
ACUTE RENAL INSUFFICIENCY DUE TO INCOMPATIBLE TRANS-

FUSION AND OTHER CAUSES, WITH PARTICULAR

EMPHASIS ON MANAGEMENT

By E. E. MUIRHEAD, M.D., A. E. HALEY, M.D.,
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CUTE renal insufficiency may result from a series of different causes including

incompatible (hemolytic) blood transfusion, prolonged hypotension, crush

injury, burns, sulfonamide and carbon tetrachloride 2 The renal

lesions in these cases, which have been demonstrated to be morphologically

quite similar, are often reversible. The mortality rate in this group of patients,

however, has been alarmingly high. As an example, one may cite Luck#{233}’s con-

clusion’ that once the cardinal signs of renal insufficiency (oliguria, excretion

of heme pigment, azotemia and hypertension) appear, the mortality rate is approx-

imately 90 per cent.

The poor past record in the management of these cases may be attributed to one

of two general causes : (i) the injury to the body is so great as to preclude the

success of any type of management or, (2.) the type of management in the past has

not been conducive to the proper recovery of these cases. Experience with such

cases makes us agree with the latter view. It is proposed to present evidence sup-

porting such a stand.

INCOMPATIBLE BLOOD TRANSFUSIONS

Statistics of the past from various sources have indicated a prominent rate of

incompatible (hemolytic) transfusion reactions . Kilduffe and DeBakey3 compiled

the results of 43,2.84 blood transfusions by i8 different groups of workers. � There

were i.8 hemolytic reactions in every iooo transfusions, and of these 1.04 per iooo

(57.7 per cent) were fatal.

Approximately three-fourths of the above reports appeared prior to the discovery

of the Rh antigens. The routine use of Rh typing in transfusions no doubt would

have lowered the quoted hemolytic reaction rate. Yet, it may well be that iso-

immunization by various CDE-cde (Rh-Hr) sub-group antigens and other less

understood blood antigens plus regrettable clerical-technical errors will continue

to make this an important problem. Certainly, the present upsurge in the use of

whole blood transfusions lend� additional emphasis to this question (fig. i).

Clinical Course of Hemolytic Transfusion Cases: The clinical course of a patient

experiencing a hemolytic reaction may be divided into three phases as presented in

table I.

Certain features of these phases are considered to be of diagnostic and thera-

peutic value. The first phase may be termed the stage of “reaction shock.” The

onset of the reaction is usually sudden and the patient displays the following mani-

festations: apprehension, generalized tingling sensations of the skin, tightness in
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102. INCOMPATIBLE TRANSFUSION THERAPY

the chest, severe backache, dyspnea, cyanosis and mental confusion. A chill-fever

response and hypotension are quite common. The duration of the hypotension

varies and may be influenced by other coexisting factors (blood loss, anesthetic

agent, anemia, operation, etc.). Prolonged hypotension may in itself be conducive

to factors that cause renal damage.4’� A hemorrhagic tendency is not unusual soon

after the reaction.

The patient may receive 40 tO 500 cc. of the incompatible blood before the above

manifestations become severe. The factors that determine the necessary volume of

infused blood for the evident reaction to appear have not been fully elucidated. The

titer of the implicated antibody in the recipient and the type of antibody (agglu-

tinating, blocking and/or cryptagglutinoid types6) are concerned with this aspect

of the pathogenesis of the reaction. According to the observations of Hill, Haber-

man and Jones7 the violence and degree of hemolysis may also be related to the

number of antibody-antigen combinations (multiple R.B.C. antigens, and/or anti-

TABLE i.-C/jnjcal Course, Hemolj’tic Reaction Case

I. “Reaction Shock”
(1st day)

II. Renal Insufficiency
(1-12 days)

III. Salt Losing Diuresis
(8th-l6th day)

Hemolysis and hypotension Tubular damage Tubular recovery or regen-

eration.

i. Sudden onset. �. Oliguria, heme casts. i. Copious diuresis.

2.. Apprehension, backache, 2.. Azotemia and hyper- 2.. Severe dehydration if

etc. tension. water and salt not

3. Dyspnea, cyanosis. 3. Elevated serum K. supplied.

4. Hypotension, mental con- 4. Depressed serum Na, Cl, 3. Recovery.

fusion. CO2 CP, Ca.

�. Chill, fever. �. Rising titers of agglu-

6. Hemoglobinemia, hemo- tinins and crypt-

globinuria. agglutinoids.

gens determined by single or double gene doses). This concept indicates that

homozygous red cells and red cells with multiple antigens (as CDE/cde, etc.) for

which antibodies are available react more promptly and more violently. The anti-

body titers may actually be diminished during this phase due to their adsorption

by the specific antigen or antigens.

Concerning the hemolysis, it should be mentioned that in an average sized mdi-

vidual it requires some 40-60 CC. of hemolysed blood to liberate a sufficient quantity

of hemoglobin into the circulating plasma in order to give rise to the appearance

of hemoglobin in the urine. The studies of Yuile8 have placed the renal threshold

in animals for free hemoglobin in the vicinity of 8o-i�o mg. per 100 cc. plasma.

The second phase is the phase of renal insufficiency. By far the most common cause

of death has been uremia and associated complications. Oliguria is marked but

usually is not static and each day a slightly greater volume of urine is excreted.. In

our experience complete anuria has not been noted. Associated with the oliguria

there is a marked decrease in the excretion of solid matter by the kidneys. Not only

is the solid output scanty but the concentration of various ingredients is substan-
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MUIR.HEAD, HALEY, HABERMAN AND HILL 103

tially lowered. For instance, the urine urea concentration may not exceed �-io per

cent of normal.

The urine contains pathologic ingredients during the first few days. Free hemo-

globin gives the first few specimens a dark red or reddish brown color. Hemoglobi-

nemia and its attendant hemoglobinuria usually disappear within � to 36 hours.

Proteinuria is definite, however, even after the hemoglobinuria subsides. It amounts

at first to �oo-iooo mg. per 100 cc. of urine, and gradually decreased to �o-ioo mg.

per cent within 4 tO 5 days. The presence of casts containing the breakdown prod-

ucts of hemoglobin (heme casts) is an important diagnostic feature. The heme

may give a positive benzidine reaction. This material may cause a brownish or

brownish green sediment in the urine which gradually subsides during the early

days. The presence of intact red blood cells in the urine is common and white blood

cells, frequently in clumps, are present during the oliguric period. The�urine specific

gravity is depressed (I.oo5-I.olo) and remains low for a varying period after

recovery.

A mounting azotemia and slight to moderate hypertension occur in conjunction

with the above changes.

The electrolyte pattern of the plasma (or serum) and blood is altered . Early, the

serum potassium concentration is elevated, a change apparently related to the

breakdown ofred cells rich in potissium. Other ccmmon changes include a decrease

in the concentration of serum sodium, blood (or plasma) chlorides, and the carbon

dioxide combining power of the plasma. The mechanisms involved in the hypo-

natremia and hypochloremia are not clear at present. The degree of hyponatremia

frequently exceeds the hypochloremia. The serum calcium concentration is likewise

frequently depressed . The extent of these deviations naturally is influenced by the

type of management and the severity of the renal insufficiency.

During the stage of renal insufficiency the antibody titer of the patient’s serum

may become elevated, a very specific evidence of the occurrence of hemolysis. It is

important to observe the titer of various types of antibodies, agglutinating, block-

ing,9 .10 and albumin” or cryptagglutinoid” types.

The renal insufficiency phase lasts 8-12. days, apparently depending a great deal

on the management, and culminates either in a fatality in uremia and other com-

plications or in recovery following a copious diuresis (third or salt losing diuresis

phase). The diuresis becomes marked following a gradual daily increment in the

�-hour urinary output (as in Case i: 12. cc., 30, 74, 39, ioo, i�, w6, 540, 1480,

2.300, 6670 cc. etc.). The ability of the kidneys to concentrate waste products im-

proves and these two factors increase the solid output. This gradual increase in

both urinary volume and solid output strongly suggests a gradual recovery of
damaged renal elements.

During the early phases of the diuresis not only is the �-hour urine urea output

markedly elevated but at the same time the 4-hour urine salt output (mainly

NaCl) may be greatly increased. Some �o to 40 grams of salt may be lost daily

by this mechanism. This finding indicates that the renal tubules have re-

covered sufficiently to allow for urine volume production but that the recovery is

as yet insufficiently advanced to allow for the conservation of water and salts.
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104 INCOMPATIBLE TRANSFUSION THERAPY

Such failure to conserve water and salts lasts a few days only unless other compli-

canons exist (i.e., another superimposed renal disease). Our observations indicate

that the kidneys at this stage will discard body water and salts even to the extent

of causing pronounced dehydration or even death. Within certain limits, such di-

uresis occurs whether or not water from sources outside the body is furnished. This

feature simulates the cases designated by Thorn’3 as ‘ ‘salt-losing nephritis.”

The therapeutic implications of the third or diuresis phase are evident. It is

essential to replace water and salts lost from the body. The latter may be accom-

plished by mouth or by vein, depending on the patient’s condition. As soon as

possible the patient should be allowed to adjust his own intake and output.

Renal Lesions: Excluding sudden fatality at the onset of the reaction, apparently

a rare occurrence, renal complications are the main cause of deleterious sequelac.

The combirnition of factors necessary for the production of the major damages to

the kidneys are not fully understood at present. One cannot state that hemolysis

alone and the intravascular liberation of products of damaged red cells are all that

are necessary. Experimentally an animal’s venous hemoglobin concentration may

be rapidly depressed to low levels, as 2.5 per cent of normal, through the medium of

intravascular hemolysis (injection of anti-dog red cells rabbit serum into dogs)

without the development of evident renal insufficiency.’�’6 Clinically various

hemoglobinemias with hemoglobinuria have been repeatedly observed without the

development of renal insufficiency. Substantial quantities of hemoglobin solution

have been infused intravenously into humans without subsequent renal insuf-

8 . 17 Yuile’8 has shed considerable light on this question by demonstrating

experimentally the consistent development of renal insufficiency in animals follow-

ing intravenously administered hemolysed red cells after the kidneys had been

damaged by either the temporary constriction of renal vessels or by the admin-

istration of a nephrotoxic substance as sodium tartrate. These findings imply that

primary renal damage, as might occur clinically in prolonged hypotension, severe

anemia, acute hypovolemia, is a prerequisite which together with hemolysis gives

rise to the more severe renal damage and renal insufficiency. Other etiologic expla-

nations have been reviewed by Luck#{233}.2

The role of the urinary pH at the time of the hemolysis has been the source of

much controversy.1�2S There is good reason to doubt any benefit of an excessive

alkali intake once the renal damage has occurred. Indeed, a sodium overload at this

time may be distinctly dangerous.

Ross26 has reviewed the subject and summarized the various factors involved in

the renal damage by singling out the following: lowered blood pressure, vasocon-

striction of renal vessels, reduced renal blood flow, lowered alkali reserve and the

secretion of large amounts of hemoglobin or hemoglobin derivatives in an acid

urine.

The morphologic alterations of the kidneys have received much atten-

tion.” 2, 2729 Such terms as “hemoglobinuric nephrosis” and “lower nephron

nephrosis” have been applied to these lesions. The kidneys are usually enlarged and

may weigh one and one-half to two times normal. The cortex is pale; the medulla

is dark, dusky and presents a well striated appearance. Bulging of the cut surface
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MUIRHEAD, HALEY, HABERMAN AND HILL 105

denotes an increased subcapsular tension. Microscopically the main damage in-

volves the lower segment of the nephron, a feature greatly stressed by Luck#{233}and

others. Here degeneration or necrosis of the tubular epithelium are evident in a

segmental distribution . Where necrosis occurs foci of inflammation can be seen

( accumulation ofneutrophils, lymphocytes, eosinophils and macrophages). Throm-

bosis of thin walled veins may occur in the vicinity. Heme casts may be prominent

in the form of brownish-granular or eosinophilic-granular material in distal seg-

ments and collecting tubules and interstitial edema is usually evident. Peritubular

hyperemia is particularly striking in the medullary region. The upper segments are

the seat of acute parenchymatous degeneration, at times fatty degeneration. Leak-
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Fio. i . GROWTH OF THE BLOOD TRANSFUSION SERVICE OF THE WILUAM BUCHANAN CENTER IN EIGHT YEAR5

The solid line represents all transfusions given at Baylor Hospital ; the dotted line represents the total

transfusions given both within and outside Baylor Hospital.

age of plasma proteins through the glomerular membrane is evident, particularly

early. Otherwise, morphologically the glomeruli appear undisturbed.

