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P AROXYSMAL NOCTURNAL HEMOCLOBINURIA (PNH) is an ac-
quired hemolytic anemia characterized by accelerated intra-vascular

hemolysis during sleep. It frequently masquerades as unexplaned “refractory,”

or hemolytic, anemia and rarely begins as an’ aplastic anemia.1’2’3 The red

blood cells are particularly susceptible to iso- and auto-antibodies which, for-

tunately, occur infrequently in this disease. The following case is presented

to emphasize the insidious nature of PNH when preceded by an aplastic

phase. To the best of our knowledge, it represents the first reported case of

PNH with a Donath-Landsteiner antibody of paroxysmal cold hemoglobinuria

( PCH ) . Forty members of the patient’s family were studied for evidence of

PNH or PCH.

CASE REPORT

This 14-year-old white boy was first seen in September, 1959, after 2 months of bleed-

ing gums, easy bruising and fatigue. He had multiple ecchymoses, flame shaped hemor-

rhages in the fundi, a liver palpable just below the right costal margin and a spleen palpa-

ble 3 cm. below the left costal margin. The hematocrit was 12.5 per cent, hemoglobin

2.4 Gm. per cent, with 4,000 WBC/mm.,3 a relative lymphocytosis, and a platelet count

of 22,000 to 35,000/mm.a The red blood cells were slightly hypochromic. The bone mar-

row was fatty and hypoplastic. No megakaryocytes were seen and only scattered granulo-

cytic and erythroid precursors were present. He received 2 units of whole blood without

reaction and was discharged on prednisone, 15 mg/day, with the diagnosis of aplastic

anemia.

One month later, because of persistent pancytopenia ( Hct. 25 per cent, Hb. 7.0 Gm. per

cent, WBC 4,000/mm.,3 platelets 7,750/mm.3), oral testosterone propionate (30 mg/day)

was added to the corticosteroid therapy. During the next few months the patient remained

pancytopenic (hematocrit 15 to 16, 3 per cent, WBC 4,150/mm.3 to 5,050/mm.,3 platelets
7,000 to 9,000/mm.,3 and 3.7 per cent reticulocytes).

In June, 1960, a sternal marrow aspiration showed moderate sized nests of erythroblasts

and a few megakaryocytes. Three months later he developed asymptomatic jaundice. The

hematocrit had risen to 29 per cent, the reticulocyte count was 1 1 .8 per cent, with 3,000

WBC/mm.,3 and 10,000 platelets/mm.3 The urine showed a 1+ reaction for urobilinogen.

His serum bilirubin was 2.75 mg. per cent total with 2.25 mg. per cent indirect reacting

fraction. His serum glutamic oxalo-acetic transaminase was 50 sigma units ( a normal

value ) . The serologic tests for syphilis and the direct Coombs reaction were negative.
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The bone marrow aspiration at this time was very cellular. Although megakaryocytes were

scarce, numerous red cell precursors were noted. He continued on corticoid and androgen

therapy and was not seen again until August, 1961, when, after swimming in a cold pool,

he developed testicular pain, nausea, vomiting and persistent dark urine. The hematocrit

was 31 per cent with 12.2 per cent reticulocytes, 4,500 WBC/mm.3 and 180,000 platelets/

mm.3 His serum was icteric and strongly henzidine positive. The serum bilirubin was 2.3

mg. per cent total with 1.6 mg. per cent indirect reacting fraction. Tests for cryoglobulins

and the water dilution test of Sia were negative. The direct and indirect Coombs’ tests

were negative. Red blood cell osmotic fragility was normal. Hemoglobin electrophoresis

showed an AA pattern with 0.9 per cent fetal hemoglobin. The patient’s RBCs, tagged

with chromium51, had a 22,-day half-life (normal 30 days). The test for the Donath-

Landsteiner antibody was reported as “strongly” positive, and he was discharged with the

diagnosis of PCH. Thereafter he had 3 episodes of 2-3 days of dark urine following ex-

posure to cold weather.

In October, 1962, he developed “dark, bloody urine.” His condition was more severe

in the morning and cleared by late evening, associated with chills, headache, nausea, and

vomiting. His physical examination at this time was unchanged since previous admissions.

His hematocrit was 24.5 per cent, hemoglobin 6.8 Cm. per cent, and 19.8 per cent reticulo-

cytes, 8,145 \VBC/mm.,3 and 213,000 platelets/mm.3 His red blood cells were hypo-

chromic. The plasma was colored a dark red-brown in the early morning and cleared con-

siderably in the afternoon. He showed a characteristic nocturnal increase of hemoglobin-

emia. This was also noted during subsequent studies when he remained in a relatively

constant temperature environment during waking and sleeping hoours. Examination ol

bone marrow aspirations revealed erythroid hyperplasia and definite megaloblasts were

seen. Megakaryocytes were plentiful ( an increase since the last marrow examination ) . No

stainable iron was present. The urine was burgundy red, and strongly benzidine positive.

