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 The fi eld of “benign” or “nonmalignant” hematology encompasses a wide 
and diverse range of inherited and acquired disorders, including abnormali-
ties in the number or function of white cells, red cells, and platelets, as well 
as coagulation disorders that can result in bleeding or clotting. Signifi cant 
advances in technology development now allow rapid diagnosis using sophis-
ticated clinical tests, while a parallel development in treatments has occurred 
that can alter the course and outcome of many of the nonmalignant hemato-
logic disorders. Therapies that target the precise pathophysiologic mecha-
nism at the level of the cell, protein, or nuclear material have developed at a 
rapid pace in the last decade. Assimilating and applying these new diagnostic 
and therapeutic modalities to daily patient care can be challenging. 

 Our book provides a concise case-based approach to the diagnosis and man-
agement of the many disorders faced by hematologists in academic and commu-
nity-based practice. Readers will become familiar with both the basics and 
nuances in care in a case-based format written by experts in the fi eld. Physicians 
in training, and physicians in any discipline wishing to increase their knowledge 
in this subspecialty area, will fi nd the question and answer format practical and 
informative, with direct relevance to daily practice. Readers will fi nd that 
 Nonmalignant Hematology: Expert Clinical Perspective  has clear takeaway 
points that are invaluable for physicians in any specialty faced with patients with 
hematologic disorders. It is hoped that professionals reading this book will fi nd 
the content of value in their own interactions with their patients.

      Zion ,  IL ,  USA      Syed     A.     Abutalib  ,   MD    
   Boston ,  MA ,  USA      Jean     M.     Connors  ,   MD    
   Pittsburgh ,  PA ,  USA      Margaret     V.     Ragni  ,   MD, MPH       
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      Evaluation of Anemia in Children 
and Adults                      

     Peter     W.     Marks     

          Case 1. Evaluation of Anemia 

 An 88-year-old man is referred for further evalu-
ation of anemia. He has generally been in good 
health, and his active medical issues only include 
mild hypertension, which has been well con-
trolled on a diuretic. Review of systems was 
unremarkable for fatigue, dyspnea, melena, or 
bright red blood per rectum. He was noted at the 
time of routine physical examination to have 
heme negative stool and on complete blood count 
was found to have a hemoglobin level of 13.0 g/
dL, MCV 88 fL, RDW 14.0 %. 

  Question 1.      The fi nding of a hemoglobin of 
13.0 g/dL in an 88-year-old man is: 

    A.    Potentially within the age appropriate normal 
range   

   B.    Clearly abnormal and warrants extensive fur-
ther diagnostic evaluation, including 
endoscopy   

   C.    Clearly abnormal and warrants further labo-
ratory diagnostic studies   

   D.    Clearly abnormal, but does not warrant further 
diagnostic evaluation because of patient age    

   Hemoglobin values change dramatically in 
the 2 months following birth, dropping from 
18.5 ± 4 g/dL (mean ± 2 S.D.) the day after birth 
to 11.5 ± 2.5 g/dL at 2 months of age (Christensen 
et al.  2009 ). The MCV during that time also 
decreases from a 108 ± 10 to 96 ± 19 fL. The val-
ues in male and female infants are similar. 
Subsequently, over the course of childhood and 
adolescence, the values gradually rise toward 
adult levels, diverging in the two sexes due to the 
effect of androgens in males. In adults 
18–49 years old, the normal hemoglobin is 
14.0 ± 2 g/dL in females and 15.5 ± 2 g/dL in 
males. The hemoglobin values provided here 
and in Table  1  below are approximate, and the 
normal ranges vary depending upon the individ-
ual laboratory. Similar hemoglobin values are 
found in adults up to about age 70. However, 
over the next two decades of life, the normal 
range for females drops by about 0.2 g/dL, 
whereas for males it drops by more than 1 g/dL 
due to the drop off in androgen production 
(Nilsson-Ehle et al.  2000 ).

   The key take away point here is that an indi-
vidual’s age is relevant for making a diagnosis of 
anemia, as defi ned by a hemoglobin value below 
the normal range (usually two standard devia-
tions below the mean). In particular, anemia 
should not be attributed to aging in women over 
70 years of age, whereas a hemoglobin value 
modestly below the adult normal range may be 
observed in men over age 70. 

        P.  W.   Marks ,  MD, PhD     
  Center for Biologics Evaluation and Research , 
 U.S. Food and Drug Administration , 
  10903 New Hampshire Avenue, WO71-7232 ,  Silver 
Spring ,  MD   20993 ,  USA   
 e-mail: peter.marks@fda.hhs.gov  
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  Question 2.      A reticulocyte count for the 
88-year-old man with the hemoglobin of 
13.0 g/dL and hematocrit of 40 % is obtained 
and is found to be 1.7 %. The reticulocyte 
index is: 

    A.    0.8 %   
   B.    1.3 %   
   C.    1.5 %   
   D.    1.7 %    

   The reticulocyte count provides a relatively 
inexpensive way of narrowing the differential 
diagnosis of anemia that is present in an individ-
ual (Piva et al.  2015 ). It is appropriately elevated 
in response to blood loss or in various causes of 
hemolytic anemia and is low in various causes of 
hypoproliferative anemia or maturation abnor-
malities (Table  2 ). It can also be used to help 
monitor the response of either category of anemia 
to therapy. Understanding how to interpret the 
reticulocyte count that is reported by the labora-
tory is important.

   Under normal circumstances, the approxi-
mately 1 % of red blood cells newly released 
each day from the bone marrow contain residual 
RNA that is degraded over the course of 24 h, 
and they are also slightly larger than the cohort 
of more mature cells. These features defi ne the 
reticulocyte. When severe hemolytic anemia is 
present, a younger cohort of erythrocytes is 
released into the circulation, and these “shift” 
reticulocytes may persist for 2–3 days. On con-
ventional Wright stained smears, reticulocytes 
appear as slightly larger bluish-red cells that 
have decreased central pallor. They can be enu-
merated manually by supravital staining with 
new methylene blue or by automated methods 

when stained with  ethidium bromide. The reticu-
locyte count obtained by manual methods is 
reported as a percentage of total red cells; for 
automated methods, an absolute count can be 
obtained, although it is often converted into per-
centage. Whenever reported as a percentage 
when anemia is present, the reticulocyte count 
must be corrected for the degree of anemia using 
the formula:

 

Corrected reticulocytecount reticulocyte

count patient s h

=

( )% *
,

eematocrit
normal hematocrit

/é

ëê
ù

ûú   
The normal hematocrit used should be appropri-
ate for the patient’s age and gender. An additional 
correction is sometimes made when severe hemo-
lysis is present to correct for shift reticulocytes. 
Application of such correction factors for matu-
ration produces the reticulocyte index. Although 
more complex formulas exist, if hemolysis is 
present and the hematocrit is about half normal, 
the corrected reticulocyte count should be halved. 
For example, a female patient with sickle cell 

   Table 1    Change in hemoglobin levels through life   

 Age  Females (g/dL)  Males (g/dL) 

 1 day  18.5 ± 4.0  18.5 ± 4.0 

 2 months  11.5 ± 2.5  11.5 ± 2.5 

 1 year  12.0 ± 1.0  12.0 ± 1.0 

 10 years  13.5 ± 2.0  13.5 ± 2.0 

 18–49 years  14.0 ± 2.0  15.5 ± 2.0 

 70 years  14.0 ± 2.2  15.2 ± 2.4 

 90 years  13.8 ± 2.0  14.1 ± 2.0 

   Table 2    Categorization of anemia based upon reticulo-
cyte count   

 Reticulocyte index <1.5 % 
or reticulocyte count 
<75,000/μL 

 Reticulocyte index ≥2 % or 
reticulocyte count >100,000/
μL 

  Hypoproliferative 
anemias  

 Appropriate response to 
blood loss 

 Anemia of infl ammation 
(chronic disease) 

 Anemia of renal disease   Hemolytic anemias  

 Congenital syndromes  Hemoglobinopathies 

 Effects of drugs or 
toxins 

 Immune hemolytic anemias 

 Endocrine anemias  Infectious causes of 
hemolysis 

 Iron defi ciency  Membrane abnormalities 
(including liver disease) 

 Myelophthisis  Metabolic abnormalities 

  Maturation 
abnormalities  

 Mechanical hemolysis 

 Folate defi ciency 

 Vitamin B12 defi ciency 

 Sideroblastic anemia 

  Note that reticulocyte counts in the range of 1.5–2 % or 
75,000–100,000/μL are on the borderline and must be 
interpreted carefully in the clinical context  
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anemia may have a hematocrit of 20 % and a 
reticulocyte count of 8 %. Following correction 
and adjustment for maturation, the reticulocyte 
index is 2 %, which is still an appropriate 
response. The need for correction for hematocrit 
is avoided when the absolute reticulocyte count is 
used in calculating the reticulocyte index. 

 Modern instruments for performing the com-
plete blood count are also capable of providing a 
wealth of information regarding the hemoglobin 
content and size of the red cell (Thom  1990 ). In 
addition to the hemoglobin level and hematocrit, 
parameters commonly measured or calculated by 
most instruments include the mean corpuscular 
volume (MCV), mean corpuscular hemoglobin 
(MCH), mean corpuscular hemoglobin concen-
tration (MCHC), and the red cell distribution 
width (RDW). Of these values, the MCV is most 
informative for the evaluation of anemia, fol-
lowed by the RDW. Although the other red cell 
parameters (MCH, MCHC) may be of utility in 
certain special circumstances, they are not par-
ticularly helpful in identifying the cause of most 
types of anemia. 

 In contrast, MCV values facilitate the rapid 
categorization of anemia and are particularly 
helpful at the extremes: values less than 70 fL are 
generally indicative of moderate to severe iron 
defi ciency or a thalassemia syndrome, and values 
greater than 110 fL are generally associated with 
folate or vitamin B12 defi ciency, drug effects, or 

myelodysplastic syndromes. Table  3  illustrates 
the utility of the MCV in categorizing different 
causes of anemia. Whether the RDW adds to this 
categorization is debated by some clinicians. 
However, an elevated RDW does help differenti-
ate certain conditions such as ß-thalassemia 
minor (RDW normal) from iron defi ciency (RDW 
elevated) and aplastic anemia (RDW normal) 
from immune hemolytic anemia (RDW elevated). 
Further insight can be obtained by combining use 
of the reticulocyte count, MCV, and RDW to nar-
row the range of diagnostic possibilities.

    Question 3.      One schistocyte per high-power 
fi eld seen on this 88-year-old man’s smear 
indicates: 

    A.    Myelophthisis is likely to be present.   
   B.    Vitamin B 12  defi ciency may be present.   
   C.    Atypical hemolytic uremic syndrome may be 

present.   
   D.    A potentially normal fi nding.    

   The peripheral blood smear is an invaluable tool 
in the evaluation of anemia (Bain  2005 ). 
Information on red blood cell morphology can be 
obtained in the context of the number and morphol-
ogy of other cell lineages. Morphology may reveal 
such fi ndings as parasites (e.g., babesia or malaria) 
or may provide insight into organ  function 
(Table  4 ). Despite the availability of many more 

RDW Low MCV (<80 fL) Normal MCV (80–100 fL) High MCV (>100 fL)
Normal Anemia of inflammation

(Chronic disease)
Thalassemia trait
Hemoglobin E trait

Acute blood loss
Anemia of inflammation

(Chronic disease) 
Anemia of renal disease

Aplastic anemia
Drugs/Toxins
Alcohol 
Antivirals   
Chemotherapy

Hydroxyurea
Methotrexate

Elevated Iron deficiency
Sickle cell ß-thalassemia

Response to blood loss
(Reticulocytosis)

Early nutritional anemias
(iron, folate, vitamin B12)

Sickle cell disease
Chronic liver disease
Myelodysplasia

Folate deficiency
Vitamin B12deficiency
Immune hemolytic anemia
Chronic liver disease
Myelodys plasia

   Table 3    Categorization of anemia by MCV, RDW, and reticulocyte count       
  Elevated reticulocyte count is denoted by red font, and low reticulocyte count is denoted by blue font  
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sophisticated laboratory tests, the differential diag-
nosis can often be narrowed signifi cantly by 
thoughtful review of a well-prepared and properly 
stained peripheral blood smear, and in some cases, 
specifi c diagnosis can be accomplished. Although 
there are many ways to approach the review of the 
peripheral blood smear, use of a systematic 
approach may be helpful:

     1.    Determine if the smear is properly prepared 
and stained and choose an area for examina-
tion. Under medium to high power using the 
40× or 100× objective, granules should nor-
mally be visible in neutrophils and platelets, 
and an area in which the individual red 
blood cells are separated by about 0.5–1 cell 
diameter should be used for further 
examination.   

   2.    Examine the other cell lines present before 
moving on to the erythrocytes. Do the neutro-
phils have normal morphology, or are they 
hyperlobulated indicating a megaloblastic 
process, or are toxic granulations present 
 suggesting an infectious one? Are platelets 
present in relatively normal number (roughly 

5 per high-power fi eld), or are they reduced in 
number?   

   3.    Focus on the red blood cells examining size 
(normal erythrocyte diameter is about the size 
of a lymphocyte nucleus), distribution of size, 
and the area of central pallor (normally about 
one-third the cell diameter). Are the cells nor-
mochromic or hypochromic?   

   4.    Search for abnormal morphologic fi ndings 
(e.g., schistocytes, spherocytes, echinocytes, 
acanthocytes, dacrocytes) and for red cell 
inclusions (e.g., Howell-Jolley bodies, ring 
forms indicative of babesia or malaria). Note 
that one or two schistocytes may be found 
per high-power fi eld on normal peripheral 
blood smears. In addition, although degma-
cytes (bite cells), indicative of hemolysis 
due to oxidative stress in individuals with 
 glucose- 6- phosphate dehydrogenase defi -
ciency (G-6-PD defi ciency) and seen in 
Heinz body hemolytic anemia, are seen on 
conventional Wright stained blood smears, 
Heinz bodies themselves require supravital 
staining with new methylene blue for 
visualization.    

   Table 4    Interpretation of selected morphologic fi ndings of diagnostic importance in red blood cells   

 Morphologic fi nding  Description of red blood cell  Differential diagnosis 

 Schistocytes  Fragmented forms including 
helmet cells and more bizarre 
shapes 

 Microangiopathic hemolytic anemia 
 Mechanical hemolysis 

 Spherocytes  Absent central pallor  Immune hemolytic anemia 
 Hereditary spherocytosis 

 Echinocytes (burr cells)  Undulated red cell membrane  Uremia 

 Acanthocytes (spur cells)  Spiculated red cell membrane  Liver disease 
 Abetalipoproteinemia 

 Dacrocytes (teardrop cells)  Tear drop-shaped cells  Myelophthisis 
 Myelofi brosis 
 Severe megaloblastic anemia 

 Degmacytes (bite cells)  One or two small “bites” 
missing from cell surface 

 G-6-PD defi ciency 
 Heinz body hemolytic anemia 

 Howell-Jolly bodies  Single small (1–2 μm) round 
purplish inclusions in some red 
blood cells representing nuclear 
remnants 

 Splenic hypofunction or postsplenectomy 

 Pappenheimer bodies  Small (1–2 μm) purplish-gray 
inclusions of variable size 
representing precipitated 
granules of ferritin, ribosomes, 
and in some cases mitochondria 

 Hemolytic anemias such as sickle cell 
disease and thalassemia 
 Sideroblastic anemia 
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      Case 2. Evaluation of Nutritional 
and Other Causes of Anemia 

 A 27-year-old woman with no signifi cant past 
medical history presents to her primary care 
 physician for a routine visit. She occasionally 
takes ibuprofen for headaches but takes no other 
medications. On review, she notes mild fatigue 
but attributes this to long hours at work. She has 
never been pregnant, and notes regular, but heavy 
menses. Physical examination is essentially unre-
markable. A complete blood count reveals a 
hemoglobin level of 10.5 g/dL with an MCV of 
78 fL and RDW of 18 %. 

  Question 4.      What is the best testing strategy 
in this individual for the diagnosis of iron 
defi ciency? 

    A.    Serum iron, serum transferrin   
   B.    Serum iron, serum total iron binding capacity   
   C.    Serum ferritin   
   D.    Serum soluble transferrin receptor    

   When any signifi cant degree of anemia is 
present, the diagnosis of iron defi ciency is usu-
ally straightforward (DeLoughery  2014 ). Red 
cell indices demonstrating a low MCV and ele-
vated RDW especially in the context of a low 
reticulocyte count strongly suggest the diagnosis, 
which is further supported by the fi nding of 
hypochromia on review of the peripheral blood 
smear. In such a setting, the serum ferritin value 
is confi rmatory, and there is usually little utility 
in obtaining serum iron and transferrin levels, as 
they do not provide additional clinically relevant 
information. Although serum iron is typically 
low and serum transferrin or total iron binding 
capacity is typically high in iron defi ciency, dif-
ferences in day-to-day oral iron intake can lead to 
the fi nding of serum iron levels in the normal 
range, and infl ammatory conditions can lower the 
serum transferrin and total iron binding capacity. 
For reference, note that serum transferrin repre-
sents about 95 % of the total iron binding 
capacity. 

 The diagnosis of iron defi ciency is somewhat 
more complicated when anemia is absent or only 

very mild because there is no perfect laboratory 
test for the assessment of body iron stores. 
However, in the absence of systemic disease such 
as infection, infl ammation, or malignancy, a low 
serum ferritin level does correlate in a relatively 
reliable manner with the presence of iron defi -
ciency. However, since ferritin is stored in the 
liver and is an acute phase reactant, both hepatic 
injury and the infl ammatory response can lead to 
elevated serum ferritin levels even when iron 
defi ciency is present. For example, iron defi -
ciency may be present in individuals with rheu-
matoid arthritis even with serum ferritin levels of 
up to approximately 100 μg/L. In this setting, 
soluble transferrin receptor has been investigated 
as a marker of iron defi ciency. Although some-
what promising, its utility for this purpose has yet 
to be fully established (Braga et al.  2014 ), espe-
cially since in most cases when anemia is pres-
ent, the diagnosis can be established by 
integrating the information from red blood cell 
indices, the reticulocyte count, and review of the 
peripheral blood smear. 

  Question 5.      Some oval-shaped larger red 
blood cells (ovalocytes) and several neutro-
phils with fi ve lobes are seen on review of the 
27-year-old woman’s blood smear raising the 
possibility of a mixed picture anemia. What 
are the most appropriate tests to obtain in the 
evaluation for megaloblastic anemia? 

    A.    Serum folate, vitamin B 12  level   
   B.    Red cell folate, vitamin B 12  level   
   C.    Plasma homocysteine level, vitamin B 12  level   
   D.    Plasma homocysteine level and methylmalo-

nic acid level    

   In the past, there has been some controversy 
as to whether serum folate or red blood cell folate 
levels were more accurate in the diagnosis of 
folate defi ciency. Serum folate levels refl ect 
recent dietary intake, whereas red blood cell 
folate levels are thought to be more refl ective of 
tissue folate stores over the course of several 
months, given the life span of the red blood cell. 
Though on theoretical grounds use of red blood 
cell folate might seem more accurate in the 
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 diagnosis of folate defi ciency, this more  expensive 
test does not seem to correlate with true  defi ciency 
any better than serum folate (Farrell et al.  2013 ). 

 If a borderline value of serum folate is 
observed or if there is still question as to whether 
or not true folate defi ciency is present after a 
serum folate level is measured, a homocysteine 
level can be obtained. In the absence of renal fail-
ure and certain other conditions that lead to ele-
vated homocysteine levels, a markedly elevated 
(about twice normal) plasma homocysteine level 
is generally indicative of folate defi ciency. 

 As opposed to folate defi ciency, which has 
become less common since the supplementation of 
fl our with folate in developed countries, vitamin 
B 12  defi ciency may actually be increasing some-
what in incidence due to a variety of factors. Factors 
that have recently lead to an increased incidence of 
vitamin B 12  defi ciency include increased use of cer-
tain medications such as proton pump inhibitors 
and metformin, more widespread use of gastric 
bypass procedures, and an aging population that is 
subject to food- cobalamin malabsorption. 

 When vitamin B 12  defi ciency is suspected 
due to hematologic or neurologic fi ndings, 
obtaining a serum vitamin B 12  (cobalamin) level 
fi rst is appropriate. Serum vitamin B 12  levels 
less than 200 ng/L are almost always indicative 
of  defi ciency. Values above 350 ng/L are 

 generally not associated with true defi ciency. 
When values fall between 200 and 350 ng/L and 
anemia, macrocytosis, or neurologic symptoms 
are present, it is reasonable to obtain a methyl-
malonic acid level (Hunt et al.  2014 ). In the 
absence of renal failure and certain other condi-
tions, the methylmalonic acid level measured by 
methods such as gas chromatography is a more 
accurate marker of defi ciency than the vitamin 
B 12  level itself, which is measured using a bioas-
say. Figure  1  illustrates a reasonable approach 
to diagnosis.

   Usually, the cause of anemia is suggested by 
review of the complete blood count and 
thoughtful review of the peripheral blood 
smear and is often confi rmed by additional 
testing that can be performed on peripheral 
blood. Additional or more invasive testing, 
such as the uncomfortable and expensive pro-
cedure of bone marrow aspirate and biopsy, 
can therefore often be avoided. For example, 
when normocytic anemia with normal mor-
phology is found in the setting of type 2 diabe-
tes mellitus and a mildly elevated serum 
creatinine, a serum erythropoietin level can be 
obtained. This will often demonstrate that a 
low or inappropriately normal erythropoietin 
level is responsible for the anemia present 
(Bosman et al.  2001 ). 

Macrocytosis, anemia, or neurologic symptoms

Serum vitamin B12 level

<200 ng/L 200 to 350 ng/L >350 ng/L

Deficiency likely Deficiency unlikely

Obtain methylmalonic acid (MMA) level
(consider obtaining homocysteine (HC) level for correlation)

MMA normal MMA elev ated MMA normal MMA elevated
HC normal HC normal HC elevated HC elevated

Excludes vitamin B12 Uninterpretable Folate deficiency Vitamin B12

deficiency or other cause possible deficiency likely

  Fig. 1    Diagnostic approach to vitamin B 12  defi ciency       
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 Ultimately, the decision regarding when to 
proceed to perform a bone marrow examination 
in the evaluation of anemia relies heavily on clin-
ical judgment based upon the individual setting 
and totality of the evidence available for evalua-
tion. Aside from obvious situations, such as when 
other cell lineages are affected or when abnormal 
leukocytes are present in the blood, certain fea-
tures associated with anemia should provoke 
consideration of performing this diagnostic pro-
cedure sooner rather than later. 

 In the setting of a normal MCV, the fi nding of 
dacrocytes (teardrop cells) on review of the 
peripheral blood smear should provoke earlier 
consideration of the utility of a bone marrow 
examination. The reason for this is that this eval-
uation will effectively provide an explanation in a 
number of these cases given that the underlying 
process responsible for the morphologic abnor-
mality resides there. These processes include 
marrow replacement with hematologic malignan-
cies (e.g., lymphoma, myeloma), metastatic dis-
ease (e.g., breast cancer, small cell lung cancer), 
infectious processes, or fi brosis (myelofi brosis).  

    Case 3. Common Diagnostic Entities 
in Children and Adults 

 A previously well 1-year-old male is found on 
screening to have a hemoglobin value of 9 g/dL 
on a screening test performed at a routine visit to 
the pediatrician. His mother notes nothing out of 
the ordinary in his behavior. He is in the 90th per-
centile for weight and is taking cereal along with 
pureed fruits and vegetables in his diet while he 
continues to breast feed. 

  Question 6.      The most likely diagnosis in this 
child is: 

    A.    Diamond-Blackfan syndrome   
   B.    Transient erythroblastopenia of childhood   
   C.    Congenital dyserythropoietic anemia   
   D.    Iron defi ciency anemia    

   Iron defi ciency is the most common cause of 
anemia found in pediatric primary care (Powers 

et al.  2015 ). Less commonly, anemia may be a 
prominent associated feature of other hereditary 
or acquired conditions, such as Diamond-
Blackfan syndrome or sickle cell disease. 
Diagnostic considerations include, among others, 
transient erythroblastopenia of childhood, a con-
dition of unknown etiology which resolves spon-
taneously without intervention (van den Akker 
et al.  2014 ). 

 In children, iron defi ciency anemia presents 
with microcytosis and an increased RDW. A con-
founding factor may be the concomitant presence 
of lead poisoning. Lead poisoning in the absence 
of iron defi ciency is not commonly associated 
with microcytic anemia. However, it may be 
associated with the occurrence of punctate baso-
philic stippling, which is not a fi nding in iron 
defi ciency. Of particular note, iron defi ciency 
increases the risk for lead poisoning because this 
condition is associated with increased absorption 
of lead (Eden and Sandoval  2012 ). Although zinc 
protoporphyrin levels are increased in iron defi -
ciency, they are markedly increased (greater than 
150 μg/dL) when lead poisoning is also present, 
and this may be helpful in identifying the latter 
(Hershko et al.  1985 ). 

 In adults, as in children, iron defi ciency is by 
far the most common cause of anemia (Killip 
et al.  2007 ). Roughly 5 % of women of reproduc-
tive age in developed countries have iron defi -
ciency anemia due to menstrual blood loss and 
inadequate dietary intake. Iron defi ciency anemia 
is also a common cause of anemia in men and 
postmenopausal women primarily due to gastro-
intestinal blood loss. Therefore, with rare excep-
tion, the diagnosis of iron defi ciency anemia in 
men and older women should provoke specialty 
referral to identify the source of blood loss. 
Another cause of anemia commonly observed in 
adult primary care is the normocytic anemia 
associated with mild renal insuffi ciency in the 
setting of type 2 diabetes mellitus. 

 In older adults, the incidence of different types 
of anemia shifts somewhat (Joosten  2004 ). Aside 
from the physiologic decline in hemoglobin con-
centration that is expected in men over the age of 
70, anemia associated with renal insuffi ciency 
and vitamin B 12  defi ciency is more prevalent in 
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this age group, as well as, less commonly, folate 
defi ciency. In addition, more worrisome causes 
of anemia, such as myelodysplastic syndromes 
and multiple myeloma, require consideration. 

 Anemia is particularly an issue in the inpatient 
setting. About 10 % of hospitalized patients are 
found to be anemic (Rachoin et al.  2013 ). Acute 
blood loss anemia, the anemia of renal disease, 
and the anemia of infl ammation (also known as 
the anemia of chronic disease) are among the 
most common types of anemia observed in hospi-
talized adults. All three of these conditions gen-
erally present as normocytic anemia, although 
the anemia of infl ammation may present with a 
modest microcytosis. Chronic blood loss anemia 
is also not infrequently observed, usually due to 
intermittent or ongoing gastrointestinal blood 
loss. Distinguishing between these various causes 
can be somewhat challenging in the acute care 
setting because of potential overlap in the diag-
nostic laboratory values of these entities, which 
may present with a low reticulocyte count. 

 Blood loss with surgical procedures and phle-
botomy may lead to anemia in a signifi cant pro-
portion of hospitalized patients. In the immediate 
aftermath of blood loss or in the setting of other 
comorbid conditions, the reticulocyte count may 
not yet be increased. Though the anemia due to 
erythropoietin defi ciency associated with severe 
chronic kidney disease or kidney failure is well 
recognized, anemia due to this same mechanism 
may also occur in the setting of mild to moderate 
chronic kidney disease. This is particularly the 
case in individuals with diabetes mellitus. 
Diabetic nephropathy manifesting with modestly 
increased creatinine values just above the normal 
range may be associated with erythropoietin defi -
ciency and moderate to severe anemia (Singh 
et al.  2009 ). In this particular setting, it is impor-
tant to remember that an erythropoietin value in 

the normal range is actually abnormal. Even a 
modest decrement in hemoglobin should be asso-
ciated with an erythropoietin level above the nor-
mal range (Erslev  1991 ). 

 The anemia of infl ammation is associated with 
various infectious diseases, rheumatologic condi-
tions, and malignancies and therefore is particu-
larly common among hospitalized medical patients. 
In addition, patients are not infrequently hospital-
ized for further evaluation or management of upper 
or lower gastrointestinal bleeding associated with 
intermittent or chronic blood loss. Laboratory fea-
tures that can help distinguish these common 
causes of anemia are noted in Table  5 .

       Case 4. Undiagnosed Congenital 
Causes of Anemia in Adulthood 

 A 36-year-old woman is referred to the clinic for 
further evaluation of mild anemia. She has no 
signifi cant past medical history and takes no 
medications. Her family is of northern European 
decent, and she does note that her mother and sis-
ter have also been told at times that they are ane-
mic. Physical examination is notable for a 
palpable spleen tip, but the remainder of the 
examination is normal. The complete blood count 
reveals a hemoglobin of 11.8 g/dL, MCV 90 fL, 
RDW 15 %. A reticulocyte count is 2.4 %. Review 
of the peripheral blood smear does not reveal 
abnormal morphology to be present. 

  Question 7.      The most likely hereditary cause 
of anemia in this woman is: 

    A.    Alpha-thalassemia trait   
   B.    Glucose-6-phosphate dehydrogenase defi ciency   
   C.    Homozygous hemoglobin E   
   D.    Hereditary spherocytosis    

   Table 5    Selected laboratory values helpful in distinguishing types of anemia in hospitalized adults   

 Condition  MCV  Ferritin  Transferrin saturation  Erythropoietin level 

 Acute blood loss  Normal  Normal  Normal  Normal to ↑ 

 Renal disease  Normal  Normal  Normal  Normal to ↓ 

 Infl ammation  Normal to ↓  Normal to ↑  Normal to ↓  Normal to ↑ 

 Chronic blood loss  ↓  ↓  ↓  ↑ 
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   Individuals with certain congenital causes of 
anemia, such as sickle cell anemia and ß-thalas-
semia major, generally present early in life and 
are diagnosed as infants or young children. On 
the other hand, there are several hereditary condi-
tions that may go unnoticed until well into adult-
hood or even throughout life. Individuals may be 
asymptomatic, and the fi nding of a hemoglobin 
value below the normal range on a routine com-
plete blood count is the only fi nding that pro-
vokes further diagnostic evaluation. Consideration 
of these hereditary conditions in the differential 
diagnosis of an adult with mild to moderate ane-
mia can help direct the evaluation and avoid 
unnecessary diagnostic testing. 

 Such undiagnosed types of anemia may be 
divided into asymptomatic conditions that have 
been continually manifest since childhood, some 
of which tend to become more apparent with age 
and conditions that may only manifest transiently 
(Table  6 ). The α-thalassemia types involving 
deletion of two of the four α-globin genes may be 
associated with mild anemia with hemoglobin 
values about 0.5–1 g/dL below the lower limit of 
normal and a marked microcytosis with MCV 
values of 65–75 fL (DeLoughery  2014 ). 
Appropriate identifi cation of the etiology of the 
microcytosis in these individuals is important in 
order to avoid inappropriate empiric iron supple-
mentation. Because of the wide range of expres-
sion that may be associated with ß-globin 
mutations, certain individuals with sickle cell ß + -
thalassemia may be entirely asymptomatic or 

may have such mild manifestations of sickle cell 
disease, such that they go undiagnosed until they 
are adults. Hemoglobin E is prevalent in Southeast 
Asia, and homozygotes have microcytic red 
blood cells accompanied by minimal anemia 
(Rees et al.  1998 ). Individuals with mutations in 
glucose-6-phosphate dehydrogenase may have 
intermittent hemolysis that is provoked by oxi-
dant stress associated with viral infections, phar-
maceuticals, and even certain foods (Cappellini 
and Fiorelli  2008 ). Mild cases of hereditary sphe-
rocytosis, which is most common in individuals 
of northern European decent, may go unnoticed 
until adulthood. Associated fi ndings in adults 
with mild cases of hereditary spherocytosis may 
include mild scleral icterus associated with mod-
estly increased bilirubin levels, and the diagnosis 
may also be associated with symptoms or radio-
graphic fi ndings of gallstones. Adults may even 
have previously undergone cholecystectomy. 
Although osmotic fragility was previously the 
primary screening test available for hereditary 
spherocytosis, the eosin-5′-maleimide-binding 
test, which is performed using fl ow cytometry, is 
more sensitive and is increasingly used for this 
purpose (King and Zanella  2013 ). Some other 
conditions that are sometimes encountered are 
also listed in Table  6 .