Regeneration of the distal segment becomes evident by the eighth to tenth day.2

The damaged lining cells slough into the lumen and are replaced by new cells. The

young cells are flat at first but later gain more and more substance. The inflam-

matory foci become replaced by fibrous tissue.

Review ofCases: The present report is presented in two parts, the first is concerned

with i8 cases of hemolytic transfusion reactions and the second part deals with 10

cases of acute renal insufficiency (or “lower nephron nephrosis”) due to other

causes.

The growth of the blood transfusion service of the William Buchanan Blood

Center of Baylor Hospital is indicated in Figure i. It is believed that this curve is

indicative of the general trend in blood transfusion services throughout the country

and emphasizes the importance of the problem under consideration. During these
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io6 INCOMPATIBLE TRANSFUSION THERAPY

8 years, 2.8,630 blood transfusions were given in this hospital and there were 17

known hemolytic reactions or an incidence of 0.593 reactions per iooo transfusions.

Of these reactions 3 (i�.6 per cent) were fatal. An additional case brought to Baylor

Hospital for treatment brings the total to i8.

The hemolysis was related to the ABO antigens in 4 cases and to the Rh (CDE)

antigens in JO cases. In 4 instances, the exact cause of the hemolysis could not be

determined.

In all cases a combination of well-defined manifestations established the existence

of this type of reaction. Included were the following: the nature of the onset of the

reaction with its violent aspects, failure of elevation of the red cell count or hemo-

blogin concentration, hemoglobinuria (at times hemoglobinemia was demon-

strated), oliguria and renal insufficiency in certain cases, an elevated serum bili-

rubin or icterus index level, the development of the proper antibodies and the

establishment of the incompatibility by rechecks of the donor’s and recipient’s

blood.

TABLE i-A.-Volume of Blood Given Before Onset of Reaction

Volume blood Frequency Cases

cc.

40- 100

101 2.00

2.01- 300

301- 400

401- 500

501-1000

6

3

2.

3

2.

2.

Total i8

The volume of blood administered before the reaction became definite varied be-

tween 40 cc. and boo cc. The average volume for this purpose was 2.81 cc. The

frequency distribution of the volume for all i8 cases is given in Table i-A.

All cases displayed a chill and fever at the onset of the reaction. The chill lasted

between 8 and 45 minutes and the temperature elevations averaged 3 .7#{176}F.(range

2.#{176}-6#{176})within one to two hours after the onset of the reaction. Over �o per cent of

the cases displayed the following manifestations in the early phases of the reaction:

apprehension, generalized tingling sensations or muscular cramps, severe backache,

cyanosis, mental cloudiness and hypotension. Unless complicated (blood loss, etc.)

the hypotension was evanescent, lasting io-i� minutes. Twelve cases (66.6 per

cent) developed hemoglobinuria which was demonstrable in the first or second

urine specimen. Ten cases � per cent) subsequently developed oliguria and azo-

temia. The azotemia was always definite within 2.4 hours (blood urea 8o-ioo mg.

per 100 cc.) and mounted each day until an adequate urinary output appeared or the

case terminated fatally. The average time for the azotemia to reach its peak was 8

days, following which there was either the onset of diuresis or fatal deterioration.

It follows that in the 3 non-fatal cases in which the peak of azotemia developed
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MUIRHEAD, HALEY, HABERMAN AND HILL 107

later (ninth, tenth, and sixteenth day respectively) the diuresis likewise was late

in its onset. Such late onset of diuresis may be related to the management of the

�case.

REPORT OF CASES

Case i : A white female aged 2.3 years delivered an icteric but otherwise apparently normal baby.

Subsequently the baby’s red blood cells yielded a positive Coomb’s (developing”) test,’2 . 30 an indica-

tion of an attack on the infant’s red cells by maternal antibodies (erythroblastosis fetalis). A prior preg-

nancy had terminated with the delivery of a still-born infant at seven months.

Following delivery an adherent placenta was extracted manually during ether anesthesia. Profuse

bleeding occurred and the systolic blood pressure dropped to 8o mm. Hg. At this time the patient was

given a transfusion of blood, her husband acting as the donor. (The wife and husband had been typed as

Rh positive elsewhere.) After 380 cc. of blood had been taken there was a chill, mental dullness and one

hour later the oral temperature was 1o3#{176}F.Chilly sensations lasted i4 hours and during this period a

lethargic state existed. The blood pressure was �o/9o, pulse rate 146. Bleeding from the uterus continued

despite packing, and during the following 14 hours the arterial blood pressure gradually dropped to an

imperceptible level. The blood pressure remained very low for at least one hour and the patient was

described as cadaveric in appearance. The patient had been given z�oo cc. of dextrose in normal saline

by vein.

TABLE 2..StUdUS Related to Case x

Anti-C

-

Anti-c

+

Anti-D

-

Anti-E

-

Anti-c

+ cde/cdeMrs. A

Mr. A + + + + + CDe/cDE

Infant A - + + + + cDE/cde

During the above mentioned 14 hours blood samples were sent to the William Buchanan Center. It

was determined that the patient was Rh negative, i.e. type cde/cdet and the husband, who had given the

blood, was D positive (Rh positive) and his estimated genotype” was designated as CDe/cDE.4

When the infant was tested and found to be type cDE/cde,6 the father’s estimated ty#{231}ewas proved cor-

rect. (See Table 2.).

As soon as possible the patient was given icco cc. ofcde/cde blood.t Since bleeding continued and the

B.P. remained at 80 mm. Hg., t�oo cc. ofiso-osmotic citrated plasma were given during the ensuing four

hours and this was followed by 6oo cc. of cde/cde blood. The systolic BP was 12.0 mm. Hg. Acute pul-

monary edema developed and 300 CC. of blood were withdrawn by vein. The patient was then trans-

ported So miles via plane to Baylor Hospital. On arrival the BP was iio/�oo, pulse rate i�o and respira-

tory rate 6o. Diffuse pulmonary edema existed and �oo cc. of blood were immediately withdrawn from

the right femoral artery. Prompt improvement resulted. The BP became i 12./78, pulse rate 104 and res-

pirate rate 2.6.

Oozing of blood from the uterus continued for 36 hours but contraction of the uterus progressed satis-

lactorily. This postreaction hemorrhagic tendency was likewise noted in relation to all skin punctures.

The blood clotting time (Lee-White) was 8 minutes.

Since overloading in the intravascular compartment had occurred no fluids were administered by any

loute for 48 hours. After this period 1000 tO i�oo cc. of fluid were given daily as a high caloric formula.

No vomiting occurred and the formula was well tolerated.

* Fisher-Race terminology31’ 3�, Cf. paper by Race, this issue.

t Since a theoretical possibility of E immunization existed, it became necessary to make certain the
donor blood was E negative by the use of anti-E serum.
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Fio. 2.. LABORATORY FINDINGS DURiNG THE “THREE-PIIASE” MANAGEMENT AS

APPLIED TO CASE I OF THE HEMOLYTIC TRANSFUSION REACTION GROUP

The patient received 380 cc. of incompatible blood. Notice the reciprocal relation of oliguria and

azotemia; the gradual lowering of blood Cl, plasma CO2 CP, serum Na and K during the oliguric period.

The prominent output of Na, K, Cl and urea during the diuresis is well demonstrated. All of the variation

changes develop through gradual transitions.

io8 INCOMPATIBLE TRANSFUSION THERAPY

Water soluble vitamins (B and C) were given parenterally. An average of 4 grams of sodium bicarbon-

ate were given daily. On one occasion when the serum Na concentration was lowered to 132. mEq/L,I4

grams of sodium bicarbonate were given per rectum.

The course of this case can be traced in Figure 2. and Table 3. On the first day the plasma hemoglobin

concentration (modified Bing and Baker method34) was 512. mg. per cent, dropping to � mg. per cent

by the second day and disappearing by the third day. Methemalbumin’6 was detected in the plasma

samples of the first day. During the first nine days a marked oliguria existed but this gradually lessened

(succeeding daily urine volume ii, 30, 74, 39, ico, 12.4, 2.06, 540 and 1480 cc.) The first two urine speci-

mens contained hemoglobin in solution. For four days the urine specimens contained brownish-granular

casts (heme casts). At all times the urine specific gravity varied between i .008-1.010. The blood pressure

remained in the vicinity of 135/94 mm. Hg. The blood urea concentration was elevated from iio mg per

cent on the second day to 458 mg. per cent on the eighth day. It can be noted that a gradual decline in

blood chloride, serum Na and K concentration and the CO2 combining power of plasma took place during

these eight days.

Antibodies against the C and D antigens appeared in the patient’s serum. On the seventh day the

titer for the agglutinating antibody was 1:4 and for the “cryptagglutinoid” type was 1:5 12..

The peripheral hemoglobin concentration was lowered from � grams per cent on the second day to

4.0 grams per cent on the fourth day. This hemodilution occurred during the “no-fluid-intake” period.

Three transfusions of concentrated red blood cells were given (750 cc. red blood cells plus about 2.00

cc. � per cent dextrose in distilled water). The hemoglobin concentration stabilized around 9 grams per

cent. These transfusions plus penicillin therapy (30,000 units every 6 hours intramuscularly) constituted

the only additional therapeutic measures during the oliguric period of eleven days.
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MUIRHEAD, HALEY, HABERMAN AND HILL 109

The diuresis began on the eleventh day. It is of interest that the patient was not seen other than by

the nursing staff for approximately zo hours during the night of the eleventh day. Between the time the

patient was seen in the evening by one of us and the following morning the profuse phase of diuresis

commenced. No additional fluids had been received during this time. During this short period the patient

displayed definite signs of dehydration (extracellular water-salt loss): dry tongue and mouth, ropey sa-

liva, parchy lips, soft eyeballs, dry skin. Certain mental aberrations were noticed: marked decrease in

psychomotor activity, blocking phenomena, a lack of interest in her baby, ideas of referenceconcerning

members of the staff, auditory hallucinations and delusions. Following the replacement of water and

salt these mental features disappeared with phenomenal rapidity.

The following three days were crucial with regard to the urinary water and salt output. The urinary

volume amounted to 6,670 cc., 8,�’o cc. and 6,84o cc. respectively. In these volumes the following corres-

ponding quantities of salts were measured: chlorides as NaCl 2.8.7 grams, 35.2. grams, 2.8.2. grams; sodium

TABLE 3.-Case i

Day

2.

4

8

11-12.

i�-i6

17-18

19

Blood

UreaN Urea

mg./JOO cc.

50 107

95 2.00

2.2.2. 475

2.14 458

39.9 8�.3

30 64

2.5 53

COs CP

V %

49

59

46

54

�6

64

68

Blood Cl

,,sg./100 cc.

500

450

400

477

480

490

Serum Na

r#sEq/L

144

146

130

132.

142.

14$

Serum K

mEq/L

7.2.

6.4

5.9

5.0

4.3
4.4

Plasma
Prot.

G/100 cc.

�.6

5.5

6.9

Hg B

G/JOO cc.

7.0

7.6

8.8

9.15

Days

I- 2.

3- 4

�- 8

9-12.

13-16

17-18

Intake

cc.

4,800

i8o

3,000

5,155

2.5,715

6,6oo

Urine Vol. Total UrineUrea Total Urine
Cl

Total Urine Total Urine
Na K BP

cc.

Ii

104

469

10,990

2.7,985

10,345

gm.

0.048

0.2.78

2.319

68.33

1L2..9

40.5

gm.
0.02.9

0.342.

1.949

44.54

93.1

x�.6

gm.

2.5.53

gm.

3.2.9

mHg

112./78

135/94

12.8/88

i6.68 grams, 19.4 grams and 19.35 grams; potasium 2..35 grams, i.t grams, i.8� grams. At the same time

the i.� hour urine urea output amounted to 35.9 grams, 44 grams and 35.3 grams (fig. i).

At the time of the profuse diuresis the water-salt needs were judged in accordance with the measured

output in the urine which meant that we were always several hours behind the actual replacement needs

of the patient. For each � hours during the above mentioned three day period the patient received by

vein 6ooo cc. of fluid, �ooo cc. of which contained the following bulk quantities of salt : 32. grams of NaCI,

12..5 grams of NaHCO3 and 0.9 grams of KCI.