Urinary sediments were heavily stained for hemosiderin. He improved spontaneously and

the urine cleared of hemoglobin after several days. His RBC cholinesterase level was

found to be low, and a positive Ham test established the diagnosis of PNH. At that time

the test for the I)onatli-Landsteiner antibody was interpreted as “moderately” positive.

Three days after intramuscular iron was started ( 100 mg./day ) he developed malaise,

fever, a rapid fall of hemoglobin with jaundice and lCem’glohinuria. He received intra-

venous Dextran#{176} ( 1000 ml. of 6 per cent Dextran over 10 hours, 1st day, and 500 ml. over
4-6 hours each of 2 following days ) . Three hours after Dextran was started the urine be-

gan to clear of hemoglobin, and several hours later his plasma had cleared considerably.

His hemoglobin increased to 13.5 Gm. per cent during the following 6 weeks. His WBC

and platelet counts remained normal. Androgen therapy was discontinued at this time. He

continued to have episodes of mild hemolysis 1-2 times a week. These frequently occurred

after brief exposure to cold weather. A severe hemolytic crisis occurred in December, 1962.

After receiving 3000 ml. of Dextran during a 48-hour period, his gums began to bleed

and the stools became guaiac positive. His bleeding time was prolonged ( several determina-

tions) to 20 minutes but platelet counts, clot retraction, prothrombin time, and clotting

time were all normal. The bleeding stopped and the bleeding time returned to normal 36

hours after Dextran infusions were discontinued.

He was admitted in January, 1963, because of right lower quadrant pain, nausea, and

vomiting which began after 2 days of persistent hemog!obinuria. The hemoglobin was

7.5 Gm. per cent and reticulocyte count 24 p�’r cent. His temperature was 38.5 C. and he

had point tenderness over McBurney’s area.

His abdomen was explored under local anesthesia in a pre-warined operating room

and an acutely inflamed appendix was removed. He has remained on prednisone 10 mg./day.

#{176}CutterLaboratories, average molecular weight 75,000, 90 per cent between the range

of 25,000 and 150,000.
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RESULTS

A. The Patient

( 1 ) Red blood cell cholinesterase ( true, specific or Type I ) was deter-

mined by the method of Ellman et al.4 In our laboratory normal blood con-

tamed 36-52 enzyme units/micro-liter of packed red blood cells/mm. Determi-

nations on this patient’s blood before, during, and after hemolytic crises

ranged from 4-42 enzyme units and showed no correlation with hemolytic

activity. The younger RBCs ( top layer of packed cells ) had the same or

slightly lower cholinesterase content ( usually higher in normals ) than older

cells.

(2) The Schilling test measuring gastrointestinal absorption of radioactive

vitamin B12 was within the normal limits.

(3) Urinary excretion of formiminoglutamic acid5 after L-histidine admin-

istration was 65 mg./24 hours. This was determined 2 weeks after a pro-

longed hemolytic episode. Normal values in this laboratory are less than 25

mg.124 hours.

(4) Urinary xanthurenic acid, kynurenic acid, and pyridone (n-methyl-2-

pyridone-5-carboxamide ) levels were determined before and after an oral 2

Gm. loading dose of L-tryptophan.6’7’8 The rises after the tryptophan load

were within normal limits for this laboratory.

( 5 ) His red cells were assayed for glucose 6-phosphate-dehydrogenase.#{176}

Enzymatic activity on several determinations during and after hemolytic

crises were normal.

( 6) The test for a I)onath-Landsteiner antibody was carried out as

described by 10 1 1 Blood was drawn in syringes warmed to 37 C.

and allowed to clot at that temperature. Fifty per cent suspensions of thrice

washed patients and normal RBCs in N Saline were prepared after clot

disruption. Cells and serum were mixed and handled under condition noted

in table 1. Hemolysis was read visually and spectrophotometrically. The

results demonstrated the presence of a Donath-Landsteiner antibody. At

the present time, hemolysis and agglutination are apparent up to a 1/10

serum dilution.

(7) White blood cell alkaline phosphatase10”2 stains were interpreted as

normal.

(8 ) The acid-serum hemolysis test for PNH’#{176}was positive. Normal and

patient’s blood was collected in syringes warmed to 37 C. and defibrinated at

that temperature. Fifty per cent suspensions of thrice washed RBCs (kept

at 37 C. ) in N saline were made, and cells and serum were prepared as

noted in table 2.