    Answers 

    Question 1. A  
  Question 2. C  
  Question 3. D  
  Question 4. C  
  Question 5. A  
  Question 6. D  
  Question 7. D         
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         Introduction 

 Iron is an essential element and is required for the 
synthesis of hemoglobin as well as multiple other 
proteins in all body cells. Iron in excess of needs 
is stored in reticuloendothelial cells in the liver, 
spleen, and bone marrow and in hepatocytes. 

 Under normal conditions, body iron stores 
remain relatively constant. In humans, there is 
no mechanism for active iron excretion, so the 
regulation of iron balance depends on the control 
of intestinal iron absorption. Most dietary iron 
absorption takes place through duodenal entero-
cytes. Ferrous iron (Fe 2+ ) crosses the enterocyte 

brush border via divalent metal-ion transporter 1 
(DMT 1). It is subsequently exported across the 
basolateral membrane through the transporter 
ferroportin. The iron oxidase hephaestin 
increases the effi ciency of this process and con-
verts ferrous iron to the ferric (Fe 3+ ) form. 
Plasma ferric iron is transported bound to trans-
ferrin and delivered to erythroid precursors in 
the bone marrow and to other cells throughout 
the body. The delivery of enterocyte iron to the 
systemic circulation is controlled by hepcidin, a 
liver-derived peptide that binds ferroportin caus-
ing it to be internalized and degraded. When iron 
stores are depleted, hepcidin expression is 
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decreased. This in turn increases the ferroportin 
concentration on the basolateral membrane and 
thereby dietary iron absorption. 

 Hepcidin also controls systemic iron exchange, 
as ferroportin is expressed on the surface of mac-
rophages and hepatocytes. Iron removed from 
senescent erythrocytes within the reticuloendo-
thelial system is released via ferroportin to the 
plasma and recycled to developing erythrocytes 
in the bone marrow and to other tissues. The 
decreased hepcidin level in iron defi ciency allows 
increased ferroportin expression and rapid release 
of iron to the plasma. 

 Iron defi ciency is the most common nutri-
tional disorder worldwide (World Health 
Organization  2000  [WHO/NHD/00.7]). In devel-
oped countries, iron defi ciency is most often the 
result of blood loss, although some cases result 
from iron malabsorption.  

    Case 1: Clinical Presentation, 
Diagnosis, and Treatment 
of Microcytic Anemia 

 A 47-year-old man complains of weakness and 
occasional dizziness beginning several days pre-
viously. Physical examination shows pallor and 
pale conjunctivae.

  Hematology laboratory report:  

 Hemoglobin (Hb) 
= 6.3 g/dL 

 MCV = 70 fL 

 Hct = 0.21  MCH = 21 pg 

 RBC = 
3.0 × 10 12 /L 

 MCHC = 30 g/dL 

 Reticulocytes = 
4.0 % 

 RDW = 19.7 % 

 WBC = 7.0 × 10 9 /L (normal: 4.5–10.0 × 10 9 /L) 

 Platelets = 400 × 10 9 /L (normal: 140–440 × 10 9 /L) 

  Peripheral blood smear:  

 RBC  Marked microcytosis and 
hypochromia with moderate 
variation in size (anisocytosis) 
and shape (poikilocytosis). No 
basophilic stippling. No increase 
in polychromatophilia 

 WBC  Normal number and morphology 

 Platelets  Normal 

    Question 1.      What is the condition most likely 
to be associated with these fi ndings? 

    A.    Beta-thalassemia minor   
   B.    Iron defi ciency anemia   
   C.    Anemia of infl ammation   
   D.    Refractory anemia with ringed sideroblasts 

(RARS)    

    Expert Perspective     The recent onset of symp-
toms suggests a relatively acute process such as 
blood loss resulting in iron defi ciency. Beta- 
thalassemia minor and RARS are more chronic. 
Beta-thalassemia minor and the anemia of infl am-
mation (anemia of chronic disease) are associated 
with less severe anemia. Iron defi ciency anemia 
(IDA) is suggested by the combination of a low 
mean cell volume (MCV) and an elevated red cell 
distribution width (RDW), the latter being the earli-
est indicator in the CBC of the onset of IDA. Some 
automated cell counters measure mean reticulocyte 
cellular hemoglobin content (CHr), which can indi-
cate early iron defi ciency, before the development 
of anemia (Ullrich et al.  2005 ). Changes in the 
complete blood count (CBC) in patients with iron 
defi ciency anemia are contrasted with those seen in 
the anemia of infl ammation in Table  1 . In beta- 
thalassemia minor, the RDW is normal despite a 
low MCV. Similarly, in the anemia of infl amma-
tion, the RDW is typically normal, and the MCV is 
normal or slightly decreased (Gangat and 
Wolanskyj  2013 ). RARS is a myelodysplastic syn-
drome associated with a normal to increased MCV.

     Question 2.      Which of the following would not 
be an appropriate test or combination of tests 
to confi rm a diagnosis of iron defi ciency? 

    A.    Serum ferritin   
   B.    Serum ferritin, serum iron, and total iron- 

binding capacity (TIBC)   
   C.    Serum ferritin, serum iron, TIBC, and serum 

hepcidin   
   D.    Serum ferritin, serum iron, TIBC, and serum 

transferrin receptors    

    Expert Perspective     A low serum ferritin alone is 
diagnostic of iron defi ciency. Iron studies, i.e., 
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serum iron and TIBC, can also be helpful in the 
diagnosis of iron defi ciency, as the combination of 
a low serum iron, elevated TIBC, and low transfer-
rin saturation (usually <15 %) is characteristic. Use 
of the combination of serum ferritin and iron stud-
ies can also be helpful when both iron defi ciency 
and infl ammation are present, as signaled by a low 
or low-normal TIBC. In this situation, serum ferri-
tin may be normal, but a concentration >200 μg/L, 
even in the presence of infl ammation, is unusual in 
patients with iron defi ciency (Cook  1982 ). The 
measurement of serum transferrin receptors (TfR) 
is also helpful in this situation because the level 
typically is not affected in infl ammation, and an 
elevated level is consistent with iron defi ciency 
(Punnonen et al.  1997 ; Lok and Loh  1998 ; Skikne 
et al.  2011 ). These changes in tests of iron status in 
iron defi ciency anemia and the anemia of infl am-
mation are summarized in Table  2 . Measurement 
of CHr, where available, is also useful, as it has 
equivalent sensitivity to TfR in detecting iron defi -
ciency anemia (Markovic et al.  2007 ). Although 
methods are available for measuring serum hepci-
din levels (Thomas et al.  2011 ), this test has not yet 
become generally available in most clinical set-
tings, and there is a need for better standardization 
(Kroot et al.  2009 ). Expression of hepcidin in the 
liver is regulated by body iron requirements that, at 
least in part, refl ect the degree of iron saturation of 
circulating transferrin (Wilkins et al.  2006 ). When 

iron stores are depleted, liver hepcidin production 
is low, resulting in low circulating levels of the hor-
mone (Ganz  2013 ). The pathways of hepcidin reg-
ulation in the liver are depicted in Fig.  1 . With 
greater availability of standardized hepcidin assays 
anticipated in the near future, measurement of 
serum hepcidin likely will become an important 
addition to the armamentarium of tests for assess-
ment of iron stores. A defi nitive diagnosis of iron 
defi ciency can be made on the basis of an absence 
of stainable iron in the bone marrow, but this is 
rarely necessary given the noninvasive tests avail-
able. A retrospective confi rmation of the diagnosis 
of iron defi ciency can be made on the basis of an 
increase in hemoglobin with iron replacement 
therapy.

  Report of serum biochemical tests:  

 Serum ferritin = 5 μg/L 

 Transferrin saturation = 3.3 %, with decreased serum 
iron (15 μg/dL) and increased TIBC (450 μg/dL) 

   Question 3.     The diagnosis of iron defi ciency 
anemia is now established. The patient denies 
any symptoms of peptic ulcer disease, change in 
bowel habits, or rectal bleeding. He is given six 
stool cards for fecal occult blood testing (FOBT), 
and three of them are positive. 

   Table 1    Typical changes in the complete blood count with iron defi ciency anemia and the anemia of infl ammation   

 Condition 
 Degree of 
anemia 

 Mean corpuscular 
volume 

 Red cell 
distribution width 

 White blood 
cells  Platelets 

 Iron defi ciency 
anemia 

 Mild to severe  Decreased  Increased  Normal  Normal to 
increased 

 Infl ammation  Mild  Normal to 
decreased 

 Normal  Normal to 
increased 

 Normal to 
increased 

  From: Rakel and Bope ( 2002 ), with permission  

   Table 2    Typical changes in measures of iron status in iron defi ciency and infl ammation   

 Condition  Serum iron 
 Total iron- 
binding capacity 

 Transferrin 
saturation  Serum ferritin 

 Serum 
transferrin 
receptors 

 Iron defi ciency  Decreased  Increased  Decreased  Decreased  Increased 

 Infl ammation  Decreased  Decreased  Decreased  Normal to 
increased 

 Normal 

  From: Rakel and Bope ( 2002 ), with permission  
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  Which of the following statements about 
gastrointestinal  ( GI )  blood loss and evaluation 
of the etiology is correct? 

    A.    The patient should have endoscopic evalua-
tion of the GI tract to identify a possible 
source of bleeding.   

   B.    If all six FOBT results had been negative, fur-
ther evaluation such as endoscopy would 
have been unnecessary.   

   C.    Iron defi ciency in patients on long-term antico-
agulation with warfarin occurs only when there 
is an identifi able site of blood loss in the GI tract.   

   D.    Blood loss from the GI tract is the only cause 
of iron defi ciency anemia in men.    

    Expert Perspective     The positive FOBT indi-
cates the need for endoscopic evaluation of the 
GI tract to identify the source of blood loss. 
Even if there had been no evidence of blood 
loss by FOBT, endoscopic evaluation would 
still be indicated, because intermittent blood 
loss can be missed by FOBT. Although patients 
who have GI blood loss while taking 
 anticoagulants usually are found to have an 

  Fig. 1    Pathways for the regulation of hepcidin in hepato-
cytes. A variety of systemic stimuli that refl ect body iron 
requirements act on hepatocytes to alter the expression of 
the  HAMP  gene. The  BMP/SMAD  signaling pathway 
appears to play a central role in  HAMP  regulation. 
Proteins such as  HJV  and  TMPRSS6 , which are defective 
in human disorders of iron homeostasis, act through this 
pathway to increase or decrease hepcidin expression, 

respectively.  HFE  and  TFR2  are also mutated in human 
iron-loading disorders, but precisely how they alter  HAMP  
expression is unclear. The effects of hypoxia and infl am-
matory cytokines are better defi ned. Hepcidin secreted by 
hepatocytes into the circulation travels to enterocytes, 
macrophages, and other cell types to determine how much 
iron they release into the plasma (From: Collins and 
Anderson  2012 , with permission)       
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 identifiable source of  bleeding, patients 
receiving  long-term  anticoagulation with war-
farin can develop iron deficiency that is not 
associated with a specific lesion (Chen et al. 
 2014 ). The GI tract is the most common source 
of blood loss in men and postmenopausal 
women with iron deficiency. Bleeding from 
other sources can lead to iron deficiency ane-
mia as well, including blood loss associated 
with the urothelial tract, hemobilia, or severe, 
recurrent epistaxis. Other causes include fre-
quent blood donation, intravascular hemolysis 
such as in paroxysmal nocturnal hematuria 
(PNH) and elite athletes, and gastric resection 
(Skikne and Hershko  2012 ). Rarely, a picture 
of iron deficiency can develop in children with 
pulmonary hemosiderosis. (Causes of iron 
malabsorption are discussed in  Case 2 .) 

 The patient undergoes an esophagogastroduo-
denoscopy (EGD), which is normal. A colonos-
copy shows a 2 cm polyp in the mid-transverse 
colon that is resected. Follow-up stool cards show 
six of six to be negative for occult blood.  

  Question 4.      Which of the following approaches 
to the treatment of the patient ’ s iron defi ciency 
anemia is appropriate? 

    A.    Transfusion of two units of packed red blood 
cells to raise the blood hemoglobin level 
above 8 g/dL   

   B.    Intramuscular injection of iron dextran   
   C.    Administration of an intravenous iron 

preparation   
   D.    Oral iron replacement therapy with an iron 

salt such as ferrous sulfate for 6 months    

    Expert Perspective     Transfusion of red blood 
cells for patients with iron defi ciency anemia is 
rarely necessary. It is usually suffi cient to admin-
ister iron replacement therapy. Patients who have 
developed anemia subacutely develop a compen-
satory mechanism by increasing production of 
2,3-DPG, thereby shifting the oxyhemoglobin 
dissociation curve such that oxygen is released 
more readily (Tsai et al.  2010 ). In rare cases 

when the hemoglobin level is extremely low and 
the patient is suffering hemodynamic instability, 
red blood cell transfusions may be required, and 
it may be necessary under these conditions to 
administer the transfusions with close central 
venous pressure monitoring. In the case under 
discussion, the symptoms are relatively mild and 
the hemoglobin level is not so low that blood 
transfusion is necessary. Intramuscular adminis-
tration of iron dextran is not necessary in patients 
whose GI tract is functioning normally and who 
are able to tolerate oral iron. Similarly, adminis-
tration of intravenous iron usually is unneces-
sary in most cases of iron defi ciency anemia, as 
oral iron replacement is typically effective. Oral 
iron preparations often are initially taken with 
meals, but if tolerated, it is preferable to take 
iron on an empty stomach, as absorption is bet-
ter. Some clinicians recommend concomitant 
administration of vitamin C, which enhances 
absorption by binding iron in the acidic environ-
ment of the stomach for transport to the more 
alkaline duodenum where most iron absorption 
takes place (Collins and Anderson  2012 ; Gulec 
et al.  2014 ). Absorption of oral iron is enhanced 
in iron defi ciency anemia (Cook et al.  1990 ), 
which facilitates iron replacement. The mecha-
nism of this enhanced absorption is the result of 
upregulation of the duodenal iron transport mol-
ecules: divalent metal-ion transporter 1 (DMT1) 
and ferroportin (Fig.  2 ), as regulation of these 
transporters is iron dependent (Garrick and 
Garrick  2009 ; Theil  2011 ). This regulation 
favors a rapid increase in DMT1 expression in 
response to decreased iron availability, thereby 
quickly increasing the capacity of duodenal 
enterocytes to take up dietary iron. At the same 
time, decreased hepcidin production by the liver 
in response to iron defi ciency permits increased 
ferroportin expression on the basolateral mem-
brane of duodenal enterocytes, and this permits 
rapid transfer of iron to the systemic circulation 
to  supply the need for iron by developing red 
blood cells in the bone marrow. The enhanced 
iron absorption under iron-defi cient conditions 
thus facilitates correction of the hemoglobin 
defi cit.

Iron Homeostasis and the Pathophysiology and Management of Iron Defi ciency
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         Case 2: Approach to Diagnosis 
and Treatment of Refractory Iron 
Defi ciency Anemia 

 A 40-year-old man complains of shortness of 
breath with exertion. On physical examination, 
vital signs are normal, but the patient has obvious 
pallor, with pale conjunctivae and nail beds.

  Hematology laboratory report:  

 Hb = 8.5 g/dL  MCV = 72 fL 

 Hct = 0.25  MCH = 23 pg 

 RBC = 3.1 × 10 12 /L  MCHC = 31 g/dL 

 Reticulocytes = 3.0 %  RDW = 18.5 % 

 WBC = 8.0 × 10 9 /L (normal: 4.5–10.0 × 10 9 /L) 

 Platelets = 450 × 10 9 /L 
(normal: 140–440 × 10 9 /L) 

  Fig. 2    Mechanisms of iron absorption in the mammalian 
duodenum. A single enterocyte is depicted with the trans-
port machinery responsible for assimilation of dietary 
iron. Iron may be derived from heme or ferritin or it may 
occur as free nonheme iron. Heme iron transport is prob-
ably mediated by endocytosis of heme followed by iron 
liberation from heme within endosomes by heme oxygen-
ase ( HO ). How heme traverses the brush border or endo-
somal membrane has yet to be elucidated. Nonheme ferric 
iron must be reduced, possibly by duodenal cytochrome b 
( DCYTB ) or other cell surface ferrireductases, and subse-
quently transported into cells via divalent metal-ion trans-
porter 1 ( DMT1 ). The proton gradient that fuels DMT1 
activity is maintained by the combined actions of an api-
cal sodium/hydrogen exchanger ( NHE ) and the basolat-

eral Na_-K_-ATPase. Iron from ferritin is absorbed into 
enterocytes via an unknown mechanism and is likely then 
freed within lysosomes. Iron derived from all three dietary 
sources likely forms a single intracellular iron pool. 
Whether iron chaperones exist in enterocytes is unknown 
and thus how iron traffi cs within cells after absorbance is 
not clear. Iron destined for export traverses the basolateral 
membrane (BLM) via ferroportin 1 ( FPN1 ). The exit of 
ferrous iron is functionally coupled with iron oxidation 
via hephaestin ( HEPH ) and possibly other ferroxidases. 
Ultimately, ferric iron then binds to transferrin in the 
interstitial fl uids or in the vasculature and is distributed 
throughout the body (From: Gulec et al.  2014 , with 
permission)       
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  Peripheral blood smear:  

 RBC  Microcytosis and 
hypochromia, with increased 
anisocytosis and 
poikilocytosis, including 
“pencil-shape” cells. No 
polychromatophilia 

 WBC  Normal morphology 

 Platelets  Slightly increased 

  Report of serum biochemical tests:  

 Serum ferritin = 8 μg/L 

 Transferrin saturation = 3.9 %, with decreased serum 
iron (18 μg/dL) and increased TIBC (465 μg/dL) 

   The patient states that he consumes a normal 
western diet and denies hematochezia, melena, 
hematuria, or epistaxis. He is referred to a hema-
tologist, who starts oral iron replacement therapy. 
After 6 weeks of oral iron therapy, while the 
patient is awaiting an appointment with a gastro-
enterologist, it is noted that the hemoglobin is 
8.7 g/dL, essentially unchanged from the time of 
diagnosis. 

  Question 5.      Which of the following are possi-
ble causes of the lack of response to oral iron 
therapy? 

    A.    Celiac disease   
   B.    Autoimmune atrophic gastritis   
   C.     Helicobacter pylori  infection   
   D.    Inadequate adherence to oral iron therapy   
   E.    All of the above    

    Expert Perspective     Generally, a response to 
oral iron therapy would be expected within 
4–6 weeks. An early indication can be seen 
within 7–10 days by examining the peripheral 
blood fi lm for the appearance of polychromasia 
attributable to shift reticulocytes. Automated 
detection of a response is also available, by using 
CHr (Hershko and Camaschella  2014 ). A lack of 
response to oral iron therapy can be attributable 
to a variety of etiologies, including nonadherence 
to the medication regimen. Patients who have 
taken oral iron as prescribed and still fail to 
respond are considered to have refractory iron 
defi ciency anemia. It is important to exclude 
 concomitant conditions such as ACD, and 

 measurement of the serum C-reactive protein 
(CRP) can be helpful in detecting ACD that does 
not have a clinically obvious cause. Other condi-
tions that should be excluded are continued blood 
loss, factitious anemia, or use of proton pump 
inhibitors, which diminish gastric acid secretion 
and thereby impair iron absorption (Zhu et al. 
 2010 ). Iron malabsorption can occur in a number 
of other conditions, including  H. pylori  infection, 
autoimmune gastritis, celiac disease, and heredi-
tary microcytic anemias.  

  Question 6.      Appropriate tests to identify the 
cause of refractory iron defi ciency anemia in 
this case include all of the following except: 

    A.     H. pylori  IgG antibodies   
   B.     H. pylori  fecal antigen   
   C.     TPRSS6  gene sequencing   
   D.    Serum gastrin   
   E.    Anti-endomysial antibodies or anti-TTG IgA 

antibody activity    

    Expert Perspective     In a prospective study of 
patients with refractory IDA referred to a hematol-
ogy outpatient clinic (Hershko et al.  2005 ), adult 
celiac disease was identifi ed in 5 % and autoim-
mune atrophic gastritis was found in 26 %, about 
half of whom had coexistent  H. pylori  infection.  H. 
pylori  infection was detected in 55 % of the entire 
group.  H. pylori  infection alone was found in 19 %. 
About two-thirds of the patients with either auto-
immune atrophic gastritis or  H. pylori  infection 
were refractory to oral iron treatment, and 100 % of 
patients with celiac disease were refractory. 

 It is recommended that all patients referred for 
unexplained refractory IDA should be tested for 
celiac disease,  H. pylori  infection, and autoim-
mune atrophic gastritis. This subject has recently 
been reviewed (Hershko and Camaschella  2014 ). 
In young patients or children with a microcytic 
hypochromic anemia refractory to oral iron treat-
ment, but with a serum ferritin that is higher than 
would be expected in iron defi ciency, a genetic 
evaluation is appropriate. The largest numbers of 
such cases reported (about 40) have mutations in 
the gene for transmembrane protease, serine 6 
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( TMPRSS6 ), which encodes matriptase-2, a 
transmembrane serine protease thought to cleave 
hemojuvelin, an activator of hepcidin expression 
(Fig.  2 ). In a genome-wide association study 
(GWAS), variants of  TMPRSS6  were associated 
with variations in hemoglobin levels (Chambers 
et al.  2009 ), and  TMPRSS6  variants have been 
associated with an increased risk of iron defi -
ciency anemia (An et al.  2012 ). In a GWAS of 
persons with iron defi ciency and control subjects, 
a  TMPRSS6  polymorphism was associated with 
serum biochemical iron measurements (McLaren 
et al.  2012 ). Iron-refractory IDA (IRIDA) is an 
autosomal recessive condition associated with 
 TMPRRS6  mutations, and diagnosis requires 
sequencing the exons and exon-intron boundaries 
of the  TMPRRS6  gene (Bertoncini et al.  2011 ). In 
this patient, the serum ferritin is low, as expected, 
which is not consistent with IRIDA. In addition, 
the patient is somewhat older than the usual age 
group in which IRIDA is seen. 

 The pathogenesis of  H. pylori -associated IDA 
may be multifactorial, including occult GI blood 
loss and decreased iron absorption, possibly sec-
ondary to changes in the composition of gastric 
juice, including reduced gastric acidity. The diagno-
sis of  H. pylori  infection can be accomplished either 
by serology for  H. pylori  IgG antibodies or testing 
for fecal antigen. Patients having a positive result 
should have it confi rmed by a urease breath test. 
Demonstration of  H. pylori  gastritis by endoscopic 
examination and biopsy is not mandatory. Patients 
with serologic evidence of celiac disease should 
have a duodenal biopsy and testing for HLA-DQ2 
and –DQ8 genotypes. Studies have shown that there 
is an increased prevalence of serologic evidence for 
celiac disease in Caucasians but not Hispanics, sug-
gesting that a personalized approach may be indi-
cated in selecting tests for diagnostic evaluation of 
suspected refractory IDA (Murray et al.  2013 ). 
Patients with increased serum gastrin and anti- 
parietal cell or anti-intrinsic factor antibodies should 
be evaluated by EGD with mucosal biopsy.  

  Case Continues     The patient is found to be posi-
tive for  H. pylori  IgG antibodies and has a posi-
tive urease breath test.  

  Question 7.      What is the most appropriate 
approach to treating the patient based on this 
diagnosis? 

    A.    Because the patient is unable to absorb oral 
iron, he should be treated with iron 
intravenously.   

   B.    Transfusions of red blood cells should be 
administered, as the patient likely is bleeding 
from a peptic ulcer and may become hemody-
namically unstable.   

   C.    Treatment with a proton pump inhibitor 
should be started immediately to suppress 
gastric acid production.   

   D.    So-called “triple therapy” should be adminis-
tered to eradicate  H. pylori  infection.    

    Expert Perspective      H. pylori  infection can be 
effectively treated with triple therapy using a 
proton pump inhibitor plus the antibiotics clar-
ithromycin and amoxicillin (Caselli et al.  2007 ; 
Malfertheiner et al.  2007 ; Fock et al.  2009 ). 
Although there may be a component of GI 
blood loss in patients having  H. pylori  infec-
tion, this is not an acute situation in most 
patients with refractory IDA. Administration of 
a proton pump inhibitor alone would not treat 
the underlying problem of the  H. pylori  
infection. 

 Treatments for other causes of refractory 
IDA similarly target the underlying mechanism 
of the disease. Celiac disease is treated by 
adherence to a gluten-free diet, although iron 
replacement is best accomplished with intrave-
nous iron (Mearin et al.  2010 ; Auerbach et al. 
 2013 ). There is no specifi c treatment for auto-
immune atrophic gastritis, but  H. pylori  eradi-
cation in patients with  H. pylori  positivity 
results in improved gastric acid secretion, and 
remission of atrophic gastritis occurs in some 
(Annibale et al.  2002 ; Ito et al.  2002 ; Mera 
et al.  2005 ; Kodama et al.  2012 ). In patients 
with IRIDA, long-term treatment with oral iron 
may partially or completely correct the anemia 
(Cau et al.  2012 ; Khuong-Quang et al.  2013 ); 
IV iron has also been used.  
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  Question 8.      Which of the following state-
ments is correct regarding   H. pylori   eradica-
tion and iron replacement therapy? 

    A.    All patients will require oral iron therapy to 
achieve normal hemoglobin.   

   B.    The patient should receive “total-dose” IV 
iron replacement to correct the anemia and 
replenish iron stores.   

   C.    Successful eradication of  H. pylori  infection 
is associated with a restored ability to absorb 
iron, and the patient likely will respond to 
oral iron replacement therapy with correction 
of anemia.   

   D.    Patients with  H. pylori  infection who also 
have autoimmune gastritis will still not be 
able to absorb oral iron after successful eradi-
cation of  H. pylori .    

    Expert Perspective     After eradication of  H. 
pylori  infection, patients achieve a normal hemo-
globin concentration with oral iron replacement 
therapy, whether or not they have coexisting auto-
immune gastritis (Hershko et al.  2007 ; Monzon 
et al.  2013 ). In some patients, the hemoglobin 
concentration returns to normal even without 
receiving oral iron. As a result of the restored abil-
ity to absorb oral iron, IV iron treatment is unnec-
essary. In contrast, no specifi c treatment is 
available for autoimmune gastritis alone, although 
some patients with concomitant  H. pylori  infec-
tion who undergo  H. pylori  eradication have an 
improved response to oral iron (Annibale et al. 
 2002 ; Mera et al.  2005 ; Kodama et al.  2012 ). 
Patients with autoimmune gastritis should also be 
monitored for development of a need for cobala-
min treatment (Hershko and Camaschella  2014 ). 
Patients with celiac disease should be followed on 
a gluten-free diet (Rubio- Tapia et al.  2013 ) but are 
unlikely to benefi t from oral iron; iron replace-
ment is best accomplished with IV iron (Auerbach 
et al.  2013 ), and patients may require additional 
iron therapy if iron stores again become depleted. 
Patients with IRIDA usually experience only par-
tial correction of the anemia after treatment with 
oral or IV iron. This likely refl ects the suppressive 
effect of hepcidin on iron recycling which results 
from decreased ferroportin expression. Even in 

some adults who achieve a normal hemoglobin 
level after many years of treatment, microcytosis 
persists (Melis et al.  2008 ).  

  Answers 

    Question 1. B  
  Question 2. C  
  Question 3. A  
  Question 4. D  
  Question 5. E  
  Question 6. C  
  Question 7. D  
  Question 8. C         
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      Porphyrias: Diagnosis 
and Management                      

     Peter     V.     Tishler     

         Introduction 

 The porphyrias are genetic diseases involving 
heme biosynthesis. The most prevalent syndromes 
are the three acute porphyrias – intermittent acute 
porphyria (IAP), variegate porphyria (VP), and 
corpoporphyria (CP) – and the two non-acute 
 porphyrias, porphyria cutanea tarda (PCT) and 

 erythropoietic protoporphyria (EPP). Another 
acute syndrome, delta-aminolevulinate dehydra-
tase defi ciency (ALAD), is very rare. Most por-
phyrias are dominantly inherited. PCT, however, 
is often acquired rather than inherited. Means for 
determining the diagnosis and management of 
these porphyrias, reviewed recently (Puy et al. 
 2010 ), are detailed herein. 

        P.  V.   Tishler ,  MD      
  Genetics Division, Channing Division of Network 
Medicine, Department of Medicine ,  Brigham and 
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Heme Biosysnthesis Path and Associated Porphyrias

Succinyl 
Coenzyme PBP IAP  CEP PCT CP VP EPP

A ↓ ↓ ↓ ↓ ↓ ↓ ↓
+ ALA PBG Uro’gen Copro’gen Proto’gen Proto IX Heme

Glycine ↓ S ↓ S +Fe
Uro                  Copro

  Chemicals :  ALA  delta-aminolevulinic acid, 
 PBG  porphobilinogen,  Uro’gen, Copro’gen, 
Proto’gen  uroporphyrinogen, coproporphyrin-
ogen, protoporphyrinogen,  Uro, Copro, Proto  
uroporphyrin, coproporphyrin, protoporphy-
rin,  S  spontaneous conversion.  Porphyrias: 

PBP  ALA dehydratase,  IAP  intermittent acute, 
 CEP  congenital erythropoietic,  PCT  porphyria 
cutanea tarda,  CP  coproporphyria,  VP  varie-
gate,  EPP  erythropoietic protoporphyria. 
 Other :  S  spontaneous conversion,  +Fe  addition 
of iron.  
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    Case 1: The Diagnosis, 
Pathogenesis, and Treatment 
of the Acute Porphyrias 

 A late teen-aged female developed several episodes 
of acute abdominal pain, nausea and vomiting, diar-
rhea, altered mental status, and grand-mal seizures. 
She was hospitalized at each episode. On physical 
exam, she was hypertensive and tachycardic. Her 
abdomen was tender to  palpation, especially in the 
right upper quadrant, but without hepatomegaly. 
Her back was also painful, limiting her ability to sit 
up, and her deep tendon refl exes were absent. Her 
initial laboratory data included an elevated white 
blood cell count and a serum sodium of 125 mEq/L 
(normal ≥135). After several days of negative 
workup for general and surgical conditions, the 
diagnosis of an acute porphyria was considered. 

  Question 1.      How is the diagnosis of an attack 
that is caused by an acute porphyria 
determined? 

    A.    Urine spot porphobilinogen (PBG) test, such 
as the Watson-Schwartz test   

   B.    Analyses of urinary PBG and delta- 
aminolevulinic acid (ALA), and the data 
compared with previous results if available   

   C.    Urine porphyrin analysis   
   D.    Liver function studies   
   E.    A and B for each exacerbation    

    Expert Perspective     The acute manifestations of 
the three major acute porphyrias, which cannot 
be identifi ed individually by initial laboratory 
tests, are very similar.  

  Acute Signs/Symptoms of Intermittent Acute Porphyria 
(IAP), Variegate Porphyria (VP), and Coproporphyria (CP)  

 Pain in abdomen (common), chest, head, extremities, etc. 

