicate no consistent change and confirm the ob-
servations of Bruck (14). It is clear, however,
that the number of red blood cells flowing through
the kidney per unit of time increased markedly fol-
lowing the correction of the anemia since the he-

matocrit was increased two-fold. However, there
is little reason to believe that a disturbance in
oxygenation of renal cells is related to the con-
centration defect. The effect of 100 per cent oxy-
gen administration for two hours on the urine con-
centration of solutes was observed in two water-
deprived patients with sickle cell anemia. The
solute concentration of urine remained unchanged.

The urine concentration ability of subjects with
the sickle cell trait

It has been suggested that the urine concentra-
tion defect in sickle cell anemia is genetic since
the defect is also found in non-anemic trait parents
of these patients (4). Table IV and Figure 1B
indicate the results of urine concentration tests per-
formed on 26 sickle cell trait subjects. With only
two exceptions (cases Nos. 10 and 12) the sub-
jects over 20 years of age are parents of sickle cell

TABLE II
The urine solute conceniration in patients with anemia not due to sickle cell anemia

Hb. Gm. % Urine Hb. plasma Duration
Patient and range mOsml. me. % Diagnosis years
S 9 957 Aplastic anemia 3
(6-10)
Cr (78.150) . 814 Chronic hemolytic anemia 2
G a 91 1) 685 Chronic hemolytic anemia 1
Sr ( 8-?10) 1,100 50-200 Chronic hemolytic anemia 1
Si 10.5 1,018 5 Thalassemia minor 39
B 7.6 863 15 Homozygous hemoglobin “C’’ disease 26
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TABLE III
Renal clearances in sickle cell anemia: Effect of transfusions

GFR

RPF

Het, _— Tm PAH GF7
Patient % cc./min./1.73 M2 mg./min./1.73 M2 F.F. Tm PAH

V. M. Before 20 148 788 124 0.19 1.2

9 years

Female After 39 166 1,005 140 0.17 1.2

N. S. Before 30 157 962 119 0.16 1.3
19 years

Male After 40 137 785 121 0.17 11

disease patients. Only eight subjects with sickle
cell trait achieved a urine concentration which was
in the 95 percentile range of normal. The remain-
ing 18 subjects had urine concentration maxima
that are in the range described by the sickle cell
anemia paients. A history of a G.U. tract infection
was denied by all subjects except on No. 14, The
plasma urea nitrogen concentration, routine uri-
nalysis, plasma hemoglobin concentration and
blood pressure were normal in all subjects in whom
these tests were performed.

The GFR has been reported to be normal in

the sickle cell trait (17, 18). This further indi-
cates that the concentration defect is not a conse-
quence of a hemodynamic change, if one assumes
that the etiology of the concentration defect in
both the trait and the sickle cell anemia patients is
the same.

The effect of Pitressin® during water diuresis in
sickle cell anemia and in normal controls

Two normal subjects and two patients with
sickle cell anemia were given graded doses of
Pitressin® intravenously during sustained water

TABLE IV
Sickle cell trait subjects
Plasma
Retic Urine
Age Hct. Hb Bilirubin Urea N count congc, test
Subject Sex years % me. % mg. % me. % % sml.
1 M 4 39 2 15 0.6 825
2 F 8 38 0.4 0.1 831
3 M 9 * 661
4 M 10 37 1 0.3 12 0.6 703
5 M 11 37 0.8 0.2 792
6 M 14 * 0.8 0.5 15 0.3 691
7 M 17 32 1.0 0.6 13 2.2 997
8 M 22 40 0.5 1.1 927
9 F 23 36 3.5 0.5 14 1.2 641
10 F 23 43 1,113
11 M 24 46 596
12 M 26 * 784
13 F 28 44 0.5 0.7 8 4701
14 F 29 42 2.0 0.4 12 548
15 F 29 * 937
16 F 29 39 2.3 0.7 1.2 706
17 M 31 48 2.5 0.5 774
18 M 31 * 745
19 F 31 * 623
20 M 32 47 3.1 0.4 13 712
21 F 33 37 1.0 0.5 12 1.5 519¢%
22 F 33 39 1.0 0.7 7 1.0 544
23 M 33 48 1.0 0.8 0.9 881
24 M 41 41 1.0 0.6 12 1.3 589t
25 F 41 30 0.5 0.3 1,091
26 M 43 * 680

* In seven subjects (3, 6, 12, 13, 15, 19, 26) whole blood hemoglobin values were reported to be normal within one

year of the urine concentration studf'.
t Intravenous pyelogram normal.
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diuresis. The Pitressin® was taken from the same
lot. In all 4 subjects 0.5 milliunits of Pitressin®
failed to alter the water diuresis, while 2.5 milli-
units resulted in a cessation of maximum diuresis
and an increase in osmolality of urine (see Table
V). It would appear inappropriate to label the
concentration defect in sickle cell anemia as being
Pitressin®-resistant, as suggested earlier (2).
This is a term which might best be reserved for the
condition characterized by the resistance to Pitres-
sin® while the kidney is forming hypotonic urine.

