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It has long been noted that the occurrence of
hemoglobinuria is frequently associated with oli-
guria, anuria, and renal failure. The cause of this
impairment of renal function which accompanies
the excretion of hemoglobin has been variously as-
cribed to obstruction of tubular lumina by precipi-
tated hemoglobin or hemoglobin derivatives (1,
2), to renal ischemia associated with hemoglobi-
nemia (3), or to a toxic action of hemoglobin on
the kidney (4). More recently it has been postu-
lated that the renal damage associated with the
excretion of hemoglobin or heme containing sub-
stances is not due primarily to hemoglobin, but is
caused by renal ischemia on the basis of shock (5,
6), which is frequently present in conditions under
which hemoglobinuria occurs, e.g., intravascular
hemolysis following mismatched transfusion, the
crush syndrome, and blackwater fever. This latter
viewpoint holds that the presence of heme pig-
ments in the plasma and urine is merely an inci-
dental finding (6). It has been supported by a
number of reports on the intravenous administra-
tion of hemoglobin solutions to the human (7-12)
which generally agree that hemoglobin can be ad-
ministered without untoward reaction, although no
data on acute renal functional studies have been
reported. Recently, however, Amberson and as-
sociates (13) have reported late and persistent de-
creases in renal clearances in a single hypertensive
subject following the injection of hemoglobin.

Thus, not only has the mechanism of renal fail-
ure which frequently accompanies hemoglobinuria
not been conclusively demonstrated, but the pres-
ence or absence of a deleterious effect of hemo-
globin on the human kidney has not been clearly
established.

During the course of a study of the glomerular
permeability to hemoglobin, it soon became ap-
parent that the administration of hemoglobin solu-

1 Present address: U. S. Public Health Service Hos-
pital, Wyman Park Drive, Baltimore 11, Maryland.

tions to the human was attended by noteworthy
alterations in renal function. The present report
is concerned with observations on changes in renal
function induced by the presence of extracorpus-
cular hemoglobin.

METHODS

Twenty-five male subjects who ranged in age from
24 to 65 years were selected for the present study from
the wards of the Baltimore City Hospitals and the Balti-
more City Infirmary. All subjects were adjudged to be
free of cardiovascular and renal disease on the basis of
the following criteria: (I) diastolic blood pressure be-
low 90 mm. Hg, (2) absence of evidence of valvular heart
disease or of cardiac enlargement, (3) absence of pro-
teinuria in morning specimen by the heat-acetic acid test,
(4) absence of abnormal findings on microscopic ex-
amination of sediment of freshly voided urine, (5) plasma
nonprotein nitrogen below 35 mg. per cent, and (6) glo-
merular filtration rate and effective renal plasma flow
within two standard deviations of the mean value for the
subject’s age group (14).

All subjects were studied in the fasting state. Ap-
proximately one liter of water was given by mouth
during the two-hour period preceding the test; there-
after, 200 cc. of water were given at half-hour intervals
during the procedure. The oral administration of so-
dium. bicarbonate in a dosage of 2 gm. every four hours
was instituted at approximately 18 hours before the test
and was continued throughout the procedure.

The renal clearances of inulin and of p-aminohip-
purate (PAH) were determined before and after the
intravascular administration of hemoglobin according to
the methods of Goldring and Chasis (15).

In all experiments blood was sampled at the midpoint
of each urine collection period through an indwelling
needle in the femoral artery. Urine was obtained through
a multi-eyed urethral catheter, and each urine collection
period was terminated by washing the bladder with 100
cc. of physiological saline. Complete evacuation was as-
sured by subsequent injection of air. Blood pressure,
which was determined sphygmomanometrically, and
pulse rate were measured twice during each urine col-
lection period.

Inulin was determined in plasma and urine by the
method of Harrison (16). PAH was determined in
cadmium sulfate filtrates of plasma and in diluted
urine by the method of Bratton and Marshall (17).
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Renal functional changes following the intravascular administration of autogenous hemolyzed blood.*

TABLE I

JOHN H. MILLER AND ROGER K. MCDONALD

Mean values for a group of 20 subjects

Controlt Period 4 Period 5 Period 6 Period 7
Inulin clearance (cc./min.) 107 85 81 81 79
PAH clearance (cc./min.) 576 285 299 307 321
Filtration fraction .189 .310 275 .270 .248
Urine flow (cc./min.) 5.8 2.4 3.0 3.3 3.1
Unresorbed filtrate (per cent) 5.2 2.9 3.6 3.9 3.8

*12-15 gm. of hemoglobin administered over a period of 15 minutes.