 Hypertension, tachycardia, fever 

 Nausea, vomiting, constipation, diarrhea 

 Motor weakness, decreased sensation, seizures, 
organic brain syndrome 

 Neurologic dysfunction 

 Respiratory paralysis 

 Dark urine 

 Skin blistering in VP, CP 

  During normal metabolic stress, such as the oral 
ingestion of a barbiturate drug, heme-free cyto-
chromes are increasingly synthesized to metabo-
lize the drug. These increased cytochromes 
require and incorporate free heme, thus increas-
ing heme biosynthesis. In the acute porphyrias, 
the enzyme defi ciency initially minimizes and 
then prevents the increased biosynthesis of 
heme, leading to major inductions of the porphy-
rin precursors ALA and PBG. Attack manifesta-
tions result from ALA and/or PBG toxicity, and/
or the defi ciency of holocytochromes. Specifi c 
studies for an acute porphyria should be done.

   During an acute attack, the physician should 
either order a rapid laboratory urine screening 
test, such as the procedure provided by the Bio-
Rad Laboratories company (  http://www.bio-
RAD.com    ), or perform a Watson-Schwartz test if 
necessary, to recognize  de novo  or increased PBG 
excretion. These tests, which are performed by 
few laboratories nationwide, identify the increased 
urinary excretion of PBG, which usually identi-
fi es the acute porphyria. To confi rm the acute por-
phyria, a 24 h or single sample of urine must then 
be submitted, perhaps to the Porphyria Lab 
(University of Texas Medical Branch, Galveston 
TX) for the quantitative analysis of ALA and 
PBG, to confi rm the acute porphyria attack. These 
increases, when compared with prior urine ALA 
and PBG results obtained during the patient’s nor-
malcy, confi rm the acute porphyria attack. If no 
pre-attack results are available, the clinical mani-
festations plus these increased ALA and PBG 
results will also confi rm the acute attack. 

   The initial study to determine the presence or absence of 
an acute attack   

 Test  Result 
 Interpretation/
diagnosis 

 Urine ALA, 
PBG – Watson- 
Schwartz test 

 Positive  Defi nite acute 
porphyria; + or 
− acute attack 

 Urine ALA, 
PBG – quantitative 
analysis 

 Markedly 
increased 

 Defi nite acute 
porphyria; + or 
− acute attack 

 Negative or 
normal 

 Negative or normal 
attack 

   ALA  delta-aminolevulinic acid,  PBG  porphobilinogen  
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 During the acute attack, the urinary excretion 
of ALA and PBG (normal ALA = 0–7, PBG = 
0–4 mg/24 h.) is greater than normal by at least 
fourfold and is usually very much higher (~50–
150 mg/24 h each). These increases are consis-
tent with an acute attack of IAP, VP, and CP. The 
major increase in ALA only is diagnostic of 
ALAD defi ciency porphyria. 

  Question 2.     How is the specifi c acute porphyria 
identifi ed?

    A.    Stool assay for porphyrins   
   B.    Anticoagulated blood assay for hydroxybi-

lane synthase (also called PBG deaminase)   
   C.    Anticoagulated blood genotyping   
   D.    Hemoglobin electrophoresis   
   E.    A, B, and C      

   Expert Perspective     When identifi ed as hav-
ing an acute porphyria, the patient must be 
evaluated further to determine the specifi c por-
phyria (Bonkovsky et al.  2014 ). For patients 
who are suspected of having a porphyria with 
or without a prior acute attack, diagnostic eval-
uation (including analysis of urinary ALA and 
PBG) is also indicated. The diagnostic analyses 
include erythrocyte hydroxybilane synthase, 
the enzyme that is defi cient in IAP, and stool 
coproporphyrin and protoporphyrin, lipophilic 
porphyrins that are markedly increased at all 
times in CP and VP, respectively. Normal 
results in all of these studies virtually rule out 
the acute porphyrias. If the suspicion persists, 
however, one can reassay urinary PBG and 

ALA during additional episodes of acute ill-
ness. Another diagnostic study is analysis of the 
genes related to these porphyrias (Mount Sinai 
Genetic Testing Laboratory. Icahn.mssm.edu/
genomics). Genotyping of anticoagulated 
whole blood may be requested for either a sin-
gle gene to confi rm the diagnosis of one spe-
cifi c porphyria, or the genes of all acute 
porphyrias. The genotyping result almost defi n-
itively determines that the patient does or does 
not have a specifi c acute porphyria. Since the 
inheritance of IAP, CP, and VP is autosomal 
dominant, genotyping the patient’s related fam-
ily members to determine if they also carry the 
specifi c mutation is medically important.  

  Question 3.      How are patients with an acute 
porphyria cared for? 

    A.    Refer them to a porphyria specialist, so they 
can be counseled and communicate to the spe-
cialist for treatment at a possible acute attack.   

   B.    Patients should join the American Porphyria 
Foundation (APF).   

   C.    Avoid all drugs.   
   D.    A and B.   
   E.    A, B, and C.    

    Expert Perspective     Many but not all porphyric 
patients are currently cared for by a small cadre 
of national specialists, with the help of the 
American Porphyria Foundation (APF;   www.
porphyriafoundation.com    ). 

 The APF and the porphyria organizations in 
other countries have online drug databases, 

 Test  Result  Interpretation/diagnosis 

 With normal or abnormal urine study, make the specifi c porphyria diagnosis 

 1. Blood hydroxybilane synthase  Below normal  IAP 

 Normal  No IAP 

 2.  Fecal porphyrins (spot 
sample) 

 Total porphyrins increased  VP, CP 

 Coproporphyrin increased  CP 

 Protoporphyrin increased  VP 

 Normal  No VP or CP 

 To substantiate the diagnosis, proceed to the following: 

 3. Genotype  Positive mutation  Diagnostic of IAP, CP, or VP 

 No mutation  Very probably no IAP, CP, VP 

   IAP , intermittent acute porphyria;  CP , coproporphyria;  VP , variegate porphyria  

Porphyrias: Diagnosis and Management

http://www.porphyriafoundation.com/
http://www.porphyriafoundation.com/


26

 naming drugs that are good (OK!) for porphyria 
patients, defi nitely bad (BAD!) and may precipi-
tate an acute attack, or questionably good or bad. 
All patients and their physicians should consult 
the drug database (  www.APFdrugdatabase.com    ) 
for every potential medication, to avoid medica-
tions that may cause an acute attack. Affected 
individuals should also avoid smoking cigarettes 
and other materials; ingesting alcohol, illicit 
drugs, and certain hormones; and fasting for 
weight reduction, all of which can precipitate an 
acute attack. Other factors, including infections 
and other illnesses, may precipitate an acute 
attack, requiring immediate patient referral to a 
porphyria specialist  physician. At an acute attack, 
patients must receive good drugs (OK!) to treat 
the cause of the attack, a daily intake of carbohy-
drate (≥300 g/day), and intravenous hematin 
(3–4 mg/kg/d for 4–6 days), which reduces the 
abnormal chemistries as it normalizes the indi-
vidual. Unfortunately, a very few individuals 
with IAP are almost constantly ill, requiring very 
frequent hematin treatment and, ultimately, liver 
transplantation. Several chronic illnesses may 
appear in aging patients with an acute porphyria: 
hypertension, chronic renal failure, and cancer, 
including hepatoma (Stewart  2012 ). Patients 
should be monitored for these potentially life- 
threatening diseases.   

    Case 2: The Diagnosis, Pathogenesis, 
and Treatment of a Non-acute 
Cutaneous Porphyria 

 A 35-year-old man was seen for upper extremity 
and facial blisters, associated with increased skin 
sensitivity, blister breakage, and hypertrichosis. 
He denied having major abdominal problems. 
After studies for possible causes, he was referred 
to a porphyria specialist. Further studies were 
normal except for a 24-h urine, which showed a 
markedly increased amount of uroporphyrin 
(1841 μg/24 h; normal ≤75 μg), thus determining 
the diagnosis of porphyria cutanea tarda (PCT). 
The patient had no family history of similar cuta-
neous phenomena, and no environmental cause 
of PCT was obvious. Testing for hepatitis was 

negative, serum ferritin was elevated, serum iron/
iron binding capacity was normal, and the hemo-
chromatosis gene was heterozygous for the H63D 
mutation. He was treated with biweekly phlebot-
omy, leading to reduction of the urine uroporphy-
rin to normal and serum ferritin to low after 
6 months of treatment. He is monitored by urine 
uroporphyrin analysis every 9–12 months, and 
his uroporphyrin excretion has remained normal 
for several years. 

  Question 4.      What studies will monitor the 
ultimate effects of PCT? 

    A.    Diet that the patient eats.   
   B.    Test the hemochromatosis genes.   
   C.    Liver chemistries.   
   D.    Total body iron.   
   E.    B, C, and D.    

    Expert Perspective     A patient with sun-exposed 
cutaneous symptoms – vesicles, bullae, scarring, 
lacerations, and facial hypertrichosis – may have 
a porphyria. Obtaining a thorough medical his-
tory is important, since acute porphyrias CP and 
VP as well as the attack-free PCT may have sim-
ilar cutaneous manifestations (Schulenbrg-
Brand et al.  2014 ). The  diagnosis of PCT can be 
made with 24-h urine porphyrin study : uropor-
phyrin excretion is usually very increased. Most 
episodes of PCT are acquired and nonfamilial, 
resulting from either an exogenous chemical 
precipitant, usually a professional or environ-
mental phenomenon, or a syndrome causing 
hepatic dysfunction. Uroporphyrinogen’s metab-
olism to coproporphyrinogen is inhibited and is 
spontaneously converted to uroporphyrin, caus-
ing deposition and manifestations in sun-exposed 
skin and liver. Another causal factor is excessive 
visceral hepatic iron storage resulting from 
hemochromatosis or other associated syndromes. 
Early studies of patients found to have PCT 
should include testing for possible hemochroma-
tosis (HFE gene assay; the heterozygous or 
homozygous defect is often present), hepatitis 
virus, ferritin elevation, HIV, and hepatocellular 
cancer. Treatment is usually carried out with 
biweekly phlebotomy, while the patient takes 
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multivitamins and avoids iron, alcohol, smoking, 
and the environmental stimulus. Serum ferritin, 
iron, and hematocrit are monitored during the 
treatment, and phlebotomy altered or treatment 
added if these become defi cient. Phlebotomy 
treatments lead to normalization of urinary uro-
porphyrin excretion, decreased hepatic iron and 
ferritin, and the disappearance of cutaneous 
manifestations. If the patient cannot undergo 
phlebotomy, treatment with oral chloroquine 
(125 mg twice weekly) or hydroxychloroquine 
(200 mg twice weekly) is an  alternative. After 
effective therapy, clinical phenomena and urine 
uroporphyrin excretion should be monitored, 
initially at 6 month periods and, later, with no 
recurrence, at further intervals. Liver chemistry 
and hepatoma testing should be carried out peri-
odically, since cirrhosis, hepatic failure, and can-
cer do occur in some patients. 

 A minority of these patients have a family his-
tory of PCT, the result of an autosomal dominant 
defect in the uroporphyrinogen decarboxylase 
gene (Liu et al.  2013 ). Thus, potentially affected 
relatives whose history is suggestive of PCT 
should be tested similarly, usually by urine study. 
If necessary, the patient’s blood can be geno-
typed, and the family members studied for the 
same gene mutation.   

    Case 3: Another Non-acute 
Cutaneous Porphyria 

 A 10-year-old boy was referred to a porphyria 
specialist because of cutaneous photosensitivity 
since infancy. With sun exposure, his skin quickly 
developed tingling, and subsequently swelling, 
erythema and pain. As a result, he avoids sun 
exposure and always wears clothes covering his 
skin. His physical examination, including the 
abdominal evaluation of his liver, was normal. 
His routine laboratory studies, including com-
plete blood count and liver function tests, were 
normal. The result of an anticoagulated free 
erythrocyte protoporphyrin analysis was 
2,460 μg/dl, far above normal (<81) and diagnos-
tic of erythroprotoporphyria (EPP). He was 
started on beta-carotene treatment. 

  Question 5.      What are the long-term effects of 
treated EPP? 

    A.    Healed skin   
   B.    Successful beta-carotene treatment   
   C.    No child inheritance   
   D.    A, B, and C   
   E.    None of the above    

    Expert Perspective     Some individuals of any age 
may be sensitive to sun exposure, causing cutane-
ous burning and stinging, edema,  erythema, and 
petechiae. This prompts consideration of EPP. An 
 extremely high erythrocyte-free protoporphyrin 
concentration is usually diagnostic of EPP  
(Schulenbrg-Brand et al.  2014 ). The major syn-
drome results from a mutation in both ferrochela-
tase alleles, but occasionally in only one allele. 
Another EPP results from overproduction of ALA 
synthase, an X-linked dominant syndrome with 
increased free and zinc protoporphyrin. The 
excessive protoporphyrin is deposited and accu-
mulates in the skin, causing photosensitivity, and 
elsewhere, including the liver. It is secreted into 
the biliary tract, leading occasionally to biliary 
tract obstruction and/or gall bladder stones and 
rarely hepatic dysfunction and failure. Thus, mon-
itoring biliary and liver function is essential, and 
liver transplantation for hepatic failure (occurring 
rarely in youngsters with EPP) is necessary. The 
current photosensitivity treatment (beta-carotene) 
is marginally therapeutic, but an effective drug 
(afamelanotide, Langendonk et al.  2015 ) should 
be approved soon by the Food and Drug 
Administration. The sorbent colestipol may also 
reduce photosensitivity (Tishler  2014 ).  

  Very Rare Porphyrias 
 These include ALAD defi ciency (affects infants, 
with major acute manifestations), congenital 
erythropoietic porphyria, and hepatoerythropoi-
etic porphyria (for both, early onset of major 
cutaneous manifestations, including skin malde-
velopment, scarring, etc.; Puy et al.  2010 ). 
Physicians who evaluate children and young 
adults who may have these rare syndromes can 
consult the literature for treatment (Puy et al. 
 2010 ; Edwin et al.  2013 ; Liu et al.  2013 ).  
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  Answers 

    Question 1.  E . A and B each time  
  Question 2.  E . A, B all the time, and C often  
  Question 3.  D : A and B  
  Question 4.  E . B, C, and D  
  Question 5.  E . None of the above ( A ,  B ,  C )         
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          Introduction 

 Hemoglobinopathies are the most common 
inherited red cell disorders worldwide among 
which thalassemias and sickle cell syndromes 
constitute the two main groups. The hemoglobin-
opathies are commonly diffused in areas where 
malaria was endemic, due to the fact that mutated 
genes caused protection against malaria. 

 Thalassemia syndromes, based on their clini-
cal severity and transfusion requirement, can be 
classifi ed phenotypically into two main groups, 
transfusion-dependent thalassemias (TDTs) 
and non-transfusion-dependent thalassemias 
(NTDTs). They are caused by an absent or insuf-
fi cient production of alpha or beta chains of the 
hemoglobin with alpha to beta chains imbalance. 

They are frequently founded in the Mediterranean 
countries, Southeastern and Southern Asia, in the 
Middle East, and in North and Central Africa. 
However, the migrations of populations from 
high-prevalence areas lead thalassemias to be dif-
fused in most countries (the United Kingdom, 
France, the USA, Canada, South America, 
Australia, Germany, Belgium, the Netherlands, 
and Scandinavia) (TIF Guideline  2013 ; 
Wheatherall  2001 ). 

 Sickle cell disease is an inherited disorders 
caused by a replacement of normal glutamic acid 
with a valine in the sixth codon of beta-globin 
chain (HbS), with a subsequent bonding of hemo-
globin molecules. HbS is less soluble and it pre-
cipitates in red cells, causing morphological 
changes with hemolytic anemia and vaso- 
occlusion (Rees  2010 ). 

 Other hemoglobinopaties are characterized by 
variant of beta or gamma chain (Hb E, Hb C, Hb 
Lepore, Hb D), and they can have different clini-
cal manifestations from asymptomatic forms to 
moderate to severe clinical features. 

 In this review, we will present some cases of 
patients affected by thalassemia major (TDT), thal-
assemia intermedia (NTDT), and sickle cell dis-
ease, followed by questions and discussion about 
most of their clinical problems and their manage-
ment, based on Thalassemia International 
Federation ( 2014 ) and National Institutes of Health 
( 2002 ) guidelines. The  discussion leads to an over-
view of the diseases presented, and it is an opportu-
nity for readers to look for a more comprehensive 
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evaluation of patients with different forms of 
hemoglobinopaties.  

    Case 1: A 28-Year-Old Man 
Presenting with Thalassemia Major 
and Splenomegaly 

 In his family history, the patient reported Sardinian 
origin, parents β-thalassemia carriers and one sis-
ter β-thalassemia carrier too. The diagnosis of 
thalassemia major was formulated at 4 months 
(genotype, β°cod.39/β°cod.39). He is regularly 
transfused with two units of packed red cells 
every 21 days with maintenance of hemoglobin 
levels of 9.5 g/dl. He was in chelation treatment 
with deferoxamine 40 mg/kg/5 days a week with 
a good ferritin level (550 ng/ml). In his medical 
history at the age of 16 years, he had an explor-
ative laparotomy and appendicectomy for  Yersinia 
enterocolitica  infection and at 18 years an episode 
of bronchitis. Endocrinological complications 
were hypogonadotropic hypogonadism on 
replacement therapy and hypoparathyroidism. He 
has no hepatic complication related to HCV hepa-
titis. At physical examination marked splenomeg-
aly and hepatomegaly were detected. In the last 
year, the patient has increased his transfusional 
support for a reduction of pre-transfusional hemo-
globin (Hb) levels (mean Hb 8 g/dl) and asthenia. 
A progressive reduction in white blood cell count 
(WBC) and platelets (PLT) have been reported (at 
last evaluation, WBC 2100/mm 3 ; neutrophils 
1000/mm 3 ; PLT 86,000/mm 3 ). Moreover, an 
intensifi cation of chelation treatment was neces-
sary for an increased ferritin level (1500 ng/ml). 

  Question 1.      What is the most probable cause 
of those changes in the last year? 

    A.    Appearance of onco-hematological disease 
(myelodysplastic syndrome)   

   B.    Viral infection   
   C.    Hypersplenism   
   D.    Medullary aplasia   
   E.    Drug-induced thrombocytopenia and 

leucopenia    

   Thalassemia major is a transfusion-dependent 
thalassemia (TDT) characterized by a reduced or 
absent production of β-globin chains with a rela-
tive excess of α-chains. 

 In β-thalassemia, excess alpha chains lead to 
a damage in red cells and their precursors with a 
marked anemia. The consequences are an inef-
fective erythropoiesis with the expansion of the 
ineffective bone marrow production, a conse-
quent marked erythroid hyperplasia, skeletal 
deformities, osteoporosis, possible extramedul-
lary masses, and splenomegaly (Fig.  1 ). Constant 
exposure of the spleen to damaged red cells 
leads to a progressive splenomegaly and this 
may worsen the anemia (Ingram and Stretton 
 1959 ; Weatherall  2001 ; Steinberg et al.  2009 ).

   Clinical presentation of β-thalassemia major 
usually occurs between 6 and 24 months with 
severe microcytic anemia, mild jaundice, and 
hepatosplenomegaly. An appropriate and regular 
transfusional support and an adequate and tai-
lored iron chelation therapy are mandatory to 
avoid complications. A regular follow-up to 
monitor complications of iron overload in the tar-
get organs is needed Westwood et al. ( 2005 ). 

 Nowadays, splenectomy has restricted indi-
cation and along time the number of patients 
that underwent to this surgery is decreasing, 
because of amelioration of transfusional regi-
mens with adequate pre-transfusional hemoglo-
bin level (Piga et al.  2011 ). There are precise 
indications for splenectomy, considering the 
increased risk of venous thrombosis and pul-
monary hypertension and infections after 
splenectomy. 

 Indications for splenectomy in thalassemia 
major are:

•    Increased blood requirement that prevents 
adequate control with iron chelation therapy  

•   Hypersplenism with cytopenias  
•   Symptomatic splenomegaly    

 Splenectomy is not indicated in patients under 
5 years of age for the high risk of sepsis after 
surgery. 
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  Question 2.      What is advisable to do before 
splenectomy to avoid infections? 

    A.    Antibiotic therapy   
   B.    Antipneumococcal vaccination   
   C.    Nothing   
   D.    Anti-hepatitis B vaccination   
   E.    Antipneumococcal, antimeningococcal, and 

antihaemophilus vaccination    

   Immune-prophylaxis has to be done in patient 
undergoing splenectomy at least 2 weeks in 
advance of surgery in order to prevent over-
whelming post-splenectomy infection. Patient 
and parents have to be educated to the use of pro-
phylactic antibiotics regularly and also to a rapid 
medical evaluation in case of fever after 
splenectomy. 

 Moreover, after splenectomy, there is an 
increased in thromboembolic complications that 
are frequent in patient with thalassemia: the main 
risk factor is the procoagulant effect of phospho-
lipids on the surface of abnormal red blood cells 
and erythroblasts but also the elevated number of 
circulating erythroblasts not destroyed by the 
spleen (Cappellini et al.  2005 ). An anticoagulant 
prophylaxis is indicated after splenectomy to 

avoid thromboembolic complications (Taher 
 2012 ) (Cappellini  2012 ). 

  Question 3.      After splenectomy patient 
reached ferritin levels of 1700 ng/ml, stable for 
6 months; the patient referred good compli-
ance to chelation regimen with deferoxamine. 
What additional testing would be recom-
mended to assess iron overload before chang-
ing dose or type of chelation treatment? 

    A.    Abdomen US and TC   
   B.    Heart and liver T2* magnetic resonance   
   C.    No other test   
   D.    Transferrin levels and ferritin saturation   
   E.    Chest X-ray    

   The iron chelation therapy has a major role in 
preventing iron deposition in different organs and in 
removing iron from the different tissue (TIF 
Guidelines  2013 ). Untreated transfusional iron 
overload increases the risks of heart failure, endo-
crine damage (hypogonadotropic  hypogonadism, 
hypothyroidism, diabetes,  hypoparathyroidism 
with subsequent osteopenia/osteoporosis), liver cir-
rhosis, and hepatocellular carcinoma (Borgna-
Pignatti et al.  2004 ). Ferritin levels and liver iron 

Reduced levels of
b-globin chains (b+)

Absence of
b-globin chains (b0)
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precursors within bone marrowMembrane damage

to peripheral
erythrocytes
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Erythropoietin increased Blood transfusion

Iron loading

Cardiac death

Iron absorption
increased

Bone marrow expansion

Skeletal changes
Hypermetabolic stage

Premature death of erythroid
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  Fig. 1    Pathophysiology of 
beta-thalassemia (TIF 
Guidelines)       
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concentration (LIC) although used as good indica-
tors of body iron load are insuffi cient to estimate 
completely myocardial and liver iron accumulation. 
T2* cardiovascular magnetic resonance (CMR) is a 
noninvasive technique that provides rapid and direct 
assessment of myocardial and liver iron content, 
and its usefulness in monitoring iron chelation has 
been extensively proved (Wood et al.  2005 ). The 
T2* relaxation values have been widely evaluated 
and validated, showing good reproducibility both 
between scanners and assessment sites (Westwood). 
CMR permits also to evaluate cardiac functional 
parameters such as ventricular function and mor-
phology (Wood et al.  2005 ). At present this tech-
nique represents the gold standard to evaluate 
myocardial and liver iron overload, ventricular dys-
function, and effi cacy of the iron chelation therapy 
over time (Cassinerio et al.  2012 ). Nowadays the 
availability of three different iron chelators (defer-
oxamine, deferiprone, and deferasirox) permits to 
tailor the chelation therapy on each patient, analyz-
ing strictly the effi cacy, safety, and compliance.  

    Case 2: A 43-Year-Old Woman 
Affected by Thalassemia Intermedia 
Complicated by Pulmonary 
Thromboembolism 

 A 43-year-old Italian woman was admitted to the 
emergency unit for respiratory distress with 
severe pulmonary hypertension and cardiac fail-
ure. She died after 1 month of hospitalization. 
About her medical history at the age of 8 years, 
she was diagnosed as β-thalassemia carrier; at the 
diagnosis hematological data were Hb 10.2 g/dl, 
RBC 5100 × 10 12 /l, MCV 78 fl , WBC 4500 × 10 9 /l, 
PLT 150 × 10 9 /l, HbA 96.3 %, HbA2 4.2 %, and 
HbF 2.2 %; ferritin values were 200 ng/ml. 
Patient’s blood smear showed RBCs different in 
shape and width. 

  Question 4.      The diagnosis of β-thalassemia 
carrier was supported by: 

    A.    Decrease Hb level   
   B.    Increased HbA2   
   C.    Reduces MCV   

   D.    Increased HbF   
   E.    All the answers    

   The thalassemic mutations on the β-globin 
gene can abolish (β°) or reduce (β + ) the residual 
biosynthesis of β-chains. β° mutations, as β° 39, 
IVS1-1, IVS2-1, are severe mutations and are 
characterized by decreased MCV, Hb levels, with 
increased HbA2 values. β +  mutations can be 
severe (IVS1-110), moderate (IVS1-6, IVS2- 
745, IVS2-844), mild (-87; -88), or silent (-101), 
showing a more heterogeneous hematological 
phenotype, according to the different degree of 
severity. In silent mutations the hematological 
and hemoglobin indexes could be apparently 
normal. 

 At the age of 25 years, the patients underwent 
to splenectomy and cholecystectomy because of 
splenomegaly (longitudinal diameter cm 16), 
gallstones, and worsening anemia (Hb <9 g/dl), 
with total bilirubin 3.2 mg/dl and indirect biliru-
bin 2.8 mg/dl. 

  Question 5.      Is the splenomegaly common in 
β-thalassemia carriers? 

    A.    Yes   
   B.    No   
   C.    Rare   
   D.    Only in adulthood   
   E.    Not known    

   After splenectomy there was an improve-
ment of Hb level up to 10 g/dl, with increased 
platelet count till 700 × 10 9 /l and circulating 
erythroblasts 70 × 10 9 /l, and blood fi lm showed 
marked anisopoikilocytosis; furthermore she 
had increased ferritin (400 ng/ml) and transfer-
rin saturation (90 %). Because she was in good 
health, she did not undergo regular follow-up; 
she was on folic acid. At the age of 31 years, she 
became pregnant after three miscarriages. Two 
months before admission to the emergency 
room, she complained dyspnea progressively 
worsening. Hematological and biochemical val-
ues were Hb 8.5 g/dl, PLT 800 × 10 9 /l, erythro-
blasts 120 × 10 9 /l, total bilirubin 6.5 mg/dl, and 
indirect bilirubin 5.3 mg/dl; electrocardiogram 
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(ECG), echocardiogram, and respiratory func-
tion tests were normal. 

  Question 6.      Which other hematological eval-
uations could be indicated? 

    A.    Membrane erythrocyte proteins   
   B.    Glucose-6-phosphate dehydrogenase activity   
   C.    Pyruvate kinase activity   
   D.    Molecular analysis of globin genes and fam-

ily’s study   
   E.    Gilbert syndrome    

   The pedigree evaluation clearly shows that the 
patient’s father was a β-thalassemia carrier, while 
the mother had only a slight increase of the HbF 
(1.5 %). The molecular analysis of globin genes in 
all the family members revealed the presence of 
triplication of α-globin gene, which coinherited 
with β-globin gene defect (β°39) in the proband 
causing a phenotype of thalassemia intermedia, a 
form of NTDT. The triplication of α-genes was 
carried by the mother who had no hematological 
alterations but a mild HbF increase, whereas the 
coinheritance of the two defects creates a more 
pronounced globin chain unbalances than that 
observed in β-thalassemia carrier. 

 At admission in the hospital, the patient com-
plained dyspnea for minor effort. The exams 
performed showed right axis deviation, S1Q3T3 
at ECG, severe hypoxia pO2 54 mmHg at artery 
blood examination, severe tricuspidal insuffi -
ciency with PAPs value 91 mmHg at echocar-
diogram, and multiple perfusion defects due to 
multiple microthrombi at pulmonary scintigra-
phy. Biochemical and scanning test excluded 
underlying diseases which might result in pul-
monary microthrombi; genetic defects of coagu-
lation were excluded. Intracellular hemichromes 
and free iron and oxidative RBC reduction 
agents suggested severe membrane lipid 
peroxidation. 

  Question 7.      Are thalassemia intermedia 
patients at risk for thrombosis? 

    A.    Yes   
   B.    No   

   C.    Over the age of 40 year   
   D.    Mainly after splenectomy   
   E.    A + D    

   Thalassemic patients show a procoagulant 
state, more evident after splenectomy, due to the 
higher level of circulating erythroblasts. The ery-
throid thalassemic cells are a source of phospho-
lipids that induce thrombin generation. 
Furthermore the exposure of phosphatidylserine 
(PS) out of the RBC cells by the “fl ip-fl op” 
mechanism, and the internalization of phosphati-
dylethanolamine (PE), stimulates the thrombo-
philic status (Cappellini et al.  2005 ). 

 This clinical case shows that β-thalassemia 
carriers with Hb levels <11 g/dl without associ-
ated iron defi ciency deserve to be genotyped; 
α-gene triplication coinherited with β° mutations 
can be responsible of thrombotic complications; 
in these cases splenectomy is not advisable 
(Taher  2012 ).  

    Case 3: A 52-Year-Old Woman 
Presenting a Curious Thalassemia 
Trait 

 A 52-year-old woman of Filipino origin came 
as outpatient to our outpatient center for inves-
tigations about a possible thalassemia trait. In 
his family history, the patient reported that her 
father aged 88 years was affected by rheuma-
toid arthritis; her mother died at 88 years for 
stroke; she was anemic. The patient referred to 
have a brother of 57 years old, in good health 
with essential hypertension. Parents were not 
consanguineous. 

 In his medical history, she presented tonsillec-
tomy and adenoidectomy at the age of 15 years; 
at 19 years old, she reported a hospitalization for 
fever and jaundice with a diagnosis of hemolitic 
anemia. During the last years, the patient felt 
well, with hemoglobin levels spontaneously 
maintained between 8 and 9 g/dl; she was never 
transfused, but she showed hyperferritinemia and 
splenomegaly. In 2009 she was admitted to the 
emergency unit for Hb levels of 6 g/dl and fever. 
At our center, she presented Hb 6.7 g/dl, MCV 
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68.7 fl , MCH 17.4 pg, MCHC 25.3 g/dl, RDW 
34.9 %, normal value of platelets and white blood 
cells, reticulocytes 5.18 %, ferritinemia 1171 ng/
ml, transferrin saturation (sat.Trf) 62 %, total bili-
rubin 1.23 mg/dl, direct bilirubin 0.41 mg/dl, and 
LDH 595 U/l. 

  Question 8.      What is the most probable diag-
nosis based on blood tests? 

    A.    Iron defi ciency anemia   
   B.    Lysosomial storage disease   
   C.    Chronic infl ammatory state   
   D.    Red cell membrane defects   
   E.    Globin chains defect (thalassemia intermedia)    

   In populations from sub-Saharan Africa, 
Middle East, Indian sub-continent, and Asia, 
α-thalassemia is the most common inherited dis-
order. One (α+-thalassemia) or both 
(α°-thalassemia) α-globin genes can be deleted 
or mutated in each of the two loci, determining 
different phenotypes (Weatherall 2001). 
Southeast Asian deletion (SEA) is the most com-
mon defect and involves both α-genes; larger 
deletions such as (THAI) can lead to more severe 
phenotype (Vichinsky  2012 ; Viprakasit et al. 
 2002 ). In the absence of three α-genes, patients 
manifest HbH disease, characterized by hypo-
chromic microcytic anemia with low hemoglobin 

levels that can drop in cases of infections and/or 
hemolytic crisis. 

  Question 9.      Which are the tests that can lead 
to a diagnosis in this patient? 

