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ABSTRACT
	Hemolytic anemias continue to persist as the most uncommon anemic processes that are identified in medicine. Of those disorders classified within this group, the two hemoglobinurias persist as the rarest within the class. Both paroxysmal cold hemoglobinuria (PCH) and paroxysmal nocturnal hemoglobinuria (PNH) typically have an incidence of less than 5-10 per 1,000,000 individuals. Acquired in nature, both disorders have an immune basis from different facets of the human immune system. Those with PCH experience a Donath- Landsteiner cold antibody dependent immune hemolysis resulting in the characteristic hemoglobinuria, demonstrated during a predisposing infectious illness. Those with PNH experience a complement mediated hemolysis without the formation of an antibody targeting erythrocyte structures. Occurring due to defects in the CD55 and CD 59 membrane proteins, cells affected by the mutation in these gene loci are predisposed to destruction due to the membrane attack complex (MAC) formed by the terminal product of the complement cascade. This understanding has enabled the production of eculizumab, a humanized monoclonal antibody that inhibits the alternate pathway of the cascade, adding to the treatments available for PNH. The treatments for PCH have remained intact over time, primarily including supportive measures toward the underlying hemolysis.











Anemia is a very common pathological entity that is identified daily in physician offices, hospitals and emergency departments throughout the world. In general, the overall understanding of common anemic processes is sufficient amongst providers. One of the more uncommon anemic classifications that many providers understand to a lesser degree is hemolysis. Numerous disorders, both heritable and acquired, present with a clinical and laboratory picture of hemolysis. Two of the most uncommon acquired hemolytic processes typically present in a manner that deviates slightly from other hemolytic processes. This is due to paroxysmal presentations of severe hemoglobinuria. Hemoglobinuria is a phenomenon that may be demonstrated in many intravascular or extravascular hemolytic processes. Typically they differ mildly from those presentations of the following disorders. Unlike the constant presentation of other hemolytic processes, the paroxysms of symptoms define the clinical presentation of paroxysmal cold hemoglobinuria and paroxysmal nocturnal hemoglobinuria. 
Dates as early as the thirteenth century describe findings in urine obtained by the physician Zacharias that coincide with the diagnosis of hemoglobinuria accompanying malarial infections1. These findings were consistently found throughout the following years related to various causes of red cell hemolysis. Few episodes can truly compare to the paroxysms of hemoglobinuria found in paroxysmal cold hemoglobinuria and paroxysmal nocturnal hemoglobinuria.  One can imagine the state of alarm upon recognizing the dusky black urine often referred to as “cola colored,” after awaking during the morning hours after a nocturnal episode or during other paroxysms throughout the day1. Equally as mysterious as the initial presentation, is the complete understanding of the two diseases mentioned above, which did not prevail until the early portions of the nineteenth century. Throughout the earlier half of the century, Julius Donath and Karl Landsteiner made significant progress in identifying information behind the mysterious process described as paroxysmal cold hemoglobinuria2. Several years later in Boston, a revolutionary diagnostic testing tool for the identification of paroxysmal nocturnal hemoglobinuria was formed by Dr. Thomas Ham in 19381. It was these respectable findings that improved the understanding of these two disorders, resulting in advances in the treatment and management of such pathology. 
Despite the advances in the diagnosis and treatment of these paroxysmal disorders, they continue to be some of the rarest hematologic processes in medicine today. It is for this reason that healthcare providers must be cognizant of the clinical presentation relating to these disorders. If accurately identified, appropriate diagnostic studies and treatments may be utilized, drastically reducing the need for transfusions while ultimately improving the quality of life for those involved 1-2. The purpose of this research is to aid in providing the knowledge and understanding necessary for the diagnosis and treatment of these paroxysmal hemoglobinurias. 
METHODS
	Numerous resources were utilized in order to adequately and accurately address the many facets of the disorders of focus in this paper. In accumulating information, numerous medical textbooks were utilized to establish a generalized understanding as well as the pathophysiology and clinical presentation of both paroxysmal nocturnal hemoglobinuria and paroxysmal cold hemoglobinuria. These textbooks included Harrison’s Principles of Internal Medicine, Clinical Hematology and Fundamentals of Hemostasis, Current Medical Diagnosis and Treatment and Mosby’s Manual of Diagnostic and Laboratory Testing. The literary resources provided by these texts were obtained from the medical library of Cox Health, Meyer Library on the campus of Missouri State University or via personal resources.
	The remaining resources are those from internet databases to include Pubmed and Medline both of the National Institutes of Health website. Other websites that were used include the New England Journal of Medicine site, Up To Date, E-Medicine by Medscape as well as the Blood Journal website. In some cases these were located after conducting internet searches via the Google search engine. All of the above websites demonstrated information that was peer reviewed and/or evidence based in nature. Other results were from studies which were randomized, double blinded studies with the exception of one article discussing the effects of eculizumab as a possible treatment for paroxysmal nocturnal hemoglobinuria. This article from the New England Journal of Medicine in 2004 was not randomized, double blinded or controlled. The information noted in this article was later reinforced in a 2006 study noted in the New England Journal of Medicine. This later article confirmed these findings in a controlled and blinded study which accurately demonstrated the relationship reported in the initial article.
LITERATURE REVIEW
Paroxysmal cold hemoglobinuria and paroxysmal nocturnal hemoglobinuria continue to be two of the rarest and most intriguing hemolytic processes identified in modern day medicine. With similar clinical presentations, the underlying pathologic process, diagnosis and treatment vary significantly from one another. Regardless of the general symptomatic presentation of each disorder, the unifying presenting feature is marked hemoglobinuria3. 
In the diagnosis of paroxysmal cold hemoglobinuria, the “classic test” utilized for the identification of the antibodies responsible for the process is the Donath-Landsteiner test3. The terminal results of the above test will indicate the presence of hemolysis consistent with the diagnosis of paroxysmal cold hemoglobinuria3.
In the suspected case of paroxysmal nocturnal hemoglobinuria, the diagnostic approach is much different, signifying the variation in underlying pathophysiology. After utilizing basic laboratory procedures and possibly bone marrow aspiration to focus the differential diagnosis, one must progress on to more specific testing4. Further screening tests include the sugar water test, followed by the confirmatory tests including Ham’s test as well as flow cytometry, which is considered the “gold standard” test in the diagnosis of the disorder5-6.
As the age of medicine has changed, so has the treatment of paroxysmal nocturnal hemoglobinuria. Progressing into the 21st century, eculizumab was created, providing monoclonal antibody therapy for use in preventing the dreaded transfusions needed to manage the associated hemolysis1,5,7. Regardless of these medical advances, the only curative treatment for the disorder remains bone marrow transplant4-5. Treatment of paroxysmal cold hemoglobinuria continues to remain supportive in nature3.
DISCUSSION