After the three day period (fourteenth day) the urine urea, salt and water output began receding.

The intravenous fluids were discontinued. The patient was placed on a general diet and allowed to

regulate her own fluid intake. The � hour salt output dropped to 6-io grams and the urea output dropped

to near 2.0 grams. The daily urine volume remained high (3ooo-ficoo cc.).

Concomitantly with the diuresis the blood urea concentration dropped precipitously to normal levels.

The blood chlorides, serum sodium concentrations and CO2 combining power of plasma were elevated

back to normal. On the seventeenth day, despite these reversals, the urea clearance was �.o per cent of

normal, the P.S.P. test 32. per cent of normal (first hour 11.5 per cent, second hour 19.5 per cent). The

urine specific gravity fluctuated between i .oo6 and 1.011 from the second day until discharge.
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I 10 INCOMPATIBLE TRANSFUSION THERAPY

The patient was dismissed ambulant on the nineteenth day. Three months later the urea clearance

was 74 per cent of normal.

Comment.- This case was a very severe one. Aside from the hemolytic reaction,

other distinct factors conducive to renal damage existed, namely hemorrhage with

prolonged hypotension, severe anemia, uterine damage due to removal of an ad-

herent placenta. The management, based as it was on the outstanding features of

the three clinical phases, may be designated as the ‘ ‘three-phase’ ‘ management.

In the first phase, treatment of the blood loss and hypotension became vital.

An understanding of the various Rh antigens made it possible to administer i6oo

cc. of blood with confidence. Plasma infusions were given for the oliguria until

more blood could be made available. A plasma overload resulted from a misunder-

standing but it yielded rapidly to blood withdrawal. A close check on venous dis-

tension, respiratory embarrassment and the presence of crepitant rales at the bases

of the lungs can prevent such complications readily.

Since blood loss continued there was no hesitancy in giving concentrated red cell

transfusions for the subsequent severe anemia.

During the phase of renal insufficiency no attempt was made to force the kidneys

into action. Conversely, water was given only to substitute for the insensible loss

and the scanty urinary output. Time was allowed to pass in order to allow the

kidneys opportunity to regenerate. Until such time the nitrogenous waste products

were allowed to accumulate.

On the above regime diuresis was spontaneous on the twelfth day. The water-

salt deficit was replenished . The remarkable recovery is considered more than co-

incidental in view of the severity of this case.

Case a: A white female, aged io years, had pyelitis with severe chills and fever at the time of delivery

of normal twins. Urine cultures yielded a growth of Pseudomonas aeruginosa.

The patient was of Type 0, D positive. Sixteen hours following the delivery, through an error, she

received ico cc. ofType A2, D positive blood. The series of manifestations included: abdominal rigidity,

back pain, cramping of legs, nausea, ‘ ‘pressure on head, ‘ ‘ cyanosis, weak pulse and a chill lasting �

minutes. Within two hours the rectal temperature was io5.8#{176}F.During the subsequent it hours, however,

the temperature was subnormal (9i.40-940F.). A urine specimen five hours after the reaction contained

much brownish-granular debris (hemoglobinuria) and heme casts. Additional urine specimens were red

in color.

The chills and fever of pyelitis continued during the next four days (daily temperature, iot#{176}-io30F.).

Profuse diaphoresis occurred during this period requiring repeated changes in bed linen due to wetness.

Streptomycin therapy was initiated on the third day following the reaction and was continued for six

days thereafter (0.2.5 gram every 3 hours intramuscularly for four days, then o. 12.5 gram per dose). During

this time the temperature dropped to normal levels and remained so.

Table 4 contains data on this case. In addition to the hemoglobinuria, heme casts, marked proteinuria

and low specific gravity of urine, the patient developed oliguria, azotemia, hypertension and hypo-

chloremia. The CO2 combining power of plasma and serum sodium concentration were maintained within

normal bounds by the administration of sodium bicarbonate. For four days the urine urea output was

low (total 6.77 grams). During these four days the intake of fluids (14,010 cc.) far exceeded the urinary

output (i,�co cc.) but Frofuse sweating was constant and development of subcutaneous edema was not

evident. No pulmonary edema was detected. The fluids given were salt-free with the exception of three

units of plasma and �co cc. of blood on the first day.

Diuresis began on the sixth day and reached its peak on the eighth day (fig. 3, Case 2.). There was a

fairly rapid recession of all abnormalities except the hypertension which persisted up to the time of dis-
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FIG. 3. THE “OLIGURIA-DIURESIS” Custvas OF FOUR CASES OF THE HEMOLYTIC REACTION

GROUP ARE DEPICTED. THE CORRESPONDING CASE NUMBERS ARE GIVEN

MUIRHEAD, HALEY, HABERMAN AND HILL III

TABLE 4.Case 2

Day

2.

4

6

8

io

13

i6

Blood

Urea N Urea

mg./iOO cc.

2.7 �8

�8 12.3

71 153

57 12.3

69 145

37 8o

2.4 51

COl CP Blood Cl

V % mg./100 cc.

45

6o 400

64 360

49 360

59 490

62. 510

52. 510

Serum Na

mEq/L

140

143

141

Serum K

mEq/L

6.2.

4.5

5.2.

Hg B

G/100 cc.

13.4

9.4

io.�

9.75

Days

I- 2.

3- 4

�- 8

9-12.

13-15

Intake

cc.

3,730

10,2.80

18,2.30

16,700

13,500

Urine Vol.

cc.

405

2.,095

17,035

17,310

11,460

Tot�l Urine Tota�Urine Tota,�Urine TotaiKlJrine
BP -

mltg

12.0/82.

12.4/96

142./b

158/96

i6o/ioo

gm

1.37

�

44.0

88.6

66.7

gm

0.98

�.o

2.5.7

2.6.9

2.4.7

gm

0.33

1.644

gm.

0.063

0.49

0
U

I

z
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I 12. INCOMPATIBLE TRANSFUSION THERAPY

charge sixteen days after the reaction. The urine specific gravity fluctuated between 1.003 and 1.013

from the second day until the day of discharge.

Comment: Pyelitis of pregnancy existed prior to the incompatible transfusion but

was not attended by azotemia as indicated by a control blood urea N level of 14

mg. per Icc cc. Azotemia and renal insufficiency, however, were definite following

the reaction.

The treatment in this case was of the same ‘ ‘three-phase’ ‘ type as mentioned in

the discussion of Case i . During the first phase the patient was given ��cc. of

TABLE �.-Case 3

Blood
Day _________________ C02 CP Blood Cl Serum Na Serum K P�,asrna Hg B

Urea N Urea

mg./100 cc. mg./iOO cc. mEq/L mEq/L G/100 cc. G/100 cc.

2. 63 133 510 5.7 ,o.8

78 107 2.2.9 �8 400 9.15

12. 115 2.47 48 380 10.4

150 310 49 360

19 83 178 31 62.0 150 4.84 io.8

2.2. �6 12.0 30 42.0 11.4

2.6 92. �6 440 10.4

2.9 37 8o 54 400

35 2.0 43 430 142. 4.1 6.6 15.0

46 15 32. 480 7.1

Days Intake Urine Vol. Total UrineUrea Total Urine
Cl

Pent. Urea

cc. cc. gm. gm.

I- 4 5,500 32.5

�- 8 7,600 575

9-Il 6,ooo 1,935

13-16 6,6�o 6,6oo

17-19 6,2.35 2.9.6 i8.6, 46.0

2.0-2.2. 8,440 8,6oo 36.4 11.1 30.85

2.3-2.8 2.5,670 2.0,565 156.7 35+

2.9-34 z�,6oo 17,770 133.8 2.4.3

35-40 19,710 i6,�8� 12.0.3 35.2.

41-46 17,600 2,1,82.0 103.8 41.5

compatible blood . During the second phase the management consis ted mainly of

replacement of water loss via sweat and urine and a salt-poor diet. The CO2 com-

bining power of plasma was maintained within normal limits by an alkalinizing

mixture (citrate-carbonate). During the third phase the intake was made to replace

the copious output. The abatement of the fever of pyelitis was synchronous with

the streptomycin therapy. Mental clarity was present throughout and there was

no vomiting. One month later the following observations were made: blood urea

concentration 3 I mg . per 100 cc . ; urea clearance � 8 per cent of normal.

Case �: This case has been previously discussed’3 and will be touched on briefly only. Peritoneal irriga-

tion was conducted between the seventeenth and twenty-second days (table �).

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/Special_Issue_N

um
ber_2/101/786914/101.pdf by guest on 19 M

ay 2023



MUIRHEAD, HALEY, HABERMAN AND HILL 113

The patient was of Type 0, D positive and received 175 cc. of Type A1, D positive blood.

The chain of events included : nausea, generalized tingling sensations, hypotension for �o minutes,

cyanosis, chill-fever, mental confusion and hemoglobinuria. Subsequent renal insufficiency with hyper-

tension developed.

The azotemia reached its peak on the sixteenth day. At this time the following complications existed:

gallop rhythm, apical systolic murmur, pericardial friction rub, generalized subcutaneous and pulmonary

edema, muscular twitchings.

Penitoneal irrigation was conducted for � days. During the first three days the irrigation was con-

ducted with crystalloid solutions and the water-salt overload was aggravated. Diuresis on the nineteenth

day coincided with the washing out of salt from the body via the peritoneum by means of � per cent

dextrose in distilled water. The urine specific gravity remained low (z.oo�-i .oi6) throughout.

TABLE 6.-Case �

Day

2.

4

8-9

II

12.

14

15

Blood

Urea N Urea

mg./100 cc.

46 99

100 2.14

8i 174

57 12.3

68 145

86 183

94 2.01

COl CO

V %

62.

2.2.

2.6

43

50

43

Plasma Cl

mg./JOO cc.

510

�8o

6oo

52.0

500

52.0

Serum Na

mEq/L

153

142.

134

Serum K

mEqfL

3.0

4.2.

4.9

Plasma Prot. Hg B

G/100 cc. G/IOO cc.

6.� 9.5

4.5

8.15

�

�

Days

I- 2.

3- 4

5 9

I0-II

12.

13-14

15

Intake

cc.

1,350

3,2.00

6,8oo

4,300

1,760

88o

1,2.40

Urine Vol.

cc.

2.90

2.2.5

1,155

595

2.30

i,o8o

475

Tott�r�nine

gm.

1.9

1.2.4

3.2.4

1.2.6

0.64

3.37

Tota�1Unine

gm.

1.1

0.79

1.2.6+

o.86

3.38

Pent. Urea Icterus Index

81.8

173.0

104.0+ 100.0

11.0+ 95

97.5

12.1.5

Comment.’ The necessary copious diuresis in this case was delayed to the nine-

teenth day. It has been demonstrated that by this time regeneration of the renal

tubular epithelium has usually taken place. The delay in diuresis seemed related to

the extracellular water-salt overload. A great deal of salt was cleared via the

peritoneum by using a non-salt containing irrigating solution.

Continuous irrigation of the peritoneum with crystalloid solutions was com-

plicated by a severe acidosis and water-salt absorption.

Case �.‘ This case has also been discussed elsewhene’� and will be only briefly mentioned here. Penitoneal

irrigation was conducted between the third and eleventh days.

The cause of the hemolysis was not determined in this case. The recipient and all donors on repeated

checks were found to be Type A1, D positive. Unmistakable acute hemolysis occurred. A total of 2.650 CC.

of blood were given over twelve days.

Table 6 contains the essential features of the data. Hemoglobinunia, jaundice, azotemia and hyper-

tension developed. The penitoneal irrigation was responsible for the clearing of ii� grams of urea from
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I 14 INCOMPATIBLE TRANSFUSION THERAPY

the body. At the same time, however, marked acidosis developed and there was evidence of water-salt

absorption. The urine specific gravity remained low (1.006-1.012.).

This patient’s progress was unfavorable and she expired on the fifteenth day. The autopsy findings

demonstrated widespread pulmonary tuberculosis and the typical renal lesions of incompatible blood

transfusion. Renal tubular regeneration had advanced (Fig. 8).