Periods 4-7 represent consecutive 20-minute

urine collection periods after the appearance of hemoglobinuria.
T Mean of three 12-minute urine collection periods. Values not corrected for body surface area.

Plasma hemoglobin determinations were carried out ac-
cording to the method of Evelyn and Malloy (18). The
subjects were divided into three groups according to
experimental design.

Group I. (N =20). Following three 12-minute con-
trol urine collection periods, autogenous blood, freshly
hemolyzed in distilled water was injected intravascularly.
This hemoglobin solution was prepared by drawing 15 cc.
of blood from the subject into a syringe containing 35 cc.
of distilled water with a few drops of heparin. During
the 36 minute control period, a total of 90 to 105 cc. of
blood was withdrawn in this fashion, yielding 300 to 350
cc. of hemoglobin solution. This quantity of solution
which contained an estimated 12-15. gm. of hemoglobin,
assuming that complete or nearly complete hemolysis oc-
curred, was then injected over a period of approximately
15 minutes. A few minutes after the appearance of he-
moglobinuria, urine was collected in four consecutive pe-
riods, each of 20 minutes duration. In four of the sub-
jects in this group, a radiopaque intravenous catheter was
passed from an antecubital vein into the right renal vein
under fluoroscopic control, and the fraction of PAH ex-
tracted from the plasma by the kidney was determined by
simultaneous sampling of peripheral arterial and renal ve-
nous blood during control periods and following the in-
jection of hemoglobin.

Group II. (N =10). Following three control urine
collection periods, 12 to 14 gm. of hemoglobin in the
form of a 7.1 per cent commercially prepared solution 2
was injected intravascularly over a period of eight to
ten minutes. Subsequent to the appearance of hemoglobi-
nuria, urine was obtained in five consecutive 20-minute
collection periods.

Group 11I. (N =6). Following three 12-minute con-
trol urine collection periods, an intravenous infusion of
either a 6.05 or 7.1 per cent hemoglobin solution (Sharp
and Dohme) was instituted at the rate of approximately
1 cc. or 60 to 70 mg./min. Urine was obtained serially
in collection periods of 15 minutes duration over a period
of two to three hours, during which time the infusion of

2 The hemoglobin solution employed in the present
study was kindly supplied by Sharp and Dohme, Inc.,
Glenolden, Pa. The preparation is a stable solution of
reduced human hemoglobin, free of red cell stroma and
of electrolyte content approximating that of plasma (19).

hemoglobin was maintained, and subsequently for an addi-
tional period of 60 to 90 minutes after discontinuance of
the infusion.

Following 18 of the 36 experiments, determinations of
the clearances of inulin and PAH were repeated at 24
or 48 hours after the injection of hemoglobin.

RESULTS

The injection of either the autogenous hemolyzed
blood preparation or the commercially prepared
hemoglobin solution was productive of the follow-
ing physiological changes, all of which were statis-
tically significant ®: (1) an increase in the systolic
and diastolic blood pressures, (2) a decrease in
the pulse rate, (3) a decrease in the clearance of
inulin and in the clearance of PAH, (4) an in-
crease in the filtration fraction, (5) a decrease in
the urine flow, and (6) an increase in the per cent
of glomerular filtrate reabsorbed by the renal
tubules.

Group I. Following the injection of autogenous
hemolyzed blood, the mean systolic blood pressure
increased from 126 mm. Hg during the control pe-
riods to 143 during the first postinjection period ;
the mean diastolic pressure increased from 78 to
93; the mean pulse pressure increased from 48 to
50; while the mean pulse rate decreased from 67
during control periods to 56 during the first post-
injection period. Blood pressure remained sig-
nificantly elevated and pulse rate remained signifi-
cantly decreased during the entire 80-minute post-
injection observation period.