	Overall, anemia is a very common condition encountered by millions of individuals worldwide each year. Often presenting in an extremely vague manner symptomatically, the disorder can often mimic many other etiologies. Primarily a laboratory based diagnosis, providers diagnose based on a basic complete blood count or hemoglobin and hematocrit calculation with hemoglobin levels below 12 g/dL in females and below 13.5 g/dL in males 8-9. Hematocrit levels coincide at 37% and 41% respectively9.
	Anemia, like other disorders, presents in both acute and chronic stages. Generally, acute anemia is most often caused by acute blood loss or episodes of hemolysis, which may be intravascular and/or extravascular in nature 8. Chronic anemia however, may often be identified in patients who experience inadequate nutritional intake, chronic disease states, hereditary anomalies, malignancy and myelodysplastic syndromes.
	Classification of anemia is most often by the pathophysiologic mechanisms of the anemia itself, but it may vary throughout the world 9. Primary classes include the general mechanism, erythrocyte size, hemoglobin level or by various other characteristics of the cells and their membranes. The various mechanisms of anemia generally are classified in one of three major categories. First, hypoproliferative anemias, are a direct reflection of the production capabilities of the bone marrow 8. They encompass approximately 75% of all anemias, often representing the predominance of early iron deficiency anemia 8. Other potential causes of a hypoproliferative anemia include aplasia, inflammation of chronic disease, renal disease (often from diabetes mellitus) and marrow fibrosis/infiltration 8. 
The second classification includes anemia due to maturation disorders, similarly classed as hypoproliferative, these will generally present with a decreased reticulocyte production index that is often < 2.5 (Table 1) 8.  Maturation disorders will generally present with a mean corpuscular volume greater or less than the normal range of 80 – 100 fL. This variation in erythrocyte size adequately demonstrates maturation defects of nuclear origin (denoted by macrocytosis) or due to cytoplasmic defects (demonstrated by microcytosis and hypochromia) 8. Nuclear maturation defects are typically associated with vitamin B12 deficiency, folate deficiency, myelodysplasia or drug insults (i.e. Methotrexate), while cytoplasmic defects are often associated with iron deficiency, thalessemia or siderblastic anemia8.  These parameters can often be initially identified by a complete blood count, reticulocyte count and serum iron studies. The following table demonstrates the calculation of the reticulocyte production index described above.