Comm#zt: This was an extremely complicated case. The tuberculosis was exten-

sive. The anemia was of such magnitude as to demand transfusions. Transfused
red cells were promptly hemolysed by an undetermined mechanism. Irrigation of

the peritoneum for the renal insufficiency was followed by severe acidosis and evi-

dences of water-salt absorption.

TABLE 7.-Case 5

Day
Blood

Blood Cl Plasma Prot. Hg B

Urea N Urea

3

4

8

10

‘I_IL

17

2.1

mg./100 cc.

36 76

40 8�

6� 139

73 157

93 2.00

40 86

63 133

mg./JOO cc.

2.80

340

G/100 cc.

5.2.

6.�

G/100 cc.

9.15

�

Days Intake Urine Vol. BP

2.

3- 4

�- 8

9-12.

13-16

17-2.0

2.1-2.4

cc.

4,360

4,100

13,060

10,92.5

4,690

8,730

9,050

cc.

50

12.0

495

1,460

9,12.5

18,300

io,8�o

mHg

iio/6o

12.4/100

115/78

Case ;. A white female, 40 years of age, had a hysterectomy following which there was vaginal bleed-

ing and a lowered blood pressure (90/70 to 100/70 mm. Hg.). The patient received 1,000 CC. of blood

without reaction and was again operated on 36 hours later for the control of bleeding. During the im-

mediate postoperative period i,ooo cc. of � per cent dextrose solution were given by vein. At i6 hours

post operatively a blood transfusion resulted in severe reaction after 2.50 CC. had been given. A severe chill

lasted 8 minutes and the temperature was elevated to 103 .40F. Nineteen hours later ico cc. of dark bloody

urine were obtained by catheter. Subsequently prominent azotemia, hypochloremia and oliguria devel-

oped (table 7). There was no hypertension.

For twelve days the intake far exceeded the urinary output. The patient displayed generalized edema,

became irrational, highly talkative, loud, and groaned frequently. On the tenth day, irregular muscular

jerks of the arms and legs appeared and continued until the height of the diuresis on the seventeenth day.

Up until this time the fluid intake included the following by vein: ,8,ooo cc. of sixth molar sodium lac-

tate solution, 1,300 CC. of 3 per cent NaC1 solution, ico cc. of concentrated plasma and iooo cc. of i.8

per cent sodium sulfate solution.

On the fifteenth day, there occurred a grand mal convulsion. The following day generalized rales over
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MUIRHEAD, HALEY, HABERMAN AND HILL I I 5

the lung fields were noted. Improvement began with the peak of the copious diuresis (seventeenth,

eighteenth and nineteenth days). From this time on recovery was rapid (Fig. 3, Case �). The patient was

discharged walking 2.5 days after the reaction. The urine specific gravity remained between I .oo8 and

lob throughout.

Comment: During the first sixteen days the fluid intake far exceeded the urine

output and even exceeded the urine volume plus the estimated insensible loss. The

intake of sodium was quite high and apparently eventuated the extracellular fluid

volume expansion. On this regime mental signs and a convulsion occurred. The

height of the diuresis was delayed to the eighteenth day.

TABLE 8.--Case 6

Day
Blood

COi CP Blood Cl. Plasma Prot. Hg B

Urea N Urea

2.

6

8-9

13

i6

19

mg./100 cc.

50 �io

8� iSo

90 190

io6 2.2.7

45 100

2.0 43

V %

38

52.

50

68

72.

mg./100 cc.

340

350

380

360

42.0

G/100 cc.

5.5

G/100 cc.

�

16.1

16.4

15.0

14.45

13.85

Days Intake Urine Vol. BP

1- 2.

3� 6

7 9

10-13

14-16

I7I9

cc.

1,000

3,150

1,600

9,500

i,6oo

3,400

cc.

305

175

i�

5,785

7,42.5

8,ioo

mflg

,io/6o

130/78

Case 6: A white female, aged 30 years, entered the hospital for metro-menorrhagia. There had been

one pregnancy in the past. A severe hemolytic reaction occurred and was demonstrated to be due to the

Rh (CDE) system of antigens. The patient received 350 CC. of blood in 45 minutes. There were generalized

tingling sensations, nausea and vomiting, severe abdominal cramps, severe chill and fever (ioi .8#{176}F.).

At 2.8 hours io� CC. of dark brownish red urine were obtained by catheter.

Prominent oliguria, azotemia, hypochloremia and acidosis developed (table 8). The oliguria was

severe for ten days (fig. 3, Case 6), then a rise in urinary volume to 2.950-3575 CC. in 2.4 hours occurred on

the thirteenth, fourteenth and fifteenth days. The urine specific gravity was low.

During the first six days 1,500 CC. of blood were given for the anemia and the hemoglobin concentration

was elevated from � to i6.i grams per cent. The fluid intake during the first nine days approximated

6,750 CC. The output of urine during this time was 635 CC. Edema was not observed. Sodium bicarbonate

was given periodically (exact amount unknown).

Between the tenth and sixteenth days, the fluid intake was less than the urinary output and naturally

with the insensible loss the total output far exceeded the intake. On the sixteenth day the urinary output

dropped markedly and the patient had severe convulsions. Following intravenous fluid (dextrose in dis-

tilled water) and the increase and regulation of the dietary and oral water intake there was satisfactory

recovery. The patient was ambulatory on discharge from the hospital LI days after the reaction.
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ii6 INCOMPATIBLE TRANSFUSION THERAPY

Comment.’ The management in this case was essentially of ‘ ‘three-phase’ ‘ type

but a complication occurred during the third phase as a result of insufficient water-

salt replacement.

Early the anemia was corrected with 2.,500 cc. of blood. During the renal in-

sufficiency phase there was no water-salt overload . On the contrary, less fluid was

given for nine days than necessary to replenish the estimated insensible loss plus

the scanty urinary output and the patient was actually slightly dehydrated during

this time. Nevertheless, diuresis was prominent by the thirteenth day. Failure to

replace the water-salt loss during the diuresis, which was superimposed on an exist-

#{149}ing state of water deficit, apparently led to the decrease in urinary output and the

convulsions. The administration of fluids and a good dietary intake corrected these

irregularities. Recovery was satisfactory after these corrections.

Case �: This 48 year old white female entered the hospital for an operation of the left hip (arthoplasty).

The pre-operative hemoglobin concentration was 13.85 grams per cent. Following operation the hemo-

globin concentration dropped to 6.2.5 grams per cent. During the five post operative days the patient was

TABLE 9.-Case 7

Day
Blood

Plasma Prot. Hg. B Intake Urine Vol. BP

Urea N Urea

mg./100 cc. G/100 cc. G/100 cc. cc. cc. mHg

2.

3 8� 182. 4.8 6.2.5

4,2.00

1,750

6oo

6o

12.2.

30

118/76

4 100 2.14 7.2. 3,000 75

5 1,000 2.0

given 1,500 CC. of blood. Later it was learned that the patient had received 2. or 3 transfusions seven years

before, each being followed by ‘ ‘ serious reactions.”

Following the first �oo cc. of blood there was no overt reaction but the urinary output became scanty.

The second transfusion was followed by nausea, fever, and dark urine with much sediment. Proteinuria

was prominent.

The oliguria persisted and the azotemia advanced (table 9). The patient expired � days postoperatively.

Comment.’ This case demonstrates the lethal effects of repeated incompatible trans-

fusions. Autopsy findings demonstrated the typical renal lesions of incompatible

transfusion.

Subsequently it was learned that the patient was D negative (‘ ‘Rh negative”)

and that D positive blood had been given. At the time of these transfusions, how-

ever, Rh typing was not a routine procedure at this center but subsequently became

so, Without routine typing one can always expect an occasional case as this one.

Case 8.’ A white female, aged 42. years, had a severe diffuse pneumonitis with a high remittent fever,

marked weakness and cyanosis. The white blood cell count was 8,2.00 per Cu. mm. with 74 per cent

neutrophils. The peripheral hemoglobin concentration was 14.45 grams per cent.

One blood transfusion of 300 cc. was given uneventfully. Three days later a second blood transfusion

was discontinued after 6o cc. because of a severe reaction. The following were noted: sudden chest pain,

nausea, vomiting, cyanosis, and a chill of 2.5 minutes duration. Subse�uently oliguria, azotemia, hypo-
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MUIRHEAD, HALEY, HABERMAN AND HILL I 17

chloremia, acidosis and jaundice developed (table 10). The patient expired nine days later. During this

period the fluid intake far exceeded the urinary output.

Comment: This patient had an advanced pneumonitis of unknown etiology. The

incompatible transfusion added to complications which culminated in a fatal

termination. In view of present knowledge and the existence of pulmonary lesions

the rather large fluid intake apparently had an added deleterious effect.

TABLE io.-Case S

Day

2.

3

4

�

Blood

Urea N Urea

mg./100 cc.

6o 12.4

64.5 138

68 14$

8i.� 177

C02 CP

V %

66

44

69

70

Blood Cl.

mg./100 cc.

380

Hg B

G/100 cc,

11.65

13.2.5

Intake

cc

z,6�o

1,900

1,650

3,7oo

Urine Vol.

cc.

100

2.00

550

150

2.5

15

TABLE 11.-Case 9

Days

I2.

3�4

5-6

7

Blood
C02 CP

V%

64

6o

70

64

Blood Cl

mg./JOO cc.

480

500

52.0

480

Serum Na

mEq/L

148

z�6

152.

‘40

Serum K

mEq/L

4.1

4.3

4.8

5.1

Hg B

G/JOO cc.

13.6

11.85

Urea N Urea

mg./100 cc.

42. 90

2.6 �8

30 66

2.8 6o

Intake Urine Output Total Urine Urea Total Urine Cl

cc.

12.00+

32.50

3600

1900

cc.

i8oo

2.300

2.300

i6oo

Gm.

�.6

1.3

7.5

11.8

Cm.

4.5

1.3

1.2.

i.6

Case 9.’ A white male, aged 2.0 years, of Type 0, cde/cde ( Rh negative’ ‘) received icc cc. of type A1,

D positive blood (probable type CDe/cDe) through an error. The recipient experienced marked dyspnea,

a chill, urticaria, nausea, vomiting and fever (temperature ioo.8#{176}F.). Hemoglobinuria, azotemia and a

low urine specific gravity subsequently followed (table i i). Oliguria existed for two days following

which the output increased to near 1000 CC. for seven days. At this time the patient was disc�harged.

Progress was satisfactory although recovery wasnot complete. One month later he appeared well.

During the renal insuflicienty phase the intake was limited below the estimated insensible loss and

urinary loss.

Comment.’ The antibody titer at the time of the transfusion in this case was knOWn:

anti-D agglutinating antibody i :�ii, “cryptagglutinoid” type i :2.000. The in-

compatibility between the infused red cells and the patient’s serum (antibodies)

involved two antigens, one of which was probably of homozygous type. This
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I I 8 INCOMPATIBLE TRANSFUSION THERAPY

multiple antigen-antibody relationship might well have accounted for the violent

nature of the hemolysis (Hill-Haberman-Jones concept) and thereby possibly in-

fluencing the degree of renal damage. Since the recipient was an Rh antibody donor,

anemia or other complications were not present at the time of the transfusion.

Case zo: A white male, aged 46 years, had a bleeding peptic ulcer. He had received a transfusion six-

teen years before. Prior to admission to this hospital 3 transfusions had been given. The third transfusion

was followed by a severe reaction with a chill, hemoglobinuria and oliguria for four days.

It was determined that the patient was D negative (Rh negative). Following transfusions of D nega-

tive blood the patient was discharged improved. Renal damage apparently was mild and recovery was

rapid and satisfactory.

Case ii: This 64 year old white male suffered from a debilitating febrile disease subsequently found

to be mycosis (autopsy). The patient was of type 0, D positive. Through an error he was given blood

ofType A1, D positive. Following 100 cc., a severe reaction developed which wascharacterized by nausea,

vomiting, chill and fever (temperature 98.6#{176}tO i02..6#{176}F.). The first urine specimen was dark red. A urine

specimen 2.3 hours later was dark brown in color.

Within one and one-half hours after the reaction the patient was given �oo cc. of compatible blood

and �oo cc. of one-sixth molar sodium lactate solution. No renal insufficiency developed in this case and

there were no apparent sequelae from the reaction.

Comment.’ All seemingly severe incompatible (hemolytic) blood transfusion re-

actions are not followed by renal insufficiency, as this case attests. The anemia was

only moderate and no hypotension ensued. One wonders if these factors and the

immediate transfusion were concerned in absence of renal insufficiency.