The changes in renal clearances and in urine
flow are shown in Table I. The mean depression
of Cpan during the first postinjection period was

3 The term “significant” in the present report is used
to indicate statistical significance at the 1 per cent level
of confidence as determined by the t-test of Fisher.
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50.1 per cent, while the mean depression of Cix
was 20.8 per cent. The clearances of both PAH
and inulin remained significantly depressed during
the entire 80-minute postinjection period. The
filtration fraction was increased from a control
value of 0.189 to 0.310 during the first postinjec-
tion period and remained significantly elevated
throughout the 80-minute postinjection period.

The control urine flow of 5.8 cc./min. decreased
to 2.4 cc./min. during the first postinjection period
and remained significantly depressed throughout
the 80-minute observation period. The per cent
of filtrate unresorbed by the tubules likewise de-
creased from a control value of 5.2 per cent to 2.9
per cent during the first postinjection period. The
percentage reabsorption of filtrate during the last
period (i.e., 60-80 minutes after the injection of
hemoglobin) did not differ significantly, however,
from the control value.

It can be seen in Table II that the renal extrac-
tion of PAH following the injection of hemoglobin
was essentially unchanged in three of four sub-
jects. This observation indicates that the clear-
ance of PAH remained a valid measure of renal
plasma flow, and that the observed depression in
PAH clearance was due to an actual decrease
in renal plasma flow rather than to an impairment
of tubular function. In subject J. B., the renal ex-
traction of PAH of 0.934 during the control pe-
riods decreased to 0.732 and to 0.681 following the
injection of hemoglobin. This depression may
have been due either to impairment of tubular
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function or to displacement of the tip of the catheter
to the orifice of the renal vein. Regardless of the
cause of the depression, it should be noted that the
per cent decrements in Cpsm and in true renal
plasma flow remain in fairly close agreement.

Group II. Following the rapid injection of the
commercially prepared hemoglobin solution at a
rate of approximately 1.5 gm./min., systolic blood
pressure increased from a mean control value of
107 mm. Hg to 140 during the first postinjection
period ; diastolic pressure increased from 76 to 98;
pulse pressure increased from 31 to 42; and the
mean pulse rate decreased from 64 during con-
trol periods to 56 during the first postinjection pe-
riod. As was the case in the group receiving an
injection of hemolyzed blood, there was subse-
quently no significant change in blood pressure or
pulse rate during the 100-minute postinjection
period.

Cpan was depressed 62 per cent for the group
during the first postinjection period and, although
plasma flow was still significantly depressed from
control levels during the last period (i.e., 80 to 100
minutes), it had shown a significant increase from
the fourth period in a return toward baseline
levels. Glomerular filtration rate was decreased
37 per cent during the first postinjection period
and, as was the case with Cpag, although it was
still significantly depressed at 100 minutes, it had
shown a significant increase toward baseline levels.
The filtration fraction, which was elevated through-
out the experimental period, showed a significant

TABLE 1I
Renal extraction of PAH following hemoglobin*

Subject Function Control Period 4 Period § Period 6
o o it
: PAH Ext. .905 911 .909 918
E. H. Ceas (cc./min.) 475 231 —51.4 292 —38.6 314 —-33.9
RPF (cc./min.) 525 254 —51.7 321 —38.9 342 —34.9
PAH Ext. 968 953 !
J.F. Ceag (cc./min.) 772 229 —70.4 ‘
RPF (cc./min.) 798 240 —170.0
PAH Ext. 939 918 874
J A Ceax (cc./min.) 458 64 —86.0 | 106 —176.9
RPF (cc./min.) 488 70 —85.7 121 —75.3
PAH Ext. ) 934 732 .681
J. B. Cran (cc./min.) 590 126 —178.7 226 —61.7
RPF (cc./min.) 632 172 —72.8 332 —47.5

* 12-15 gm. of hemoglobin administered over a period of 15 minutes.
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decline from period 4 to period 8 toward control
levels (Table III).

The mean control urine flow of 6.1 cc.,/min. de-
creased to 1.9 cc./min. during the first period fol-
lowing the injection of hemoglobin. Although
urine flow was still significantly decreased (3.9
cc./min.) during period 8, it increased progres-
sively toward baseline levels throughout the 100
minute observation period. The mean per cent of
filtrate unresorbed by the tubules decreased from
a control value of 5.2 per cent to 2.5 per cent dur-
ing the first postinjection period, and as was the
case with hemolyzed blood, tubular reabsorption
of filtrate during period 8 was no longer signifi-
cantly elevated from control levels (‘Table ITT).