Table 1:  Reticulocyte Production Index Equation

		Reticulocyte % x  (Pt. Hgb or Hct/Expected Hgb or Hct)  =  RPI
						     2*
		
		*Only included with presence of polychromatophilic macrocytes or shift cells on blood smear.
		**Adamson JW, Longo DL.  Anemia and Polycythemia. In: Braunwald E, Fauci AS, Hauser SL, Jameson JL, Longo DL, 
		Loscalzo J, eds.Harrison’s Principles of Internal Medicine. (8).


The final major anemic class includes those due to blood loss or acute intravascular hemolysis. Unlike those causes that fit into the prior categories, those within this classification are generally always acute in nature. Hemolytic anemias  are generally always associated with an excessively high reticulocyte count and a production index that will exceed 2.5 8. Unlike hemolysis, acute blood loss is not typically reflected by an increased production index unless subacute or chronic in nature, allowing increased erythropoietin production 8.
Of all the classified anemias, the most uncommon and often most misunderstood category includes those which are hemolytic in nature. Furthermore, of the hemolytic anemias, many may only be identified at a rate less than 5-10 individuals per 100,000 leaving an area of uncertainty in their understanding.
Erythrocyte hemolysis is a fairly uncommon phenomenon that can occur in many different theaters of disease. Occurring due to both endogenous and exogenous sources, they may be hereditary in nature or acquired throughout life. Ranging from well known causes such as sickle cell disease and Glucose-6-Phosphate Deficiency to autoimmune causes such as cold agglutinin disease or paroxysmal nocturnal hemoglobinuria, hemolytic anemias are some of the most fascinating hematologic abnormalities. 
Hemolysis leads to a state in which the actual life span of the erythrocyte is markedly decreased. This phenomenon occurs leading to a drastic increase in the production of red blood cells from the erythroid stem cell line, often reaching a level 8 – 10 times that of normal functioning bone marrow 5,10. These various abnormalities are classified and subclassified into numerous groups based on an extensive number of pathogenic processes (Table 2). These processes may result from intra or extracorpuscular defects, intra or extravascular processes, or due to acquired or hereditary causes 5,10. Of these classifications, the presentation of the various subtypes of hemolysis may present in a vast array of clinical features including acute or chronic scenarios. As with other forms of anemia, the clinical severity of each subtype will influence the outcome of the disease. The classifications and subtypes of hemolytic anemia are noted in the following table.

Table 2:  Hemolytic Classifications

Intracorpuscular Defects –

	Hereditary						Acquired				
	Erythrocyte Membrane Defects		          Paroxysmal Nocturnal Hemoglobinuria
	Thalessemia
	Hemoglobinopathies
	Enzyme Defects

Extracorpuscular Defects –

	All Acquired											
	Immune Hemolytic Anemias				Chemical Exposure
	Infections						Physical Agent Exposure
	Splenic Sequestration					Macroangiopathic Hemolysis
	Microangiopathic Hemolysis				Systemic Disorders 

* Coetzer TL. Zail S. Introduction to Hemolytic Anemias, Intracorpuscular Defects: Hereditary Defects of the Red Cell Membrane. In: Harmening DM ed. Clinical Hematology and Fundamentals of Hemostasis. 2009:176 – 179. (10)