Case ii: A white male, aged 71 years, had a diagnosis of hypogranulocytosis and bone marrow de-

pression anemia (sulfanamide etiology). A successful transfusion of �oo cc. was given. Two days later a

second, apparently compatible transfusion was attempted. After �o cc. of blood were given there devel-

oped a severe chill, dyspnea, cyanosis and the temperature reached io�#{176}F.The patient became jaundiced

during the next hours.

No hemoglobinuria was detected. There was no renal insufficiency and no sequelae were noticed.

The next 4 cases have been previously reported in a discussion on Rh iso-immuni-

zation.3#{176}They occurred prior to the establishment of the routine Rh typing of all

bloods in this center. Only brief statements concerning each case are given.

Case 13.’ A white male, age 38 years, had received three transfusions for anemia. Subsequently the first

transfusion in this hospital was uneventful. The second one was followed by a severe chill and fever. It

was learned that the latter involved D positive (Rh positive) blood while the patient was D negative.

There were no sequelae.

Case 14.’ A white male had a transfusion elsewhere prior to admission. A severe reaction occurred after-

2.50 cc. of blood were given here. The patient was D negative, the infused blood was found to be D posi-

tive. Antibodies developed in the patient’s serum. There were no sequelae.

Case I;: A white female, age 41 years, received io transfusions in this hospital. The first transfusion

was uncomplicated; the second one was followed by a chill after 400cc. had been given. The third trans-

fusion was discontinued after i�o cc. because of a severe reaction. The chill lasted 40 minutes.

The patient was found to be D negative (Rh negative) and developed antibodies in her serum. There

were no renal sequelae.

Case z6. A white male, age 37 years, had a colectomy in I�3 for polyposis. One transfusion had been

given in 1942.. A transfusion prior to the present admission was followed by a chill, fever and headache.

Two other transfusions on the present admission were associated with reactions. The third transfusion

was succeeded by a chill, fever, hemoglobinuria and jaundice the following day.
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MUIRHEAD, HALEY, HABERMAN AND HILL 119

‘rhe patient was found to be D negative and showed antibodies in his serum. There was no renal

insufficiency and there were no sequelae.

Case 17. A 2.8 year old white female was given a transfusion following an operation. She had delivered

an infant five months before. The patient was of type A1 D negative and received 400 CC. of A1 D positive

blood. There was a severe chill and the temperature rose to 104.1#{176}F. within three hours. No renal insuf-

ficiency developed and there were no apparent sequelae.

Case x8: The patient was ofType B and received icc cc. of type A blood. A chill and fever resulted but

there were no other abnormalities noted. No renal insufficiency developed in the subsequent four days.

An operation within a week was followed by fatal pulmonary embolism. The patient lived for two days

with this complication and during this period renal insufficiency was prominent.

Comment: The hemolytic reaction did not yield any discernible renal damage. It

is doubtful if the subsequent renal insufficiency, which followed a prolonged period

of hypotension, was directly related to the transfusion reaction.

RENAL INSUFFICIENCY DUE TO OTHER CAUSES

Acute renal damage with temporary renal insufficiency may occur from various

causes.2 Such cases may resemble closely those of incompatible blood transfusions

and they may be similar to those of the transfusion groups. Since a similar type of

management seems applicable, io illustrative cases are presented in support of the

discussion on the transfusion group.

A. Prolonged 1-lypotension.’ Four cases of prolonged hypotension followed by renal

insufficiency are included:

Case i. A white female, age 32. years, entered the hospital for delivery of a full term infant. When

dilatation was complete a saddle block anesthesia was given. The BP, which was I 18/70, promptly

dropped to 8o/�o mm. Hg. The pressure ranged between 70/40 and 92./so until delivery of a stillborn

infant. At this time it became lowered to 60/40 and then to imperceptible levels.

The uterus failed to contract, profuse bleeding continued and the BP remained imperceptible for one

hour when a hysterectomy was performed.

For an additional �o hours the BP fluctuated between 50/38 and 8o/�o. During this period the patient

received 4,500 cc. of blood and i,�oo cc. of dextrose solution intravenously. The post “shock” period

began at this time when the BP became 12.0/80 mm. Hg.

Table 12. contains data on this case. Prominent azotemia, acidosis, hypochloremia, hyponatremia and

oliguria developed. The BP became slightly elevated.

During the first eight days the patient received about 2.8,840 cc. of fluids while at the same time the

urinary output totaled 5,495 CC. Of the intake I0,2.co cc. consisted of � per cent dextrose solution by vein

and approximately 11,390 CC. was water by mouth. Marked restlessness and irregular muscular jerks and

twitching developed within five days. On the sixth day the patient was irrational, groaned frequently

and was comatose. There were generalized edema, profuse sweating, salivation and large watery stools.

The clinical picture was that of water intoxication.

One of us first saw this case on the seventh day. At this time there was a low serum sodium (ii8

mEq/L) and a high serum potassium (io.� mEq/L) concentration. Lowering of the hyperpotassemia be-

came paramount. Accordingly 2.0 grams of sodium bicarbonate were given by stomach tube. The Serum

K concentration dropped away from danger levels and the Serum Na concentration was elevated.

During the ensuing 72. hours (seventh, eighth, and ninth days) the fluid intake was limited to negli-

gible quantities. The patient was given 130 cc. of � per cent NaCl by vein as two doses and an additional

6 grams of sodium bicarbonate (and calcium gluconate). Convulsions occurred for almost a 2.4 hour

period. These ceased after one dose of magnesium sulfate (� cc. 2.5 per cent by muscle). The patient re-

mained in deep coma until she expired on the fourteenth day following the “shock.”

Oliguria remained for eight days following which there was a daily increase in urinary output. By
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12.0 INCOMPATIBLE TRANSFUSION THERAPY

the twelfth day there was copious diuresis. Substantial quantities of urea were cleared from the body at

this time but the blood urea concentration remained elevated. The urine specific gravity varied between

I .007 and i .012. throughout the course. The salts lost in the urine were replenished by vein,

The CO2 combining power of plasma, the blood chloride and serum sodium concentrations were dc-

vated to normal range during the course. A low potassium concentration was being corrected by KC1 by

stomach tube. The generalized edema disappeared.

The autopsy findings demonstrated diffuse cerebral and cerebellum damage with myriads of punctate

hemorrhages. Microscopically chromatolysis, karyolysis, necrosis and neuronophagia were noticed. The,

distal renal tubules were everywhere lined by flattened epithelium (regeneration).

TABLE ii.-Case i

Day
Blood

CO1 CP Blood Cl Serum Na Serum K Hg B

Urea N Urea

2.

4

6

8

9

II

12.

13

14.

mg./100 cc.

68 146

III 2.36

103 2.2.1

140 2.99

136 2.91

i6� 355

170 370

150 330

2.2.0 470

V%

50

31

40

42.

49

54

46

mg./100 cc.

480

400

42.0

440

410

470

500

52.0

52.0

mEq/L

ii8

12.5

137

137

153

mEq/L

10.5

6.i

5.0

4.1

1.3

G/100 cc.

io.i

13.4

15.8

9.15

13.4

Days

1 2.

3 4

�- 6

7’- 8

9

101I

12.

13

Intake

cc.

10,32.0

6,42.0

8,300

3,800

50

3,160

5,500

5,100

Urine Vol.

cc.

545

8i�

1,02.5

1,110

1,2.00

6,700

5,000

4,300

Tot�jr�T,�ine

Gm.

11.9

53.6

46.4

38.4

Tota�.Trine

Gm.

4.2.

2.1.9

2.3.4

15.5

Tota�Urine

Gm.

9.7

Tota�Urine

Gm.

3.3

BP

mug

140/60

154/100

Comment: The case was one of acute renal insufficiency following hypotension.

The patient was overhydrated and developed water intoxication. A hyperpotas-

semia was quickly corrected.

The oliguria-diuresis curve (fig. 4, Case i) in this case was quite similar to that

of the incompatible transfusion cases. It is considered that the renal phase in this

case was recovering satisfactorily at the time of death. The diffuse brain damage

was overwhelming. The appearance of the kidneys, showing prominent tubular

regeneration, was in keeping with the clinical progress of renal function.

Case 2.’ A white female, aged 45 years, was in a car accident 30 minutes prior to admission. She sus-

tained a crushed chest, head injury and apparently multiple internal injuries. On arrival the BP was

imperceptible. The dextrose solution and �oo cc. of blood elevated the pressure to 80/52. within 4.5 hours.

By 9 hours the BP was z2.o/8o, pulse rate, i�.o.
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MUIRHEAD, HALEY, HABERMAN AND HILL 12.1

Severe oliguria existed for five days, then mild oliguria was present for three more days. Azotemia and

hypochloremia accompanied the oliguria (table 13). During this period there was a tendency toward

alkalosis which became true alkalosis by the eighth day. All factors concerned with the alkalosis were

not fully understood, even after complete recovery. The onset of alkalosis was associated with a

temporary recession of the urine volume. The urine volume fluctuated between oliguria and normal value

during the alkalotic period. Copious diuresis occurred on the twenty-third day, the CO2 combining power

of olasma being normal from this time on.

During the first eight days the fluid intake far exceeded the urinary output. The estimated insensible

loss accounted for a portion of the extra intake. The patient became irrational, restless, talkative, dis’

played irregular muscular movements and subsequently was comatose. The irrational loud talk continued

until the fifteenth day, at which time she became more rational. At this time the blood urea concentration

I

FIG. 4. THE ‘ ‘OLIGURIA-DIUREsIS’ CURVES OF THE FOUR CASES IN THE PROLONGED HypomNSIoN GROUP

decreased to near normal, the blood chloride and serum sodium concentration became normal but the

alkalosis appeared and the urine volume receded once more.

During the first sixteen days fib to 75 per cent of the fluid intake was by vein and ii,ooo cc. contained

isotonic sodium salt (70 per cent NaCI). Between the nineteenth and twenty-fourth day (alkalosis period)

the patient was given 7,000 CC. of o.8i per cent NFLICI solution and 480 CC. of 2.5 per cent human albumin

solution by vein. Copious diurcsis occurred at this time following which there was recovery. Between

the seventeenth and twenty-sixth days the urinary output plus the estimated insensible loss far exceeded

the fluid intake.

There were � incidents of recurring oliguria between the tenth and twenty-second days (fig. 4, Case

2.). Alkalosis existed on each occasion. During the second incident, fluid accumulated in the pleural space

requiring thoracentesis. In the third incident, there was atelectasis requiring bronchial aspiration. At

this time the BP was temporarily lowered (8�/��) and the patient had a convulsion. Muscular twitching,

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/Special_Issue_N

um
ber_2/101/786914/101.pdf by guest on 19 M

ay 2023



12.2. INCOMPATIBLE TRANSFUSION THERAPY

periodic cyanosis and mental cloudiness continued until the twenty-fourth day (diuresis). After this

time recovery occurred. The urine specific gravity was low (I .005-I .012.).

Comment: This was a highly complicated case. The renal insufficiency phase was

progressing in the usual manner until the tenth day. The development of alkalosis

seemed to alter the progress. Alkalosis’7 has been considered to cause renal damage

and insufficiency. Finally, a pulmonary complication with hypotension interfered

with the urinary output. Recovery occurred after a late copious diuresis (twenty-

third day).

TABLE 13-Case 2

Day
Blood

CO, CP

V%

54

53

83

84

90

91

100

8o

72.

Blood Cl

mg./JOO cc.

480

430

390

500

500

480

470

500

Serum Na

mEq/L

141

161

145.6

i�8

Plasma Prot.

G/iOO cc.

�.8

7.6

5.4

�.8

5.1

5.1

�

5.4

�.6

Hg B

G/100 cc.

11.8

‘5

11.35

13.2.5

11.35

11.75

Urea N Urea

2.

4

8

Il.

i6

i8

2.0

2.2.

t6

mg./100 cc.

2.9 61

59 12.7

83 178

71 153

2.4 52.

i6 �6

43 92.

2.6 54

‘9 42.

Days Intake Urine Vol.

1 2.

3- 4

�‘- 8

9-IL

13-16

I7”18

19’-LO

2.1-2.2.

2.3-2.6

cc.

7,800

1,990

14,380

9,470

15,2.95

5,6oo

4,150

4,940

11,630

cc.