DISCUSSION

In face of the finding that in young patients the
urine concentration defect in sickle cell anemia
was completely corrected following the elimination
of sicklemia, there seems to be no reasonable al-
ternative to concluding that the urine concentration
defect results from the presence of sickle cell he-
moglobin. It obviously is not due to extensive re-
nal disease since the GFR, PAH clearance (12—
13), water diuresis and other renal functions (18)
are often normal or supernormal. The finding
that sickle cell trait subjects also exhibit the urine
concentration defect indicates that the defect is
not primarily due to anemia, if one assumes that
the etiology of the concentration defect in these
subjects is the same as in the sickle cell anemia
patients. The presence of the defect in sickle cell
anemia patients with only mild anemia further
indicates that anemia is not primarily responsible
for the renal defect.

Two possible mechanisms which might cause
the defect in both the trait and anemia patients are

1005

1) subclinical intravascular sickling in kidney
and 2) a functional impairment of the concen-
trating mechanism due to the presence in the renal
tubules or tubular cells of sickle cell hemoglobin.

Abel and Brown, and others (19-22) have re-
ported the occurrence in sickle cell trait patients of
tissue damage presumably resulting from intra-
vascular sickling. In some cases high altitude
flying precipitated sickle cell crises but usually no
known predisposing circumstances favored intra-
vascular sickling. Painless unilateral hematuria
has been the most frequently reported abnormality
in the sickle cell trait (19, 22). As the red cell
survival time, reticulocyte count and plasma hemo-
globin concentration are normal in the sickle cell
trait it is quite certain that generalized intravas-
cular hemolysis and an increased rate of red cell
destruction do not usually occur (23-25). If
sickle cell hemoglobin, as normal hemoglobin, is
reabsorbed by the renal tubular cells from tubular
urine (26-27), the presence of sickle cell hemo-
globin may in some unexplained manner result in
renal damage. However, the lowest concentration
of “S” hemoglobin that can produce aggregation
at zero oxygen tension and a pH of about 7 is be-
tween 7 and 10 Gm. per cent (28); therefore it
would appear unlikely that renal intracellular pre-
cipitation of “S”” hemoglobin occurs.

There is indication that severe chronic hemo-
globinuria is deleterious to kidney function since
only one of five of Ham’s patients with chronic
hemolytic anemia not due to sickle cell disease
could concentrate urine normally; two of his pa-
tients had other signs of renal impairment (29).
However, these patients had hemoglobinemia of

TABLE V

The effect of the intravenous administration of varying amounts of Pilressin® on the urine solute concentration and on
urine flow during water diuresis in sickle cell anemia and in normal controls

25 25 15 0S5

25 25 15 0S5 25 2.5 1.5 0.5

Milli-units Pre-Pitressin ® Maximal urine concentration
of Pitressin® Duration of anti-diuresis urine concentration following Pitressin ®
given LV. minutes mOsml. mOsml,
Sickle cell N.S. 105 75 0 28 92 34 302 367 29
anemnua
patients V.M. 95 75 S5 O 45 60 41 36 S08 375 169 36
Normal H. 75 95 45 0 S0 55 50 43 739 835 90 37
controls* .
S. 9 90 45 O 107 53 47 97 745 845 65 80

* Normal hospitalized volunteers.
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much greater severity than any of our sickle cell
anemia patients.

SUMMARY

1. Impairment of urine concentration was seen
in 29 patients with sickle cell anemia, sickle cell
“C” disease and sickle cell thalassemia. The con-
centration defect was not associated with other
evidence of renal impairment.

2. The ability to concentrate urine was restored
to normal in four infants with sickle cell disease
following multiple transfusions of normal red
blood cells. In a 10-year-old child the concentra-
tion defect was only slowly and incompletely cor-
rected and in two young adults little or no change
in concentration ability was observed following
multiple transfusions.

3. The minimal threshold response to Pitressin®
during water diuresis appears to be normal in
sickle cell anemia.

4. The possibility that the urine concentration
defect in sickle cell anemia and the sickle cell trait
results from renal damage due to either intravascu-
lar sickling or from the presence of sickle cell
hemoglobin in renal tubular cells is discussed.

5. Impairment of urine concentration was seen
in 69 per cent of subjects with the sickle cell trait.
In most instances the degree of impairment was
less than that seen in patients with sickle cell
anemia. Other evidence of renal damage was
lacking.

6. Hyposthenuria is the most common complica-
tion associated with the presence of intravascular
“S” hemoglobin.
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