Some of the most colorful anemic presentations include those acquired hemolytic processes that cause the constant or periodic release of hemoglobin molecules into the urine. Two clinical entities classified as acquired intravascular hemolytic processes initially present in a similar paroxysmal manor. Paroxysmal nocturnal hemoglobinuria and paroxysmal cold hemoglobinuria are both pathophysiologic entities presenting in this fashion. The initial presentation of hemoglobinuria must be differentiated from other potential causes. These may be deciphered in part by a thorough comprehensive history and physical examination in combination with laboratory studies. 
Paroxysmal cold hemoglobinuria (PCH) is a type of extracorpuscular autoimmune hemolytic anemia that is the least commonly encountered autoimmune hemolytic process, only occurring in 1% - 7% of all patients with autoimmune hemolytic anemia 2-3, 11. Initially identified in 1854, it was not until 1904 that PCH became the first autoimmune process to be reported on by Donath and Landsteiner 3, 12. With numerous causes associated with PCH, it has taken until recent years to notice the most common conditions predisposing one to PCH. Initially, cases of PCH were more often noticed in individuals with adult Treponema pallidum (Syphilis) infections in the tertiary stages and in patients with congenital anomalies 2-3. Now, primarily in children, a relation of the incidence of PCH with childhood viral infections has been identified as the most likely cause 13. This change is partially due to the increased identification of syphilis in earlier stages. Treatment and eradication of syphilis infection due to penicillin antibiotics essentially discontinued PCH due to T. pallidum 2. Within the adult population, development of the antibodies causing PCH have been identified in multiple patients with neoplasms to include non-Hodgkin lymphoma, chronic lymphogenous leukemia, myeloid hyperproliferation leading to Bence-Jones proteins and small cell lung cancer 2. These causes demonstrate a fair amount of misunderstanding regarding PCH. Regardless of these relationships, the number of adults affected by PCH is exceptionally low in comparison to children.
Symptomatically startling to many, the initial presentation often includes paroxysms of urine discoloration with a dusky to bright red appearance. Primarily related to viral illnesses, other symptoms of PCH include a vague influenza like syndrome with fever, chills, myalgias, cramping, fatigue, headache, malaise, coryza and sore throat 2-3. Physical exam findings include signs of urticaria, pallor, icterus, hepatosplenomegaly as well as the noted paroxysms of urine discoloration 2-3, 11. 
Over time, it has become evident of a chronologic relation between the above symptoms with exposure to cold weather. This exposure in combination with an active viral illness allows the susceptibility to develop specific autoantibodies directed at the erythrocyte. Common viral pathogens associated with PCH include varicella-zoster virus, Ebstein-Barr virus, influenza virus, measles and mumps 3. Since the induction of widespread vaccination for measles, mumps and rubella (MMR) as well as for varicella, there is no identifiable data suggesting decreased rates of PCH. 
	The clinical presentation of PCH is complicated by the pathologic nature of hemolysis associated with the disorder. In a predisposed individual with one or more of the numerous identified precipitating factors, development of IgG antibodies will occur 2-3, 5, 11. These IgG antibodies are referred to as Donath-Landsteiner (D-L) antibodies after the scientists who originally identified in them in 1904 2-3, 5, 11,13. The D-L antibodies target surface antigens on the red blood cell membrane that complex, initiating red cell hemolysis through complement mediated immunity 12,14. The glycosphingolipid “P” surface antigen attached to the erythrocyte, is targeted leading to the destruction described above 14. In extremely unlikely instances, individuals may have a recessive (pp) mutation in the region of the genome coding for the glycosphingolipid antigen, leading to immunity from D-L antibody mediated hemolysis 14. The entire process involving the development and interaction of these antibodies termed “autohemolysin,” is triggered at cold temperatures, typically < 20o C in those susceptible individuals 3,14. This allows for activation of complement C3 due to the physiologic binding of the polyclonal IgG anti-P antibody 3,14. The resulting mild to severe red cell hemolysis will often lead to the characteristic anemia found in PCH.
	Occasionally compared to the immune mediated process in cold agglutination disease (CAD), PCH is markedly different. Often unrelated to infection and occurring in older individuals, the autoimmune mediated CAD is generally chronic and mild in nature with antibody activity initiated at 30o C from monoclonal IgM antibodies 3.