    A.    Abdominal ultrasound   
   B.    Hemoglobin electrophoresis   
   C.    Molecular analysis   
   D.    Hemoglobin electrophoresis and subsequent 

molecular analysis   
   E.    Research for gene for hemochromatosis    

   When a microcytosis is detected, an algorithm 
can be used to defi ne a diagnosis (Fig.  2 ). If the 
MCV is reduced, an accurate look step by step to 
iron metabolism and then to hemoglobin 
 electrophoresis has to be taken. At hemoglobin 
electrophoresis, a normal or low value of HbA2 
is indicative for the presence of α-thalassemia. In 
our case HbH was detected at hemoglobin 
electrophoresis.

    Question 10.      What is the possible cause of a 
reduction in hemoglobin levels in our patient? 

    A.    Hemolytic crisis   
   B.    Blood loss   
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   C.    Infection   
   D.    Hemodilution   
   E.    A and C    

   Hemolytic crisis can occur in HbH in particu-
lar conditions such as infection, oxidative chal-
lenge, hypersplenism, or pregnancy (Lal et al. 
 2011 ; Fucharoen and Viprakasit  2009 ; 
Jetsrisuparb et al.  2006 ). The management of the 
hemolytic crises has to consider:

•    Treatment of the underlying cause of the 
crisis  

•   Increase of the hemoglobin levels (8–9 g/dl) 
with transfusional support with packed red 
blood cell  

•   Adequate hydration  
•   Monitoring of vital sign, hepatic and renal 

function, hemolysis indexes  
•   Tests for pavovirus B19 infection     

    Case 4: Sickle Cell Disease (SCD) 

 A 50-year-old Moroccan man was admitted to 
the emergency unit complaining mild limb and 
leg myalgia with asthmatic bronchitis. He 
referred to be affected by sickle/β-thalassemia 
with history of vaso-occlusive crisis (VOCs). 
At admission the laboratory fi ndings showed 
Hb 9.8 g/dl, RBC 3930 × 10 12 /l, MCV 74 fl , 
WBC 11,500 × 10 9 /l, PLT 350 × 10 9 /l, CRP 
14.8 mg/dl, total bilirubin 1.6 mg/dl, direct bili-
rubin 0.5 mg/dl, LDH 256 U/l, ferritin 250 ng/
ml and sat.Trf 50 %, HbF 10 %, and HbS 76.8 %. 
He was treated with painkillers, β-agonists, 
corticosteroids, antibiotics, and intravenous 
hydration with prompt resolution of 
symptoms. 

  Question 11.      Which are the principal compli-
cations in SCD? 

    A.    Bone involvement   
   B.    Acute chest syndrome   
   C.    Stroke   
   D.    None of the previous answers   

   E.    All the previous answers    

   After discharge, the patient was admitted 
four times in a year in ER for bone pain due to 
moderate- severe sickle cell crisis requiring 
also top-up blood transfusions, but his compli-
ance to medical follow-up and therapy was 
very poor. Two years later he was admitted for 
acute severe respiratory distress syndrome and 
sickle cell crisis. Laboratory test showed pro-
gressive decrease of Hb levels to 7.2 g/dl, with 
increase of hemolysis indices: total bilirubin 
4.6 mg/dl, indirect bilirubin 3.9 mg/dl, LDH 
580 mg/dl, HbF 8 %, HbS 78 %, and hyper-
transaminasemia. Chest X-ray showed pneu-
monia with an infi ltrate on the chest. The 
patient was treated with oxygen therapy, opiate 
painkillers, antibiotics, corticosteroids, and 
three units of packed red blood cells to increase 
Hb levels and decrease HbS% to 30–40 %. 
After resolution of acute episode, the patient 
started hydroxyurea therapy 20 mg/Kg/die, 
with good compliance. 

  Question 12.      When is it indicated to start 
hydroxyurea therapy in SCD? 

    A.    Two to three VOCs/year, requiring analgesia 
with opioid and hospital admission   

   B.    Previous acute chest syndrome   
   C.    Frequent admission to hospitals   
   D.    None of the previous answers   
   E.    All the previous answers    

   Furthermore the patient started iron chelation 
therapy because of occurrence of transfusional 
iron overload. For the presence of persistent left 
hip pain with progressive diffi culty in walking, 
X-ray femoral and hip X-ray were performed; it 
showed avascular necrosis of the left femoral 
head. The patient underwent a prosthetic 
 orthopedic surgery; before the surgery he was 
transfused with the aim to prevent sickling reach-
ing Hb around 10 g/dl and HbS 30–40 %. After 
discharge he continued the treatment with 
hydroxyurea maintaining a good quality of life, 
reducing blood transfusional requirement, and 
discontinuation of iron chelation therapy. 
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  Current Controversies in Thalassemia and 
Hemoglobinopathies (SCD) 
 Guidelines for diagnosis and treatment of thalas-
semia syndromes and SCD have been formulated 
recently published on behalf of TIF and NIH in 
order to standardize the management of these 
diseases. Due to the wide heterogeneity of geno-
types and phenotypes expression, every patient 
needs a tailored clinical and therapeutical 
approach. New therapies are in development: 

•     In selected cases is available bone marrow 
transplantation (BMT): in thalassemia syn-
dromes BMT is indicated in childhood, when 
organ damage is absent, and in sickle cell dis-
ease in patients with severe clinical expression 
(i.e., young patients with stroke).  

•   Gene therapy is now ongoing.  
•   New therapeutical approaches for increase of 

Hb level and/or of HbF% are ongoing in thalas-
semia syndromes, as well as new adhesion mol-
ecules in SCD (Sankaran  2011 ; Thein  2013 )  

•   New iron chelators and new regimen of chela-
tion therapy are available allowing a personal-
ized treatment.     

  Answers 

    Question 1. C  
  Question 2. E  
  Question 3. B  
  Question 4. E  
  Question 5. B  
  Question 6. D  
  Question 7. E  
  Question 8. E  
  Question 9. D  
  Question 10. E  
  Question 11. E  
  Question 12. A + B + C         
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      Management of Thalassemias                      

     Sherif     M.     Badawy      and     Alexis     A.     Thompson     

         Case 1: Toddler (Transfusion 
Regimen and Initiation of Iron 
Chelation) 

 A 20-month-old boy recently moved to the USA 
from Thailand with his family. He has a history 
of thalassemia and has been treated with inter-
mittent transfusions whenever he has symptoms 
of anemia, according to his parents. He is other-
wise active and playful. He is growing well, with 
height and weight at the 10th and 25th percen-
tiles, respectively. His head circumference is at 
the 50th percentile. His physical examination is 
remarkable for pallor, frontal bossing, scleral 
icterus, and moderate splenomegaly (2–3 cm 
below left costal margin). His parents report that 
his hemoglobin (Hb) is usually around 6 g/dL. A 
complete blood count at your offi ce shows Hb 
6.3 g/dL and Hb electrophoresis with HbA 20 %, 
Hb E 43 %, HbA 2  6 %, and HbF 31 %. His serum 
ferritin was 1150 mg/dL and he has never been 
on iron chelation therapy. 

  Question 1.      What transfusion regimen is most 
appropriate for him? 

    A.    Intermittent transfusions when symptomatic.   
   B.    Chronic transfusions to maintain his pre- 

transfusion hemoglobin at 9.5 g/dL.   
   C.    Discontinue transfusions to avoid iron overload.   
   D.    Transfuse to maintain a normal hemoglobin 

>12 g/dL.    

    Expert Perspective:     First, it is always impor-
tant to confi rm the exact diagnosis when estab-
lishing care for a new thalassemia patient. In this 
child, the hemoglobin electrophoresis is consis-
tent with HbE-beta thalassemia, a common beta 
thalassemia variant in Thailand (the presence of 
normal adult HbA refl ects previous transfusions). 
The combination of chronic hemolysis and inef-
fective erythropoiesis leads to scleral icterus, 
bony deformities due to increased bone marrow 
expansion as well as hepatosplenomegaly (HSM) 
in patients with thalassemia.  

 The decision to start regular packed red blood 
cells (pRBCs) transfusion should take into con-
sideration clinical and laboratory factors. 
Initiation of a regular pRBCs transfusion regimen 
is recommended for patients with Hb levels 
 persistently below 7 g/dL or even if >7 g/dL, but 
with poor growth, facial changes, recurrent frac-
tures, or signifi cant HSM (Cappellini et al.  2014 ). 
A typical transfusion regimen is every 2–5 weeks 
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to maintain a pre-transfusion hemoglobin level of 
9–10.5 g/dL (Cazzola et al.  1995 ,  1997 ). The fre-
quency of transfusions varies based on growth 
needs, fatigue, and the presence of hypersplen-
ism. Younger children may need a more specifi c 
volume calculation:

 
Desired actual Hb weight

hematocrit of transfused unit
−( ) × ×⎡

⎣⎢
⎤3 /

⎦⎦⎥
= mL

 
  

to be transfused (Davies et al.  2007 ), generally 
10–15 mL/kg. Each patient needs a detailed 
record of their transfused blood to be able to 
monitor their annual transfusion requirements. 

 Later in life, comorbidities, and lifestyle con-
siderations, such as school and work schedules 
may become more impactful. For example, 
patients with heart failure or more clinically sig-
nifi cant extramedullary hematopoiesis may 
require more frequent transfusions to maintain a 
higher pre-transfusion Hb level of 11–12 g/dL. 

 Most children with β-thalassemia major 
(β-TM) will initiate regular transfusions before 
1 year of age. Delayed transfusion initiation in 
early life may seem advantageous, but it comes 
with an increased risk of alloimmunization in 
patients who start their regular transfusions after 
the fi rst few years of life, which can be a chal-
lenge for patients with lifelong transfusion needs 
(Michail-Merianou et al.  1987 ; Spanos et al. 
 1990 ). Also, frontal bossing and relative macro-
cephaly in this patient suggest marrow expansion 
to compensate for ineffective erythropoiesis. 
Early and optimal transfusions can mitigate skel-
etal deformities. 

  Question 2.      How would you monitor his iron 
overload status? 

    A.    Serum ferritin levels every 3–6 months   
   B.    Liver biopsy   
   C.    Magnetic resonance imaging (MRI) R2/R2* 

or FerriScan every 12 months   
   D.    Superconducting quantum interference 

device (SQUID)    

    Expert Perspective 

  Serum ferritin  
 In general, ferritin level is an easy and inexpen-
sive test that correlates well with body iron stores 
in thalassemia and thus is a useful marker to 
identify trends. Serum ferritin is more sensitive 
than specifi c. In other words, down- or up- 
trending ferritin levels would suggest decreasing 
or increasing total body iron burden, respectively, 
but neither is specifi c because of other possible 
explanations. In patients with beta thalassemia 
major (β-TM,), only 57 % of the variability of 
ferritin levels can explain the variation in body 
iron stores (Brittenham et al.  1993 ), which can be 
due to infections or other infl ammatory condi-
tions. Patients with good long-term control of 
ferritin levels have better outcomes overall with 
lower risk of cardiac disease and death (Olivieri 
et al.  1994 ; Borgna-Pignatti et al.  2004 ). High 
serum ferritin levels (>3000 μg/L) are less reli-
able as predictors of body iron (Davis et al.  2004 ), 
and differences in this correlation depend on the 
type of chelation used (Ang et al.  2010 ) and dura-
tion of chelation therapy (Fischer et al.  2003 ). 
Serial ferritin monitoring is essential for deter-
mining when to initiate iron chelation therapy 
and how to adjust the dose. 

  Liver Iron Concentration (LIC)  
 LIC is the most reliable indicator of total body 

iron stores, response to chelation therapy, and 
risk of hepatic and extrahepatic damage due to 
iron overload (Angelucci et al.  2000 ). LIC up to 
3 mg/g liver dry wt (gldw) is tolerable because of 
the liver’s capacity for transferrin binding and 
buffering of iron. Persistently elevated LIC 
(>15 mg/g dry wt) have been associated with 
poor prognosis, progressive liver fi brosis 
(Angelucci et al.  1997 ), abnormal liver functions 
(Jensen et al.  2003 ), and death due to myocardial 
siderosis (Olivieri et al.  1994 ). Measurement of 
LIC can be helpful prior to starting iron chela-
tion, if there are variable responses to chelation 
or if the current regimen needs to be modifi ed. 
LIC correlates with total iron burden and ferritin 
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levels (Angelucci et al.  2000 ), but this  relationship 
is not linear with high ferritin levels (>4000 μg/L) 
(Cappellini et al.  2014 ). 

 Measurement of LIC can be done by biopsy, 
magnetic resonance imaging (MRI), or magnetic 
biosusceptometry using superconducting quan-
tum interference device (SQUID). Liver biopsy 
had been the method of choice to determine LIC, 
but the risk of the invasive procedure and the 
propensity for sampling variability has limited 
its acceptability to patients and providers. There 
is a good correlation between liver iron evalu-
ated by either MRI R2 and R2* techniques or 
liver biopsy, and all can give reliable estimates 
of total body iron and monitor iron balance with 
adequate long-term control overtime (St Pierre 
et al.  2005 ; Wood et al.  2005 ). SQUID has mod-
erate to strong correlation with serum ferritin but 
has a very limited use worldwide, as it is avail-
able in only a few centers. 

  Myocardial Iron and Heart Function Assessment  
 MRI techniques are the most widely used 

tools for monitoring liver and myocardial iron 
burden (Kwiatkowski et al.  2012 ). Myocardial 
T2* (mT2*) MRI with shortened T2* values 
(<20 ms) is associated with decreased left ven-
tricular ejection fraction (LVEF) (Anderson et al. 
 2001 ). Cardiac MRI T2* values of >20 ms are 
normal, while values of <10 ms signify severe 
myocardial iron loading. β-TM patients at risk of 
developing clinical heart failure can be identifi ed 
earlier when intensifi cation of iron chelation can 
be benefi cial (Davis et al.  2001 ,  2004 ). Moreover, 
patients with T2* values <10 ms are at a 160-fold 
increased risk heart failure in the next 12 months 
(Kirk et al.  2009 ). 

 The risk of myocardial iron loading in β-TM 
increases with age, and it is uncommon to have 
an abnormal cardiac T2* in the fi rst decade of 
life. The risk increased to 24 and 36 % in chil-
dren aged 9.5–15 and 15–18 years old in one 
retrospective study (Wood et al.  2008 ). 
Therefore, in  children with β-TM, cardiac T2* 
surveillance is recommended annually starting 
at 10 years of age. 

  Iron assessment in endocrine organs  
 Although MRI may be helpful to evaluate iron 

burden in endocrine organs, this has been  supported 
by only small number of studies. Patients with 
higher pancreatic and pituitary iron levels were 
associated with an increased risk of glucose dys-
regulation (Noetzli et al.  2012a ) and hypogonad-
ism (Noetzli et al.  2012b ), respectively.  

  Question 3.      When should iron chelation ther-
apy be started? 

    A.    After he has received chronic transfusions for 
1–2 years   

   B.    After approximately 20–25 units of pRBCs   
   C.    When the serum ferritin level is >1000 ng/mL 

for at least two steady-state separate 
measurements   

   D.    When the liver iron concentrations is >3 mg 
Fe/g dry wt measured by biopsy or MRI   

   E.    All of the above    

    Expert Perspective:     Iron chelation therapy should 
be initiated in children after receiving chronic 
 transfusions for 1–2 years or approximately 20–25 
units of pRBCs. Iron chelation initiation is not 
 recommended before age 2 years and there is no 
evidence of harm for waiting. Elevated serum ferri-
tin level >1000 ng/mL for at least two steady-state 
separate measurements or with  elevated liver iron 
>3 mg/g dry wt measured by biopsy or MRI has 
also been used as criteria for chelation initiation 
(Rachmilewitz and Giardina  2011 ).  

 Iron chelation therapy is used to remove accu-
mulated iron from regular transfusions and to 
minimize ongoing iron loading process (Cohen 
et al.  2008 ). Higher chelation doses may be 
needed with increased transfusional needs. There 
are differential rates of iron loading and unload-
ing in different organs. While iron tends to accu-
mulate earlier in the liver before the heart, it can 
be cleared faster from the liver than the heart 
(Noetzli et al.  2008 ; Anderson et al.  2001 ,  2004 ; 
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Deborah Chirnomas et al.  2008 ); iron chelators 
generally remove iron from the liver faster than 
from the heart, protect against further cardiac 
iron accumulation and reverse possible iron- 
related cardiac abnormalities, and improve some 
endocrine abnormalities with more intensive 
 chelation regimens(Anderson et al.  2004 ; 
Farmaki et al.  2010 ). 

 The common practice is to maintain the fol-
lowing goals while on chelation therapy: ferritin 
500–1500 mg/mL, LIC between 2 and 7 mg/g 
dry wt, and cardiac T2* >20 ms. Some centers 
have used more intensive chelation regimens in 
adult patients with β-TM to target lower serum 
ferritin levels with improvement in endocrinopa-
thies and other iron-related morbidities (Farmaki 
et al.  2010 ,  2011 ). This approach has not been 
studied in children and careful chelation dose 
adjustment would be important to avoid addi-
tional toxicities.  

    Case 2: Adolescent (Disease 
Complications) 

 A 17-year-old girl with β-TM presents with bone 
pain and delayed puberty. She has been on 
chronic transfusions since age of 2 years and she 
started iron chelation at age 3 years with deferox-
amine. She had poor compliance with the nightly 
subcutaneous deferoxamine infusions and chela-
tion changed to deferasirox 4 years ago. Her 
serum ferritin levels are elevated (3500–4500 mg/
dL range). Over the last year, she has required 
more frequent transfusions with an annual trans-
fusion volume of 240 mL/kg/year to maintain her 
pre-transfusion hemoglobin at 9 g/dL. She is 
active and likes to play soccer. On exam, she is 
short (<3rd percentile for height) and pale with 
scleral icterus and has marked splenomegaly and 
Tanner 2 breast development with scant pubic or 
axillary hair. She has not had menarche yet. 

  Question 4.      How would you manage her 
growth impairment and delayed puberty? 

    A.    Provide reassurance and monitor height and 
weight annually.   

   B.    Perform testing to identify possible causes.   
   C.    Consider an empiric trial of growth hormone 

treatment for a year.   
   D.    Start dual iron chelation therapy.    

    Expert Perspective:     Many children with β-TM 
will have growth failure, mainly short stature. 
Growth failure and pubertal delay are multifacto-
rial and can be due to chronic anemia, ineffective 
erythropoiesis with a hypermetabolic state, nutri-
tional defi ciencies (protein-calorie malnutrition, 
vitamin D and A, zinc and carnitine defi ciencies), 
chelation toxicity (particularly deferoxamine), 
chronic liver disease, chronic heart failure, and 
iron-induced endocrinopathies (hypogonadism, 
hypothyroidism, growth hormone defi ciency) 
(Vogiatzi et al.  2009 ; De Sanctis et al.  2013 ).  

 Careful clinical evaluation is necessary for 
thalassemia children with growth failure. An 
important fi rst step is to document measurements 
of height (cm) and growth velocity every 
6 months (cm/year) using national standard 
growth chart for age and sex, taking into account 
the height of the parents. Other signs of possible 
underlying causes of growth failure should be 
explored as well. 

 A laboratory work up would include the fol-
lowing (Cappellini et al.  2014 ):

•    Thyroid function tests (Free T4, thyroid- 
stimulating hormone)  

•   Pituitary-gonadal axis assessment (testoster-
one, estradiol, luteinizing hormone [LH], 
follicle- stimulating hormone [FSH])  

•   Pituitary growth axis with insulin growth fac-
tor- 1, insulin growth factor binding protein-3, 
and growth hormone (GH) stimulation test 
(clonidine, glucagon, or growth hormone 
releasing hormone)  

•   Calcium homeostasis (calcium, phosphate, 
alkaline phosphatase, parathormone, and 
25-OH vitamin D levels)  

•   Oral glucose tolerance tests    

 Prevention is the best treatment for growth 
impairment and delayed puberty in children with 
β-TM. This includes regular pRBCs transfusion 
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(pre-transfusion goal of Hb 9–10 g/dL), 
proper iron chelation (serum ferritin goal of 
<1000 mg/dL), and adequate nutrition. Patients 
with  hypothyroidism and diabetes mellitus often 
need thyroid replacement therapy and insulin, 
respectively. Hormone replacement therapy may 
improve manifestations of hypogonadism and 
help to achieve puberty. Ovarian reserve testing 
including a pelvic ultrasound to evaluate ovarian 
and uterine size as well as number of ovarian 
antral follicle counts may be appropriate if there 
is no response to hormone replacement. A con-
sultation with an endocrinologist would be ben-
efi cial in most cases. Early diagnosis and proper 
timely management of pubertal and growth 
delay in children with β-TM are critical to try to 
achieve normal growth spurt and pubertal 
maturation. 

  Question 5.      How would you evaluate her bone 
health? What is the most appropriate initial 
intervention for osteopenia in children with 
β-TM? 

    A.    Suffi cient calcium and vitamin D supple-
ments and increased physical activity   

   B.    Adequate iron chelation   
   C.    Growth hormone replacement therapy   
   D.    Bisphosphonates to inhibit the function of 

osteoclasts    

    Expert Perspective:     Patients with β-TM are at 
high risk for osteoporosis, fractures, and skeletal 
deformities. Osteopenia and osteoporosis are 
common causes of morbidity in patients with 
β-TM, seen approximately 40–50 % (Voskaridou 
and Terpos  2004 ). Bone pain can be symptom of 
low bone density and increases with age particu-
larly if patients have been on deferoxamine for 
iron chelation (Haines et al.  1984 ). A radiologi-
cal evaluation of the skeleton should include 
assessment of bone maturation (bone age) and 
measuring bone mineral density (DEXA scan) in 
late childhood and early adolescence. Delayed 
puberty in girls is more often due to hypogonado-
trophic hypogonadism than from ovarian iron 
deposition and should be suspected if the FSH 
and the estradiol are both low.  

 Low bone mineral density (BMD) in children 
with β-TM is due to an imbalance between bone 
formation by osteocytes and bone resorption by 
osteoclasts. This can be secondary to genetic fac-
tors as well as iron deposition in the bone with 
direct toxic effects of iron on osteoblasts, defer-
oxamine exposure, vitamin C and D defi ciencies, 
lack of physical activity, and iron-related endo-
crinopathies including hypothyroidism, hypo-
parathyroidism, diabetes mellitus, IGF-1 and 
growth hormone defi ciencies, and mainly hypo-
gonadism with delayed sexual maturation. 

 DEXA scan is the gold standard imaging 
modality for the assessment of BMD. Osteoporosis 
is defi ned as 2.5 standard deviations (SD) below 
the normal mean in BMD, whereas osteopenia 
occurs with BMD between 1.5 and 2.5 SD below 
the normal mean. Annual assessment of minerals 
(calcium and phosphorus), vitamins (C and D), 
and hormonal levels is crucial for adequate moni-
toring of bone health in children with β-TM, in 
addition to an annual DEXA scan starting in 
early adolescence. 

 Management of osteopenia and osteoporosis in 
children β-TM consists of suffi cient calcium and 
vitamin D supplements, adequate iron chelation 
(better to avoid deferoxamine, if possible), 
increased physical activity, adequate glycemic 
control, hormone replacement therapy for differ-
ent iron-related endocrinopathies, and bisphos-
phonates to inhibit the function of osteoclasts. The 
use of bisphosphonates, particularly intravenous 
formulations (pamidronate, neridronate, or zole-
dronic acid), has been associated with reduction of 
bone resorption, increase of BMD, reduction of 
back pain, and improved quality of life overtime 
(Voskaridou et al.  2003 ,  2006 ; Forni et al.  2012 ). 
However, bisphosphonates should not be given 
concurrently with calcium and vitamin D for lon-
ger than 2 years (Cappellini et al.  2014 ). 

 There are other novel agents for osteoporosis 
that are under investigation but their effects in 
β-TM-induced osteoporosis remain to be proven 
(Cappellini et al.  2014 ). Denosumab is a mono-
clonal antibody against RANKL that has been 
recently licensed by the US FDA for the  treatment 
of postmenopausal osteoporosis (Miller  2011 ). 
Antibodies against Dkk-1 or against sclerostin 
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may be future agents for the effective manage-
ment of osteoporosis in patients with 
β-TM. Additionally, teriparatide, a recombinant 
peptide fragment of parathyroid hormone, and 
strontium ranelate, a second anabolic agent, are 
other agents that may help to prevent osteoporosis- 
related fractures in postmenopausal women. 
Furthermore, luspatercept, a chimeric protein 
containing the extracellular domain of the activin 
receptor 2A (ActRIIA), inhibits activin-A, which 
increased both BMD and Hb levels in β-TM ani-
mal models (Suragani et al.  2014 ), and a phase II 
study had recently started in patients with β-TM 
and thalassemia intermedia. 

  Question 6.      What are the indications for 
 splenectomy in patients with β-TM? 

    A.    Increased blood requirement (more than 200–
220 mL/kg/year)   

   B.    Hypersplenism (leukopenia, thrombocytope-
nia, and worsening anemia)   

   C.    Symptomatic splenomegaly with left upper 
quadrant abdominal pain or early satiety   

   D.    All of the above    

    Expert Perspective:     Splenomegaly is not 
uncommon in patients with β-TM and is usually 
due to excess destruction of defective red blood 
cells and extramedullary hematopoiesis in the 
spleen. The ultimate goal of splenectomy in 
patients with β-TM is to reduce iron overload by 
reducing their transfusion requirement 
(Rachmilewitz and Giardina  2011 ). The inci-
dence of splenomegaly and the need for splenec-
tomy has dramatically decreased over time (Piga 
et al.  2011 ; Thompson et al.  2011 ), particularly 
with the use of regular transfusion regimens 
maintaining adequate pre-transfusion Hb of 
9–10.5 g/dL.  

 Patients undergoing splenectomy are at 
increased risk of overwhelming infections 
( Streptococcus pneumoniae ,  Haemophilus infl u-
enzae  type b, and  Neisseria meningitidis ), venous 
thromboembolism, and pulmonary hypertension. 
Therefore, splenectomy should be avoided in 
children with β-TM, particularly those <5 years 
of age, and should be considered if the patient has 

increased blood requirement that prevents 
 adequate control with iron chelation therapy 
(usually >200–220 mL/kg/year), hypersplenism 
(leukopenia, thrombocytopenia, and worsening 
anemia), or symptomatic splenomegaly with left 
upper quadrant abdominal pain or early satiety 
(Cappellini et al.  2014 ). 

 Total splenectomy is the most commonly used 
approach, either open or laparoscopic. 
Laparoscopic splenectomy has superior out-
comes with shorter hospital stay and more sig-
nifi cant reduction in 30-day postoperative 
mortality and other postoperative complications, 
such as wound and infection complications 
(Musallam et al.  2013a ). Partial splenectomy is 
another less commonly used approach, because 
the splenic volume that needs to be preserved for 
adequate immune function and the risk of splenic 
regrowth remains unknown. Additionally, there 
have been no comparative effectiveness studies 
comparing total versus partial splenectomy (Rice 
et al.  2012 ). 

 Regardless of the splenectomy approach, 
patients should receive pneumococcal, meningo-
coccal, and  Haemophilus infl uenza  vaccines at 
least 2 weeks before splenectomy with repeat 
doses in 3–5 years afterward and should also take 
lifelong penicillin or other antibiotic alternatives 
(erythromycin or trimethoprim sulfamethoxa-
zole) for prophylaxis. 

  Question 7.      What are the assessments that you 
would consider for her comprehensive care? 

    A.    Liver iron measurement (R2* MRI or 
FerriScan) every 12 months   

   B.    Serum ferritin every month   
   C.    Annual serologies for blood-borne pathogens   
   D.    All of the above    

    Expert Perspective:     Children and adults with 
β-TM require close monitoring of their growth 
and regular follow-up with physical examination 
and laboratory assessments by hematologists 
who are familiar with the management of thalas-
semia, preferably and adults in a comprehensive 
thalassemia center. Monthly and annual assess-
ments are recommended (Table  1 ) (Martin and 
Thompson  2013 ).
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         Case 3: Young Adult (Pregnancy, 
SCT, and Gene Therapy) 

 A 27-year-old female with beta thalassemia major 
presented to your offi ce for routine assessment. 
She has been doing well since her last visit with no 
acute illness, emergency room visits, or hospital-
izations. She continued to receive chronic transfu-
sions every 4 weeks with an average of pre-Hb 
level of 9–10 g/dL. She has been on deferasirox 
(25 mg/kg) for the last 3 years but she is experienc-
ing nausea and bloating. Her serum ferritin has 
been 2500–3500 mg/dL. She has a history of type 
I diabetes that is well controlled on insulin. She 
earned a degree in computer  sciences and works as 
a software programmer. She was married a year 
ago and is interested in pregnancy in the near 
future. She has questions about thalassemia rec-
ommendations for pregnancy preparation and 
availability of defi nitive treatment options includ-
ing stem cell transplantation and gene therapy. 

  Question 8.      What, if any, changes should she 
make in her iron chelation strategy? 

    A.    Increase her deferasirox dose.   
   B.    Add an additional chelating agent.   

   C.    Stop all chelation now.   
   D.    Reduce the frequency of her transfusions.    

    Expert Perspective:     Three iron-chelating 
agents, deferoxamine (DFO), deferiprone 
(DFP), and deferasirox, are FDA-approved 
commercially available. The dose, route, side 
effects, and practical considerations for the 
three agents are summarized in Table  2 . Each 
agent has its own advantages, disadvantages, 
side-effect profi le, and monitoring require-
ments; therefore, the choice of the chelating 
agent should be tailored for each individual 
patient with carefully weighted risks and 
benefi ts.  

 Close monitoring is needed for patients with 
transfusional iron overload to optimize their che-
lation therapy. Routine monitoring may vary with 
different iron chelators and at minimum should 
include serum ferritin levels (every 3 months) 
and measurements of cardiac and liver iron bur-
den with MRI scans (annually). Modifi cation of 
chelation regimen may be warranted in patients 
with rising serum ferritin levels despite adher-
ence to chelation therapy, cardiac T2* <20 ms, or 
LIC >7 mg/gldw. 

   Table 1    Recommended monthly and annual assessments for patients with beta thalassemia major   

 Monthly laboratory assessments 

   Complete blood count 

   Serum ferritin 

   Comprehensive metabolic panel 

   Urinalysis 

 Annual laboratory assessments 

   Fasting serum glucose 

   Free T4, thyroid-stimulating hormone 

   Parathyroid hormone 

   Luteinizing hormone, follicle-stimulating hormone, estradiol/testosterone 

   Ionized calcium, vitamin D, vitamin C 

   Insulin growth factor-1, insulin growth factor binding protein-3 

   Trace elements such as zinc, copper, selenium 

   Viral studies including human immunodefi ciency virus and hepatitis A, B, C 

 Imaging and screening studies 

   Cardiac T2-star (T2*) magnetic resonance imaging (MRI) (>age 10 years) 

   Liver iron measurement (R2* MRI or FerriScan) 

   Bone mineral density 

   Hearing screening 

   Vision screening 
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 Combined chelation therapy should be con-
sidered in patients with severe transfusional iron 
overload (LIC >15 mg/gldw or cardiac T2* 
<10 ms), dose-limiting toxicity of a single chela-
tor used, and evidence of iron-induced cardiac 
dysfunction (arrhythmias, reduced left ventricu-
lar ejection fraction). There has been accumulat-
ing evidence to support the effectiveness of a 
combined chelation with both DFP and DFO in 
reducing serum ferritin levels and LIC (Tanner 
et al.  2007 ; Kattamis et al.  2006 ). This combina-
tion is advantageous, compared to deferoxamine 
alone, in patients with severe cardiac iron 
 overload in improving their cardiac T2* and left 
ventricular ejection fraction (Tanner et al.  2007 ). 

