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Welcome!

WELCOME TO THE SECOND ISSUE OF FORUM ON COMPLEMENT:  CASE SERIES EXPLORING 

THE DIAGNOSIS AND MANAGEMENT OF THE RARE HEMATOLOGICAL DISORDER, 

PAROXYSMAL NOCTURNAL HEMOGLOBINURIA (PNH) IN CANADA.

PNH is an ultra-rare, and under-recognized complement-mediated disease. Despite its rarity, this disease 

warrants our attention because without adequate management, PNH kills (5-year mortality rate of 35%).

The intent of this 4-part series is to shed light on challenges many PNH patients encounter during their 

disease course, from the time they start experiencing symptoms, to getting a correct PNH diagnosis and 

appropriate treatment.  Each issue will include a case study highlighting and providing additional context 

to these challenges. These cases will be provided by leading Canadian Hematology specialists who have 

experience managing PNH patients. 

We are pleased to have Dr. Thomas Nevill (UBC – Vancouver) provide the content contained in this issue. 

WITHOUT ADEQUATE 

MANAGEMENT,  

PNH KILLS.

“
”

5-YEAR MORTALITY RATE OF 35%
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Due to the wide spectrum of symptoms associated with PNH and their heterogeneity with other hematologic disorders, it is not unusual for 

months or years to pass before the correct diagnosis is established. A delay in diagnosis can increase the rate of mortality significantly, due to 

the associated thrombosis risk. 

Introduction

THIS LIFE-THREATENING DISORDER NEEDS TO BE  PROPERLY DIAGNOSED EARLIER ON  IN ORDER TO 
IMPROVE QUALITY OF LIFE  (VIA SYMPTOM MANAGEMENT),  AND ULTIMATELY EXTEND SURVIVAL.“ ”

Patients should be screened for PNH if they exhibit any of the clinical indications as follows: i , ii

 · Hemoglobinuria 

 · Intravascular Hemolysis 

 · Unexplained Hemolysis accompanied by any of the following items: 

 · abdominal pain, esophageal spasm, cytopenia, iron deficiency, Coombs negativity, non-schistocytic, 

non-infectious hemolytic anemia

 · Thrombosis presence having any of the following characteristics: 

 · young patient (esp. less than 45 years), unusual localization (ie. hepatic vein, other intra-abdominal 

veins, cerebral sinus, dermal veins), accompanied by hemolysis or cytopenia, or if there is resistance to 

anticoagulation therapy

 · Bone Marrow Deficiency findings 

 · ie. aplastic/hypoplastic anemia, unexplained cytopenias or MDS with any of the following: any subtype 

showing evidence of hemolysis, hypoplastic, refractory cytopenia

CLINICAL INDICATIONS  
WHEN SCREENING FOR PNH

A definitive diagnosis of PNH can be determined by high sensitivity peripheral blood flow cytometry testing which detects the absence of 

GPI-anchors and their associated molecules.

This life-threatening disorder needs to be properly diagnosed earlier on in order to improve quality of life (via symptom management), 

and ultimately extend survival.
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Case Study:  
A Late Diagnosis

A 45-year-old woman presented to a walk-in clinic in April 2012 

with a 3-month history of fatigue.  Past medical history was 

unremarkable and she was taking no medication. On review of 

systems, her only complaint was menstrual periods that had 

been lasting longer than usual – 7 days rather than the usual 5 

days. Physical exam revealed moderate conjunctival pallor but 

was otherwise unremarkable. A CBC showed hemoglobin 80 g/L 

(MCV 79 with moderate polychromasia), WBC 6.3 x 109/L (with a 

normal differential) and platelets 288 x 109/L. Her serum ferritin 

was 5 mcg/L (lower normal 15 mcg/L). No further blood work 

or investigations were performed.  She was thought to have iron 

deficiency anemia due to menorrhagia and was placed on Ferrous 

sulfate 300 mg p.o. daily; she declined a prescription for an oral 

contraceptive.

In September 2012, the patient re-presented to the walk-in clinic 

with recurrent fatigue and a history of intermittent red urine.  She 

was still having 7-day menstrual flow once per month but the 

discoloured urine seemed to occur between periods.  Physical 

examination was unchanged. Urine dipstick done in the office 

revealed 3+ hemoglobin; protein, glucose and ketones were 

all negative.  She was diagnosed with a urinary tract infection, 

prescribed a 5-day course of Ciprofloxacin 500 mg p.o. b.i.d and 

sent to the laboratory for blood work and pre-treatment midstream 

urine culture. 