	The diagnostic work-up for a patient with PCH is similar to other forms of anemia. Often difficult to identify due to co-morbid viral infections, one must investigate based on the historical events in the illness. The complaint of hemoglobinuria should always be linked to the potential of hemolysis. Hemoglobinuria is nearly always associated with hemoglobinemia and hyperbilirubinemia3. Simple laboratory testing to include complete blood count and comprehensive metabolic panel may be a sufficient initial evaluation to establish hemolysis. A standard urinalysis on affected urine will be positive for blood. A more accurate way of determining the type of hemoglobin in the urine or the presence of free hemoglobin opposed to red cells may include use of urine electrophoresis studies to determine independent values 15. The peripheral blood smear is important in diagnosing PCH. Its use is critical due to the erythrocyte appearance related to certain disorders 16. With PCH, the distinctive presentation includes polychromasia, poikilocytosis as well as nucleated red cells, all of which are indicative of increased erythropoiesis 3. In this case, a reticulocyte count is valuable in determining marrow response. Increased erythropoietic function is most commonly demonstrated in those patients with hemolytic anemia or acute hemorrhagic blood loss, especially those with a normal hemogram 15. Occasionally, excessive hemolysis may result in severe anemia leading to the presence of Howell-Jolly bodies, which may interfere with the reticulocyte count resulting in an increased level 15. 
	After narrowing a differential diagnosis, one may initiate testing to focus on paroxysmal cold hemoglobinuria. The test of choice includes the Donath – Landsteiner test 3. In this definitive study, the blood sample drawn from the patient is divided into two specimens, allowing one sample to be kept steady at 37o C while a second sample is cooled to 33oC and returned to the standard set point 3. A hemolytic process occurring in the non-controlled tube justifies the diagnosis of PCH 3.
	A second paroxysmal disease with a primary clinical presentation of paroxysmal hemoglobinuria is a rare pathological process known as paroxysmal nocturnal hemoglobinuria (PNH). Unlike PCH, PNH is a subclass of hemolytic anemia that involves an intracorpuscular defect of the red cell membrane4. Unrelated to extracorpuscular infections or chemical/physical insults, PNH is acquired over a period of time with the underlying pathology initiating an erythropoietic stem cell dysfunction4-6,9. The underlying issue is a genetic mutation which codes for multiple erythrocyte membrane receptors enabling the red cell hemolysis to occur. A further difference between PCH and PNH is that the immune mediated hemolysis not only affects the membrane stability of the red blood cells, but it also has been known to cause pancytopenia from pathologic effects on leukocytes and thrombocytes4.
Affecting as few as 1 – 5 persons per 1,000,000, PNH is one of the rarest hematologic phenomena, more uncommon than aplastic anemia5-6. To this point, PNH has remained classified as an acquired hemolytic process with no proof of heritability or congenital predisposition, despite the chance of presentation during the first or second decade of life 5.
The pathophysiologic nature of PNH lies within the erythropoietic stem cell line leading to a persistent cycle of erythrocyte hemolysis. The underlying genetic mutation is a “non-malignant” mutation that occurs within the phosphatidylinositolglycan A (PIG-A) gene locus on the X-chromosome4-5,7,9. The described gene codes for a type of glycophosphatidylinositol (GPI) membrane protein that aids in the anchoring of other vital proteins to the cell membrane4. This particular gene plays a vital role in several membrane proteins involved in the pathologic target of PNH.  Nearly 200 mutations have been identified related to PNH, with the PIG-A mutation in each being slightly different 1. This leads to the variability in penetrance of the underlying mutation, allowing for numerous levels of severity in the clinical presentation1.  The PIG-A protein product functions within the cell membrane as the primary anchor of numerous cellular membrane proteins, with the two primarily affected being the CD 55 (DAF) and CD 59 (MIRL) complement regulating proteins4,6-7,9. 
	The defect in the attachment of these critical cellular membrane proteins leads to an increased risk of complement driven hemolysis of the affected red blood cells. The extent of the process is fully dependent on the severity of the associated genetic mutation. This leaves an individual susceptible to a variable amount of hemolysis related to the disorder. The initiation of this complement mediated hemolysis occurs due to the lack of regulation by these critical proteins 4. With the protective effect of the CD 55 receptor lost, the red cell remains exposed to the activation of the compliment cascade by the C3b and C4b proteins 4,6. Similar effects are demonstrated with the loss of the vital CD59 receptor. Actively inhibiting the penetration of the terminal complement protein C9 into the red cell membrane, the CD59 surface protein may easily be the most vital loss in the pathologic aspect of PNH 4,6. As the complement cascade progresses, the end result of the classical and alternative pathways are the lytic effects that this C9 complement protein inflicts on the targeted cells. This process is demonstrated in figure 1.
Figure 1:  Complement Mediated Pathways

