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� The Exacerbation of Hemolysis in Paroxysmal

Nocturnal Hemoglobinuria by Strenuous Exercise

By STUART F. BLUM, JAY M. SULLIVAN AND Fi�&Is�K H. GARDNER

i::� AROXYSMAL NOCTURNAL HEMOGLOBINURIA (PNH ) is an ac-

I quired disease of unknown etiology and diverse manifestations. Most

prominent among these and the feature upon which the diagnosis is based, is

the presence of hemolytic anemia. The anemia results from an unknown
intracorpuscular abnormality which sensitizes the erythrocytes to hemolysis

in normal human sera. It has long been recognized that although the anemia

pursues a chronic course, severe acute exacerbations may occur as a result of

varied influences-including infection, menses, drug ingestion, and whole blood

transfusion. The mechanisms by which these factors modify the hemolytic

rate are largely unknown. The development of hemoglobinuria in one of our

patients after severe exercise prompted us to study the effect of exercise on

the in vivo hemolytic rate.

METHODS

Two patients were studied. Patient A is a 15-year-old white male who has had PNH for

four years. Patient B is a 45-year-old Portuguese male who has had the diagnosis of PNH

since 1959. Both have had repeatedly positive acid hemolysis tests.
Two types of exercise were performed : In the first experiments the subjects exercised

their forearm muscles by squeezing a foam rubber ball as rapidly as possible for a period

of 5 minutes. Venous blood samples were obtained from the exercising arm and from the
contralateral resting arm by indwelling venous catheters placed in the anticubital vein.

In the second experiments, the subjects pedalled a bicycle ergometer for a period of
10 minutes. Patient A, whose hematocrit was 35 per cent, was able to pedal the ergometer

at a rate developing 2800 ft. lb./min. Patient B, whose hematocrit was 24 per cent, was
only able to pedal the ergometer at a rate developing 710 ft. lb/mm. Venous blood

samples were again collected from an anticubital vein. Five ml. blood samples for plasma
hemoglobin determination were anticoagulated with 0.05 ml. of a 30 per cent solution
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of K,EDTA,#{176} which also served to inhibit any in vitro lysis by complexing calcium and
magnesium.’ Plasma hemoglobin was measured by the benzidine method.2 Whole blood
samples for pH measurement were collected without anticoagulant; the pH was measured
with an Instrumentation Laboratories pH meter. Blood lactate measurements were per-
formed as described previously.3

RESULTS

Arm exercise resulted in a fall in the pH of the blood draining the exercising

arm, accompanied by an increase in the plasma hemoglobin and lactate

levels. No such changes were observed in the contralateral resting arm ( Figs.

1 and 2).

The leg exercise in Patient A, who was able to exercise at 2800 ft. lb./min.,

resulted in more marked changes that were detected despite the fact that

the blood samples were obtained from an arm vein. The whole blood pH

fell from 7.48 prior to exercise to 7.33 at the end of the exercise; the plasma

hemoglobin rose 57 mg. per cent simultaneously; the blood lactate rose from

1.6 milimoles per liter to 10.6 millimoles per liter ( Fig. 1 ) . Ten minutes after

exercise, all values were returning toward pre-exercise levels.

Leg exercise in Patient B, who was only able to exercise at a rate developing

710 ft. lb./min., was insufficient to cause any significant change in either

blood pH, lactate level, or plasma hemoglobin ( Fig. 2).

No change in urinary excretion of hemoglobin was noted during any phase

of the study.

Discussiox

It is well recognized that the erythrocytes of patients with PNH are most

susceptible to hemolysis in serum which has been slightly acidified. There is

recent evidence to indicate that this enhancement results from increased ac-

tivity of the third component of the complement system at the same acid pH at

which PNH hemolysis is optimal.4 It has not been clearly shown by previous

studies whether this enhancement of hemolysis by acidification is of any in

vivo significance. Attempts to demonstrate systemic acidosis during sleep to

account for the exacerbation of PNH hemolysis by sleep have been unsuccess-

ful.5 Only through the use of ammonium chloride to cause systemic acidosis#{176}

or as a result of the acidosis induced by acetazoleamide7 has it been possible to

demonstrate that in vivo acidosis could accentuate PNH hemolysis; no naturally

occurring episodes of acidosis have been shown to be associated with increased

hemolysis.

Although severe muscular exercise is associated with systemic acidosis and

lacticacidemia,8 no direct correlation between muscular exercise and the

exacerbation of in vivo hemolysis in PNH has previously been reported. In one

case study it was suggested that muscular exercise during the day predisposed

to an attack of hemoglobinuria on the following night.9 Increases in venous

hydrogen ion concentration averaging 45 per cent have been observed after

forearm muscular exercise,1#{176} and its seems reasonable to presume that this

pH fall observed in the anticubital venous blood is small compared to that oc-

#{176}Vicutiiner# 3204QS. Becton Dickinson & Co., Rutherford, New Jersey.
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Figure 1.-Patient A. Blood samples taken from the anticubital vein demon-

strate that forearm exercise is associated with a falling blood pH and a rise in
lactate and plasma hemoglobin concentrations. Leg exercise developing 2800 ft.
lb./min. results in similar changes of much greater degree.

curring in the blood flowing through the exercising muscles. The clinically

observed hemoglobinuria after exercise may result from increased complement

dependent hemolysis activated by the decrease in blood pH. Since thrombotic

complications are the most common cause of morbidity and mortality in

PNH and because thromboplastic material released from hemolyzed red cells

may contribute to the thrombotic tendency manifest by these patients, it seems

prudent to advise patients with PNH to avoid very severe muscular exercise.

Light to moderate exercise, however, should not be proscribed since it may be

of considerable value in preventing venous stasis and consequent thrombosis in

these patients with their known thrombotic tendency.

The demonstration that exercise may enhance the hemolysis of PNH erythro-

cytes also indicates that paroxysmal nocturnal hemoglobinuria may masquerade

as March hemoglobinuria, and that the diagnostic Ham test should be per-

formed in all suspected cases of March hemoglobinuria.

SUMMARY

Muscular exercise in patients with paroxysmal nocturnal hemoglobinuria has

been shown to result in systemic acidosis with lacticacidemia and exacerbation

of in vivo hemolysis. It is suggested on the basis of this study that patients

with PNH be advised to avoid severe muscular exercise.

The acid hemolysis test should be performed in all patients that are

suspected of having March hemoglobinuria.
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Fig. 2.-Patient B. Forearm exercise is associated with a falling blood pH and a
rise in lactate and plasma hemoglobin concentrations. Leg exercise developing 710
ft. lb./min. is insufficient to cause any significant change in blood pH, lactate or
plasma hemoglobin concentration in blood samples taken from an anticubital vein.

SUMMARIO IN INTERLINGUA

Ha essite trovate que exercitio muscular del paste de patientes con paroxysmal hemo-
globinuria nocturne resulta in acidosis generalisate con lactiacidemia e exacerbation del
hemolyse in vivo. Es recommendate a base de iste constatationes que patientes con paroxys-
ma! hemoglobinuria nocturne es instruite de evitar forte exercitios muscular.

Le test de hemolyse acidic deberea esser effectuate in omne patiente con suspicion de
hemoglobinuria de marcha.
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