2.90

350

5,2.2.0

7,060

8,6io

3,440

1,945

6,72.5

5,830

There was an excessive fluid and salt intake during the first sixteen days. This

water-salt overload appeared to be an additional complication in the case.

It is of interest that repeated doses of aminophyllin and salyrgan in early phases

did not appear to alter the urinary output.

Case �: A � year old white male complained of severe epigastric pain and pain in both arms of to

hours duration. He had had severe hypertension for seven years. The BP on admission was 2.00/170 mm.

Hg. Coronary occlusion and cholecystitis with cholelithiasis were suspected. The latter proved correct

during the first day.

On the first day the patient had a chill, the temperature was elevated to Io4#{176}F.and later he became

jaundiced. During the second day the temperature was subnormal (970F.) and the BP was lowered to

12.0/90 for several hours. There was coffee ground vomitus and subsequent tarry stools. The patient

developed oliguria, severe azotemia, acidosis, hypochloremia and hyponatremia (table 14).
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MUIRHEAD, HALEY, HABERMAN AND HILL 12.3

For seven days there was extreme oliguria (fig. 4, case 3). During this time the fluid intake far exceeded

the urinary output and �3 per cent of the intake consisted of intravenous dilute plasma (salt containing).

The patient became irrational, moaned and groaned and talked loudly. These manifestations disappeared

with the diuresis.

After the seventh day the urinary output increased each day. The peak of the copious diuresis occurred

on the twelfth day. There was a concomitant recession of the azotemia and mental confusion. From this

time on the fluid intake matched the urinary output plus the estimated insensible water loss. The patient

recovered from the acute renal insufficiency. The urine specific gravity was depressed throughout and

after recovery (i .004-I .cio).

TABLE 14.-Case 3

Day
Blood

CO2 CP Blood Cl Serum Na Hg B

G/100 cc.

�

Urea N Urea

2.

4-6

6

7

II

14

16

2.0

mg./100 cc.

130 2.90

170 380

187 398

140 300

8o 175

6o 12.5

40 86

V%

38

36

79

72.

63

mg./100 cc.

460

mEq/L

12.2.

Days

I- 2.

3- 5

6

7

8-i,

12.-14

i�’-i6

17-2.0

Intake

cc.

1,500

4,675

3,100

4,100

15,150

11,450

7,950

6,t�o

Urine Vol.

cc.

0

150

2.00

8oo

9,180

10,400

4,900

8,900

Proth.

%

33

70

100

IcterusIndex

71

61.5

30

2.7

13

Comment: The renal insufficiency in this case was related to the relative hypoten-

sion and perhaps jaundice. The course of the renal phas�e (oliguria and recovery)

was quite similar to that of cases with incompatible transfusion.

During the first week there was a moderate water-salt overload with mental

Symptoms. This did not appear to delay appreciably the usual appearance of the

diuresis. Aminophyllin did not seem to accelerate the renal output.

Case �: A white female, aged 2.3 years, had pyloric obstruction with nausea and vomiting for two

months. She was primarily a nutritional problem.

For one week the stomach was drained by suction and the fluid obtained was matched by parenteral

intake. Then for 6o hours the patient was on a high amigen and dextrose intake by vein. Five liters of

amigen had been given, then after �oo cc. of another batch the patient developed a slight chill, cyanosis,

rapid respiration and the pulse and blood pressure became imperceptible. The superficial veins were dis-

tinct, the skin was warm (1o3#{176}F.)and the patient had an involuntary stool. Next there were generalized

crythema, nausea and vomiting and the patient coughed blood. For it hours the blood pressure was low,

usually imperceptible to 80/40 and for an additional seven days it fluctuated between 8o/�o and �6/8o.
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12.4 INCOMPATIBLE TRANSFUSION THERAPY

There was anuria for 33 hours (table ii). During this period the patient received by vein 450 CC. of

concentrated plasma (4 X Normal), 3000 CC. of � per cent dextrose and �oo cc. of blood. During the follow-

ing 70 hours 4,000 CC. of blood and t,ooo cc. of dextrose solution were given by vein. The hemoglobin

concentration of peripheral blood was elevated from io.8 to i8.6� grams per cent. Fluid accumulation in

the right pleural space required periodic thoracentesis. After the last transfusion there was respiratory

difficulty, restlessness, cyanosis, distended neck veins, pulmonary rales, lowered BP and weak pulse.

Improvement occurred after 1400 CC. of blood were withdrawc

The urinary output increased after the seventh day (fig. 4, Case 4) and the azotemia abated. The urine

specific gravity range was I.oofi-I.o13. On the ninth day a jejunostomy was performed and the patient

was fed by this means. Twenty-eight days after the original hypotension a gastro-jejunostomy was per-

formed because of fibrous pyloric obstruction

TABLE I5.-Case 4

Day

3

5

7

12.

15

2.1

Blood
COs CP

Urea N Urea

mg./JOO cc. V%

6� 140 53

91 195

107 2.2.9 50

46 99

2.1 46

32. 67

Blood Cl

mg./JOO cc.

550

52.0

Serum Na

mEq/L

135

141

146

146

Serum K

mEq/L

6.i

�.8

4.9

�.,

Plasma Prot.

G/100 cc.

�.8

Hg B

G/100 cc.

io.8

i�.8

i8.6�

11,2.

Days Intake Urine Vol. Total Urine Urea

I- 3

4- 5

6- 7

8-it

13-15

2.2.

cc.

6,150

t,56o

,,6oo

1,500

6,ooo

cc.

100

1,150

1,150

�

3,000

1,480

Cm.

6i

Comment: Renal insufficiency followed a period of hypotension. The hypotension

was related to amigen administration and an acute pulmonary complication (in-

farct?). Subsequently there was vascular overload by blood transfusion which was

relieved by blood withdrawal.

The urinary output began to increase on the seventh day. The azotemia was

prominently lowered by the sixteenth day. The recovery period and other features

resembled the other cases.

B. Renal Insufficiencj Following Transurethral Prostatic Resection.’ It has been re-

ported38 . � that transurethral prostatic resection using distilled water as the

irrigating fluid may be followed by severe hemolysis, jaundice and renal in-

sufficiency. Presumably this is a distilled water type of hemolysis. The course of

these cases is not unlike that of the incompatible transfusion cases. Four of these

cases are briefly presented.

Care i This case is being reported and discussed by Baird and Spence.4#{176}We are indebted to these work-

ers for the herein-mentioned pertinent information.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/Special_Issue_N

um
ber_2/101/786914/101.pdf by guest on 19 M

ay 2023



-DAYS-

FIG. �. THE “OUGUP.IA-DIURE5IS” Cuavss OF THE FIRST THREE CASES OF RENAL INSUFFICIENCY

FOLLOWING TRANSURETHRAL PROSTATEC’rOMY (i, 2., 3)

Case 4 is the case of CCI4 poisoning with renal insufficiency

MUIRHEAD, HALEY, HABERMAN AND HILL 12.5

Case �: This case is likewise being reported in detail by Baird and Spence.4#{176}

Following a transurethral prostatic resection oliguria and azotemia developed (Blood urea 190 mg.

Renal insufficiency became evident soon after a transurethral prostatic resection (age 72.). During the

first eight days there was prominent oliguria. The intravenous fluid intake during this period was 2.5 ,ooo

( dextrose solution mainly) while the corresponding urinary output was iioo cc. The blood urea was

elevated to 199 mg. per ion cc. The patient became edematous, irrational, groaned and moaned and dis-

played muscular twitching.

The urinary output began increasing on the ninth day and copious diuresis appeared on the following

day (fig. 5, Case i). The t� hour urine output was io,6�o cc. on the eleventh day and io,8oo cc. on the

twelfth day. At the same time the fluid intake on the eleventh day was i6oo cc. and the twelfth day, 3,830

I

cc. On the twelfth day there were two grand mal convulsions. The patient improved promptly as soon as

the fluid intake was increased. During the following seven days the daily intake amounted to 6,ooc to

8,ooo cc. Improvement was rapid and by the twentv-ftrstday the blood urea concentration was �o mg.

per cent.

Comment.’ The oliguria-diuresis curvc � tne case mimics closely that of the

transfusion cases. Apparently some fluid overload occurred during the first week

and a water-salt deficit during the extremely copious diuresis. The convulsions

apparently were due to dehydration during the third phase. Correction of this

deficit was followed by prompt recovery.
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12.6 INCOMPATIBLE TRANSFUSION THERAPY

per ioo cc.). The oliguria lasted four days and during this period there was a guarded fluid intake. By the

ninth day there was prominent diuresis. At this time the fluid intake was accelerated to cope with the

output. Recovery was satisfactory (fig. �, Case t).

Comment: In this case the difficulties of Case i were averted by limiting the fluid

intake until the onset of the diuresis. In essence this was a ‘ ‘three-phase’ ‘ manage-

ment.

Case 3.’ With this case we had the opportunity to initiate the ‘ ‘three-phase’ ‘ management at the outset

of the renal insufficiency.

A 67 year old white male had a transurethral prostatic resection, during which 17 grams of tissue were

removed. During the operation the blood pressure remained normal (140/70 mm. Hg) and the patient

TABLE i6.-Case 3

Day
Blood

COs CP

V %

�6

55

50

55

�8

64

Blood Cl Serum Na

mg./100 cc. mEq/L

450 12.2.

480 i�o

470 138

480 148

490 136

500 140

Serum K

mEq/L

4.7

4.,

4.3

5.9

3.2.3

5.7

Hg B

G/100 cc.

11.15

15.0

11.2.

Urea N f Urea

2.

5

8

10

‘3

15

17

2.0

mg./100 cc.

72. 154

12.0 2.50

12.5 t6�

150 32,0

130 2.70

6o ‘30

33 7’

15 32.

Days

1- 2.

3- 5

6- 8

9-10

11-13

14-15

16-17

18-10

Intake

cc.

5,2.00

1,400

5,000

6,700

14,580

11,350

4,850

9,550

Urine Vol.

cc.

300

6to

4,02.5

6,700

13,400

9,300

7,400

9,150

Urine Urea Conc. Urine Cl Conc.

mg./IOO cc. mg./100 cc.

500 363

517 2.2.2.

i,o6t t�o

708 t6o

2.67 2.2.0

178 ,6o

2.2.2.

BP

mHg

60/30

134/80

131/80

i6o/8o

170/78

received no blood transfusion. On returning from the operating room the blood pressure was 131/84,

pulse rate 96. The usual continuous irrigation of the bladder was in progress using the Foley catheter.

Within 3.5 hours the blood pressure became 90/60, then 70/50 and the pulse rate was elevated to 140. The

patient became cyanotic. The respirations were labored and coma developed. A cerebral accident was

suspected but no localizing neurological signs could be elicited. The blood pressure remained depressed

(60/30-80/40) for 17 hours. Then it rose to 90/60 and 100/70 for 48 hours. After this period the pressure

was elevated to i6o/8o. Slight jaundice appeared within t� ho’urs.

Renal insufficiency with oliguria, azotemia, and hyponatremia developed (table i6). The oliguria was

severe for six days. Then there was a gradual elevation of the urinary output until a copious diuresis

occurred on the eleventh day (fig. � , Case 3). The urine specific gravity remained low. Recovery was quite

rapid from this time on.

Management during the renal insufficiency phase consisted of four steps: (i) nearly complete replace-

ment of the estimated insensible water loss and urinary output. (t) the administration of small doses of
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TABLE 17
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sodium bicarbonate to cope with hyponatremia and to prevent an excessive drop in the blood pH. (�) A

fluid intake mainly of a high caloric-low salt formula by mouth. (�) Water soluble vitamins by intra-

venous route daily. No generalized edema or mental cloudiness developed. The patient read the daily

papers, conversed freely with all visitors and was in good spirits at all times. (Blood urea 32.0 mg. per

cent.)

The �,too cc. of fluids given during the first and second days consisted of blood and plasma intra-

venously for combating the hypotension. During the first ten days the total fluid intake fell somewhat

below the output (estimated insensible loss plus urinary output). The slight water deficit was main-

tamed purposely since the patient developed scattered basal rales. It is extremely interesting that despite

this dehydrated state diuresis nevertheless occurred at the expected time (eleventh day).