         [image: http://journals.cambridge.org/fulltext_content/ERM/ERM5_15/S1462399403006252sup013.gif]
	* Expert Reviews in Molecular Medicine. 2003; 5(23). Cambridge Press Website. (17)
	** Copyright permission not sought.

	The complement induced hemolytic effects may not end with the targeting of red blood cells in the affected individual. Although it is classified initially as a hemolytic process, the progression of PNH may exceed the localized effects on the erythrocyte. Changes in the PIG-A mutation over time, or the presence of a more severe initial mutation, has proven vital for the survival of cells from the myeloid cell line. With the GPI protein playing a role in the anchoring of receptors on the surfaces on all hematogenous cell lines, the individual is at risk for the development of pancytopenia placing them in the category of an aplastic anemia or crisis 4. This phenomenon has led to the investigation of PNH cells as a possible T-cell targeted line similar to the pathologic basis for many aplastic anemias 5. As the disease progresses, this accounts for the expected bone marrow failure that accompanies PNH in the later stages 5. This concept has been identified as a pattern in approximately 10% of patients with aplastic anemia and a concomitant clinical picture of PNH1. Being a non-malignant cell mutation, PNH is not expected to excessively alter the content of the myelogenous bone. This idea has been challenged due to the identification of PNH cell proliferation in those patients with a frank aplastic crisis, myelodysplastic syndrome or bone marrow failure1. There have also been rare reports of acute myelogenous leukemia an overlap in some forms of acute lymphocytic leukemia, further challenging the non-malignant hypothesis4,9.
	A third pathologic entity PNH has displayed is a thombophilic state being the primary presentation in a large portion of the patients. This is often one of the more severe threats of mortality and is the leading cause of death in these patients 4-5. To this point, the exact mechanism of thrombosis is poorly understood, but it is hypothesized that the deficiency in the CD59 molecule leads to intrinsic activation of the thrombotic pathway 5.This possibility adds to the mystery related to the disorder.
	The clinical presentation of PNH predominantly consists of either an early morning paroxysmal hemoglobinuria or more commonly, symptoms of anemia 5,9. These nocturnal episodes lead to the characteristic appearance, ranging from dusky red or bronze to a black tint of the morning urine, occasionally increased with stress (Figure 4) 4-7,9. Another fairly common presentation of PNH may be thromboembolism as described earlier. The thrombotic locations associated with PNH vary, often in regions where thromboembolism is uncommon. Abdominal pain may be the initial presenting symptom leaving all differential diagnosis possibilities open. In patients with PNH, this is found to be attributed to hepatic or mesenteric vein thrombosis, initiating a Budd-Chiari Syndrome with jaundice, ascites and hepatomegaly 5-6,9. Other thrombotic entities may occur within the skin and central nervous system, most commonly in the sagittal artery and within the dermis 6,9. These manifestations may ultimately lead to pseudotumor cerebri, papilledema and/or erythematous, painful skin nodules 6. Other physical signs include pallor, fatigue, petechiae or mucosa hemorrhage, ecchymosis, fever, hypoactive bowel sounds and hepatosplenomegaly 6. The figure below demonstrates the visual symptomatic presentation of hemoglobinuria mentioned above.





Figure 2:  Various Degrees of Hemoglobinuria
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          * Besa EC, Woermann U. Paroxysmal Nocturnal Hemoglobinuria. Medscape, Emedicine Website. (6)
             **Copyright permission not sought.