JOHN H. MILLER AND ROGER K. MCDONALD

Group I11I. The administration of hemoglobin
solution at a rate of approximately 60 to 70 mg./
min. was productive of a progressive decrease in
renal plasma flow and glomerular filtration rate, a
progressive increase in blood pressure and filtration
fraction. and a progressive decrease in urine flow.
A typical infusion experiment is represented in Fig-
ure 1. It should be noted that changes in urine
flow and in renal hemodynamics occurred during
the first urine collection period, when as little as a
few hundred milligrams of hemoglobin had been
infused. Following cessation of the infusion,
there was a gradual return of plasma flow, filtra-
tion rate, urine flow, and blood pressure toward
baseline values.

In follow-up clearance studies performed in 18
of the 36 experiments at 24 to 48 hours after the
injection of hemoglobin, the clearances of inulin
and PAH did not differ significantly from the pre-
hemoglobin control clearance values.

DISCUSSION

It has been suggested that the untoward effects
which may accompany the injection of hemoglobin
preparations in the human or in the experimental
animal may be due not to hemoglobin per se, but
to the presence of other factors such as red cell
stroma, potassium released irom the red cell, or-
ganic solvents employed as laking agents, bacterial
contamination of the solution, or toxic derivatives
of hemoglobin, such as, methemoglobin (11, 12,
20). Although the agent effective in producing
the alterations in renal function observed in the
present study has not been clearly identified, it
seems most likely that either hemoglobin per se or
some product of its intravascular catabolism was
responsible.

Qualitatively, the same renal functional changes
occurred with both the hemolyzed blood prepara-
tion and the commercially processed solution.
Neither bacterial contamination nor organic laking
agents were present in either of these solutions;
nor could the presence of methemoglobin be dem-
onstrated spectrophotometrically in either prepara-
tion. Although red cell stroma, and potassium in
excess of normal plasma concentration were pres-
ent in the hemolyzed blood preparation, these fac-
tors were both absent in the commercially pre-
pared hemoglobin solution.
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: TABLE III
Renal functional changes following the intravascular administration of a commercially prepared hemoglobin solution*

Subject Function Controlt Period 4 Period 5 Period 6 Period 7 Period 8
Inulin clearance (cc./min.) 80 32 44 47 50 44
PAH clearance (cc./min.) 399 81 123 159 201 194

R. K. Filtration fraction .205 .395 .358 .296 .249 227
Urine flow (cc./min.) 14 0.5 0.8 1.0 1.5 1.5
Unresorbed filtrate (per cent) 1.7 1.6 1.8 2.1 3.0 34
Inulin clearance 117 60 54 - 55 75 72
PAH clearance 673 221 222 255 329 338

R. H. Filtration fraction 174 271 243 216 228 213
Urine flow 11.5 1.5 1.7 2.0 3.6 4.6
Unresorbed filtrate 9.8 2.5 3.1 3.6 4.8 6.4
Inulin clearance 133 83 96 84 99 87
PAH clearance 727 280 367 323 386 351

W.P. Filtration fraction .183 .296 262 .260 256 248
Urine flow 3.1 14 2.3 1.6 1.8 1.5
Unresorbed filtrate 2.3 1.7 24 1.9 1.8 1.7
Inulin clearance 118 72 72 72 73 74
PAH clearance 669 304 299 299 304 344

J.W. Filtration fraction .176 .237 241 241 240 215
Urine flow 1.6 1.1 29 29 1.8 2.2
Unresorbed filtrate 14 1.5 4.0 4.0 2.5 3.0
Inulin clearance 160 72 78 74 89 98
PAH clearance 1008 293 366 429 511 534

W. L. Filtration fraction 159 246 213 172 174 184
Urine flow . 4.8 1.2 21 2.5 34 4.2
Unresorbed filtrate 3.0 1.7 2.7 34 3.8 4.3
Inulin clearance 99 60 75 78 76
PAH clearance . 664 201 298 352 395 386