The following morning, the walk-in clinic was notified of critical 

results on the patient.  CBC showed a marked, isolated anemia 

(hemoglobin 46 g/L, MCV 90) with no evidence of fragments on 

the blood film.  Serum ferritin was still 5 mcg/L.  Creatinine was 

360 umol/L and liver panel showed ALT of 107 U/L, total bilirubin 

of 45 umol/L and a normal alkaline phosphatase.  The patient was 

contacted and told to proceed to her local hospital Emergency 

Room (ER).  In the ER, she was started on IV normal saline and 

antibiotics for a presumed complicated UTI and transfused 

4 units of packed red cells.  She was reviewed by an Internal 

Medicine specialist and further testing revealed a reticulocyte 

count of 365 x 109/L [upper normal (ULN) 90 x 109/L], direct 

bilirubin of 8 umol/L (ULN 6 umol/L) and LDH of 750 U/L (ULN 

220 U/L); hemolysis was suspected although a direct antiglobulin 

(Coombs) test was negative.  The patient’s creatinine peaked at 

425 umol/L (ULN 100 umol/L) two days later and discussions 

were initiated with the Renal Service at a tertiary care hospital 

but her renal function and LDH steadily improved to a normal 

range over the next week.  Urine culture done prior to starting 

antibiotics revealed no bacterial growth. Her discharge diagnosis 

was “Coombs-negative hemolytic anemia, cause unclear” and 

she was sent for regular follow-up in the walk-in clinic.

Over the next 12 months, the patient had blood work done every 

2 weeks which showed a mild, isolated anemia of 100-110 g/L, a 

normal creatinine/eGFR and a modestly elevated LDH (275-300 

U/L).  However, in September 2013, the patient went to the ER 

one morning after she passed “reddish brown” urine shortly after 

waking up.  She described a 48-hour history of a “flu-like” illness. 

Her hemoglobin was 54 g/L, creatinine was 338 umol/L, LDH 

was 2350 U/L and direct Coombs test was still negative.  She 

was reviewed by the same Internist that she had seen one year 

previously and a sucrose lysis test was ordered.  The Laboratory 

Pathologist cancelled the request and asked for a 10 ml sodium 

heparin (green top) tube of peripheral blood to be collected and 

sent to the tertiary hospital lab for flow cytometry testing for 

paroxysmal nocturnal hemoglobinuria (PNH).  This revealed 94% 

glycosylphosphatidyl inositol (GPI)-deficient granulocytes, 92% 

GPI-deficient monocytes and 35% GPI-deficient erythrocytes 

(33.5% type III and 1.5% type II PNH cells).  The patient was 

transferred to the tertiary care hospital the following day.
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This woman initially presented to a primary care clinic with an all too 

common complaint – fatigue.  There are many causes of a low energy 

level but the most likely hematologic cause is anemia, frequently due 

to iron deficiency.  In North America, iron deficiency is not generally 

attributable to inadequate dietary intake but rather due to blood loss 

– either from the gastrointestinal tract or, in women, from menstrual 

blood loss.  Certainly, the physician that reviewed this patient in April 

2012 was on firm ground with the diagnosis -- iron deficiency anemia 

secondary to menorrhagia -- and the limited blood testing done at the 

time were not an unreasonable initial approach. 

 Bearing in mind that this launched the patient on an 18-month odyssey 

before a proper diagnosis was made, two points should be emphasized.  

Firstly, one of the uncommon causes of iron deficiency is urinary blood 

loss secondary to intravascular hemolysis.  This should be considered 

even when a history of menorrhagia is provided. Secondly, acute 

hemorrhage might produce a reticulocyte response but chronic iron 

deficiency due to low grade GI bleeding or longstanding menorrhagia 

should not be accompanied by reticulocytosis; this should make one 

consider the possibility of hemolysis.  A reticulocyte count is easy to 

order with a CBC but, even if not done, the presence of “polychromasia” 

on the peripheral blood film might make one think about why there 

is a reticulocytosis.  Once placed on an iron supplement, this patient 

should have been monitored regularly with a CBC and serum ferritin 

levels to ensure her iron deficiency had resolved.  This did not occur 

in this case and might be equally attributed to the patient and the 

walk-in clinic.

Discussion

When the patient returned in September 2012 complaining of 

discoloured urine, it appears that there was some confusion regarding 

the difference between hematuria and hemoglobinuria.  The office 

dipstick testing was strongly positive for hemoglobin and a urine 

infection was suspected despite the fact that irritative symptoms 

(frequency, dysuria) were not reported.  Subsequent urine cultures 

were negative and were it not for the abnormal blood work that 

prompted the patient’s referral to the ER, she might have been lost to 

follow-up.  When a urine dipstick is positive for hemoglobin and there 

are red cells seen on microscopy, this is “hematuria”.  However, when 

the microscopy does not show any red cells, this is generally indicative 

of “hemoglobinuria” – seen in intravascular hemolysis – although 

myoglobinuria can also produce this result.iii  Diagnostic considerations 

are quite different for hematuria and hemoglobinuria/myoglobinuria.