	The laboratory workup for PNH consists of studies commonly used in the evaluation of anemia and hematuria. A standard complete blood count with differential is the primary means of identifying the associated hematologic deficits. Hemoglobin levels range from normal to severe anemia of less than 6 g/dL that is normochromic and normocytic in nature 4. The associated anemia may deviate to the macro or microcytic classification if significant reticulocytosis occurs, or the anemia leads to an iron deficient state5. Both entities can be identified by a reticulocyte count and iron studies to include serum iron level, serum ferritin and total iron binding capacity. The reticulocyte count may be somewhat deceiving due to the hemolytic state.  An adequate reticulocytosis response with a level of 5-10% may be identified, but is possibly an inadequate calculation of the reticulocyte production index demonstrating a poor response from the progenitor tissue 4. Leukopenia associated with PNH is typically related to an isolated decrease in granulocyte counts, primarily the neutrophil line 4. Serum lactate dehydrogenase levels as well as serum bilirubin levels are often markedly elevated with a negative indirect Coombs test for hemolysis 4-7.
	Urinalysis of an affected individual will present positive for gross hematuria as expected. This finding requires further evaluation under microscopy for true identification of free hemoglobin molecules and a lack of intact erythrocytes 4. This finding will differentiate this true hemoglobinuria from other causes of gross hematuria. With the variation in symptomatic hemoglobinuria, there may be a need for serial examinations5 or a 24 hour urine specimen to further evaluate its presence. 
	When PNH is ultimately suspected as a primary diagnosis, the extent of testing increases due to the specific laboratory criteria associated with a PNH diagnosis. From the point of suspicion through results of preliminary testing, it is recommended to consult with a practitioner experienced with PNH or to ultimately refer to hematology for the continued work up and diagnosis of the disorder. Upon identification of the involved stem cell lines with the associated aplastic anemia or myelodysplasia, a bone marrow aspiration or biopsy is warranted. This will often present erythroid hyperplasia, hypoplastic marrow and possible low iron content with a sufficient amount of leukocyte and platelet stem cells 4. The myeloid values may vary depending on the presence and degree of aplastic anemia.
	The initial screening for PNH is the sugar water test, performed by placing the sample within a sucrose media to assess for hemolysis of cells by complement, with a negative study being < 5% lysis 4,6. As a screening tool, the sugar water test should be confirmed by the Ham’s test. This test consists of acidification of the serum leading to a complement mediated hemolysis via the alternative pathway after lowering the pH to < 6.3 4,6. 
	Currently, this series of testing is being replaced by flow cytometry as the “gold standard” in the identification of PNH due to the increased sensitivity and specificity 5. Utilizing monoclonal antibodies toward the receptors involved, this procedure is able to accurately identify both erythrocytes and granulocyte myeloid cells that are positive for the mutation while also assessing severity 4-5,7.
	Although some similarities between the two described processes exist, the overall treatment recommendations are now markedly different. With an increase in the understanding of PNH, efforts have been maximized to establish new treatment standards resulting in better overall outcome. For PCH however, the treatment continues to be geared at the symptomatic relief of the disorder. 
	Paroxysmal cold hemoglobinuria, unlike PNH, is a temporarily acquired hemolysis in which the treatment throughout the episode is supportive in nature 3,5,18. The primary goal in the alleviation of symptoms associated with the disorder is to reduce exposure to cold weather until the predisposing infection is dormant 3,18. If this support is achieved in an adequate amount of time, full recovery with a minor anemia is generally expected without required treatment 5. On occasion, the associated hemolytic anemia requires transfusion3,5, which can be initiated with symptomatic anemia, critically low hemoglobin levels or the typical signs of hemodynamic instability. The use of exogenously administered corticosteroids has shown no efficacy in the treatment of PCH, but they are commonly given to many patients diagnosed with the disorder 18. There have been case reports in recent years demonstrating success in the treatment of adult patients with PCH through the use of Rituximab in cases refractory to support and corticosteroid administration 13. To this point, no formal double blinded, case controlled or randomized studies have been performed or identified in the literature supporting these findings. Typically, the prognosis of PCH is good, with the only major risk factor being exposure to future cold environments resulting in a drop in basal temperature 18.