F.B. Filtration fraction .150 298 252 227 197 197
Urine flow 9.0 1.2 2.4 34 4.0 4.6
Unresorbed filtrate 9.1 2.0 3.2 4.2 5.1 6.0
Inulin clearance 87 . 72 69 66 69
PAH clearance 560 278 253 252 250 278

E. H. Filtration fraction .156 259 273 .262 .256 248
Urine flow 45 2.8 2.8 2.6 2.8 3.0
Unresorbed filtrate 5.2 3.9 4.0 3.9 44 4.3
Inulin clearance 140 104 100 96 109 113
PAH clearance 711 324 373 377 436 433

H. H. Filtration fraction .196 321 .268 .255 250 261
Urine flow 99 3.5 4.2 5.0 7.0 7.2
Unresorbed filtrate 71 34 4.2 5.2 6.4 6.4
Inulin clearance 117 72 68 73 82 91
PAH clearance 655 289 271 04 345 361

P.N. Filtration fraction 179 .249 251 .240 .238 252
Urine flow 5.4 2.8 24 2.8 4.3 4.7

_Unresorbed filtrate 4.8 3.9 3.5 3.8 5.2 5.2

Inulin clearance 137 125 114 140 124 129
PAH clearance 829 366 367 454 451 423

W.T. Filtration fraction .166 342 311 .308 275 305
Urine flow 10.1 3.1 3.8 2.6 29 5.9
Unresorbed filtrate 7.6 2.5 3.3 1.8 2.3 4.6
Inulin clearance 119 75 77 79 84 85
PAH clearance 690 264 294 320 361

Mean Filtration fraction 174 .291 267 248 236 235
Urine flow . 6.1 1.9 2.5 2.6 3.3 3.9
Unresorbed filtrate 5.2 2.5 3.2 34 3.9 4.5

* 12-14 gm. of hemoglobin administered over a period of 8-10 minutes. Periods 4-8 represent consecutive 20-
minute urine collection periods after the appearance of hemoglobinuria.
t Mean of three 12-minute urine collection periods. Values not corrected for body surface area.
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Comparing the responses to the single injection
of hemolyzed blood (Group I) and to the single in-
jection of commercial hemoglobin solution (Group
II), it will be noted that the fall in PAH clearance,
expressed as either the absolute or per cent decre-
ment, was significantly greater after commercial
hemoglobin. Blood pressure increased in all sub-
jects, somewhat more in Group II than in Group
I. A reduction in renal vascular caliber, which was
greater for the stroma-free preparation than for
the hemolyzed blood, therefore, must have oc-
curred. Although the total amount of hemoglobin
administered was approximately the same for
both solutions, the hemoglobin of the more con-
centrated commercial preparation was injected
at approximately twice the rate of the hemoglobin
of the hemolyzed blood preparation. The quanti-
tative difference in the effect of the two prepara-
tions may well be explained on a time-dosage basis.
In accord with this explanation is the fact that
when the commercial preparation was infused
slowly (Group III), the vasoconstrictive response
was less marked.

The demonstration of a renal vasoconstrictive
phenomenon in the human following the intravas-
cular injection of hemoglobin is in accord with the
findings of other observers who have measured
renal blood flow in the dog by plethysmographic
methods. Reid demonstrated that the intravenous
injection of either distilled water or of autogenous
blood laked with distilled water or ether was pro-
ductive of an immediate decrease in renal volume
(21, 22). Mason and Mann (23) likewise dem-
onstrated a decrease in the renal volume in the dog
following the injection of a hemoglobin solution,
but noted no change in renal volume after the ad-
ministration of a saline suspension of red cell
stroma. Similar findings of renal vasoconstriction
induced by hemoglobin were reported by Hesse and
Filatov (3). A pressor effect in the human was
noted by Amberson and associates (13), who re-
ported an increase in blood pressure and a slow-
ing of pulse rate following the injection of
hemoglobin.

For many years the oliguria and renal failure
which occur with hemoglobinuria were generally
attributed to obstruction of the renal tubules by
casts and debris of hemoglobin or its derivatives
(1, 2, 24, 25), since such material was commonly

JOHN H. MILLER AND ROGER K. MCDONALD

found to be present in the tubules at autopsy.
More recently, the significance of intraluminal
deposition of hemoglobin substances in the pro-
duction of anuria and renal failure has been ques-
tioned (5, 6). It has been pointed out that there
is little correlation between the degree of tubu-
lar obstruction observed at autopsy and the de-
gree of suppression of urine flow observed clini-
cally, and that not infrequently, the degree of
blockage observed at postmortem is insufficient to
account for anuria (5).