 The combination of deferoxamine and defera-
sirox in patients with β-TM has showed signifi cant 
improvement in serum ferritin levels, LIC, and 
cardiac T2* with satisfactory safety profi le in two 
different studies over 12-month period (Lal et al. 
 2013 ; Cassinerio et al.  2014 ). Similarly, the use of 
combined deferasirox and deferiprone for 1 year 
was associated with signifi cant reduction in serum 

ferritin levels and LIC with comparable reversible 
side effects to either drug alone (Farmaki et al. 
 2011 ; Totadri et al.  2015 ). Furthermore, a recent 
randomized trial of DFP/DFO versus DFP/DFX 
has shown a signifi cant comparable reduction of 
serum ferritin and LIC as well as improvement in 
quality of life in both study arms with tolerable 
side effects. However, DFP/DFX arm was associ-
ated with more signifi cant improvement in cardiac 
T2* and higher reported satisfaction and adher-
ence rates (Elalfy et al.  2015 ). 

  Question 9.      How would you counsel her about 
pregnancy and other precautions during 
pregnancy? 

    A.    Ovarian reserve testing should include anti- 
müllerian hormone levels and antral follicle 
counts.   

   B.    No testing, since all women with TM are 
infertile.   

   C.    Continue taking her current chelation during 
pregnancy.    

   Table 2    Dose, route, frequency, side effects, and practical considerations of the three commercially available iron 
chelators   

 Deferoxamine (DFO)  Deferiprone (DFP)  Deferasirox (DFX) 

 Dose (mg/kg/dose)  25–40, up to 60  75–100  20–40 

 Route and frequency  SubQ or IV  Oral  Oral 

 Infusion over 8–12 h, up to 
24 h with higher doses 

 Three times daily  Dispersible tablets that 
must be dissolved in a 
large glass of water or 
juice or fi lm-coated tablets 

 5–7 days/week  Once daily 

 Side effects  Local skin reaction  Neutropenia (ANC 
500–1500 × 10 9 /L) 

 Rash 

 Visual changes a   Agranulocytosis (ANC 
<500 × 10 9 /L) 

 GI upset (bloating, nausea, 
loose stools) ̂  

 Tinnitus and high- frequency 
hearing loss 

 GI upset  Elevated liver enzymes 

 Bony deformities (metaphyseal 
dysplasia, short stature) 

 Arthralgia and arthropathy  Nephrotoxicity b  

 Neurotoxicity  Elevated liver enzymes  GI ulcers, hemorrhage 

 Pulmonary interstitial fi brosis 

 Infections with  Klebsiella  or 
 Yersinia  

   ANC  absolute neutrophil count,  IV  intravenous,  SubQ  subcutaneous 
  a Visual changes (DFO): visual loss and/or changes in visual acuity, color vision changes, retinal opacities and pigment 
changes, delayed visual evoked potentials, optic neuritis 
  b Nephrotoxicity: elevated creatinine, proteinuria, renal Fanconi syndrome 
 ̂ Visual changes (DFX): cataracts, lenticular opacities, retinal disorders, elevations in intraocular pressure  
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    Expert Perspective:     Some women with 
 thalassemia may have spontaneous puberty, 
 normal  menstrual function with a preserved 
hypothalamic- pituitary-gonadal axis, but they 
may later experience premature ovarian failure. 
Many adult patients with β-TM are subfertile due 
to hypogonadotrophic hypogonadism (HH) sec-
ondary to iron overload (Skordis et al.  1998 ). 
Other endocrinopathies, such as hypothyroidism 
and diabetes, may affect reproductive capacity. 
Ovarian reserve testing should include serum 
 levels of anti-müllerian hormone (AMH) and 
ultrasound to assess the number of antral folli-
cles. Patients with low ovarian reserve have lower 
chances of spontaneous pregnancy and poor 
response to hormonal stimulation, particularly 
with aging (Singer et al.  2011 ). AMH is produced 
by the pre-antral and early antral follicles with 
small inter- and intra-cycle variability. Low ovar-
ian reserve is considered predictive for low 
chances of spontaneous pregnancy and for poor 
ovarian response to hormonal stimulation.  

 Pregnancy planning is critical for patients 
with β-TM because of the high risk for serious 
complications for both mother and baby. A mul-
tidisciplinary team of hematologist, geneticist, 
reproductive medicine specialist, cardiologist, 
obstetrician, and nurse specialist is needed. Prior 
to pregnancy, screening echocardiogram, electro-
cardiogram, testing for acquired red cell antibod-
ies, and testing of partner for hemoglobinopathies 
should be performed. Assisted reproductive tech-
niques are viable options for successful pregnan-
cies in women with thalassemia. 

 During pregnancy, some patients will need 
increased transfusion support to maintain Hb 
level >10 g/dL. For better outcomes, patients 
should have a cardiac MRI with T2* more than 
20 ms, echocardiography with left ventricular 
ejection fraction >65 % and fractional shortening 
>30 %, and electrocardiogram with no signifi cant 
arrhythmias (Cappellini et al.  2014 ) prior to 
attempting a pregnancy. Most patients should dis-
continue all iron chelation as soon as they become 
pregnant. While there is limited data on potential 
teratogenicity of deferasirox or deferiprone, def-
eroxamine has been used safely after the fi rst tri-
mester. Bisphosphonates have long half-life and, 

therefore, should be stopped about 6 months prior 
to conception and during breastfeeding. Interferon, 
ribavirin, and hydroxyurea should also be discon-
tinued at least 6 months before conception. 
Patients should be advised about healthy lifestyle 
and the need for supplementation with calcium, 
vitamin D, and folic acid. Breastfeeding should be 
recommended unless the mother is HIV positive. 

  Question 10.      What option for allogeneic 
hematopoietic cell transplantation is associ-
ated with the best outcomes in patients with 
β-TM? 

    A.    Unrelated umbilical cord blood donor   
   B.    Matched sibling donors   
   C.    Matched unrelated donors   
   D.    Haploidentical related donors    

    Expert Perspective:     Hematopoietic cell trans-
plantation (HCT) is the only available curative 
treatment option for patients with β-TM. With 
more than 3000 HCTs performed worldwide 
(Angelucci  2010 ), outcomes continue to improve, 
with transplant-related mortality of ≤5 % and a 
cure rate of 80–90 % (Angelucci  2010 ), compared 
to 73 % in earlier reports (Angelucci and 
Baronciani  2008 ). This is due to the availability of 
more effective graft-versus-host disease prophy-
laxis, better treatment options for cytomegalovi-
rus infection, broad spectrum systemic antibiotic 
therapy, higher resolution and better HLA typing, 
and the wide adoption of aseptic techniques.  

 One common risk stratifi cation tool for HCT 
in thalassemia is the Pesaro classifi cation, which 
incorporates the presence of portal fi brosis, hepa-
tomegaly, or history of inadequate chelation for 
the more accurate prediction of overall survival, 
disease-free survival, and risk for graft rejection. 
Three-year probabilities for overall survival and 
thalassemia-free survival varied among classes; 
class 1 (no risk factors) had 94 % and 94 %, class 
2 (one risk factor) had 80 % and 77 %, and class 3 
(both risk factors) had 61 % and 53 %, respec-
tively (Lucarelli et al.  1990 ,  1993 ). Patients with 
β-TM are also at higher risk for mortality if they 
were ≥7 years old and had hepatomegaly at the 
time of or prior to HCT (Sabloff et al.  2011 ). 
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 Most patients with β-TM lack a HLA-matched 
sibling donor. Alternative options include the use 
of matched unrelated marrow donor, matched 
unrelated cord blood, and mismatch related 
donor, which remain experimental (Cappellini 
et al.  2014 ). Allogeneic HCT with reduced inten-
sity conditioning regimen has proven safety and 
effectiveness with a 5-year probability of survival 
and disease-free survival of 93 % and 84 %, 
respectively, but at this time is not recommended 
outside of a clinical trial (Bernardo et al.  2012 ). 
HCT may be cost effective considering the cost 
of lifelong regular transfusions, iron chelation 
therapy, and management of other disease com-
plications and comorbidities. 

  Question 11.      What about the use of other 
alternative or novel drugs might help her? 

    A.    Hydroxyurea to induce fetal hemoglobin   
   B.    Short-chain fatty acids   
   C.    New agents to induce erythroid maturation   
   D.    All of the above    

    Expert Perspective:     Hemoglobin-F (HbF) 
inducers may reduce transfusion frequency and 
volumes. The evidence of the effectiveness of 
these agents varied in previous studies that 
included different patient populations and con-
sidered different end points (Musallam et al. 
 2013b ). The most commonly studied drug is 
hydroxyurea. Observational studies of HU in 
patients with different forms of β-thalassemia 
have shown some benefi ts with higher hemoglo-
bin levels and decreased transfusion require-
ments (Musallam et al.  2013b ). Additionally, the 
use of HU combined with recombinant erythro-
poietin has shown higher hemoglobin levels than 
using HU alone in patients with non-transfusion- 
dependent thalassemia, but not β-TM 
(Loukopoulos et al.  1998 ).  

 Demethylating agents have been also used to 
increase HbF levels in patients with β-TM. Earlier 
studies included 5-azacytidine with remarkable 
increase in Hb level and HbF percent; however, 
there have been concerns regarding its safety pro-
fi le and long-term side effects with possible 

mutagenicity (Musallam et al.  2013b ). More 
recently, a small pilot study of decitabine in 
patients with β-thalassemia intermedia has shown 
an increase in both total Hb and HbF levels and 
improvement in markers of hemolysis with toler-
able side effects (Olivieri et al.  2011 ). 

 Short-chain fatty acids include sodium phen-
ylbutyrate and isobutyramide, and both can 
increase HbF levels as well. The use of oral 
sodium phenylbutyrate in patients with homozy-
gous β-thalassemia was associated with higher 
total Hb and HbF levels and an improvement in 
markers of ineffective erythropoiesis (Collins 
et al.  1995 ). In contrast, isobutyramide had 
shown variable responses of HbF in patients 
with non- transfusion- dependent thalassemia 
(Taher et al.  2012 ). 

 Activin receptor antagonist (ACE-536) is 
another novel agent that has shown promising 
results in patients with β-thalassemia. ACE-536 
works by promoting late erythrocyte differentia-
tion independent of erythropoietin. Recently, a 
phase 2 study of ACE-536 in adults with 
β-thalassemia demonstrated more than 50 % and 
12–60 % reduction in transfusion requirements 
and ferritin levels in patients with β-TM from their 
baseline, respectively, with increased Hb levels in 
patients with non-transfusion-dependent thalas-
semia (Piga et al.  2014 ). ACE-536 had satisfactory 
safety profi le with no reported serious side effects. 

  Question 12.      What do we know about gene 
therapy in thalassemia so far? 

    A.    It has proven effi cacy and should be offered 
to all patients.   

   B.    It should be considered to control iron 
overload.   

   C.    Early data on safety and effi cacy are 
promising.   

   D.    The risk of leukemia is high with gene ther-
apy and should be avoided.    

    Expert Perspective:     Efforts to evaluate the role 
of gene therapy in thalassemia started in early 
2000 with promising results in mouse models 
(May et al.  2002 ; Rivella et al.  2003 ). The prin-
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ciples of gene therapy involve autologous stem 
cell collection ex vivo globin gene transduction 
with a lentiviral vector coding for normal β-globin 
gene and followed by reinfusion of the trans-
duced stem cells (Cavazzana-Calvo et al.  2010 ; 
Chandrakasan and Malik  2014 ). The  ultimate 
goal is to increase patients’ ability to produce 
normal adult Hb to become transfusion indepen-
dent or reduce their transfusion requirement to a 
minimum. Risks of gene therapy include condi-
tioning toxicity, transfer of replication-competent 
virus, clonal dominance with insertional onco-
genesis, and infertility. Early results of gene ther-
apy have been very promising in terms of safety 
and effi cacy, but follow-up data is limited.  

  Answers 

    Question 1. B  
  Question 2. C  
  Question 3. E  
  Question 4. B  
  Question 5. A  
  Question 6. E  
  Question 7. D  
  Question 8. A  
  Question 9. A  
  Question 10. B  
  Question 11. D  
  Question 12. C         
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      Allogeneic Hematopoietic Cell 
Transplant in β-Thalassemia Major                      

     Syed     A.     Abutalib     

         Introduction 

 β-Thalassemia major (BTM) occurs globally 
and represents a major growing health problem 
in many countries (Weatherall et al.  2010 ). 
BTM involves defi cient or absent synthesis of 
the β-globin chains that constitute hemoglobin 
molecules and results in chronic hemolytic ane-
mia. Subjects with BTM must adhere to con-
tinuous red blood cell replacement program to 
sustain life but unfortunately therapy comes 
with undesirable and sometimes life-threaten-
ing complications (Fung et al.  2006 ; Rahav 
et al.  2006 ). Without regular transfusions, BTM 
patients develop tremendous skeleton deformi-
ties, hepatomegaly, and splenomegaly from 
chronic hemolysis with expansion of the hema-
topoietic system, and as the disease advances, 
extramedullary hematopoiesis ensues (Sabloff 
et al.  2011 ; Angelucci et al.  2010 ). In addition, 
the patients usually incur cardiopulmonary 
problems from chronic anemia and iron over-
load. The only curative outlet from BTM is via 

deployment of allo- HCT preferably from HLA-
matched sibling donor (MSD) early in the 
course of the disease. The pre-HCT chronic 
iron overload (plus its sequelae) and viral 
infection(s) must be medically managed even 
after successful allo-HCT in patient now 
referred to as “ex-thalassemics.” The basic con-
cept behind allo-HCT is to substitute carefully 
selected HLA-MSD’s CD34+ hematopoietic 
cells with recipient “thalassemic clone” hema-
topoietic cells with a goal to achieve effective 
and sustainable hematopoiesis translated into 
transfusion independence. Evaluation prior to 
allo-HCT in younger children (<17 years of 
age) with BTM aims to allocate them in one of 
the three well-defi ned prognostic groups as 
defi ned in Pesaro classifi cation; this classifi ca-
tion coined  by Lucarelli and colleagues  also 
assists in selection of best allo-HCT program 
for each group. Older (>17 years of age) 
patients with BTM usually have organ damage 
due to higher degree of iron overload with 
increase incidence of graft rejection compared 
to younger children ( Lucarelli G  et al.  1999 ). 
Usually, BTM patients older than 17 years of 
age fall into “high-risk” category and are best 
served with more complex allo-HCT program, 
somewhat analogous to the transplant programs 
employed for younger children with Pesaro 
class 3 risk group (Lucarelli et al.  1992 ), 
although with less intensive conditioning regi-
men to minimize treatment-related mortality 
(TRM). It is prudent to acknowledge that in the 
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current era and in the middle-high-income 
 countries, morbidity and mortality of allo-HCT 
are challenged by the accomplishment of better 
survival rates with nontransplant approaches 
but these approaches offer no chance of a cure 
and in many cases persistence of lifelong com-
plications. The discussion for and against allo-
HCT should be carefully conducted in centers 
with expertise handling patients with BTM. 

    Question Objective: Review 
Pretransplant Recipient-Related 
Prognostic Variables for Allo-HCT 
Outcomes in BTM 

  Case     A 4-year-old girl with BTM is referred to 
you for the evaluation of allo-HCT. She has been 
on regular iron chelation therapy since 23 months 
of life. She has one healthy 18-year-old brother 
who is unaffected by hemoglobinopathy and 
remains perfectly healthy.  

  Question 1.      Which pretransplant recipient- 
related factor is an important predictor of out-
comes after allo-HCT? 

    A.    Gender   
   B.    Hepatic portal fi brosis   
   C.    None of the above    

    Expert Clinical Perspective     BTM is a genetic 
disease characterized by absent or defective 
production of beta-globin chains. Subsequent 
phenotype results in severe and chronic hemo-
lytic anemia with refl ex hyperstimulation of 
erythropoiesis and expansion of the marrow 
space. Regular RBC transfusions are life saving 
but require meticulously orchestrated iron che-
lation therapy (Cappellini et al.  2014 ). Allo-
HCT remains the only worldwide accepted 
curative option for patients with BTM (Lucarelli 
et al.  1990 ). The cure of BTM by  bone marrow  
transplantation was fi rst demonstrated by 
Thomas et al. in a 14-month-old untransfused 
child in 1981 (Thomas et al.  1982 ). In parallel, 

the investigators from Pesaro, Italy, reported 
transplant in a heavily transfused (history of 
150 transfusions) 16-year-old patient with an 
 unfortunate outcome of graft rejection 
(Lucarelli et al.  1984 ). Fast forward to 1990, 
the same Italian group, “The Pesaro Group,” 
reported the largest experience of successful 
 bone marrow  transplants in patients with thal-
assemia; their results were published in  New 
England Journal of Medicine  (Lucarelli et al. 
 1990 ). The study also was able to examine pre-
transplant clinicopathologic characteristics that 
infl uenced overall survival (OS), event-free sur-
vival (EFS), and the recurrence of thalassemia 
phenotype in the 116 consecutive patients who 
received myeloablative conditioning (MAC) 
regimen consisting of busulfan (Bu) and cyclo-
phosphamide (Cy). Final analysis of these data 
led to the emergence of  Pesaro  “ prognostic ” 
 classifi cation  ( divided into classes 1 to 3 ) which 
requires careful assessment of three prognostic 
factors which independently infl uence allo-
HCT outcomes, (i) hepatomegaly >2 cm below 
the costal margin, (ii) portal fi brosis on liver 
biopsy (thus need for liver biopsy prior to trans-
plant), and (iii) irregular iron chelation therapy. 
In this seminal study, “regular chelation his-
tory” was defi ned when deferoxamine therapy 
was initiated no later than 18 months after the 
fi rst transfusion and administered subcutane-
ously for 8–10 h continuously for at least 5 days 
every week; any deviation from this program 
was considered as “irregular chelation therapy” 
and was counted as one negative factor. 
Indirectly, these three prognostic factors refl ect 
assessment of iron burden and if any one of 
them is existent then it negatively infl uenced 
the outcomes of allo-HCT. The lowest risk 
group included subjects who were on “regular 
chelation therapy” and without liver fi brosis or 
hepatomegaly (0 out of 3 risk factors). Patients 
who were not on “regular chelation therapy” 
and had liver fi brosis of any grade and hepato-
megaly >2 cm below the costal margin were 
allocated to highest risk group (presence of 
three out of three risk factors), while the sub-
jects in intermediate group had one to two 
adverse prognostic factors.  
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 In class 1 group of patients, the 3-year prob-
abilities of OS, EFS, and thalassemia recurrence 
rates were 94 %, 94 %, and 0 %, respectively. 
For class 2 group of patients, the probabilities of 
OS, EFS, and thalassemia recurrence rates were 
80 %, 77 %, and 9 %, respectively. Finally, for 
class 3 group of patients, the probabilities of 
OS, EFS, and thalassemia recurrence rates were 
61 %, 53 %, and 16 %, respectively (Lucarelli 
et al.  1992 ). With acquisition of experience, 
incorporation of contemporary methods in all 
phases of transplant, and better methodology 
and technology for donor selection, these results 
continue to improve (Lucarelli et al.  1993 ) espe-
cially in patients with the highest (class 3) 
Pesaro risk group (Isgrò et al.  2010 ; Gaziev 
et al.  2011 ; Sodani et al.  2004 ). 

 Recipient gender (male or female) is not asso-
ciated with adverse outcomes after allo-HCT in 
BTM (choice A). Nonetheless, advance or 
increasing age does adversely impact transplant 
outcomes which has led to the slogan from Pesaro 
group – “transplant as early as possible.” Subjects 
older than 17 years of age were not represented in 
Pesaro “prognostic” classifi cation but the associ-
ation of increase iron overload from continual 
RBC transfusions (and subsequent alloimmuni-
zation) reciprocally affects allo-HCT outcomes. 
All things being equal, older patients (in this con-
text >17 years old) by virtue of natural course of 
disease usually have more advance disease and 
higher incidence of transfusion-associated com-
plications, e.g., viral hepatitis and development 
of anti-HLA antibodies; these factors usually 
have negative clinical impact on allo-HCT. In 
conclusion, proper assessment of severity of dis-
ease and iron overload remain vital clinical exer-
cise in all groups of BTM patients being 
considered for allo-HCT  

    Question Objective: Selection 
of Donor and Graft Source for Allo- 
HCT in Patients with BTM 

  Case Continues     The patient was assessed and 
was assigned to Pesaro class 1 due to absence of 
any of the 3 negative prognostic factors for allo- 

HCT; chelation therapy was continued while 
waiting for HLA-typing results.  

  Question 2.      Select the best donor and graft 
combination for allo-HCT for this patient with 
BTM. 

    A.    HLA-matched sibling donor and acquisition 
of graft from peripheral blood   

   B.    HLA-matched sibling donor and acquisition 
of graft from bone marrow   

   C.    HLA-matched sibling donor and acquisition 
of graft from either bone marrow or periph-
eral blood    

    Expert Clinical Perspective     Early (“transplant 
as early as possible”) deployment of allo-HCT 
transplant from an HLA-MSD with acquisition 
of graft from the  bone marrow  remains the pre-
ferred strategy (Angelucci et al.  2014 ) (Table  1 ). 
Graft from the peripheral blood which has higher 
number of T lymphocytes compared to bone mar-
row would be easier to obtain but will result in 
higher rates of both acute and chronic GvHD. The 
fi ndings of higher acute and chronic GvHD with 
the use of peripheral blood graft source were 
shown in a study that included BTM patients 
with Pesaro class 1 and 2 groups. The study 
reported grade II to IV and grade III to IV acute 
GvHD rates of 75 % and 36 %, respectively, in 
the recipients of peripheral blood grafts com-
pared to lower rates of grade II to IV and grade III 
to IV acute GvHD, 57 % and 22 %, respectively, 
in recipients of bone marrow grafts. All patients 
received cyclosporine and methotrexate as GvHD 
prophylaxis (Ghavamzadeh et al.  2008 ). In this 
study, the incidence of chronic GvHD was also 
signifi cantly higher in the patients receiving 
grafts from peripheral blood as opposed to grafts 
from bone marrow, 49 % versus 17 %, respec-
tively. Taken together, these data indicate that the 
use of peripheral blood as graft source is not the 
preferred choice in patients with BTM. In gen-
eral, grafts from peripheral blood are not pre-
ferred in nonmalignant diseases since 
“graft-versus-nonmalignant disease” effect is not 
required after allo-HCT.
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        Question Objective: 
Review of “Preconditioning” 
and Conditioning Regimens for 
Allo- HCT in Patients with BTM 

  Case continues : The brother is reported as 
“ perfect HLA-match (10/10) with his sister.” He 
would like to proceed with bone marrow graft 
donation. 

  Question 3.      Which conditioning intensity is 
considered standard for most BTM patients 
undergoing allo-HCT? 

    A.    Myeloablative   
   B.    Non-myeloablative (NMA)   
   C.    Reduced-intensity conditioning (RIC)     

    Expert Clinical Perspective     The biological and 
therapeutic expectations from allo-HCT in nonma-
lignant disorders are not all the same as for hema-
tologic malignancies. Important consideration for 
selection of appropriate conditioning and immuno-
suppressive regimen requires proper assessment of 
the recipient- and disease-related factors. These 
include the status of disease burden, recipient 
immune system, and RBC transfusion history. 
Since patients with BTM have never been exposed 
to chemotherapy, their immune system is rather 
robust and reactive, certainly a drawback for 
oncoming graft (donor cells). In order to overcome 
immune barrier, it is critical to deliver rather intense 
and sometimes protracted immunosuppressive 
therapy to allow sustainable hematopoiesis from 
donor cells. It is known that overtime the disease 
advances and manifests itself by extreme hyperpla-
sia of the marrow space with extension of a rapidly 
proliferating erythroid lineage outside the physio-
logic location and into the spleen and liver – “extra-
medullary hematopoiesis.” These disease-related 
abnormal characteristics of rapidly proliferating 
erythroid linage result in abnormal bone remodel-
ing together with marked hepatomegaly and sple-
nomegaly. It might be hypothesized that 
aggressively expanding hyperproliferation of thal-
assemic clone would be diffi cult to eradicate with 
anything less than MAC regimen. The risk of graft 
failure increases with presence of anti-HLA 

 antibodies (donor specifi c antibodies) which usu-
ally emerge in individuals with protracted history 
of RBC transfusions especially in situations where 
irradiated blood was not used. Hence, the rationale 
for intense and sometimes protracted course of 
immunosuppressive therapy (see below) in patients 
being transplanted late in the course of the disease. 
It is recommended that RBC products are properly 
leukodepleted to minimize the development of 
anti-HLA antibodies against the graft. In summary, 
pretransplant preparation of these patients must be 
suffi ciently myeloablative and immunosuppressive 
to overcome the barriers to a successful allo-HCT.  

 Class 1 and class 2 group of patients (<17 years 
of age) are conditioned with myeloablative doses 
of Bu and Cy (Bu-Cy) with GvHD prophylaxis 
consisting of cyclosporine and low-dose methyl-
prednisolone. Class 3 group of patients and younger 
than <17 years of age and older (in this context 
>17 years) generally receive more intense and pro-
tracted (starting 45 days before the allo- HCT) pre-
transplant immunosuppressive “preconditioning 
regimen” preparation with addition of azathioprine, 
hydroxyurea, and fl udarabine, followed by condi-
tioning regimen consisting of Bu-Cy and thiotepa; 
however, the dose of Cy is reduced in order to 
decrease the TRM (Sodani et al.  2004  and  personal 
communication with Dr. Gaziev 2015 ). The GvHD 
prophylaxis in this group of high-risk patients com-
prises of cyclosporine, low-dose methylpredniso-
lone, and modifi ed short course of methotrexate. 
RIC regimens have been tried and tested but many 
patients showed transient and incomplete engraft-
ments and most ultimately reject the graft. NMA is 
not recommended for BTM patients undergoing 
allo-HCT (Table  1 ).  

    Question Objective: Clinical 
Implications of Mixed Chimera (MC) 
Following Allo-HCT in Patients 
with BTM 

  Case continues : The patient is discharged home 
after  bone marrow  (not peripheral blood) HCT 
following MAC regimen (not RIC or NMA regi-
men) on oral immunosuppressive therapy with a 

S.A. Abutalib
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follow-up in the transplant clinic. Approximately  
9 weeks after allo-HCT, the patient comes along 
with his parents and sibling. The patient and the 
family are informed about results of “mixed chi-
mera” on bone marrow test performed about a 
week ago. 

  Question 4.      Which statement about mixed 
chimera is correct? 

    A.    Relapse is inevitable without urgent 
intervention.   

   B.    Mixed hematopoietic chimera does not por-
tent relapse.   

   C.    The proportion of residual host cells (RHCs) 
infl uences the risk of relapse.    

    Expert Clinical Perspective     Mixed hematopoi-
etic chimerism is not an uncommon phenomenon 
with prognostic signifi cance dependent on the 
proportion (% chimera) of RHC. The incidence 
of MC was evaluated in a study analyzing 335 
patients who received  bone marrow  grafts from 
HLA-matched family donors; the incidence of 
MC was 32.2 % at 2-month landmark (Lucarelli 
et al. 2002). Of the 227 patients with complete 
donor chimerism (“absence of thalassemic 
clone”), none of the patients rejected the bone 
marrow graft on the contrary graft failure 
occurred in 32.4 % (35 of 108 patients) of patients 
with MC, indicating that MC is defi nitively a risk 
factor for subsequent graft failure. Interestingly, 
the percentage of RHC was predictive of subse-
quent graft failure, with nearly all patients expe-
riencing graft rejection when RHC exceeded 
25 % of the chimera. The risk of graft rejection 
was only 13 % in patients with <10 % residual 
RHC but was 41 % in patients with RHC of 
10–25 % (Andreani et al.  2008 ). One can con-
clude that not all patients with RHC relapse, and 
this has been confi rmed on clinical grounds since 
subset of these patients can have lifelong stable 
MC without graft rejection with absence of dis-
ease phenotype (Andreani et al.  1996 ,  2000 , 
 2008 ). It is estimated that of all patients undergo-
ing  bone marrow  transplants following MAC, 
about 10 % will have persistent and stable MC 
without disease recurrence or unusual infections 

suggesting some sort of donor- recipient immuno-
logic tolerance. While the risk of relapse is lower 
with low RHC it is unclear which patients will or 
will not relapse with any degree of RHC. The 
mechanism of such tolerance remains unclear but 
does provide an opportunity for future novel 
therapies.   

    Question Objective: Importance 
of Continued Monitoring 
After Successful Allo-HCT 
in “Ex-Thalassemics” for Thalassemia: 
Related Complications 

  Case Continues     The patient remains transfusion 
independent with RHC <5 % (“ex-thalassemic”). 
She is 6 years into survivorship. The complete 
blood count is normal and she has had no 
infections.  

  Question 5.      Which statement about surveil-
lance after allo-HCT in patients with BTM is 
correct? 

    A.    Growth failure is never an issue after success-
ful allo-HCT.   

   B.    GvHD is not observed in “ex-thalassemics.”   
   C.    Management of pretransplant iron overload 

should continue after successful allo-HCT.    

    Expert Clinical Perspective     The clinical 
sequelae of iron overload remain a problem even 
after successful allo-HCT (“ex-thalassemics”) 
and require carefully coordinated iron depletion 
strategies such as regular phlebotomies and/or 
chelation therapy (Angelucci E et al.  2008 ). 
Growth failure and endocrine dysfunction are 
well-recognized complications of this disease. 
Continued evaluation by an experienced endocri-
nologist and a nutritionist are important manage-
ment aspects. Children transplanted before 
8 years of age usually show a normal growth rate 
in the absence of GvHD, while older children, 
Pesaro class 3 risk group of patients, and patients 
who develop G v HD requiring systemic steroids 
or additional immunosuppressive therapy usually 
incur growth problems (Gaziev D et al.  1993 ). 
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Gonadal  damage is a common side effect of 
chronic iron overload and MAC. Nonetheless, 
spontaneous restoration of fertility has been 
observed especially in male patients (De Sanctis 
et al.  1993 ; Li et al.  2004 ). The overall incidence 
of acute and chronic GvHD is 17–35 % and 
10–27.3 %, respectively. The rates of GvHD are 
contingent upon the type of GvHD prophylaxis 
regimen with bone marrow graft source 
(Gazievet al.  1997 ,  2012 ). The signs and symp-
toms of GvHD should be monitored during every 
clinic visit. Infection with HCV is not uncommon 
in patients with BTM, particularly in those trans-
fused before second-generation enzyme-linked 
immunosorbent assay tests became available. 
Liver damage due to HCV infection is exacer-
bated by iron overload, and liver disease is a rec-
ognized cause of mortality and morbidity. 
Therefore,  ex -  thalassemics  should be offered 
contemporary HCV therapy if positive for such 
infection (Gaziev and Lucarelli  2010 ).  

  Case Ends     The patient is considered ex-thalas-
semic with normal growth pattern. She is approx-
imately 10 years out from allo-HCT with normal 
blood counts. She has achieved normal puberty 
milestones and is scheduled for a routine gyne-
cology visit. She reports to have a normal quality 
of life, echoing the observations reported in a 
study by La Nasa G et al. – “Health-related qual-
ity of life and lifestyles of patients transplanted 
more than 20 years ago for thalassemia are simi-
lar to those of the general population” (La Nasa 
et al.  2013 ).   