	Unlike the acute, often solitary presentation of PCH, PNH will generally be considered a chronic hemolytic condition progressing to the described aplastic classification mentioned above. This presents a greater, more complicated treatment picture for the managing practitioner. While supportive care is required in all patients, there are now numerous treatment options available creating more success in the management or curative treatment of this rare, devastating disorder 1,4-5. With an associated anemia often worse than PCH, patients with PNH often require therapeutic supplementation of iron as well as imperative folic acid supplementation depending on the associated MCV 5,7,9. Other supportive measures of PNH include management of the associated thromboembolic events. During the acute presentation, antithrombotic treatment with heparin should be started and followed long term by the induction of warfarin titration to a recommended INR of 3.0-4.0 7. 
	The long term management and curative treatment horizons of this disorder have widened significantly over the past 10-15 years. Initial attempts at the use of high dose glucocorticoids often failed to adequately treat the associated anemia, but providers continue to use corticosteroids as well as androgenic steroids despite this minimal benefit 5,7,19. The only curative treatment to this point has been allogenic bone marrow transplant, which has proven very difficult due to complicating factors4-5. 
Currently, with the capabilities of HLA typing and matching, complications are more manageable after finding a compatible donor and should be the initial treatment option offered to young individuals4-5. The invasiveness and rate of complications associated with such a procedure often lead to the dismissal of such ideas by the patient. This decision is often due to a relative mean survival of 12 years after the transplantation when the disease itself may enter remission without a marrow transplant making the decision difficult 7.  
For such scenarios, the development of new monoclonal antibodies allow for safer advances in PNH treatment. Eculizumab was recently approved by the FDA as a humanized monoclonal treatment to reduce the hemolytic effects and other manifestations of the acquired disorder 19. Eculizumab targets the C5 complement protein inhibiting further progression down the complement cascade in affected individuals as demonstrated during the initial uncontrolled study 20-21. Since then, further evidence has been proven in randomized, double-blinded, placebo controlled studies that have demonstrated very significant reductions in disease severity. These studies have demonstrated significant improvements in quality of life, reducing transfusion needs by 73% at 6 months due to adequate inhibition of the complement induced hemolytic process 22. These results have occurred thus far with a minimal increased risk for infection due to the lack of effects on the initial activation of the C3 complement proteins 20-21. To this point, no identifiable long term studies on remission length or relapse have been performed on those patients treated with eculizumab. With only supportive treatments, the average survival period after diagnosis is 10 years, with a 20-40 year survival noted in numerous patients4.
CONCLUSION
Despite being one of the most common hematologic disorders recognized by providers, anemia still continues to be misclassified on a regular basis. When hematologic abnormalities consistent with hemolytic anemia are identified, it is still imperative to adequately identify the underlying pathologic entity pending a particular presentation. Anemias are often considered to be iron deficiency in nature due to initial lab results regardless of the true pathology. This may eventually lead to inadequate iron treatments and risks for hemosiderinemia and iron toxicity. An appropriate understanding of the pathologic, symptomatic and laboratory presentation of hemolysis will aid in reducing these negligent assumptions. 
	Both paroxysmal nocturnal hemoglobinuria and paroxysmal cold hemoglobinuria must consistently be included in the differential diagnosis of individuals with clinical manifestations of hemolytic anemia. With the signs and symptoms of hematuria or hemoglobinuria in conjunction with anemia, this consideration is imperative. These possibilities indicate the need for the described laboratory screening tests required for the diagnosis of PCH or PNH, respectively. After identifying PCH, proven supportive therapies should be utilized for control and relief of the underlying illness as well as treatment of the symptomatic hemolytic anemia associated with disorder. This may or may not require transfusion for relief.
	When diagnosing patients with PNH, the initiation of adequate supportive therapy is imperative for the prolonged survival of these individuals 4. The use of newer, more effective therapies for the management and curative treatment of PNH has certainly enabled fulfillment of a longer, more satisfying life. Since PNH is often a lifelong disorder 5, patients receiving allogenic bone marrow transplant or eculizumab therapy should be regularly followed by their primary care physician or hematologist. Although newer therapies are aimed at reducing the symptomatic effects through improvement of the underlying anemia, approximately half of the patients treated with the eculizumab monoclonal antibody treatments continued to experience such symptoms 22. Although new treatments for this disorder have improved the overall outcome significantly, the disorder may still result in a shortened lifespan.
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