The urine urea and chloride concentrations were not determined each day but sufficiently close deter-

minations were performed to give a good estimate of the urinary output of those two ingredients (table

i6). With the onset of the diuresis and the first phases of recovery the urine urea concentration was

prominently elevated. Substantial quantities of urea were cleared from the body, thus accounting for the

recession of the azotemia. At the time the urine chloride concentration (as NaC1) remained essentially

unaltered but due to the mounting urine volume, greater and greater amounts of salt were discarded from

the body. As in the incompatible transfusion cases, salt replacement was instituted at this time.

The two sodium-containing salts given by mouth were sodium bicarbonate and sodium chloride.

Table 17 contains the amounts given.

During the first seven days NaHCO, was given to combat the hyponatremia and to bolster the down-

ward trend of the alkali reserve. On the eighth day, at the onset of the diuresis, NaC1 was added to the

intake. The total replacement of sodium approximated a gram per gram basis. Thus up to the thirteenth

day the total urinary sodium output was estimated to be t� grams and the oral intake amounted to 30.9

grams. In actual practice this replacement was conducted on a it hour basis. Water and salt were given

according to the urinary volume-salt content and the level of the plasma CO2 combining power, serum

sodium and chloride concentrations.

The results with the above management were most encouraging. On the fifteenth day the patient was

placed on a general diet and was allowed to adjust his own intake and output. Progress continued satis-

actorily and on the twentieth day the blood urea concentration was 32. mg. per ioo cc.

Comment: This case was one of severe renal insufficiency following a transurethral

prostatic resection, the usual continuous bladder irrigation and a prolonged period

of hypotension. The patient had signs of generalized senile arteriosclerosis.

The ‘ ‘ three-phase’ ‘ management was associated with a remarkable recovery corn-

parable to that of incompatible transfusion cases.

Case �.‘ A �3 year old white male developed a chill and shocklike picture (hypotension, tachycardia,

sweating, mental depression) soon after a transurethral prostatic resection where water was used as

irrigating fluid. A 500 cc. blood transfusion was given during the resection. Jaundice became definite

during the following day. A carefully collected sample of plasma shortly after the resection revealed a

prominent hemoglobinemia (8t6 mg. of free hemoglobin per 100 cc. of plasma). During this first phase

i�oo cc. of blood and 6o cc. of salt-poor concentrated albumin (t� per cent) were given intravenously

and the BP reached � mm. Hg.
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12.8 INCOMPATIBLE TRANSFUSION THERAPY

Renal insufficiency developed as evidenced by azotemia. Hypochloremia and hyponatremia also

appeared (table i8).

The ‘ ‘ three-phase’ ‘ management was instituted, recovery was satisfactory and the patient was dis-

charged on the twenty-sixth day. During the renal insufficiency phase the total urinary volume plus the

estimated insensible loss far exceeded the measured intake. Yet, diuresis and recovery were quite satis-

factory.

C. Carbon Tetrachloride Poisoning.’

A 3 i year old white female was in the habit of consuming large quantities of alcohol. Six days prior

to admission she was exposed to CCI4 fumes from a broken fire extinguisher. Nausea, vomiting, epigastric

pain, jaundice and renal insufficiency developed.

TABLE i8.-Case �

Day

2.

4

6

8

12.

15

Blood

Urea N Urea

mg./100 cc.

6o it8

89 190

77 x6�

�8 12.5

51 110

37 8o

C0� CP

V %

52.

52.

66

�8

70

Blood Cl

mg./100 cc.

32.0

�8o

52.0

500

480

Serum Na

mEq/L

136

131

148

Serum K

mEq/L

6.3

6.i

I�rus

�

133

Hg B

G/100 cc.

9.7

10.4

Days

I 2.

3 4

�- 6

7 8

9-12.

13-IS

Intake

cc.

4,760

6,000

8,300

7,000

13,000

Urine Vol.

cc.

1,150

4,875

7,900

8,ooo

14,800

Total Urine Urea

Gm.

49.6

57.6

2.9

73.2.

Total Urine Cl.

Gm.

6.9

9.5

18.4

34

Oliguria was severe for twelve days, during which time there was a mounting azotemia (table 19).

During the period the fluid intake far exceeded the urinary output (8o per cent of intake consisted of � per

cent dextrose solution by vein). The patient developed generalized edema and had persistent nausea and

vomiting. The urinary output began mounting on the thirteenth day and reached its peak on the six-

teenth day (fig. 5 , Case 4). A low specific gravity was noted throughout (i .004-I .oit). The urinary out-

put then far exceeded the intake for a while. Recovery followed the diuresis.

Comment.’ There was water overload during the first ten days. The peak of the

diuresis occurred later than in the preceding cases without this complication.

D. Extensive Burns

A white male, aged 43 years, sustained burns involving an estimated 8� per cent of the body surface.

The patient was in severe shock for over six hours. He received i8co cc. of blood, 75C cc. of concentrated

plasma (� X Conc.), 72.0 cc. of concentrated albumin solution (t� per cent) and 6750 CC. of dextrose in

distilled water during the first 48 hours. Hemoconcentration persisted for 30 hours (Hgb. 19-2.1 grams

per cent) and then abated. Oliguria and renal insufficiency were evident by the second day. The mental
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MUIRHEAD, HALEY, HABERMAN AND HILL 12.9

status began deteriorating on the third day, delirium appeared and the patient died on the ninth day

after two bouts of pulmonary embolism.

The renal insufficiency aspect of this case was treated by the ‘ ‘three-phase’ ‘ type of management (table

2�0). Renal recovery was well advanced at the time the patient died as demonstrated by daily urine volume

of 3000 CC. with 30 grams of urea. Despite an adequate fluid intake the patient continued to exhibit signs

of extracellular dehydration and a mounting blood urea concentration.

Autopsy findings revealed evidence of severe brain damage. The distal renal segments were lined mainly

by flattened epithelium. Focal inflammatory foci were seen in the kidney sections. Generalized edema

was not observed.

TABLE 19

Day

6

10

13

‘7

2�5

Blood

Urea N � Urea

Hg B Days

6

7-10

11-13

14-17

Intake

cc.

t,ooo

8,2.00

8,�oo

2.450

Urine Vol.

cc.

70

1,2.55

1,540

io,6��

Icterus Index

2.2.

2.4

mg./100 cc.

79 169

90 2.00

90 2.00

75 155

30 62.

G/100 cc.

,o.8

TABLE 2.0

Day
Blood

CO, CP Blood Cl Serum Na Serum K Hg B

Urea N � Urea

2.

4
6

7

9

mg./100 cc,

70 150

140 300

163 350

V %

46

45

mg./100 cc.

3C0

42.0

400

mEq/L

167

148

145

mEq/L

6.3

7.3

�.6

G/100 cc.

19

I .6

I

io.i

Days

1-2.

3-4

�-6
7

8-9

Intake

cc.

9,885

�

6,,oo
1,590

11,875

Urine Vol.

cc.

575

985

t,too

1,500

6,ooo

Total Urine Urea

Cm.

19.6

10.7

6o

Total Urine Cl

Cm.

i.8

1.2.

3.6

Comment: This case resembles closely Case i of the Prolonged Hypotension

group. Expiration, apparently resulting from central damage, occurred despite a

recovering renal function. Again a mounting blood urea concentration associated

with an adequate fluid intake and urinary output appeared as a bad prognostic

sign.

DISCUSSION

I . The Oliguria-Diuresis Curve

In Figures 3, 4, and � the urine volume in cc. is plotted against the time in days.

It will be noted that the general configuration of these curves is the same in all
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130 INCOMPATIBLE TRANSFUSION THERAPY

cases. For a while the urine output is low (renal insufficiency phase), then there is

a gradual increment leading to a copious output (diuresis phase). These characteris-

tic curves may be termed the ‘ ‘oliguria-diuresis’ ‘ curves.

In Fig. 3 are represented cases of incompatible (hemolytic) transfusion reactions,

in Fig. 4 cases of prolonged hypotension and in Fig. � , 3 cases following transure-

thral prostatectomy (i, 2., 3) and i case of CCI4 poisoning (Case 4).

A study of these curves yields significant information. At once the similarity

between the various cases is evident. The period of renal insufficiency (oliguria)

began to abate between the fifth and tenth day (average of 7.2. days). A gradual

increment in urine volume followed until a peak of diuresis was reached . The peak

was reached between the tenth and eighteenth day (average 11.4 days). These were

constant findings which seemed to indicate the time necessary for recovery of

damaged renal elements. The constancy of this curve has been found to be of much

help in evaluating the progress and the prognosis of a case.

A study of the oliguria-diuresis curve from various types of cases has demon-

strated an inability of various ‘ ‘therapeutic procedures’ ‘ to alter its characteristic

appearance. Thus, forcing fluids, forcing salts, giving large volume of an alka-

linizing substance such as sodium lactate, the use of various diuretics (as salyrgan),

intravenous aminophyllin and sodium sulfate solutions, did not encourage early

diuresis . Cases have been reported in which a ‘ ‘ therapeutic procedure’ ‘ was in-

stituted between the eighth and twelfth day and, because diuresis commenced at

this time, the procedure was given credit for initiating it. In evaluating any pro-

cedure in these cases the fact that recovery and diuresis tend to occur spontaneously

at this time must be remembered.

In the present study, certain cases that received a water and salt overload early

(‘ ‘fc*ing fluids’ ‘) had a later onset of diuresis than the cases that received smaller

quantities of fluid as in the ‘ ‘three-phase’ ‘ management. Conversely, cases with a

partial water deficit had the usual onset of the diuresis.

Since the ‘ ‘forcing of fluids’ ‘ did not initiate diuresis and probably merely added

extra leads to the various fluid compartments, the type of fluid excess depended

upon the composition of the fluid given. It is not surprising that added “stimuli”

do not initiate diuresis. Since altered plasma composition and acidosis are normally

great stimuli to urine formation, the kidneys are already under a continuous stim-

ulation. Time for spontaneous recovery seems to be the main requisite.

The peak of diuresis was followed by a drop in urine volume to lower levels.

A stabilization of the volume soon followed, but polyuria continued at a lower

level as renal clearance remained depressed . A drop that was precipituous indicated

a failure to maintain an adequate intake in the face of the diuresis. Under such

circumstances signs of extracellular dehydration became evident. In extreme cases

convulsions occurred. These complications yielded dramatically to the proper fluid

intake. The progress of the oliguria-diuresis curve was again used as a clue to the

state of the patient.

The urine specific gravity remained depressed, usually i .oo5 tO 1.012., throughout

both the oliguria and diuresis phases. Improvement of this abnormality was slow

subsequently.
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2.. Urine Urea vs. Chloride Concentration

Another interesting finding is depicted in Fig. 6, namely the relation of the urine

urea and chloride concentration (as NaCl) as cases progressed . Cases i , i and �,

recovered successfully. Case 4 expired during renal insufficiency. It will be noted

that during the renal insufficiency phase the concentration of these two substances

is similar. The urea concentration was frequently 5-2.0 per cent of normal. With the

onset of diuresis and recovery the urine urea concentration usually increased

appreciably over the chloride concentration (Cases i, 2. and 3). In Case 4 renal in-

sufficiency persisted and the two concentrations remained near each other.

SB .-. UmNI UREA COWCLNT*A1JON

a -a u�.c csi.omm (N*C,.) CONC.

I

I sioc

10 lb

I00

FIG. 6. THE RELATIONSHIP OF UaI� UREA AND CHLORIDE (AS NaCI) CONCENTRATION IN THE Uan’sx DURING

THE COURSE OF FOUR CASES OF RENAL INSUFFICIENCY FOLLOWING HEMOLYTIC TRANSFUSION REACTION

This observation has been made on io cases. The data suggest that with recovery

the urine urea concentration is elevated (�o-� per cent of normal) and that the

chloride concentration remains less disturbed . The relationship of urine urea and

chloride appears to be of prognostic value.

3 . General Comment

Death following incompatible transfusions most commonly results from renal

insufficiency and associated complications. The present study indicates that the

frequency of renal insufficiency may not necessarily be high. Thus, of i8 cases

having a prompt hemolytic reaction, only 5 � . � per cent developed demonstrable

renal insufficiency. This observation is in keeping with the deduction that factors

other than hemolysis per se are necessary for the inducement of evident renal

damage. The presence of certain complications in 9 of the io cases developing renal

insufficiency supports this contention. In � cases there had been prominent hemor-
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132. INCOMPATIBLE TRANSFUSION THERAPY

rhage for which the transfusion was given. Other concomitant complications were:

anemia in two cases, severe pneumonitis with cyanosis (hypoxemia) and pyelitis

of pregnancy with recent blood loss.