  Answers 

    Question 1. B  
  Question 2. B  
  Question 3. A  
  Question 4. C  
  Question 5. C          
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      Sickle Cell Disease: Prevention 
of Complications                      

     Enrico Maria     Novelli   

         Introduction 

 In spite of more than 100 years of clinical 
 observations and research, many unanswered 
questions remain in the management of sickle 
cell disease (SCD). While giant strides in the 
 prevention of pediatric morbidity and mortality 
have been made in the latter part of the twentieth 
century, adults with SCD are faced with a chronic, 
debilitating disease with limited preventive and 
therapeutic options. Stem cell transplantation, the 
only cure presently available, is limited by 
 toxicity and restricted eligibility, and no new 
disease- modifying drug has been introduced 
since the approval of hydroxyurea in the mid-
1990s. The paucity of management options 
underscores the slow pace of research progress, 
hindered by factors such as complexity of the 
phenotype, scarcity of advocacy and funding, and 
competing research and health-care priorities. 
The recently published National Heart, Lung and 
Blood Institute (NHLBI) guidelines for the man-
agement of SCD (Yawn et al.  2014 ), which we 
strongly encourage the reader to review,  provide 
a comprehensive compendium of the available 
evidence and evidence-based  recommendations, 
but necessarily rely heavily on expert panel con-

sensus opinion in many areas. Thus, important 
preventive and therapeutic interventions remain 
controversial. By presenting the following cases, 
we have attempted to review the most important 
evidence-based guidelines and existing contro-
versies in the prevention of SCD complications. 
Please note that we will follow the standard 
nomenclature of sickle cell anemia (SCA) to 
denote HbSS and HbS/β 0  thalassemia and SCD to 
denote any disease subtype (HbSS, HbS/β 0  or β +  
thalassemia, HbSC, HbSD, and HbSO). We will 
use the term vaso-occlusive crisis (VOC) to 
denote a painful episode/pain crisis. 

 Clinical cases and multiple-choice questions  

    Case 1 

 A 23-year-old woman with HbSC disease is 
interested in maximizing her health. You discuss 
hydroxyurea therapy with her. 

  Question 1.      Which of the following  statements 
is correct ?

    A.    Clinical trials have shown that hydroxyurea 
prevents VOC in HbSC disease patients.   

   B.    Hydroxyurea may cause or exacerbate leg 
ulcers in SCD.   

   C.    The main mechanism of action of hydroxy-
urea involves induction of fetal hemoglobin.   

   D.    Increased hemoglobin is the best indicator of 
hydroxyurea effi cacy.    
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    Expert Clinical Perspective     Hydroxyurea is 
the only disease-modifying drug approved for 
SCD. Its effi cacy was conclusively demonstrated 
by a landmark multicenter clinical trial (MSH 
trial) which led to its approval in the United States 
in the mid-1990s (Charache et al.  1995 ). The 
study showed that patients with HbSS disease on 
the drug had approximately half the number of 
VOC than those on placebo. Follow-up studies 
also showed a survival benefi t in the hydroxyurea 
arm (Steinberg et al.  2003 ,  2010 ). A later pro-
spective, non-randomized study in Greece dem-
onstrated a similar benefi t in patients with HbS/β 
thalassemia where the drug conferred also a  
striking survival advantage (Voskaridou et al. 
 2010 ; Sasongko et al.  2013 ). There are, however, 
no clinical trials to show effi cacy in patients with 
HbSC disease (answer C). While most authorities 
recommend this drug to HbSC patients, they tend 
to apply stricter eligibility criteria as the risk/ben-
efi t ratio is likely to be higher in this subgroup of 
patients. The best indicator of effi cacy is a rising 
HbF level, which refl ects the main mechanism of 
action of the drug as a hemoglobin F inducer 
(Platt et al.  1984 ). While hydroxyurea has been 
associated with an increased risk of leg ulcers in 
patients with myeloproliferative disorders, there 
is no evidence it causes leg ulcers in SCD 
(Lanzkron et al.  2008 ), and it may in fact prevent 
them by reducing vaso-occlusion.   

    Case 2 

 A 45-year-old man with HbSS disease presents 
for a routine follow-up appointment. Laboratory 
data show a serum creatinine of 0.9 mg/dL. His 
blood pressure is normal. He is compliant with 
hydroxyurea therapy and has very rare acute 
complications and exacerbations. 

  Question 2.      What further action is required 
to prevent the deterioration of kidney function 
in this patient ?

    A.    No further intervention, his creatinine is nor-
mal and care should focus on maximizing 
hydroxyurea therapy.   

   B.    He should be placed on prophylactic chronic 
transfusions as he will most likely develop 
kidney failure.   

   C.    He should have regular screening for 
microalbuminuria.   

   D.    He should be placed on an angiotensin- 
converting enzyme (ACE) inhibitor for 
 prevention of proteinuria.    

    Expert Clinical Perspective     Kidney dysfunction 
is one of the earliest manifestations of SCD. It ini-
tially presents as hyposthenuria, glomerular hyper-
fi ltration, and tubular dysfunction. Because of 
these abnormalities, serum creatinine levels do not 
accurately refl ect kidney function and lead to over-
estimation of the glomerular fi ltration rate mea-
sured by creatinine clearance (Allon  1990 ). As the 
disease progresses, patients develop microalbu-
minuria and later frank proteinuria, often while 
maintaining a normal serum creatinine level. Thus, 
it is important to periodically screen SCD patients 
with a spot urine albumin/creatinine ratio. If ele-
vated, this should prompt a 24-h urine protein mea-
surement. A consistent fi nding of proteinuria across 
multiple measurements should lead to referral to 
nephrology, minimization of nephrotoxic drugs 
(such as NSAIDs), and initiation of an ACE inhibi-
tor. ACE inhibitors have been found to slow the 
progression of proteinuria in SCD, although their 
effects on major clinical outcomes such as the need 
for renal replacement therapy are not yet known 
(Sasongko et al.  2013 ). The case presented above 
underscores the importance of not using serum cre-
atinine alone to guide kidney-related  interventions 
in SCD. The correct answer is, therefore, C.   

    Case 3 

 A 22-year-old woman with HbSS disease is inter-
ested in family planning. She has no personal or 
family history of thrombosis and is nulligravida. 
What statement is correct about her reproductive 
risks?

    A.    She is expected to be at a higher risk of mater-
nal and fetal morbidity and mortality.   

E.M. Novelli
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   B.    She should be placed on prophylactic low 
molecular weight heparin during pregnancy 
due to the thrombophilic risk associated with 
HbSS disease.   

   C.    Prophylactic transfusions are indicated for 
pregnant patients with HbSS disease to 
reduce the risk of VOC in pregnancy.   

   D.    Hormonal contraception is not generally safe 
in HbSS patients.     

  Expert Clinical Perspective     While it was not 
uncommon to advise women against pregnancy 
in the past, most women are able to experience 
uneventful pregnancies with appropriate close 
monitoring (Smith et al.  1996 ), preferably in a 
high-risk pregnancy clinic. The rate of maternal 
and fetal morbidity is, however, increased in 
women with SCD (answer A) (Villers et al. 
 2008 ). Unfortunately, there are no universally 
accepted preventive strategies for pregnancy- 
related complications. Specifi cally, prophylactic 
transfusions are not currently recommended in 
uncomplicated pregnancies, even if the risk of 
VOC is known to increase during pregnancy. 
The UK guidelines, however, (  https://www.rcog.
org.uk/globalassets/documents/guidelines/
gtg_61.pdf    ), recommend low-dose aspirin to 
prevent preeclampsia as the risk of this gesta-
tional complication is increased, and all guide-
lines recommend folic acid supplementation, 
particularly at higher doses than in women with-
out SCD, avoidance of iron supplementation, 
and screening for red blood cell alloimmuniza-
tion. While SCD is a thrombophilic condition 
with well-documented hemostatic activation and 
increased risk of thrombosis in observational 
studies (Novelli et al.  2012 ), there are no evi-
dence-based recommendations for DVT prophy-
laxis in pregnancy. For women who are not 
interested in conceiving, there is no clear evi-
dence that estrogen- containing oral contracep-
tives are unsafe, but it is reasonable to posit that 
they may exacerbate the thrombophilia of SCD 
and they are, therefore, not usually recom-
mended. Progestin-only contraceptives and 
intrauterine devices are, therefore, the preferred 
methods of contraception.   

    Case 4 

 A 37-year-old woman with HbSS disease has 
brisk hemolysis at baseline, chronic kidney dis-
ease, and chronic fatigue. She is not dyspneic and 
has no history of pulmonary embolism. What is 
the most appropriate statement regarding her risk 
of pulmonary hypertension and need for pulmo-
nary hypertension screening?

    A.    Pulmonary hypertension is rare in patients 
with HbSS disease and does not warrant rou-
tine screening.   

   B.    No screening is necessary since she is asymp-
tomatic from a pulmonary standpoint.   

   C.    Finding of an elevated tricuspid regurgitant 
jet velocity by transthoracic echocardiogram 
is indicative of increased mortality risk.   

   D.    Finding of an elevated tricuspid regurgitant 
jet velocity by transthoracic echocardiogram 
warrants treatment with phosphodiesterase-5 
inhibitors.     

  Expert Clinical Perspective     A high prevalence 
of pulmonary hypertension in SCD was fi rst 
 documented in autopsy studies, which revealed 
stigmata of pulmonary hypertension including 
pulmonary intimal-medial hyperplasia and 
plexiform lesions in a large proportion of cases 
(Collins and Orringer  1982 ; Graham et al.  2007 ; 
Haque et al.  2002 ). A landmark study from 2004 
defi nitely brought this complication to the fore-
front by showing that approximately one-third of 
SCA patients have elevated tricuspid regurgitant 
jet velocity, an echocardiographic marker of pul-
monary hypertension, and that, ominously, this 
portends an elevated mortality risk (RR 10) 
(Gladwin et al.  2004 ). Later research showed 
that when using the gold standard test of right-
heart catheterization, the prevalence of pulmo-
nary hypertension is 6–10 % across studies and 
continents (Fonseca et al.  2012 ; Mehari et al. 
 2012 ; Parent et al.  2011 ), thus confi rming that 
this  complication is common in SCA. There is 
also mounting evidence that patients with brisk 
hemolysis, chronic kidney disease, stroke, and 
leg ulcers are at particularly high risk of this 
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 complication, suggesting that PH may present as 
a component of a particularly unfavorable 
 syndrome (Kato et al.  2006 ). Unfortunately, 
there is no known preventive or SCD-specifi c 
therapeutic strategy for pulmonary hypertension, 
with the only clinical trial of sildenafi l for pul-
monary hypertension in SCD being halted due to 
toxicity (Machado et al.  2005 ), leading some to 
question the need for screening, particularly in 
asymptomatic individuals where the likelihood 
of a false- positive echocardiographic result is 
higher. Thus, the answer to our clinical question, 
as posed above, is somewhat controversial, as 
some would consider both B and C answers to be 
correct. We feel, however, and in accordance 
with the American Thoracic Society guidelines 
(Klings et al.  2014 ), that C only is correct. Our 
main rationale for this position is that the early 
symptoms of pulmonary hypertension are non-
specifi c and may be masked by the symptoms of 
severe baseline anemia. Thus, basing the deci-
sion of whether to screen on the clinical presen-
tation may be unsafe. Moreover, identifying 
relatively asymptomatic patients early is impor-
tant, as it is reasonable to intensify medical ther-
apy in the presence of persistently elevated 
tricuspid  regurgitant jet velocity, particularly 
given the epidemiological association of this 
biomarker with other biomarkers of disease 
severity such as chronic kidney disease and 
severe hemolysis.   

    Case 5 

 A 15-year-old adolescent with HbSS disease has 
suffered from a cerebrovascular accident at age 3 
and has since been maintained on chronic 
monthly exchange transfusions. Which one of the 
following statements is the most accurate regard-
ing secondary prevention of stroke in this patient?

    A.    Hydroxyurea is non-inferior to blood transfu-
sion in the secondary prevention of stroke in 
this patient.   

   B.    Chronic monthly exchange transfusions can 
be discontinued once the transcranial Doppler 
(TCD) velocity normalizes in this patient.   

   C.    Findings of a moyamoya pattern of vascular-
ization by MRI in this patient places him at 
increased risk of stroke.   

   D.    His target hemoglobin S before each exchange 
transfusion should be less than 50 %.     

  Expert Clinical Perspective     Ischemic stroke is 
a devastating complication of HbSS disease that 
disproportionately affects young children, par-
ticularly those with severe anemia (Ohene- 
Frempong et al.  1998 ). Nowadays, most pediatric 
strokes are prevented by screening children with 
TCD starting from age 2 and placing those with 
high TCD velocities on chronic prophylactic 
transfusions with a goal of maintaining the HbS 
<30 %, a strategy emanating from the STOP trial 
(Adams et al.  1998 ). Unfortunately, the child in 
our case had a stroke, so care should aim at sec-
ondary prevention. While the benefi t of transfu-
sion in preventing stroke is undisputed (DeBaun 
et al.  2014 ), there has been interest in determin-
ing the appropriate duration of transfusion ther-
apy and on whether hydroxyurea could offer a 
similar benefi t. The STOP2 trial showed that high 
TCD velocities recur when transfusions are dis-
continued after 30 months, indicating that trans-
fusions should be continued long term in children 
(Adams et al.  2005 ). With respect to the outcome 
of decreasing TCD velocities, hydroxyurea was 
later found to be non-inferior to transfusion in 
children  without  a prior stroke enrolled in the 
TWiTCH trial (unpublished), thus offering an 
alternative, particularly for those with iron over-
load or red blood cell alloimmunization. For our 
patient, though, it was appropriate to opt for and 
continue transfusions in light of the results of the 
SWiTCH trial (Ware et al.  2012 ), which showed 
a higher stroke recurrence rate in children who 
had a prior stroke and were switched from trans-
fusion to hydroxyurea and phlebotomy. Taking 
together the results of the trials, it is reasonable to 
conclude that hydroxyurea is benefi cial in pre-
venting stroke, but inferior to prophylactic trans-
fusion. Thus, for high-risk children, particularly 
those who have had a stroke and/or may have 
persistently elevated TCD velocities, continuing 
transfusion is the safest option. The current 
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NHLBI guidelines recommend an age of 16 for 
discontinuation of transfusions, but while epide-
miological data show that the risk of ischemic 
stroke decreases with age, there is no clear clini-
cal evidence to choose a specifi c age threshold, 
and some specialists, like the author of this chap-
ter, prefer to continue transfusions indefi nitely in 
patients who tolerate them well. While ischemic 
stroke prevention has been one of the success sto-
ries in SCD, there has been little progress in elu-
cidating and preventing hemorrhagic stroke. It 
does appear, though, that patients with a history 
of ischemic stroke who have an abnormal pattern 
of cerebral vascularization with prominent collat-
erals, otherwise known as moyamoya, are at 
higher risk for both ischemic and hemorrhagic 
stroke (Dobson et al.  2002 ; Adil et al.  2014 ). 
Thus, the correct answer is C.   

    Case 6 

 A 37-year-old man with HbSS disease calls the 
clinic offi ce with a complaint of a fever of 39.1 °C 
and no other symptom. What is not an appropri-
ate intervention for this patient?

    A.    Evaluation in the clinic that includes blood 
cultures   

   B.    Empiric dose of an antibiotic that covers  S. 
pneumoniae    

   C.    Prophylactic transfusion   
   D.    Empiric oseltamivir during the infl uenza 

season     

  Expert Clinical Perspective     For most of the 
twentieth century, SCD patients in the USA suc-
cumbed to overwhelming infections with encap-
sulated microorganisms due to functional 
asplenia. The PROPS landmark study in the 
1980s (Gaston et al.  1986 ) led to the adoption of 
penicillin prophylaxis for all HbSS patients, 
arguably the single most important prophylactic 
intervention in SCD. Penicillin prophylaxis com-
bined with  S. pneumoniae  vaccination has led to 
a dramatic decrease in pediatric mortality 
 resulting in more than 90 % of children with 

HbSS disease surviving to adulthood. A high 
fever in patients with SCD remains, however, a 
serious concern as the risk of bacteremia and sep-
sis is not completely eliminated by prophylactic 
interventions and prompts immediate evaluation. 
At a minimum, blood cultures and sensitivities 
should be obtained. Most specialists also admin-
ister one dose of a broad-spectrum antibiotic 
pending the culture results. Depending on the 
symptoms, a chest X-ray may be indicated. 
Similarly, it is not unreasonable to administer 
oseltamivir empirically during the infl uenza sea-
son if there is concern about exposure or symp-
toms of upper respiratory infection, given the 
severity of this illness in SCD (Strouse et al. 
 2010 ). Thus, the answer is C as prophylactic 
transfusions are not indicated at this stage, but 
would be appropriate if the chest X-ray revealed 
a new infi ltrate suggestive of acute chest syn-
drome or in the presence of hypoxemia.   

    Case 7 

 A 52-year-old man with HbSS disease has an 
upcoming prostatectomy for adenocarcinoma of 
the prostate. What is the most appropriate inter-
vention to prevent postoperative complications in 
this patient?

    A.    Simple transfusion to a hemoglobin of 12 g/
dL   

   B.    Simple transfusion to a hemoglobin of 10 g/
dL   

   C.    Automated exchange transfusion to a target 
HbS of <30 %   

   D.    Automated exchange transfusion to a target 
HbS of <50 %     

  Expert Clinical Perspective     Postoperative com-
plications are common in HbSS patients undergo-
ing major surgery, and for decades there has been 
broad consensus that they can be minimized by 
administering prophylactic  transfusions. A recent 
randomized, controlled clinical trial (the TAPS 
study) lent the highest level of evidence to this 
practice by showing that patients in the arm that 
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did not receive transfusions had a higher incidence 
of complications, including acute chest syndrome 
(Howard et al.  2013 ). Thus, although gray areas 
remain, e.g., the need to transfuse patients with 
other genotypes (HbSC, S/beta plus) or those 
scheduled to receive certain specifi c anesthetics or 
surgeries, preoperative transfusions are standard 
of care. Interestingly, many years before the TAPS 
study, a randomized clinical trial explored whether 
an aggressive transfusion strategy of automated 
exchange transfusion to a hemoglobin S <30 % 
would be more effective than a conservative trans-
fusion strategy of “top-up” transfusion to a hemo-
globin of 10 g/dL. This study showed that the 
conservative approach (the answer B in our case) 
was as effective as the aggressive approach 
(Vichinsky et al.  1995 ). The answer A is wrong 
because raising the hemoglobin above 10 g/dL 
may be detrimental and increase the risk of vaso-
occlusion since sickle blood has higher viscosity 
than normal blood (Chien et al.  1970 ).   

    Case 8 

 A 22-year-old woman with SCD is admitted with 
an uncomplicated VOC. 

  Question 8.      What is an evidence-based inter-
vention that reduces the risk of complications 
in this patient? 

    A.    Incentive spirometry   
   B.    Prophylaxis-dose heparin or low molecular 

weight heparin   
   C.    Transfusion for a hemoglobin level lower 

than the baseline for the patient   
   D.    Supplemental oxygen by nasal cannula 

throughout the hospital stay    

    Expert Clinical Perspective     Incentive spirome-
try in VOC is a simple, safe, and inexpensive 
intervention that can prevent acute chest syn-
drome (Bellet et al.  1995 ). Acute chest syndrome 
usually occurs 2–3 days after admission for VOC 
and presents as new respiratory symptoms, fever 
and radiographic evidence of a typically multi- 

lobar or bibasilar infi ltrate. Its main causes are 
infection, fat embolization from infarcted bones, 
and rib infarction causing hypoventilation 
(Vichinsky et al.  2000 ). It may be complicated by 
pulmonary infarction and, as recently shown, in 
situ pulmonary thrombosis in a signifi cant pro-
portion of cases (Dessap et al.  2011 ). Our practice 
is to administer deep vein thrombosis prophylaxis 
during inpatient admissions for VOC as patients 
with SCD have hemostatic activation at baseline 
which further exacerbates during VOC and usu-
ally limited mobility when in acute pain. There is, 
however, no SCD-specifi c evidence for this inter-
vention. While transfusion is a critical mainstay 
of acute chest syndrome treatment, it is not rec-
ommended in uncomplicated VOC, even for 
those patients (usually with SCA) who experience 
worse hemolysis and anemia. There are, however, 
observational studies showing that transfusion 
during VOC may help prevent readmission, and a 
clinical trial to explore the effect of transfusion in 
this setting is sorely needed. Supplemental oxy-
gen should be provided if there is evidence of 
decreased oxygen saturation by pulse oximetry, 
but indiscriminate use of oxygen in patients with 
normal pulse oximetry levels may lead to sup-
pression of compensatory reticulocytosis in 
response to anemia and is not indicated (Embury 
et al.  1984 ). Other important interventions in 
VOC are analgesia with an individualized, paren-
teral opiate regimen, preferably with a patient-
controlled analgesia pump (see American Pain 
Society guidelines) and gentle volume expansion 
with crystalloids.   

    Case 9 

 A 34-year-old man with HbSC disease is seen at 
a routine follow-up appointment. 

  Question 9.      What screening intervention is 
appropriate in this patient? 

    A.    Yearly transcranial Doppler to determine his 
risk of stroke   

   B.    Yearly transthoracic echocardiogram to 
screen for pulmonary hypertension   

E.M. Novelli



69

   C.    Yearly ophthalmological evaluation to screen 
for retinopathy   

   D.    Yearly hip X-ray to screen for avascular 
necrosis    

    Expert Clinical Perspective     Paradoxically, 
while patients with HbSC disease have a longer 
life expectancy and a lower rate of most complica-
tions, including stroke, chronic kidney disease, leg 
ulcers, and pulmonary hypertension (Powars et al. 
 2002 ), they have a higher incidence of retinopathy 
(Platt et al.  1994 ). This ocular complication is 
caused by progressive retinal neovascularization 
leading to hemorrhages and blindness. Thus, 
answer C is correct, because screening for retinop-
athy by referral to an ophthalmologist for dilated 
retinal exam is not only a recommended screening 
measure for all SCD patients, but particularly criti-
cal for those with HbSC. Avascular necrosis is also 
common in HbSC disease (as frequent as in HbSS 
disease) (Milner et al.  1991 ), but there is no estab-
lished screening or preventive measure.   

    Case 10 

 You see a 25-year-old woman with HbSS disease 
who has continued to suffer from severe compli-
cations of SCD in spite of hydroxyurea at maxi-
mum tolerated dose. You have been maintaining 
her on simple monthly transfusions for 16 months 
and her disease has responded, but you are con-
cerned about transfusional hemosiderosis. 

  Question 10.      What is an appropriate measure 
to prevent complications of transfusional 
hemosiderosis in SCD patients? 

    A.    Use of exchange transfusion instead of sim-
ple transfusion   

   B.    Discontinuation of iron chelation when the 
serum ferritin is consistently below 1000 ng/mL   

   C.    Liver biopsy for quantifi cation of liver iron in 
all patients with SCA   

   D.    Yearly electrocardiogram for screening of 
cardiac hemosiderosis in all patients with 
SCD    

    Expert Clinical Perspective     Unlike hemosid-
erosis in thalassemia, hemosiderosis in SCD is 
exclusively transfusional and proportional to the 
number of lifetime transfusions received 
(O’Brien  1978 ). Thus, liver biopsy or other 
methods to quantitate iron, such as MRI of the 
liver and heart, are only indicated in SCD 
patients on chronic transfusions. Also, and less 
ominously, iron is predominantly stored in the 
reticuloendothelial system in SCD and less in 
hepatocytes and myocytes as compared to thal-
assemia (Ghugre et al.  2009 ). There is a correla-
tion between serum ferritin and liver iron 
concentration, although caution should be exer-
cised to base therapeutic decisions on multiple 
serial ferritin measurements, as single isolated 
values can be greatly affected by transient fl uc-
tuations in the disease state and overall infl am-
matory milieu (Adamkiewicz et al.  2009 ). Most 
experts consider initiating treatment when the 
serum ferritin is consistently >1000 ng/mL in the 
setting of a history of >10 lifetime transfusions 
and stopping iron chelation once the serum fer-
ritin is consistently <500 ng/mL. We do not rou-
tinely obtain liver biopsies in patients on iron 
chelation, due to the invasive nature of the test, 
but validate serum ferritin results by liver MRI 
(Wood  2014 ). In patients with particularly high 
iron burden, we also obtain a cardiac MRI for 
iron quantitation, as fatal arrhythmia is the most 
ominous complication of cardiac hemosiderosis. 
Findings of cardiac iron deposition in patients 
with echocardiographic evidence of ventricular 
compromise warrant particularly aggressive iron 
chelation. In these cases, it is our practice to 
combine two iron chelators to achieve more 
rapid iron extraction (Tanner et al.  2007 ), one of 
the two being deferiprone, which was found to 
be more effective for cardiac hemosiderosis in 
the thalassemia literature (Pennell et al.  2006 ; 
Anderson et al.  2002 ). Routine electrocardio-
graphic screening, however, is neither sensitive 
nor specifi c for cardiac hemosiderosis. Finally, 
switching patients from simple to exchange 
transfusion helps preventing or reducing hemo-
siderosis, although at the expense of increased 
donor blood usage and exposure (answer A) 
(Kim et al.  1994 ).   
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    Case 11 

 A 25-year-old man with HbSS disease presents for 
a routine follow-up appointment. He has had rare 
vaso-occlusive episodes which he has been able to 
manage at home with rest, oral opiates, and 
increased oral fl uid intake. He has not suffered from 
acute chest syndrome since childhood and has no 
evidence of organ dysfunction. He uses analgesics 
on an as-needed basis and works full time. 

  Question 11.      Should hydroxyurea be pre-
scribed to this and all patients with HbSS dis-
ease regardless of the severity of their 
phenotype? 

    A.    Yes   
   B.    No    

    Expert Clinical Perspective     One of the 
 apparent (or glaring, according to some) 
 paradoxes of the recent NHLBI SCD guidelines 
is the recommendation that all HbSS children 
should be placed on hydroxyurea regardless of 
the severity of the phenotype, while only HbSS 
adult patients with a severe phenotype (history 
of >3 VOC, severe anemia, severe acute chest 
syndrome should. The rationale for this 
approach is based on both the baby HUG trial, 
in which hydroxyurea was offered to children 
before they developed complications (Wang 
et al.  2011 ), and the MSH trial, in which 
hydroxyurea was offered only to adults with the 
most severe phenotype (Charache et al.  1995 ). 
The recommendation, however, is at odds with 
medical advice to use toxic drugs more cau-
tiously in children than in adults, particularly 
when long-term use is anticipated. Specifi cally, 
long-term risks such as infertility and leukemo-
genesis are more worrisome with the prolonged 
exposure one expects in children, but less of a 
concern in adult patients who face a median age 
of death in the fourth decade (Lanzkron et al. 
 2013 ). Thus, based on these considerations, we 
favor adopting a more liberal approach in adult 
patients. Another argument for offering 
hydroxyurea to all SCA adult patients regard-
less of disease severity is that the available cri-

teria to estimate the severity of the phenotype 
are not ideal. For example, the classic criterion 
of the number of VOC experienced by a patient, 
while correlating with major outcomes such as 
mortality (Platt et al.  1991 ), is infl uenced by 
factors including access to care and resilience 
to pain, which are independent of disease sever-
ity. In addition, based on the known natural his-
tory of the disease, one would expect patients 
to have progressive organ damage regardless of 
whether they are hospitalized for VOC. Thus, 
while we do not disagree with taking an aggres-
sive stance on hydroxyurea for pediatric 
patients, we feel that this should also apply to 
adult patients regardless of the severity of their 
phenotype.  

  Answers 

    Question 1. C  
  Question 2. C  
  Question 3. A  
  Question 4. C  
  Question 5. C  
  Question 6. C  
  Question 7. B  
  Question 8. B  
  Question 9. C  
  Question 10. B  
  Question 11. A         
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      Sickle Cell Disease: Management 
of Complications                      

     Michael     Winstead       and     Elliott     Vichinsky     

         Introduction 

 Sickle cell disease (SCD) describes a family of 
molecular disorders in which patients inherit the 
hemoglobin S (HbS) mutation and a second beta- 
globin mutation that impairs normal hemoglobin 
production and causes clinical sickling. People 
with SCD have a dramatically increased risk of 
pain, lung disease, renal failure, bone necrosis, 
sepsis, stroke, and early death. 

 Acute and chronic complications of SCD 
result from a combination of vaso-occlusion, 
hemolysis, and vasculopathy. At low oxygen ten-
sion, HbS polymerizes, distorting the erythrocyte 
into a sickle shape. Sickled erythrocytes impair 
microvascular circulation, producing ischemia 
and hypoxia-reperfusion injury throughout the 
body. Meanwhile, erythrocyte membrane insta-
bility and oxidative stress result in chronic hemo-
lysis, nitric oxide depletion, and endothelial 
reactivity. All complications of SCD require 
early recognition and aggressive intervention to 
prevent mortality and preserve the patient’s qual-
ity of life. 

   Question 1.     A 34-year-old man with hemoglo-
bin SS is admitted from the ED for management 

of a vaso-occlusive episode (VOE). His pain is 
not controlled by morphine (0.1 mg/kg every 
4 h PRN). The medical staff reports that his 
problems are “mostly psychogenic.” His exam 
is remarkable for scleral icterus, grimacing, 
tachycardia, and leg tenderness. His CBC is 
unchanged from baseline; a metabolic panel 
shows normal electrolytes and a creatinine of 
0.8 mg/dl. 

  Which statement is most correct? 

    A.    Ketorolac is safe if the patient’s creatinine is 
less than 1 mg/dl.   

   B.    The current analgesic regimen is adequate.   
   C.    A patient-controlled analgesia (PCA) device 

will improve pain control.   
   D.    High-dose opioids should be avoided due to a 

risk of addiction.    

   Among the Ga tribe of Ghana, SCD is called 
 chwechweechwe , a word that refl ects patients’ 
gnawing, repetitive pain (Wailoo  2001 ). Half of 
SCD patients in a large observational study expe-
rienced pain more than 67 % of the time (McClish 
et al.  2009 ). A VOE is characterized by acute 
intensifi cation of pain; the episode is typically 
self-limited, lasting about 1 week, after which the 
patient’s pain returns to baseline. Repeated VOEs 
take a serious psychosocial toll and increase the 
risk of early death. No clinical tool can diagnose 
or rule out pain, and there is a danger of inade-
quate treatment if SCD patients’ pain is viewed as 
“psychogenic” or not real. 

        M.   Winstead ,  M.D.    (*) •    E.   Vichinsky ,  M.D.    
  Department of Hematology-Oncology ,  Children’s 
Hospital and Research Center Oakland , 
  Oakland ,  CA ,  USA   
 e-mail: mwinstead@mail.cho.org; 
evichinsky@mail.cho.org  

mailto:evichinsky@mail.cho.org
mailto:mwinstead@mail.cho.org


76

 Most patients treat their pain at home before 
seeking medical care (Smith et al.  2008 ); patients 
who present to the ED for pain management 
should be treated urgently, based on their reported 
symptoms and a standardized pain severity score. 
A thorough history and physical examination can 
identify pain triggers (such as asthma exacerba-
tion) and additional sources of pain (SCD does 
not protect against arthritis, appendicitis, or frac-
tures). Patients with a fever or any respiratory 
symptoms warrant a chest X-ray to evaluate for 
acute chest syndrome. 

 When a patient is hospitalized for VOE, the 
goals of care are threefold (see Table  1 ): pain 
control, assessment for new complications, and 
management of opioid side effects.

   Pain is best controlled by opioids delivered 
through a PCA device, with frequent dosing 
adjustments guided by the patient’s reported 
comfort, usage pattern, and a standardized pain 
assessment tool. Opioid doses must be individu-
alized, and it is essential not to mistake opioid 
tolerance for “drug seeking.” Sedation assess-
ment should accompany pain assessment, with 
opioids titrated to avoid sedation while maintain-
ing analgesia. 

 The role of ketorolac (a high-potency NSAID) 
is controversial due to its association with renal 
failure. Chronic kidney disease is common in 
SCD patients, and alterations in their renal perfu-
sion make serum creatinine an unreliable indica-
tor of kidney function. A randomized controlled 
trial showed no benefi t in adding ketorolac to IV 
opioids for acute pain control (Bartolucci et al. 
 2009 ). While ketorolac may help bony pain in 
patients with no history of kidney disease or pro-
teinuria, its use must be carefully considered. 