Although the significance of the role of tubular
obstruction by hemoglobin and its derivatives in
the production of renal failure cannot be evaluated
from the present study, the data suggest that renal
damage associated with hemoglobinuria may be
due primarily to renal ischemia on the basis of re-
nal vasoconstriction induced by the presence of
extracorpuscular hemoglobin. The intravascular
administration of hemoglobin in dosages as low
as 0.5 gm. in the human has been shown to result
promptly in renal vasoconstriction. Although the
dosages employed in the present study produced
only a transient renal hemodynamic response, in-
sofar as renal clearances had returned to baseline
levels- by 24 or 48 hours after the injection of
hemoglobin, it is not inconceivable that a more in-
tense or more prolonged hemoglobinemia might
produce renal ischemia of sufficient intensity and
duration to result in either reversible or irreversible
renal damage.

Moreover, it must be remembered that shock
is not infrequently present in conditions which
result in the occurrence of hemoglobinuria or
myoglobinuria. Renal vasoconstriction and de-
creased renal plasma flow have been described in
both experimental (26) and clinical (27) shock.
In such circumstances, the summation of the ef-
fects of shock and hemoglobinemia on the kidney
may result in renal ischemia of intensity and dura-
tion sufficient to effect renal damage.

The clinical association of oliguria with the
phenomenon of hemoglobinuria finds an interest-
ing parallel in the present study. The presence of
hemoglobin, free in the plasma, produced a prompt
decrease in urine flow. The infusion studies dem-
onstrated the occurrence of this phenomenon in
the absence of hemoglobinuria at plasma levels
well below the renal threshold for hemoglobin.
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Two factors contribute to the oliguria following
the injection of hemoglobin: a decrease in the rate
of glomerular filtration and an increase in the per
cent of filtrate reabsorbed by the renal tubules.
Although the cause of this increased tubular re-
absorption is not understood, it would not appear
to be on the basis of unselective reabsorption of
filtrate by damaged tubules as postulated by Van
Slyke (28) as being responsible for the oliguria
and anuria following shock, inasmuch as the main-
tainence of tubular integrity has been demon-
strated in the present studies by an unchanged re-
nal extraction of PAH following the administra-
tion of hemoglobin.

During the past decade considerable interest has
been aroused in the possibility of utilizing hemo-
globin solutions as a plasma or blood substitute
(9, 12, 29, 30). It has been pointed out that such
solutions would not only exert colloid osmotic
pressure in the restoration of blood volume but
would also possess the ability to transport oxygen.
The demonstration in the present study of mode-
rate to intense renal vasoconstriction produced by
hemoglobin in amounts far less than would be used
in the treatment of shock, seriously questions the
feasibility of employing hemoglobin solutions for
therapeutic purposes.

SUMMARY AND CONCLUSIONS

A total of 36 renal clearance studies was per-
formed on 25 male subjects before and after the
intravascular administration of hemoglobin in dos-
ages ranging up to 15 gm.

The injection of either an autogenous hemolyzed
blood preparation or a commercially prepared he-
moglobin solution promptly resulted in the follow-
ing physiological changes: (1) an increase in the
systolic and diastolic blood pressures, (2) a de-
crease in the pulse rate, (3) a decrease in the clear-
ances of inulin and PAH, (4) an increase in the
filtration fraction, (5) a decrease in the urine flow,
and (6) an increase in the per cent of glomerular
filtrate reabsorbed by the renal tubules. The re-
nal extraction of PAH at low plasma levels was es-
sentially unchanged following the administration
of hemoglobin.

In follow-up studies performed in 18 of the 36
experiments at 24 to 48 hours after the injection

1039

of hemoglobin, inulin and PAH clearances had
returned to control levels.

It is suggested that renal vasoconstriction in-
duced by the presence of extracorpuscular hemo-
globin may play an important role in the production
of renal damage associated with hemoglobinuric
states.
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