In September 2012, a number of additional tests were done that 

ultimately helped reach a diagnosis in this patient.  The creatinine 

was markedly elevated and perhaps prompted a search for hemolysis.  

While “liver panels” are often ordered on patients, they do not typically 

include LDH, an important test in hematology and oncology.  LDH is a 

marker of tumour burden and cell turnover in aggressive malignancies 

but is also elevated in hemolysis – intramedullary (as in B12 deficiency), 

extravascular (as in autoimmune hemolytic anemia, AIHA) and 

intravascular (as in the microangiopathic anemias and PNH).  In this 

patient, the presence of a dramatically elevated reticulocyte count and 

a LDH of three times the ULN would strongly support hemolysis.  Quite 

appropriately, a Coombs test was ordered as AIHA would be a definite 

possibility; the fact that it was negative makes this much less likely (but 

does not rule it out).  The diagnosis of Coombs negative hemolytic 

anemia is entirely accurate but is a generic term and further follow-

up should have been undertaken.  The severity of the anemia and the 

associated renal failure that almost precipitated dialysis warranted a 

referral to a hematologist.  While blood work was done regularly over 

the next year, the patient was not given iron or folate supplementation 

to ensure adequate hematinics to maintain the robust reticulocytosis 

that she required to maintain her hemoglobin level.

“
”
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The penultimate admission to hospital in September 2013 was 

prompted by the patient passing discoloured urine in the midst of a 

viral illness.  This classic PNH manifestation – for which the condition 

was named – is provided in only 25% of cases.vi It is a result of the 

normal drop in blood pH at night which makes the GPI-deficient red 

cells more sensitive to complement-mediated destruction.  

This is even more apt to occur in situations where complement activity 

is increased (e.g. during infection).  Older testing for PNH – the sucrose 

lysis test and the Ham’s test – were predicated on the GPI-deficient 

red cell’s sensitivity to hemolysis under certain in vitro conditions.iv 

Unfortunately, these tests were insensitive, especially after a patient 

had received packed red cell transfusions.  The sucrose lysis and Ham’s 

tests have now been supplanted by the highly sensitive flow cytometry 

FLAER analysis on granulocytes and/or monocytes, although CD59 is 

used to determine the size and nature (type II vs. type III) of the red 

cell clone. v
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Of utmost importance in this patient is the commencement of 

appropriate therapy as she is at risk for renal failure and life-

threatening venous and arterial thrombotic events.vi This is particularly 

true for patients with large PNH clones and markedly elevated LDH 

valuesvii  and is the key reason why 5-year mortality was in the order 

of 35% prior to 2000.viii  Treatment with moderate-dose Prednisone 

(20 mg on alternate days) to dampen complement activity and 

anticoagulation to prevent thrombosis used to be advocated as the 

best available treatment.ix However, it was only modestly effective 

and was associated with significant side effects and the treatment 

of choice over the past decade has been the complement inhibitor 

eculizumab.  This drug is given IV weekly x 4 weeks then every 2 weeks 

indefinitely.  It is remarkably effective at preventing complement-

mediated hemolysis and thrombotic events; and while there is a small 

risk of patients on this treatment developing meningococcal infections, 

it has been shown to dramatically improve survival and quality of life 

for those affected with PNH. x

THE PENULTIMATE ADMISSION TO HOSPITAL IN 
SEPTEMBER 2013 WAS PROMPTED BY THE PATIENT 
PASSING DISCOLOURED URINE  IN THE MIDST OF A 
VIRAL ILLNESS.  

“
”

“

”

CONCLUSIONS

PNH is often diagnosed late given the heterogeneity of its symptoms. Receiving treatment as quickly as possible is imperative, as PNH 

can affect quality of life and overall lifespan. As we learned from this case, patients can be at risk for renal failure and life-threatening 

venous and arterial thrombotic events, and need to be treated as soon as an accurate diagnosis is made. The next issues of Forum on 

Complement will review further PNH case studies and investigate best practice protocols.

THE TREATMENT OF CHOICE  OVER THE PAST 
DECADE HAS BEEN THE COMPLEMENT INHIBITOR 
ECULIZUMAB.  IT  IS  REMARKABLY EFFECTIVE  AT 
PREVENTING COMPLEMENT-MEDIATED HEMOLYSIS 
AND THROMBOTIC EVENTS.
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