 VOE may be prodromal to other SCD compli-
cations, like acute chest syndrome or stroke; new 
complications during a hospitalization for VOE 
are common and often preventable. Incentive spi-
rometry every 1–2 h while awake prevents pul-
monary complications in hospitalized SCD 
patients (Bellet et al.  1995 ). Venous thromboem-
bolism (VTE) prophylaxis is indicated for adult 
patients. 

 Side effects of opioid therapy are best miti-
gated using a standardized supportive care proto-

col. Stool softeners should be started on 
admission, not after constipation develops. 
Pruritus is an expected side effect of narcotics, 
not an allergic reaction; a low-dose naloxone drip 
controls pruritus without the sedative effects of 
antihistamines. Likewise, ondansetron is better 
for nausea than sedating medications like antihis-
tamines or benzodiazepines. 

 Discharge from the hospital is based on the 
patient’s ability to tolerate his or her pain without 
IV medications. Patients often experience physi-
ologic opioid withdrawal, and a gradual opioid 
taper is usually necessary. Lack of follow-up pre-
disposes to hospital readmission and higher mor-
tality (Ballas and Lusardi  2005 ; Leschke et al. 
 2012 ), so all patients require an outpatient 
appointment shortly after discharge. Finally, 
hydroxyurea therapy is indicated for all patients 
with recurrent painful episodes (Yawn et al. 
 2014 ). 

   Question 2.     After 3 days in the hospital, the 
patient from Question  1  develops dyspnea. His 
temperature is 39 °C, and his pulse oximetry 
reading is 92 %. His lungs are clear to ausculta-
tion, but a chest X-ray shows consolidation of the 
left lower lobe. The hemoglobin has dropped 2 g/
dl from baseline. 

  Which is the best next step in 
management? 

    A.    Start a 3-day prednisone burst.   
   B.    Provide albuterol as needed for cough.   
   C.    Start penicillin.   
   D.    Transfuse packed red blood cells (pRBCs).    

   Acute chest syndrome (ACS, conservatively 
defi ned as lung consolidation on X-ray combined 
with fever, respiratory symptoms, or abnormal lung 
exam) is the most common life-threatening com-
plication of SCD. Episodes are often precipitated 
by viral infection (especially respiratory syncytial 
virus), bacterial infection (especially  Mycoplasma  
and  Chlamydia  species), or pulmonary fat embo-
lism from bone marrow infarction (Vichinsky et al. 
 2000 ); SCD also increases the risk of VTE (Naik 
et al.  2013 ). In hospitalized patients, ACS can be 
prevented with incentive spirometry and titration of 
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opioids to avoid sedation; adult patients without a 
contraindication to  anticoagulation should receive 

routine VTE prophylaxis. Patients with comorbid 
 cardiopulmonary disease, especially pulmonary 

   Table 1    General outline of VOE management (with sample drug doses)   

 1.  Home management  
 Non-opioid analgesics  Acetaminophen  325–650 mg PO q4–6 h 

 Ibuprofen  400 mg PO q4–6 h 

 Naproxen  250–500 mg PO q12 h 

 Opioid analgesics  Codeine  30–60 mg PO q4–6 h 

 Hydrocodone  5–10 mg PO q6 h 

 Morphine a   10–30 mg PO q4 h 

 Oxycodone a   5–15 mg PO q4–6 h 

 Other medications  Hydroxyurea (patients with recurrent VOE or other complications) 

 2.  ED or urgent care management  
 Initial assessment  Identify triggers, additional complications, and other medical conditions 

 Evaluate fever or respiratory symptoms with chest X-ray 

 Volume-resuscitate dehydrated patients with 0.9 % saline 

 Pain control  Morphine  0.1–0.15 mg/kg (reassess 
q15–30 min) 

 Hydromorphone  0.02–0.05 mg/kg (reassess 
q15–30 min) 

 3.  Hospital management  
 Pain control b   Morphine or hydromorphone  PCA: basal infusion (60–70 % of total 

hourly dose) with 2–3 on-demand 
boluses per hour c  

 Alternative: IV bolus q2–3 h 
on-demand 

 Adjust opioid doses based on interval assessment 

 Interval assessment (q4–6 h)  Review patient’s symptoms and physical examination 

 Review opioid use 

 Rate pain with a standardized pain severity score 

 Evaluate sedation with a standardized sedation assessment tool 

 Monitor for other complications (e.g., fever, respiratory symptoms) 

 Supportive care 

   Pulmonary d   Incentive spirometry  q1–2 h while awake 

   Hydration  0.2–0.45 % saline  1–1.5× maintenance rate 

   Constipation  Polyethylene glycol  8.5–17 g PO BID 

   Pruritus  Naloxone  0.25 micrograms/kg/h IV infusion 

   Nausea  Ondansetron  8 mg PO/IV q8 h 

   VTE prevention  Heparin or enoxaparin at prophylactic doses 

 Discharge planning  Wean opioids by 10–20 % of the initial dose q1–2 days once pain is improving 

 Convert to an equianalgesic dose of oral pain medication 

 Continue oral opioid taper to avoid physiologic withdrawal 

 Arrange follow-up within 2 weeks of discharge 

  Sample drug doses from   www.uptodate.com    . Doses vary by patient; alternative dosing may be necessary 
  a Consider extended-release morphine or oxycodone for acute outpatient management of severe pain 
  b Consider adding ketorolac for patients with bony pain and no history of renal disease or proteinuria; do not exceed 
3–4 days of use. GI prophylaxis is recommended 
  c Monitor for cardiopulmonary depression 
  d Ambulation helps with pulmonary toilet and should be encouraged along with spirometry  

Sickle Cell Disease: Management of Complications

http://www.uptodate.com/


78

hypertension, have the highest risk of respiratory 
failure and death from ACS (Miller and Gladwin 
 2012 ). 

 Management of ACS is multifaceted, includ-
ing supportive measures, a thorough diagnostic 
evaluation, and a combination of targeted and 
empiric therapy. Continuous cardiopulmonary 
monitoring and pulse oximetry are necessary, and 
it is important to continue providing analgesia, 
which prevents splinting. IV hydration must be 
given judiciously, as fl uid overload can worsen 
pulmonary symptoms. Blood cultures should be 
obtained before starting treatment. Serology or 
nucleic acid testing for atypical bacteria and 
viruses may also be considered. Patients at high 
risk for VTE should undergo diagnostic imaging, 
such as CT angiography. Finally, bronchoscopy 
may identify pulmonary macrophages containing 
hemosiderin or bone marrow fat (Vichinsky et al. 
 2000 ) and can also treat airway complications 
like mucus plugging and plastic bronchitis. 

 All patients with ACS require empiric antibiot-
ics, covering gram-positive bacteria and atypical 
organisms (e.g., a third-generation cephalosporin 
and a macrolide). ACS leads to airway reactivity, 
even in the absence of preexisting asthma 
(Vichinsky et al.  2000 ); unless bronchoreactive 
airway disease is ruled out by pulmonary function 
testing, all patients with ACS should receive 
scheduled albuterol. Therapeutic anticoagulation 
should be started in patients with evidence of 
VTE. Simple transfusion is effective for shorten-
ing the course of ACS. In severe cases, exchange 
transfusion may be necessary. 

 Corticosteroid treatment for ACS is contro-
versial. Steroids are associated with improve-
ment in pulmonary symptoms but carry a risk of 
rehospitalization (Bernini et al.  1998 ; Strouse 
et al.  2008 ; Sobota et al.  2010 ). Steroids may 
benefi t patients with severe ACS and those with a 
history of asthma. Because abrupt discontinua-
tion can trigger rebound symptoms, any steroids 
prescribed to an SCD patient should be tapered 
rather than pulsed. 

  Question 3.     A 24-year-old woman with hemo-
globin SS presents with lower back pain. Her 

back has bothered her for “a long time,” but the 
pain became unbearable after she went dancing 
last night. On examination she is uncomfortable 
appearing and afebrile. Her back and extremities 
are not tender, but she resists internal rotation of 
the left hip; X-ray shows irregularity of the femo-
ral head. 

  Which of the following is most accurate? 

    A.     Salmonella  infection is likely causing her 
pain.   

   B.    The patient should not bear weight on the 
affected leg.   

   C.    Immediate surgery is indicated.   
   D.    Delayed-release opioids are the optimal long- 

term management.    

   Avascular necrosis (AVN) is a debilitating dis-
order that most often affects the femoral head. 
Patients present with any combination of back, 
fl ank, hip, or knee pain, which typically improves 
when the affected hip is externally rotated; inter-
nal rotation and abduction may be exquisitely 
painful. History and exam fi ndings are usually 
suffi cient to rule out acute bony infarction or 
osteomyelitis, but imaging is necessary to diag-
nose AVN and to guide treatment. Pelvic X-ray 
shows degenerative changes in the femoral head 
(see Table  2 ), which can be further investigated 
with MRI.

   Long-term management of AVN requires a 
multidisciplinary team, including hematology, 
rehabilitation, and orthopedics. First-line man-
agement involves pain relief and physical therapy 
(Yawn et al.  2014 ). Patients should be screened 
regularly for limb-length discrepancy and scolio-
sis, which benefi t from shoe lifts and orthotics. 
Flares of pain in the affected hip are associated 
with transient synovitis, often from overuse. 
Patients with acute exacerbations of AVN-related 
pain should be kept non-weight-bearing, using 
crutches or a wheelchair, until their pain returns 
to baseline. Opioids and NSAIDs are useful in 
the acute setting, but analgesics alone are not suf-
fi cient for chronic treatment. 

 The indications for surgery in SCD patients 
with AVN are controversial. Defi nitive surgical 
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treatment is total hip arthroplasty, but younger 
patients may benefi t from temporizing measures 
to delay the fi rst hip replacement. Core decom-
pression involves drilling through the femoral 
head, which releases acetabular pressure and 
stimulates bone remodeling. The procedure slows 
progression of AVN, and half of patients experi-
ence immediate pain relief (Styles and Vichinsky 
 1996 ). Coring is equally effective to physical 
therapy for mild-to-moderate cases (Neumayr 
et al.  2006 ), but it is unlikely to benefi t patients 
with AVN stage IV or higher. Articular steroid 
injections have also been used but are not well 
studied in SCD patients. The decision to pursue 
surgery should be based on a comprehensive 
assessment of the patient’s functional status, and 
any hip procedure should be performed by a sur-
geon with experience managing SCD patients. 

   Question 4.     A 6-year-old boy with hemoglobin 
SC presents with pallor and fatigue. Physical 
examination shows tachycardia, tachypnea, and 
delayed capillary refi ll. He has a prominent sys-
tolic murmur and a pulsatile abdominal mass 
extending to the left pelvic brim. His hemoglobin 
concentration is 6 g/dl (baseline 10 g/dl) with 
15 % reticulocytes, and his platelet count is 
75,000. 

  Which is most appropriate? 

    A.    Transfuse packed red blood cells (pRBCs) to 
a goal hemoglobin of 12 g/dl.   

   B.    Transfuse pRBCs to goal hemoglobin of 8 g/
dl.   

   C.    Transfuse one unit of apheresed platelets.   
   D.    Consult surgery for emergent splenectomy.    

   Acute splenic sequestration (characterized by 
tender splenomegaly, anemia, and reticulocyto-
sis) is a life-threatening event. An engorged 
spleen can hold most of the patient’s blood vol-
ume, leading to hypovolemic shock. Platelets are 
also sequestered, but bleeding is uncommon. The 
initial goals of management are volume resusci-
tation and immediate pRBC transfusion. Care 
must be taken to transfuse an appropriate volume 
for the patient’s size and baseline hemoglobin 
concentration. Typically the spleen releases its 
sequestered blood after 48–72 h, and there is a 
risk of hyperviscosity if the patient’s hemoglobin 
is already elevated at the time of this 
“autotransfusion.” 

 All children with hemoglobin SS develop 
functional asplenia in the fi rst years of life, plac-
ing them at high risk of pneumococcal sepsis 
(Brousse et al.  2014 ). The spleen completely 
involutes by age 5, and sequestration events are 
not seen beyond early childhood (Gill et al. 
 1995 ). Patients with hemoglobin SC may retain 
their spleens into the second or third decade of 
life, but older children and young adults are more 
likely to develop chronic hypersplenism than 
acute sequestration (Zimmerman and Ware 
 2000 ). Educating a patient’s family about splenic 
complications of SCD and teaching caregivers to 
examine their child’s spleen helps ensure that 

   Table 2    AVN staging and possible treatment   

 Stage a   Radiographic fi ndings  Possible treatment 

 0  Normal X-ray and 
MRI 

 Symptom 
management b  

 I  Normal X-ray  Symptom 
management 

 Abnormal MRI or 
bone scan 

 Physical therapy c  

 II  Femoral head 
sclerosis and pore 
formation 

 Symptom 
management 

 Physical therapy 

 Core decompression d  

 III  Subchondral collapse  Symptom 
management 

 Physical therapy 

 Core decompression 

 Hip replacement 

 IV  Femoral head 
fl attening 

 Symptom 
management 

 Physical therapy 

 V  Joint narrowing  Hip replacement 

 VI  Advanced 
degeneration 

   a Adapted from Steinberg et al. ( 1995 ) 
  b Consider NSAIDs, opioids, and non-weight-bearing sta-
tus for acute pain fl ares 
  c Includes regular evaluation by a rehabilitation specialist 
with experience treating AVN and regular evaluation for 
limb-length discrepancy and scoliosis 
  d Early evaluation by an orthopedist with experience man-
aging SCD patients is indicated for all patients with AVN  
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sequestration events are recognized and evalu-
ated promptly. 

  Question 5.     The patient described in Question  4  
is transfused emergently with two units of type 
O-negative blood. 

  Which of the following is true? 

    A.    Rh-negative blood contains no Rhesus group 
antigens.   

   B.    The patient is most likely to have an immune 
reaction to the P1 antigen.   

   C.    Extended antigen matching decreases the risk 
of alloimmunization.   

   D.    All blood products must be irradiated before 
transfusion to SCD patients.    

   Patients with SCD are much more likely than 
the general population to produce antibodies 
against donated RBCs (Chou  2013 ). Differences 
in erythrocyte antigen expression between the 
largely Caucasian blood donor pool and the pre-
dominately African-American SCD population 
result in exposure to “non-self” blood group anti-
gens (Yazdanbakhsh et al.  2012 ); the risk of sen-
sitization rises with repeated transfusions (Rosse 
et al.  1990 ). Alloimmunized patients may subse-
quently develop autoantibodies, which further 
complicate transfusion. ABO matching is, of 
course, essential, but more extensive matching of 
minor blood groups reduces the risk of sensitiza-
tion (Lasalle-Williams et al.  2011 ). 

 Conventional Rh typing screens for the D anti-
gen but excludes other highly immunogenic 
Rhesus (C, E) and Kell (K) antigens. Other blood 
groups are variably immunogenic, but any minor 
antigen can cause sensitization and subsequent 
transfusion reaction (Chou et al.  2013 ). All SCD 
patients should have an extended RBC phenotype 
performed as part of routine health maintenance 
(see Table  3  for our institutional standard). If a 
patient has recently been transfused, blood group 
antigen genotyping is the best alternative; there is 
a small degree of genotype-phenotype mismatch 
(Casas et al.  2015 ).

   Transfusion is a vital part of SCD care, and it 
is crucial that the blood bank have ready access to 

phenotypically matched blood for both scheduled 
transfusions and for emergencies. Patients with a 
history of alloimmunization require particular 
attention. Most alloantibodies become undetect-
able in the circulation within months (Chou et al. 
 2013 ). Detailed records of the patient’s transfu-
sion history, phenotype, and previous antibodies 
can prevent reexposure to an antigen and a poten-
tial anamnestic transfusion reaction.

    Question 6.     A 30-year-old woman with hemo-
globin SS receives a pRBCs transfusion prior to 
cholecystectomy. She has a history of an anti-Jk b  
antibody; phenotypically matched blood is given. 
She develops fever, jaundice, and dark urine 
7 days later. Her hemoglobin concentration is 
6.5 g/dl, compared to 9 g/dl before transfusion, 
with a reticulocyte fraction below 1 %. The total 
bilirubin is 10 mg/dl; lactate dehydrogenase is 
1,000 iu/L. Direct and indirect antiglobulin tests 
are negative. The patient becomes tachycardic 
and hypotensive. 

  True or false: Immunosuppression and 
transfusion are indicated.   

   Table 3    Sample RBC antigen phenotype   

 Blood group  Antigens 
 Relative frequency of 
alloimmunization 

 Rhesus 1   D  +++++ 

  C  2   +++++ 

 c 

  E   +++ 

 e 

 Duffy   Fy  a   ++ 

  Fy   b    + 

 Kell   K   + 

 Kidd  Jk a   + 

  Jk   b    ++ 

 Lewis  Le a   + 

 Le b  

 MNS  M  ++ 

 N  + 

  S   ++ 

 s 

 P  P1 

   1 Partial expression of Rh antigens occurs in people of 
African descent (Silvy et al.  2014 ) and further compli-
cates Rh typing 
  2 Underscored antigens are more frequently expressed by 
Caucasian than African-American individuals  
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 Hyperhemolysis syndrome (HHS) is a rare 
but life-threatening form of delayed hemolytic 
transfusion reaction, described most often in 
SCD patients (Santos et al.  2015 ). In contrast to 
other hemolytic transfusion reactions, the hall-
mark of HHS is destruction of both transfused 
and endogenous erythrocytes, resulting in a 
hemoglobin concentration lower than the pre-
transfusion baseline (Sanders et al.  2007 ). 
Alloantibodies are often not identifi ed, and anti-
globulin tests may be negative even in the face of 
acute hemolysis (Talano et al.  2003 ). The patho-
genesis of HHS remains obscure. Macrophage 
and complement activation likely cause intra- 
and extravascular “bystander” hemolysis; reac-
tive reticulocytosis may be absent, again in 
contrast to other hemolytic transfusion reactions 
(Win  2009 ). 

 Patients may require intensive care for moni-
toring and blood pressure support. Aggressive 
hydration is necessary, due to a risk of renal tubu-
lar injury and pigment nephropathy. In severe 
cases progressive anemia leads to stroke, multior-
gan failure, and death; additional transfusions are 
critical for patients with severe anemia or hemo-
dynamic compromise. However, blood products 
must be given judiciously, as they can exacerbate 
the hemolysis (Yazdanbakhsh et al.  2012 ). 
Corticosteroids and IVIG, which appear to blunt 
hyperhemolysis and shorten the course of illness, 
are the most frequently described treatment regi-
men (Win  2009 ); rituximab has been reported 
more recently as an adjunctive immunosuppres-
sant (Bachmeyer et al.  2010 ). In reticulocytope-
nic patients, high-dose recombinant 
erythropoietin may help. Exchange transfusion 
has also been reported (Uhlmann et al.  2014 ). 
Unfortunately, there is no evidence on the opti-
mal therapy. 

   Question 7.     A 40-year-old man with hemoglo-
bin SS is reestablishing care after years without 
health insurance. He underwent cholecystectomy 
at age 25 and has a nonhealing leg ulcer. On 
review of systems, he reveals (with embarrass-
ment) that he has diffi culty maintaining an erec-
tion during intercourse, but he frequently 
develops erections at inopportune times. 

  Which of the following is appropriate treat-
ment for this condition? 

    A.    Emergent needle aspiration for prolonged 
episodes   

   B.    Daily pseudoephedrine prophylaxis   
   C.    Evaluation for urologic surgery   
   D.    Reassurance and observation   
   E.    A, B, and C    

   Priapism (persistent erection of the penis in 
the absence of sexual stimulation) affects up to 
45 % of men with SCD (Adeyoju et al.  2002 ), but 
many are too embarrassed to report it. A detailed 
review of systems or health questionnaire pro-
vides an opportunity to discuss the issue. Either 
stuttering priapism (clusters of recurrent, rela-
tively brief erections) or acute priapism (a pro-
longed, often painful erection) can lead to erectile 
dysfunction and may refl ect severe systemic vas-
culopathy (Nolan et al.  2005 ). 

 Management of priapism usually begins at 
home: drinking fl uids, urinating, exercise, and 
warm baths have all been cited as conservative 
interventions (Kato  2012 ). Prolonged episodes 
require immediate intervention to prevent per-
manent penile injury. The best emergent treat-
ment is needle aspiration of the cavernous 
bodies, followed by irrigation and injection of a 
sympathomimetic agent (e.g., phenylephrine), 
to relax vascular smooth muscle and increase 
venous outfl ow (Montague et al.  2003 ). After 
the erection subsides, patients should be admit-
ted to the hospital for IV hydration and 
monitoring. 

 Strategies to prevent future priapism episodes 
are not well studied, but several interventions 
have anecdotal support (Kato  2012 ). Prophylactic 
pseudoephedrine (30–60 mg by mouth daily) 
appears to prevent recurrence. Patients may ben-
efi t from a 6-month trial of chronic transfusion or 
hydroxyurea. Sildenafi l and antiandrogen drugs 
like leuprolide have been used, but patients must 
be carefully monitored for side effects. For 
patients whose priapism does not respond to 
medical therapy and those with erectile dysfunc-
tion, surgical intervention may be necessary. 
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  Question 8.     As part of his routine health main-
tenance, the patient described in Question  7  
undergoes echocardiography. The tricuspid 
regurgitant jet velocity (TRjet) is 2.7 m/s, with 
normal biventricular function. The patient reports 
chronic fatigue, but a screening questionnaire 
reveals no overt cardiopulmonary symptoms. 

  Which of the following is most 
appropriate? 

    A.    Start sildenafi l.   
   B.    Start hydroxyurea.   
   C.    Do not start any medications until the TRjet is 

higher than 3 m/s.   
   D.    Defer treatment until the patient undergoes 

cardiac catheterization.    

   Most SCD patients have chronic lung dis-
ease (see Table  4 ), with an epidemiologic shift 
from obstructive lung disease in childhood to 
restrictive lung disease and pulmonary hyper-
tension (PH) in adulthood (Intzes et al.  2013 ; 
Klings et al.  2006 ). Lung disease of any kind is 
an independent risk factor for early death, and 
patients with PH are up to ten times more likely 
to die than those without (Gladwin et al.  2004 ). 

Early evaluation by a pulmonologist, prefera-
bly in a comprehensive SCD clinic, is appro-
priate for patients with evidence of airway 
disease. All adults with SCD require echocar-
diography to screen for PH. In addition, 
patients should be screened regularly for car-
diopulmonary symptoms with a detailed ques-
tionnaire (see Table  5 ).

   The best noninvasive marker of PH is TRjet 
on echocardiogram. A portion of SCD patients 
with elevated TRjet do not have elevated pulmo-
nary artery wedge pressure (PAWP) on cardiac 
catheterization (Parent et al.  2011 ), which has led 
to controversy surrounding the interpretation of 
echocardiographic fi ndings. Elevated TRjet is 
associated with sleep apnea and VTE, and it 
likely refl ects generalized vascular and rheologi-
cal abnormalities; even in the absence of elevated 
PAWP, SCD patients with a TRjet above 2.5 m/s 
have an increased risk of death (Klings et al. 
 2014 ). Managing these patients involves optimiz-
ing their overall health (e.g., by evaluating for 
sleep-disordered breathing) and their SCD care. 
A recent guideline from the American Thoracic 
Society recommends hydroxyurea as a safe 
 intervention to reduce mortality in patients with 

   Table 4    Chronic lung disease in SCD   

 Diagnosis  Onset  Prevalence  Potential treatment a  

 Obstructive lung 
disease 

 Early childhood  Childhood: 50–70 %  Inhaled therapy 

 Adulthood: 5–10 %    Albuterol 

   Corticosteroids (e.g., budesonide, fl uticasone) 

   Long-acting beta-agonist/steroid combinations 

 Systemic therapy 

   Corticosteroids (e.g., prednisone, 
dexamethasone) 

   Taper with caution (see Question  2 ) 

 Sleep-disordered 
breathing 

 Adolescence  50–75 %  Weight management 

 Nighttime positive pressure ventilation 

 Tonsillectomy/adenoidectomy 

 Restrictive lung 
disease 

 Early adulthood  60–70 %  Management of comorbidities 

 Pulmonary 
hypertension 

 Adulthood  TRjet ≥2.5 m/s: 
15–30 % 

 Hydroxyurea 

 Chronic transfusion 

 PAWP >25 mmHg: 
6–11 % 

 Targeted therapy 

   a Evaluation by a pulmonologist and/or cardiologist with experience treating SCD patients is indicated for all patients 
with suspected or proven cardiopulmonary disease  
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elevated TRjet; chronic transfusion is an 
 alternative for those unable to receive hydroxy-
urea (Klings et al.  2014 ). It is also important to 
repeat echocardiography regularly, to identify 
patients with worsening disease. 

 Patients with cardiopulmonary symptoms or a 
TRjet above 3 m/s require cardiac catheterization 
(Klings et al.  2014 ). Those with an elevated 
PAWP may benefi t from additional PH-directed 
therapy. Since a randomized controlled trial asso-
ciated sildenafi l with increased pain (Machado 
et al.  2011 ), this drug is not currently 
recommended. 

  Question 9.     The parents of a 9-year-old girl 
with hemoglobin SS are concerned that her aca-
demic performance is declining, despite appro-
priate assistance at home and in school. An MRI 
with magnetic resonance angiography (MRA) of 
the brain shows a 3 cm right frontal infarction, 
which does not correspond to any defi cit on a 

thorough neurological exam. Annual transcranial 
Doppler (TCD) ultrasounds have always been 
normal. 

  True or false: This patient may benefi t from 
chronic transfusion.   

 Since the landmark STOP trial, the standard of 
care for preventing stroke in children with SCD 
has been regular surveillance TCD, with chronic 
transfusion for patients whose TCDs show abnor-
mal cerebral arterial fl ow (Adams et al.  1998 ). 
Unfortunately, other neurological complications 
of SCD remain prevalent (Bernaudin et al.  2011 ). 
Even in the absence of abnormal TCD, declining 
school performance or neurological soft signs 
can suggest serious cerebral pathology; MRI/
MRA of the brain (including the vertebral arter-
ies) is useful for identifying cerebral vasculopa-
thy and infarction. 

 Silent cerebral infarction (SCI, defined as 
brain necrosis on neuroimaging that does not 
correspond to a deficit on physical exam) 
occurs in up to 37 % of children with SCD, 
regardless of TCD status (Bernaudin et al. 
 2011 ). Contrary to its benign name, SCI pre-
disposes patients to intellectual impairment 
and stroke (Miller at al.  2001 ); however, the 
optimal management of SCI remains contro-
versial. The recently published Silent 
Cerebral Infarcts Multi-Center Clinical Trial 
(SIT), comparing transfusion to standard 
SCD care for young patients with SCI, 
showed that chronic transfusion reduces the 
occurrence of stroke and infarct progression 
(DeBaun et al.  2014 ). This study did not 
show improved intellectual function in the 
transfused group over 3 years of observation. 
Other interventions like hydroxyurea may 
help with SCI but have not been rigorously 
studied. 

  Question 10.     A 19-year-old young man with 
hemoglobin SS presents to the emergency depart-
ment with left-sided hemiparesis and slurred 
speech. Computed tomography (CT) of the 
patient’s head is unremarkable; CBC shows a 
hemoglobin concentration of 7 g/dl compared to 
a baseline of 8.5 g/dl. 

   Table 5    Sample cardiopulmonary screening questions   

 Consider cardiology evaluation for patients with any of 
these symptoms: 

 1.  Do you feel short of breath: 

   At rest? 

   With minimal exertion? 

 2.  How far can you walk before stopping due to 
shortness of breath? 

 2.1    How far can you walk uphill before stopping? 

 2.2    How many fl ights of stairs can you climb 
before stopping? 

 3.  Do you have chest pain with exertion? 

 4.  How long have you felt short of breath? 

 5.  Do you have diffi culty breathing: 

   While asleep? 

   While lying in bed? 

 6.  Have you ever: 

   Passed out? 

   Felt like you were going to pass out? 

 7.  Do you feel light-headed or dizzy: 

   At rest? 

   With exertion? 

 8.  Do you have swelling: 

   In your legs? 

   In your abdomen? 

  Adapted from Klings et al. ( 2014 )  
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  Which of the following is most 
appropriate? 

    A.    Defer treatment pending results of diffusion- 
weighted MRI.   

   B.    Rule out acute stroke based on the CT fi ndings.   
   C.    Wait 24 h to ensure that the patient does not 

have a TIA.   
   D.    Arrange for immediate exchange 

transfusion.    

   In the Cooperative Study of Sickle Cell 
Disease, 24 % of subjects had a stroke by age 45; 
nearly half of these strokes occurred in children 
under age 20 (Ohene-Frempong et al.  1998 ). 
Although some patients present with intracranial 
hemorrhage, a majority of strokes are ischemic 
(Ohene-Frempong et al.  1998 ) and may not 
immediately appear on CT. For patients with overt 
neurologic signs, immediate treatment is impera-
tive. Diffusion-weighted MRI with MRA should 
be obtained after the patient is stabilized, to assess 
the degree of cerebral injury and to identify vas-
culopathies (e.g., moyamoya syndrome) that may 
require surgical intervention. Patients with subtler 
signs (including severe headache), in whom the 
clinical diagnosis of stroke is more diffi cult, 
require urgent evaluation with diffusion-weighted 
MRI/MRA to confi rm the diagnosis. 

 Transfusion is the cornerstone of stroke man-
agement in SCD patients. Exchange transfusion, 
typically via automated apheresis is associated 
with lower mortality and a lower incidence 
of secondary stroke than simple transfusion 
(Hulbert et al.  2006 ). If urgent exchange transfu-
sion is not feasible, simple transfusion is prefera-
ble to delaying care. Regardless of the transfusion 
technique, the optimal regimen maintains a hemo-
globin concentration around 10 g/dl with an HbS 
fraction below 30 % (Swerdlow  2006 ). 

  Question 11.      After the patient described 
above recovers from this acute event, which is 
appropriate for his long-term management? 

    A.    Chronic transfusions with iron chelation 
therapy   

   B.    Evaluation for hematopoietic stem cell trans-
plantation (HSCT)   

   C.    Hydroxyurea alone   
   D.    A and B    

   Without prophylaxis after a first stroke, 
half of SCD patients have a second stroke 
(Powars et al.  1978 ). Monthly transfusion 
(simple or exchange) targeting an HbS frac-
tion below 30 % reduces the incidence of 
recurrent stroke. Long-term  transfusion comes 
with potential side effects, like alloimmuniza-
tion and iron overload, but no alternative to 
chronic transfusion is equally effective. 
Hydroxyurea, which appears to decrease 
stroke risk and lower TCD velocity, may be an 
option for primary stroke prophylaxis in 
patients unable to receive chronic transfusion. 
However, the Stroke With Transfusion 
Changing to Hydroxyurea (SWiTCH) trial 
demonstrated a significant increase in strokes 
when transfused patients were switched to 
hydroxyurea for secondary stroke prophylaxis 
(Ware and Helms  2012 ). 

 The only curative treatment for SCD is 
HSCT. All patients with symptomatic SCD and 
a sibling donor should be evaluated for trans-
plantation. For patients without HLA-matched 
siblings, experimental therapies like unrelated 
donor transplantation or haploidentical trans-
plantation may be feasible, although the 
increased risks of these procedures must be 
weighed against the severity of the patient’s dis-
ease (King and Shenoy  2014 ). In any case, 
patients undergoing HSCT warrant referral to a 
transplant center with expertise in 
hemoglobinopathies. 