B. His Family:

Forty family members were interviewed. No history of syphilis was ob-

tairied. Studies carried out on each family member were: hematocrit determi-

nation, examination of Wright’s stained blood film, WBC alkaline phosphatase

stain, RBC cholinesterase, tests for cold hemolysins and agglutinins,’#{176} and the
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Cells
0.05 ml. Temperature and Time Hemolysis

1 P P 2 C. #{189}hr. :37 C. 1 hr. +

2 P & N P 2 C. � hr.:37 C. 1 hr. +

3 P (heated) P 2 C. � hr.:37 C. 1 hr. 0

4 P N 2 C. 1� hr.:37 C. 1 hr. +

5 N j) 2 C. #{189}hr.:37 C. 1 hr. 0

6 P P 37C.lhr. 0
7 N P 37C.lhr. 0

8 N N 37C.lhr. 0

P = Patient.

N = Normal.

Table 2.-Acid Serum Test for Paroxysmal Nocturnal Hemoglobinuria-
Cells Serum

Tube 0.05 ml. 0.5 ml. 0.2 N HC1 Hemolysis

1 P P 0 0
2 P P .05m1. +

3 P N (heated) .05 ml. 0

4 P N 0 0
5 P N .O5ml. +
6 N P 0 0

7 N P .O5ml. 0
8 1� N (heated + .05 ml. 0

guinea pig

complement)

9 P P (heated + .05 ml. 0

guinea pig

complement )

Tube

Table 1.-Protocol for Test for the Donath.Land,steiner Antibody

Serum
0.5 ml.

Donath-Landsteiner antibody, acid-serum hemolysin test, STS, and plasma

hemoglobin determinations. All were normal except the patient’s father who

was anemic (hematocrit of 34 per cent with slightly hypochromic and

microcytic RBCs ) . He has been followed in this hospital several years for

a poorly defined “connective tissue” disease, probably polyarteritis nodosa.

DiscUssioN

Although warm and cold reacting antibodies and episodes of cold-provoked

hemoglobinuria have occurred in patients with PNH,313’14’15 the patient

described herein is the first documented case of coexistent PNH and PCH.

His disease began as an aplastic anemia. We have recently seen another

patient with PNH in whom hemolysis and hemoglobinuria were preceded

for several months by pancytopenia and a hypoplastic bone marrow. This

association has been of particular interest to us in view of the very low red

blood cell cholinesterase noted in most patients with PNH and the moderate

reduction of this enzyme we have noted in several patients with aplastic
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anemia. We have usually considered the low levels in aplastic anemia to

reflect the very slow rate of erythropoiesis. The significance of the low red

blood cell cholinesterase in patients with PNH has not been clarified.16’17’15

The recent report of a familial reduction in red cell cholinesterase with nor-

mal hematologic values and negative Ham test1#{176}suggested that this abnor-

mality does not play a primary role in the hemolytic system. Further investi-

gation for relationships between PNH and aplastic anemia is indicated and

careful follow up of patients with aplastic anemia for this association is in

order.

The abnormal FIGLU excretion was probably related to mechanisms sug-

gested in other hemolytic anemias.20’21’22 The tryptophan loading test ruled

out true pyridoxine deficiency, but not pyridoxine responsiveness.

Our patient developed an acute hemolytic crisis 3 days after the parenteral

iron therapy was begun. Although a definite cause and effect relationship

could not be established, we considered the production of larger numbers of

susceptible cells or a direct effect of iron on the RBCs as possible explana-

tions. The latter possibility is currently being investigated in our laboratory.

Hemolytic reactions in patients with PNH have been reported after the

administration of ascorbic acid, liver extract, niacin, riboflavin and iron

salts.2’3’23’24’25

In this patient the administration of Dextran2#{176} was repeatedly effective in

promptly suppressing hemolysis. The transient bleeding diathesis after Dcx-

tran administration may have been related to platelet coating.

SUMMARY

This report described a patient with coexistent paroxysmal cold and noc-

turnal hemoglobinuria. The hemolytic processes were preceded by a period

of marrow aplasia. He demonstrated two complications of prolonged hemol-

ysis and hemoglobinuria, namely iron deficiency and probably “relative folate

deficiency.” Forty of his family members were investigated for evidence of

PNH or PCH and none was found. The need for evaluation and follow up

of patients with aplastic anemia in terms of PNH was emphasized.

SUMMARIO IN INTERLINGUA

Le presente reporto describe le caso de un patiente con co-existente

paroxysmic cryohemoglobinuria e hemoglobinuria nocture. Le processos

hemolytic esseva precedite de un periodo de aplasia medullari. Le patiente

manifestava duo complicationes de prolongate hemolysis e hemoglobinuria,

i.e., carentia de ferro e probabile carentia relative de folato. Quaranta

consanguineos del patiente esseva investigate pro evidentia de paroxysmic

hemoglobinuria nocture o paroxysmic cryohemoglobinuria. Nulle tal evidentia

esseva trovate. Es sublineate le necessitate de un evalutation con observationes

catamnestic de patientes con anemia aplastic ab le puncto de vista de parox-

ysmic hemoglobinuria nocturne.
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