There was no significant correlation between the development of renal in-

sufficiency and the volume intake of incompatible blood, up to �oo cc. Within

the renal insufficiency group, 50 per cent of the cases received 350-1000 cc. of in-

compatible blood and the other half received 60-2.50 cc. In the group without renal

insufficiency, however, 37. 5 per cent received 400-500 cc. and the remainder re-

ceived 40-2.50 cc. Considering that there were io cases of the former and 8 cases

of the latter, the differences are not obviously as great as one might expect. Notable

exceptions concerned 2. of the 3 fatal cases who received single incompatible trans-

fusions of iooo cc. (one under general anesthesia, one in coma). These observations,

which in general agree with Bordley’s’7 conclusion that cases receiving larger

volumes tend to be more serious, lend additional emphasis to the role of other

factors . Among these variable factors may be included : (a) the relation of antigens

to antibodies,7 (b) the complications at the time of the hemolytic reaction, and

( c) the type of therapeutic management to which the patient is subjected.

No special relationship was noted between Rh incompatibility and the develop-

ment of renal insufficiency. The groups with and without renal insufficiency

each entailed five instances of hemolysis due to Rh antigens.
The mortality rate in the present report, 17.6 per cent of the cases having a hemo-

lytic reaction, is quite low when compared with other series.3 The rate would be

lower were we to consider only cases receiving single incompatible transfusions,

for of the 3 fatal cases 2. had repeated transfusions amounting to 2.650 cc. and 2.500

cc. of blood.

The results of the present study make one wonder as to how much of the poor

past record in the management of these cases has resulted from the rationale used in

the treatment. A study of reported cases reveals four outstanding faults in manage-

ment. First, there is a frequent failure to administer adequate quantities of blood

in those cases with anemia or hypovolem.ia during and after the stage of hemolysis

(‘ ‘reaction shock’ ‘ phase). The reports of Hesse and Filatov4’ who considered blood

transfusions very beneficial, constitute an exception (as found in the literature)

to this feature. Second, there has been a frequent and almost universal attempt to

‘ ‘force’ ‘ the kidneys into action during the oliguric period, most often by a vigor-

ous fluid intake. In a recent discussion Lattimer47 has emphasized the fallacy of

this practice. Third, a failure to mention the need for salt replacement during the

diuresis phase. Fourth, the infrequent mention of the electrolyte pattern of the

plasma (or serum) in these cases.

The frequency of generalized edema in the reported cases has been striking, so

much so that this complication has been an implied component of the syndrome

of acute renal damage. We believe that generalized edema should not be a com-

ponent of the syndrome resulting from incompatible transfusion under proper

management, but that its occurrence is induced by a fluid intake which surpasses

the capacity of damaged kidneys.

In the present study the conventional management of cases with acute renal
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insufficiency has been altered. The alterations have been based on two premises:

(a) the morphologic renal changes in the kidneys, and (b) certain major clinical

abnormalities. The morphologic renal changes indicate that it requires time (8-12.

days) for recovery and regeneration of damaged nephrons (figs.7 and 8). The clinical

FIG. 7. SECTION OF KIDNEY FROM RABBIT IN EARLY PHASE

FOLLOWING AN ACUTE HEMOLYTIC TYPE OF REACTION

Notice a complete disruption �necrosis) oftubules and focal inflammation. The cytoplasm of remaining

tubule cells show degenerative changes. This type of damage requires time for healing and under such

circumstances a kidney is in no position to handle large amounts of water and salts nor to be stimulated

by various drugs.

course offered a natural cleavage into three phases and for this reason the proposed

management has been termed the ‘ ‘three-phase’ ‘ management.

The main steps in the � ‘ three-phase’ ‘ management are few in number. Anemia or

hypovolemia with hypotension during the first phase (‘ ‘reaction-shock’ ‘) are

treated with adequate volumes of whole blood. At times as much as 2.500 Cc. of

blood have been given for this purp3se. With certain reservations, the clinical

picture and the degree of hemodilution may be used as guides to therapy.42’ 43
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‘34 INCOMPATIBLE TRANSFUSION THERAPY

Naturally there must be complete confidence in the compatibility of the infused

blood. When correct blood has not been promptly available in sufficient quantities

and hypotension has been severe, we have used plasma solutions as a temporary

means of elevating the blood volume. At such times concentrated protein solutions

FIG. 8. SEcTIoN OF KIDNEY FROM CASE 4 OF HEMOLYTIC REACTION GROUP

This patient had other severe complications, as overwhelming pulmonary tuberculosis, but lived fif-

teen days. Notice heme casts surrounded by desquamated tubular epithelium. The tubules are lined by

newly regenerated, flattened epithelium. In some tubules this epithelium has gained a considerable

amount ofcvtoplasmic substance. Therefore, at fifteen days regeneration and recovery are well advanced,

seem preferable.44 Care must be taken during these emergencies not to overdilute

the circulating red cells.

The management of the second phase (renal insufficiency) has included four

main points : (i) No attempt has been made to force damaged kidneys into action.

On the contrary, during the oliguric period the fluid intake has been limited to the

estimated insensible fluid loss plus a volume equal to the urinary output. As a

rule iooo-i 8oo cc. of water per 2.4 hours were administered for this purpose plus

the equivalent of the urine volume. At times, this was a conservative estimate and
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MUIRHEAD, HALEY, HABERMAN AND HILL I 35

led to a slight to moderate water deficit after five to eight days. No detrimental

complications seemed to result from this slight to moderate dehydration during this

period . (2.) The fluid in over 70 per cent of the cases treated with this management

was given in the form of a formula* containing 60-12.5 grams of protein and ap-

proximately i 500-I 8oo calories . Although nausea and occasional episodes of vomit-

ing were encountered, most of the formula was tolerated in these cases. Mild

sedation was of help at this time. Excessive nausea and vomiting occurred most

often in the overhydrated patient. (�) Daily requirement of Vitamins C and B

( thiamin, niacin, riboflavin) were supplemented by the use of water soluble vita-

mins given intravenously. (4) The carbon dioxide combining power of plasma and

the serum Na, K and Cl concentrations were frequently noted . For Na and K deter-

minations the flame photometer45 was quite practical. Acidosis and hyponatremia

were checked by the administration of sodium bicarbonate (per orum or rectum).

Attempts were made to maintain the CO2 combining power of plasma above �o

volumes per cent and the serum Na concentration above i 3 � mEq/L. This feature

of the management has been based on the empiric undesirability of acidosis. The

actual sodium intake by this means has not been great and care has been exercised

to prevent a sodium overload . Sodium bicarbonate has been given in doses of

6-is grams in a minimal water content as indicated by the blood chemical analysis.

No attempt has been made to alkalinize the urine once renal insufficiency was

definitely shown.

Dangerous hyperpotassemia and hypocalcemia have not been encountered in the

hemolytic cases. Hyperpotassemia was dangerous in one case with hypotension,

renal insufficiency and massive blood transfusion.

During this technic of management no attempt was made to force a lowering of

the nitrogenous waste products during the renal insufficiency phase. Mental clarity

has been noted with blood urea levels of 2.50-300 mg. per ioo cc. and only slight to

moderate mental dullness was associated with a level of nearly 450 mg. per ioo

cc. of blood.

The main emphasis during the third phase (salt-losing diuresis) has been on the

replacement of water and salts lost in the urine. During this period the main

complications (azotemia, hypertension, altered electrolyte pattern, anorexia) are

reversed toward normal but severe dehydration threatens. In averting this com-

plication the replacement of water and salts has been made on as near as possible

a gram for gram basis by measuring the urine volume and salt output.

The main salt excreted is sodium chloride. As the eating habits are improved

it is not always necessary to supplement the intake of other salts. The salt water

needs may amount to 2.0-40 grams and 5,ooo-io,ooo cc. daily. In our cases this

demand has not been prolonged over four to five days. With more advanced re-

covery, water-salt conservation occurs and the patient may be allowed to regulate

his own intake and output. The output continues above normal as complete re-

a The a�proximatI composition of the formula has been as follows: moo calories per liter with the

following caloric percentages, protein i� per Cent; fats i� per cent and carbohydrates �o per cent.

The estimated total sodium and potassium content has been 0.5 gram and o.8 gram respectively. At

times 2. to 4 eggs have been added to this formula.
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136 INCOMPATIBLE TRANSFUSION THERAPY

covery of renal clearance may require weeks to a few months. The former condition

of the kidneys necessarily influences this terminal phase of convalescence.

Six cases of hemolytic transfusion reaction were treated by the ‘ ‘three-phase”

type of management. Four of these had severe renal insufficiency (Cases i , z, 6, �).
Recovery was rapid and satisfactory in all of these cases. Altogether ii cases of

severe acute renal insufficiency of various types have been treated with the ‘ ‘three-

phase’ ‘ type of management. Recovery of renal function within eight to twelve

days occurred in each instance. Ten cases lived; i case died from other complications

after recovery of renal function. (One case not included in present report.)

The ‘ ‘three-phase’ ‘ type of management was instituted with success in z cases

after complications from other forms of therapy had occurred. The most common

complication consisted of a water or water-salt overload (seen in � transfusion

cases, 3 hypotension cases, i prostatic resection case and i case of CCI4 poisoning)�

This complication was characterized by generalized edema (subcutaneous and

pulmonary) and cerebral signs. The oliguria persisted and in 4 such cases the peak

of the diuresis occurred distinctly later (sixteenth-twenty-third day) than in the

‘ ‘three-phase’ ‘ management group. Seven of the io cases with this complication

recovered after a very stormy course. The cerebral signs were of the type frequently

attributed to uremia but appeared to be due in these instances to fluid overload.

The character of the oliguria-diuresis curve has not been altered by this fluid

overload. This is taken as an additional indication that renal regeneration and

recovery require a definite time and that neither grave alterations in the composi-

tion pattern of the blood plasma nor an excess in quantity of water and salts can

force damaged kidneys into proper function before this time has elapsed.

On two occasions convulsions occurred during the diuresis phase probably as the

result of an insufficient replacement of water and salts. Two additional cases dis-

played signs of advanced dehydration at this time. These abnormalities yielded

rapidly to the proper water and salt intake.

The complications associated with peritoneal irrigation as a means of tiding the

patient over the oliguric period have been discussed elsewhere.33’46 In these cases

( 2. included above) severe acidosis and a water-salt overload were associated with

the use of various crystalloid solutions as irrigating fluids. These are the main

complications which the ‘ ‘three-phase’ ‘ management attempts to avoid.

SUMMARY AND CONCLUSIONS

I . Of 2.8,630 blood transfusions administered in Baylor Hospital over an eight

year period there were 17 known hemolytic reactions (0.593 per iooo) of which

17.6 per cent were fatal.

2.. Acute renal insufficiency occurred in � 5 . � per cent of i 8 cases of hemolytic

reaction.

3. Factors other than hemolysis per se often occurred. The most common corn-

plication was hemorrhage with hypotension.

4. The mortality rate of the hemolytic cases with acute renal insufficiency need

not be as high as one gathers from reports in the literature.

�. Good results may be obtained with a regime based on physiopathological

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/Special_Issue_N

um
ber_2/101/786914/101.pdf by guest on 19 M

ay 2023



MUIRHEAD, HALEY, HABERMAN AND HILL 137

principles and the main clinical abnormalities. The outstanding premise for the

‘ ‘three-phase’ ‘ management is based on the consideration that damaged kidneys

require time for regeneration and recovery.

6. Five main steps in the proposed method of management are: (a) adequate

compatible blood for anemia and hypovolemia, (b) limitation of fluid intake during

renal insufficiency to that immediately lost, (c) adequate dietary intake, (d) preven-

iion of severe acidosis, (e) adequate water and salts replacement during diuresis.

7’ Support was gained for this regime by successful application to other types of

acute renal damage and insufficiency. Demonstrated complications were averted.

8. Common complications due to other types of management were: anemia and

hypotension, fluid overload with cerebral and pulmonary signs, dehydration with

shocklike state and at times convulsions during the recovery phase.

9. Petitoiieal irrigation in its present form resulted in two major complications

averted by the proposed method of management.
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