 Recently, gene therapy has shown success in 
treating beta-thalassemia, and similar techniques 
hold promise for patients with SCD. Unlike con-
ventional HSCT, gene therapy is an autologous 
procedure, in which the patient’s own stem cells 
are transduced with a new beta-globin gene; there 
is no need to identify a marrow donor and no risk 
of graft-versus-host disease (Chandrakasan and 
Malik  2014 ). Clinical trials of gene therapy for 
SCD are expected to open soon.      
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         Introduction 

 Sickle cell disease (SCD) affects approximately 
100,000 people in the United States and over 25 
million people worldwide. The hemoglobin S 
mutation in the β-globin chain leads to hemoglo-
bin polymerization under deoxygenated condi-
tions and results in a myriad of acute and chronic 
complications and early death. 

 Hydroxyurea is the only FDA-approved ther-
apy currently available to treat people with 
SCD. Although it ameliorates the frequency of 
vaso-occlusive crises, acute chest syndrome, and 
transfusion requirements (Charache et al.  1995 ) 
and may improve survival (Steinberg et al.  2010 ), 
it is less effective in preventing chronic vasculopa-
thy and organ damage (Ware et al.  2012 ). Chronic 
transfusion therapy is another important therapy 
for treating SCD, particularly for primary and sec-
ondary stroke prevention. However, transfusion 
therapy is associated with iron overload, red blood 
cell (RBC) alloimmunization, and infections, and 
new cerebral infarcts can occur despite adequate 
transfusion therapy (Hulbert et al.  2011 ). Non-
transplant strategies do not offer a cure for SCD. 

 Allogeneic hematopoietic cell transplantation 
(allo-HCT) is the only curative option currently 
available for SCD. It is estimated that over 1200 

allo-HCT have been performed worldwide with 
the majority being performed in children with 
HLA-matched sibling donors (MSD) (Gluckman 
 2013 ). The conditioning regimens and alternative 
donor strategies continue to evolve.  

    Case 1: Review Indications 
and Outcomes of Allo-HCT 
in Patients with SCD 

 A 14-year-old female with SCD (type Hb SS) 
presents for a consult evaluation for allo- HCT. 
Her clinical course has been complicated by ane-
mia with baseline hemoglobin of 6.4 g/dL, fre-
quent veno-occlusive crises (VOC) (fi ve per year 
requiring hospitalization), and two lifetime epi-
sodes of acute chest syndrome despite being on 
hydroxyurea therapy. Last month, the patient 
developed acute left-sided paresis with an MRI 
showing a cerebral infarct, and she was treated 
with an exchange transfusion with resolution of 
her symptoms. 

  Question 1.      What are the indications for 
 allo- HCT in this patient? 

    A.    Severe anemia, defi ned as a baseline hemo-
globin <7.0 g/dL   

   B.    Frequent VOC (≥3 per year) requiring medi-
cal attention despite hydroxyurea therapy   

   C.    Prior history of two episodes of acute chest 
syndrome despite hydroxyurea therapy   
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   D.    Cerebral infarct with resolution of symptoms 
after an exchange transfusion   

   E.    Choices B, C, and D    

    Expert Perspective     Balancing the risks versus 
benefi ts of allo-HCT in patients with a chronic dis-
ease, such as SCD, is challenging because the 
majority of the acute complications can be medi-
cally managed, while the more severe and life- 
threatening complications are diffi cult to predict. 
Several large, prospective cohorts have investi-
gated clinical predictors for SCD severity and have 
identifi ed that a history of acute chest syndrome, 
stroke, ≥3 VOC per year requiring a visit to a med-
ical facility, chronic kidney disease, retinopathy, 
leg ulcers, or cardiopulmonary disease are predic-
tors for early mortality (Platt et al.  1994 ; Steinberg 
et al.  2003 ; Powars et al.  2005 ; Gladwin et al. 
 2004 ). Many of these predictors have been used as 
eligibility criteria for allo-HCT evaluation in SCD 
(Table  1 ) (Walters et al.  1996b ; Bernaudin et al. 
 2007 ; Vermylen and Cornu  1994 ; Hsieh et al. 
 2014 ; Bolanos-Meade et al.  2012 ). Among these 
complications, central nervous system (CNS) dis-
ease (stroke or silent infarcts with impaired cogni-
tive function on neuropsychologic exam) and 
recurring episodes of acute chest syndrome or 
VOC despite hydroxyurea therapy are the most 
common indications for allo-HCT in SCD patients.

   Although a decrease hemoglobin concentra-
tion may be a risk factor for SCD-related compli-
cations such as stroke (Ohene-Frempong et al. 
 1998 ) or acute chest syndrome (Castro et al. 
 1994 ), it by itself is not considered a risk factor 
warranting evaluation for allo-HCT. There is 
some debate whether patients with SCD should 
have allo-HCT evaluation deferred until chronic 
organ damage or frequent acute complications 
manifest themselves. In a cohort of 50 SCD 
patients who underwent allo-HCT (36 symptom-
atic and 14 asymptomatic SCD patients), overall 
survival (OS) (93 % vs. 100 %, respectively), 
disease-free survival (80 % vs. 93 %, respec-
tively), and severe graft-versus-host disease 
(GvHD) (11 % vs. 0 %, respectively) favored 
those SCD patients that were asymptomatic 
(Vermylen and Cornu  1994 ). However, the symp-
tomatic SCD patients were also signifi cantly 
older than the asymptomatic SCD patients in this 
study (median age of 9 years vs. 2 years, respec-
tively;  P  = 0.0016). Subclinical organ damage 
accumulates with increasing age and this may be 
a risk factor for GvHD, confounding the results 
of this study. 

 In the current era of hydroxyurea and transfu-
sion therapy, there are no available models that 
can predict SCD severity before clinically overt 
complications have developed.  

   Table 1    Typical indications for allo-HCT in patients with sickle cell disease   

 Pediatric/adolescent cohorts (Walters et al.  1996b )  Adult cohorts (Hsieh et al.  2014 ) 
 Indications for HCT  Stroke  Stroke 

 Silent infarcts/cognitive defi ciency  VOC ≥2 per year 

 Abnormal TCD with arterial stenosis  Acute chest syndrome 

 VOC ≥2 per year  ≥2 red blood cell antibodies 

 Acute chest syndrome  Avascular necrosis of multiple joints 

 ≥2 red blood cell antibodies and on chronic 
transfusion therapy 

 Chronic kidney disease 

 Avascular necrosis of multiple joints  TRJV >2.5 m/s 

 Chronic kidney disease  Sickle hepatopathy 

 Sickle lung disease 

 Bilateral proliferative retinopathy 

   Allo-HCT  allogeneic hematopoietic stem cell transplantation,  TCD  transcranial Doppler,  VOC  vaso-occlusive crisis, 
 TRJV  tricuspid regurgitant jet velocity  
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  Question 2.      Which of the following therapies 
is not a preferred approach? 

    A.    Filgrastim 5 mcg/kg/day until neutrophil 
engraftment (ANC >1000/mm 3  for three con-
secutive days)   

   B.    Platelet transfusions to maintain platelet 
count >50 × 10 9  cells/L   

   C.    Red blood cell transfusions to maintain 
hemoglobin concentrations at approximately 
10 g/dL   

   D.    Oral penicillin 250 mg bid until pneumococ-
cal vaccinations are completed    

    Expert Perspective     Filgrastim has been associ-
ated with increased complications, including 
death, in patients with SCD and is relatively con-
traindicated in this patient. In a case series of 11 
SCD patients that received fi lgrastim, either for 
post-chemotherapy neutropenic fever prophy-
laxis ( n  = 2) or for mobilizing hematopoietic cells 
for allogeneic ( n  = 1) or autologous donation 
( n  = 8), seven patients had complications requir-
ing hospitalization (Fitzhugh et al.  2009 ). Two of 
the seven patients developed multi-organ failure 
with one death, four had VOCs, and one had both 
a VOC and acute chest syndrome. In contrast, fi l-
grastim is generally well tolerated in individuals 
with sickle cell trait. In a study comparing the 
effects of fi lgrastim for hematopoietic cell mobi-
lization in sickle cell trait (Hb AS) versus control 
subjects (Hb AA), no unexpected adverse events 
with similar CD34+ graft sizes and cell recovery 
after thawing were observed (Kang et al.  2002 ). 

 Preexisting CNS disease is a risk factor for neu-
rologic complications in the after allo-HCT period 
and requires aggressive supportive measures. In a 
cohort of 21 SCD patients who underwent allo-
HCT, three of eight patients with a prior stroke 
developed intracranial hemorrhage (ICH) com-
pared to 0 out of 13 without a history of stroke 
( P  = 0.03) (Walters et al.  1995 ). Two out of the 
three patients with ICH had platelet counts 
<50 × 10 9  cells/L, while no episodes of ICH 
occurred in three patients with a stroke history 

who had platelet counts maintained >50 × 10 9  
cells/L. Patients with a history of stroke are also at 
risk for stroke recurrence if adequate transfusion 
goals are not maintained in the after allo- HCT 
period leading to guidelines for maintaining a 
hemoglobin concentration between 9 and 11 g/dL. 

 Functional asplenia in SCD increases the risk 
for  Streptococcus pneumoniae  infection, and the 
case fatality rate prior to penicillin prophylaxis 
was 35 % (Gaston et al.  1986 ). Penicillin prophy-
laxis reduces the incidence of  S. pneumoniae  
infection by 84 % and decreases the risk of death 
from pneumococcal septicemia. The current NIH 
guidelines recommend penicillin prophylaxis 
from early infancy until the age of 5 years old and 
pneumococcal vaccination (Yawn et al.  2014 ). 
Since the adaptive immunity is signifi cantly com-
promised after allo-HCT, penicillin prophylaxis 
is part of standard guidelines until the patient can 
be revaccinated against  S. pneumoniae .  

  Case Continues     The patient successfully under-
goes an HLA-MSD allo-HCT using a myeloabla-
tive conditioning regimen. She presents 1 year 
after allo-HCT and asks what her risks are for 
stroke recurrence.  

  Question 3.      Which of the following is true 
about long-term effects of allo-HCT on the 
CNS and risk of stroke recurrence? 

 Answer 
 Cerebral 
arterial velocity 

 Cognitive 
function 

 Risk of 
stroke 
recurrence 
vs. chronic 
transfusion 

 A.  Worsening  Worsening  Greater 

 B.  Stable  Worsening  Equivalent 

 C.  Stable  Stable  Equivalent 

 D.  Stable  Stable  Lower 

 E.  Improvement  Stable  Lower 

     Expert Perspective     CNS disease, including 
stroke or silent infarcts, abnormal transcranial 
doppler velocities despite red blood cell transfu-
sions, and arterial stenosis on imaging account 
for up to 50 % of the indications for allo-HCT in 
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SCD patients. In those SCD patients that achieve 
a stable, long-term engraftment after HCT, such 
as this patient, the risks of subsequent CNS 
events are reduced (Table  2 ) (Bernaudin et al. 
 2007 ; Walters et al.  2010 ; Dallas et al.  2013 ; 
Woodard et al.  2005 ; Mynarek et al.  2013 ).

   There are some CNS complications that SCD 
patients are at risk for after allo-HCT. Seizures, 
which occur in 21–36 % of SCD patients under-
going allo-HCT, have been associated with corti-
costeroid use for GvHD and arterial hypertension 
(Bernaudin et al.  2007 ; Vermylen and Cornu 
 1994 ; Dedeken et al.  2014 ). Transient ischemic 
attacks have been described in the pre- 
engraftment period (Bernaudin et al.  2007 ) and 
stroke recurrence in those patients that fail to 
engraft (Walters et al.  2010 ). Intracranial hemor-
rhage has also been observed after allo-HCT and 
occurs primarily in SCD patients with preexist-
ing CNS disease (e.g., moyamoya disease) and 
with thrombocytopenia (Walters et al.  2010 ; 
Bernaudin et al.  2007 ). 

 The risk of stroke recurrence without addi-
tional therapy is approximately 67 % in SCD 
patients (Powars et al.  1978 ). This risk can be 
reduced with chronic transfusion therapy, 
although 18–22 % of SCD patients will still 
develop another clinically overt stroke (Hulbert 
et al.  2011 ; Scothorn et al.  2002 ), and an addi-
tional 28 % of SCD patients will have progressive 
silent cerebral infarcts on MRI despite being on 
chronic transfusion therapy (Hulbert et al.  2011 ). 

 In this patient that has successfully engrafted 
and is 1 year after allo-HCT, we can expect 
her cerebral velocity to be improved, her cogni-
tive function to remain stable, and for her to 
have a lower risk of stroke recurrence than if she 
had continued with chronic transfusion therapy.   

    Case 2: Review of Alternative Donor 
Strategies and Conditioning 
Regimens for Allo-HCT in Patients 
with SCD 

 A 37-year-old male with SCD (type Hb SC) pres-
ents for a consult evaluation for allo-HCT. His 
SCD has been complicated by frequent VOC (12 
per year requiring hospitalization), an episode of 
acute chest syndrome, macroalbuminuria, and 
avascular necrosis of multiple joints. 

  Question 4.      Which of the conditioning regi-
men would you recommend? 

    A.    Matched-related donor using alemtuzumab- 
TBI 300 cGy plus sirolimus after allo-HCT   

   B.    Matched-related donor using busulfan- 
cyclophosphamide with antithymocyte anti-
globulin (ATG)   

   C.    Matched-related donor using fl udarabine- 
melphalan with ATG   

   D.    ≥5/6 HLA-matched unrelated cord blood cell 
donor using fl udarabine-melphalan with 
alemtuzumab    

   Table 2    Long-term outcomes of successful allo-HCT in patients with SCD and underlying CNS disease   

 Cohort  N  Cerebral imaging 
 Cerebral arterial 
velocity 

 Cognitive 
function 

 Stroke 
recurrence 

 Bernaudin et al. ( 2007 )  36  Improvement: 22 % (5 of 23) 
Stable: 70 % (16 of 23) 
Progression: 9 % (2 of 23) 

 Improvement  –  0 

 Walters et al. ( 2010 )  33  Improvement or stable: 100 %  –  –  0 

 Dallas et al. ( 2013 )  15  Improvement or stable: 100 %  Improvement  Stable  0 

 Woodard et al. ( 2005 )  8  Stable: 38 % (3 of 8) 
Progression: 63 % (5 of 8) 

 –  Stable  0 

 Mynarek et al. ( 2013 )  8  –  Improvement  –  0 

   SCD  sickle cell disease,  CNS  central nervous system,  allo-HCT  allogeneic hematopoietic cell transplant  
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    Expert Perspective     The large majority of allo- 
HCT in SCD patients have been performed in 
children and young adolescents using myeloabla-
tive conditioning (MAC) regimens with HLA- 
matched- sibling donors (MSD). Transplants with 
MSD using busulfan-cyclophosphamide and 
ATG (Bu-Cy-ATG) have led to engraftment rates 
of 86–97 % with transplant-related mortality 
(TRM) in 3–7 %, acute GvHD ≥ grade II in 
10–20 %, and chronic GvHD in 13–22 % of SCD 
cohorts consisting of predominantly pediatric 
patients (Bernaudin et al.  2007 ; Vermylen and 
Cornu  1994 ; Panepinto et al.  2007 ). In patients 
with SCD, organ damage, comorbidities, and 
exposure to foreign antigens from transfusion 
therapy (alloimmunization) accumulate with 
increasing age and may increase the risk for 
HCT-related complications. In one pediatric SCD 
cohort undergoing MSD-HCT using Bu-Cy- 
ATG, increasing age was associated with risk of 
GvHD on univariate analysis (Bernaudin et al. 
 2007 ) and in a cohort of 15 young SCD adults 
(16–27 years old) conditioned with Bu-Cy-ATG, 
≥ grade II acute GvHD occurred in seven (47 %), 
chronic GvHD in two (13 %), and transplant- 
related death in one (7 %) of the patients (Kuentz 
et al.  2011 ). 

 Mixed chimerisms are suffi cient to reduce the 
laboratory and clinical complications of SCD and 
this observation has led to the development of 
reduced-intensity and non-myeloablative condi-
tioning regimens (Walters et al.  2001 ; Wu et al. 
 2007 ). A reduced-intensity conditioning (RIC) 
MSD-HCT with fl udarabine-melphalan-ATG in 
two adults with SCD (age 40 and 56 years old) 
led to engraftment, although both patients died 
from GvHD-related complications within 1 year 
(van Besien et al.  2000 ). In contrast, two non- 
myeloablative (NMA) conditioning regimens in 
adults with SCD have shown high rates of 
engraftment with reduced toxicity. A regimen 
using fl udarabine-cyclophosphamide-total body 
 irradiation (TBI) 200 cGy followed by Cy on 
days +3 and +4 post-HCT showed long-term 
engraftment in all three adult SCD patients (age 

31–46 years old) receiving CD34+ cells from a 
MSD with one patient developing grade I acute 
GvHD (Bolanos-Meade et al.  2012 ). Another 
MSD-HCT regimen using alemtuzumab-TBI 
300 cGy in 30 adults with SCD (age 17–65 years 
old) has demonstrated 87 % long-term engraft-
ment without any episodes of acute GvHD, 
chronic GvHD, or TRM (Hsieh et al.  2014 ). The 
alemtuzumab-TBI 300 cGy regimen has been 
recently validated in a separate institution of 13 
adults with SCD (age 17–40 years old) with 92 % 
long-term engraftment and no acute GvHD, 
chronic GvHD, or transplant mortality (Saraf 
 2016 ). A limitation to note with these NMA regi-
mens is that immunosuppressive therapy may 
need to be continued indefi nitely. 

 It is estimated that 20 % or less of SCD 
patients that meet eligibility criteria for allo-HCT 
have a MSD (Walters et al.  1996a ; Hsieh et al. 
 2009 ). Alternative donor strategies, including 
related HLA-haplotype mismatch and unrelated 
 bone marrow  or cord blood cell sources, have 
been investigated in SCD patients with varying 
success. Of these donor sources, HLA-haplotype 
mismatch-related HCT have shown the most 
promise thus far with rates of engraftment 
between 57 and 100 %, acute GvHD rates of 
0–25 %, chronic GvHD rates of 0–38 %, and 
TRM of 0–25 % (Bolanos-Meade et al.  2012 ; 
Dallas et al.  2013 ; Talano and Cairo  2015 ). 
 Unrelated  cord blood transplant (CBT) has had 
less success with engraftment rates of 38–43 % 
and complicated by acute GvHD in 25–29 %, 
chronic GvHD in 13 %, and transplant-related 
mortality in 13 % of SCD patients (Kamani et al. 
 2012 ; Adamkiewicz et al.  2007 ). 

 In the patient described, alemtuzumab-TBI 
regimen would have the highest probability of 
successful engraftment with the lowest toxicity 
profi le. MAC regimen such as Bu-Cy-ATG may 
have higher rates of toxicity in older patients and 
the safety in patients >30 years old has not been 
demonstrated. Similarly, a RIC regimen with 
fl udarabine-melphalan or utilization of  unrelated  
cord blood graft has high rates of toxicity and low 
rates of engraftment, respectively.   
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  Answers 

    Question 1. E  
  Question 2. A  
  Question 3. E  
  Question 4. A         
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      Anemia of Infl ammation                      

     Robert     T.     Means     Jr.      

      The anemia of infl ammation (AI), also known as 
the anemia of chronic disease, is generally 
believed to be the most common etiology of ane-
mia after the anemia of blood loss/iron defi ciency 
(Cartwright and Lee  1971 ). It is an underproduc-
tion anemia characterized by a relatively low 
reticulocyte response for the degree of anemia. 
The traditional defi nition of the anemia of chronic 
disease was an anemia in the appropriate clinical 
setting with low serum iron despite adequate or 
increased reticular endothelial iron stores 
(Cartwright and Lee  1971 ). The term “anemia of 
infl ammation” is less specifi cally defi ned. Most 
would likely use the same defi nition as the ane-
mia of chronic disease, and some have postulated 
that the defi nition should be anemia with an ele-
vated ferritin in the setting of infl ammation 
(Nemeth et al.  2003 ). The traditional clinical 
context of the anemia of chronic disease was that 
it occurred in individuals with chronic (greater 
than 2 months duration) infl ammatory disorders 
such as rheumatoid arthritis, chronic infectious 
disorders such as osteomyelitis or tuberculosis, 
or a malignant disorder (Cartwright and Lee 
 1971 ). This defi nition excluded “chronic” 

 disorders such as renal failure or endocrine 
 defi ciencies. The recognition that syndromes 
associated with anemia of chronic disease include 
disorders that fell outside the spectrum of the tra-
ditional chronic disorders (Cash and Sears  1989 ) 
eventually led to the recognition that the unifying 
feature was the presence of disorders of cytokine 
activation and that all the pathophysiologic 
 processes involved in the anemia of chronic 
 disease/AI were mediated by infl ammatory cyto-
kines (Means  2003 ). The recognition that not all 
disorders associated with “anemia of chronic 
 disease” were chronic as defi ned above and the 
recognition of the role of the cytokine mediators 
of infl ammation led to the current use of AI to 
refer to this syndrome. 

  Question 1.      In most cases of AI, what is the 
primary   pathogenetic mechanism? 

    A.     Gastrointestinal blood loss   
   B.     Increased production of hepcidin   
   C.     Overexpression of the cytokine interleukin 

(IL)-10   
   D.     Defective production of hemojuvelin    

    Expert Perspective     The pathophysiologic mech-
anisms involved in anemia of chronic disease/AI 
were recognized by Wintrobe and Cartwright not 
long after this syndrome was defi ned. They include 
a mild shortening of red cell survival which under 
normal circumstances could be easily compen-
sated for by the bone  marrow but which is not 
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compensated because of an impaired erythroid 
response; the impaired erythroid response results 
from purely erythropoietic factors (specifi cally a 
relatively decreased erythropoietin concentration 
for the degree of anemia and a relative resistance 
of erythroid progenitors to the erythropoietin that 
is present) and from impaired iron mobilization 
from the reticular endothelial system (Wintrobe 
and Cartwright  1947 ). As noted above, all of these 
processes can be attributed to the cytokine media-
tors of the infl ammatory response (Means  2003 ). 
Over the last several years, it has become apparent 
that the major pathophysiologic mediator of AI is 
the iron regulatory peptide hepcidin, a type II 
infl ammatory response mediator which is part of 
the system of innate immunity (Ganz  2003 ). 
Hepcidin leads to the degradation of the iron 
egress protein ferroportin, preventing the mobili-
zation of iron from the reticuloendothelial system 
(Nemeth et al.  2004 ). Animal studies have demon-
strated that overexpression of hepcidin can pro-
duce a syndrome with many of the features 
characteristic of AI/anemia of chronic disease 
(Roy et al.  2007 ) and in vitro studies have shown 
that hepcidin is implicated in at least some of the 
pathophysiologic processes not directly related to 
iron mobilization (Dallalio et al.  2006 ). However, 
there do appear to be hepcidin independent pro-
cesses which may result in AI (Langdon et al. 
 2014 ; Guida et al.  2015 ).  

  Question 2.      A 48-year-old man with a history 
of rheumatoid arthritis presents with mild 
anemia. He has no history of bleeding. White 
blood cell count and platelet count are normal. 
Hemoglobin is 10.8 g/dL, hematocrit is 32.5, 
mean corpuscular volume is 79 fL, serum iron 
is 28 μg/dL (normal 65–150 μg/dL), and serum 
total iron-binding capacity is 293 μg/dL (nor-
mal 250–450 μg/dL). Renal function tests and 
serum bilirubin are normal. What test would 
you order next to evaluate for AI? 

    A.     Hemoglobin electrophoresis   
   B.     Colonoscopy   
   C.     Serum ferritin   
   D.     Serum erythropoietin    

    Expert Perspective     AI is typically a mild ane-
mia, with fewer than 20 % of patients in a range 
where transfusion might be considered (Cash and 
Sears  1989 ). It is usually normocytic and normo-
chromic, although a mild reduction in mean cor-
puscular volume (MCV) is not unusual (but almost 
never less than 75 fL), particularly with more 
long-standing processes. Serum erythropoietin is 
typically low for the degree of anemia (Baer et al. 
 1987 ), but as these values are usually higher than 
those seen in individuals who are not anemic, this 
particular test is not used frequently and may be 
confusing. Some authors have advocated requiring 
laboratory evidence of active infl ammation, such 
as C-reactive protein or interleukin −6 elevation, 
for the diagnosis (Weiss and Goodnough  2005 ). 
Traditional factors in the diagnosis also include a 
low serum iron with a normal or elevated ferritin 
or iron present on bone marrow examination 
(Means  1999 ), but as noted above, many authors 
will accept an elevated ferritin as a marker for the 
iron abnormalities of AI. Assays for hepcidin in 
clinical specimens have been developed, but their 
role in clinical diagnosis is still being studied 
(Means  2015 ; Ganz et al.  2008 ; Coyne  2011 ).   

  Tests used to distinguish AI and iron defi ciency 
anemia  

 Serum iron 
concentration 

 Serum iron concentration can be 
equally low in iron defi ciency 
and AI 

 Serum transferrin/
TIBC 
concentration 

 Elevated serum transferrin/
TIBC is suggestive of iron 
defi ciency 

 Transferrin/TIBC saturation can 
be equally low in iron 
defi ciency and AI 

 Serum ferritin  Decreased serum ferritin is 
diagnostic of iron defi ciency 

 Serum ferritin concentration 
>200 μg/L is diagnostic of AI 

 MCV  MCV <75 fL is suggestive of 
iron defi ciency 

 Serum sTfR 
concentration 

 Elevated serum sTfR 
concentration is diagnostic of 
iron defi ciency 

 Not affected by infl ammation. 
AI and iron defi ciency anemia 
may coexist 

 Abbreviations as in text 
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   Question 3.      In the patient presented above, 
which of the following results is consistent 
with a diagnosis of AI? 

    A.     Serum ferritin 205 μg/L   
   B.     Reticulocyte production index 3.5   
   C.     Serum soluble transferrin receptor 5.3 mg/L 

(normal 1.8–4.6 mg/L)   
   D.     Elevated free erythrocyte protoporphyrin    

    Expert Perspective     Like AI, iron defi ciency 
anemia is typically associated with a low serum 
iron and, although usually microcytic, may be 
normocytic early in its course. As noted above, 
MCV less than 70 fL would be more typical of 
iron defi ciency. Transferrin or total iron-binding 
capacity (TIBC) saturation can be decreased in 
both disorders, but an elevated serum transferrin/
TIBC concentration is characteristic of iron defi -
ciency: in the presence of infl ammation, transfer-
rin and TIBC concentrations are typically 
decreased or in the lower portion of the normal 
range. A decreased serum ferritin concentration 
(usually less than 10–15 μg/L but specifi c values 
vary between laboratories) is diagnostic of iron 
defi ciency, while an elevated serum ferritin 
excludes iron defi ciency (Means  2008 ). A serum 
ferritin concentration higher than 100 μg/L is 
generally considered inconsistent with iron defi -
ciency (Koulaouzidis et al.  2009 ), although some 
authors have presented data suggested that 
200 μg/L is required for absolute certainty (North 
et al.  1997 ). Elevated serum soluble transferrin 
receptor (sTfR) (Means et al.  1999 ) or an elevated 
ration of serum sTfR to the log of serum ferritin 
concentration (Suominen et al.  2000 ) indicates 
iron defi ciency even in the presence of infl amma-
tion. Demonstration of iron on a Prussian 
 blue- stained bone marrow aspirate specimen 
remains the gold standard for ruling out iron 
 defi ciency but is rarely used to distinguish AI 
from iron defi ciency anemia (Means  2008 ). 
However, it is important to recognize that the 
presence of AI does not preclude the possibility 
of blood loss leading to iron defi ciency: some 
patients have both AI and iron defi ciency anemia 
(Baer et al.  1990 ).  

  Question 4.      In the patient described above, 
serum ferritin is 205 μg/L, free erythrocyte proto-
porphyrin is elevated, serum transferrin receptor 
concentrations are normal, and reticulocyte pro-
duction index is 1.8.  

  The most appropriate management is: 

    A.     Recombinant human erythropoietin   
   B.     Intravenous iron supplementation   
   C.     Oral iron supplementation   
   D.     Treatment of rheumatoid arthritis    

    Expert Perspective     As noted earlier, AI is 
 typically a mild anemia, and fewer than 20 % of 
patients have anemia suffi ciently severe to be 
symptomatic of itself. The degree of anemia in 
AI is typically an indicator of activity of the 
underlying disease. Treatment should therefore 
be addressed to the underlying disease and the 
anemia will typically improve with effective ther-
apy (Means  1995 ). Recombinant human erythro-
poietin (rhEpo) has been used in patients with AI 
and shown good responses in many cases (Arndt 
et al.  2005 ); however, this therapy is not approved 
for the indication of AI in a number of jurisdic-
tions, particularly in the United States. rhEpo has 
been used to enhance the capacity of AI patients 
to participate in preoperative collection of 
 autologous blood for transfusion (Thompson 
et al.  1991 ). Individuals with AI are not iron defi -
cient in the formal defi nition of lacking reticulo-
endothelial iron stores. They do have an 
impairment of iron mobilization and typically 
decreased serum iron levels, so the question of 
iron therapy is not an unreasonable one. 
Ineffectiveness of iron therapy in AI has been 
long accepted (Kuhns et al.  1950 ); however, there 
is some data contrary to this assumption. In a 
study of factors predicting response to rhEpo in 
anemic patients with rheumatoid arthritis found 
infl ammation and iron supplementation to be the 
major factors in whether patients experienced an 
improvement in hemoglobin levels (Nordstrom 
et al.  1997 ). Some patients with juvenile rheuma-
toid arthritis (Still’s disease), an infl ammatory 
disorder associated with anemia and marked 
hyperferritinemia, respond to intravenous iron 
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(Cazzola et al.  1996 ). Anthony and colleagues 
reported a population of anemic cancer patients 
with no evidence of iron defi ciency who also 
responded to intravenous iron (Anthony et al. 
 2007 ). These fi ndings suggest that there may be 
subsets of AI patient in whom a true state of iron 
defi cient erythropoiesis exists and who may ben-
efi t from intravenous iron. In general, however, 
most patients do not respond to or require iron 
therapy of any form.  

  Question 5.      A 63-year-old female with renal 
failure who is not on hemodialysis is found to 
have hemoglobin of 8.2 g/dL and is evaluated for 
causes of anemia. Studies of iron, B12/folate, and 
hemolysis are normal. It is decided that the 
patient has anemia due to his renal failure and is 
started on recombinant erythropoietin. The 
patient has a good response, with improvement in 
hemoglobin to 10.2 g/dL. Several months later, 
the patient’s hemoglobin declines to 9.2 g/dL and 
remains at that level. Serum iron concentration is 
45 μg/mL with transferrin/TIBC saturation of 
23 %. Serum ferritin concentration is 300 μg/L.  

  Most likely the etiology of anemia is: 

    A.     Iron defi ciency   
   B.     Red cell aplasia induced by antibodies 

against recombinant erythropoietin   
   C.     Concurrent infl ammation   
   D.     Aluminum toxicity    

    Expert Perspective     The anemia of renal failure 
is an example of anemia syndromes caused by a 
chronic disease that were not generally consid-
ered “anemia of chronic disease.” It is one of the 
reasons why “anemia of infl ammation” has 
become the more commonly used term. The ane-
mia of renal failure is primarily due to failure of 
erythropoietin production and is therefore 
resolved to a considerable degree by rhEpo ther-
apy (Gillespie et al.  2007 ). However, it also has 
signifi cant elements in common with AI (Yilmaz 
et al.  2011 ). Underlying infl ammation is one of 
the factors contributing to an inadequate response 
with rhEpo therapy (Eschbach  2000 ). In the study 

by Cash and Sears, a signifi cant number of the 
individuals meeting laboratory criteria for ane-
mia of chronic disease/AI who did not call into 
one of the traditional infection/infl ammation/
malignancy categories had renal failure (Cash 
and Sears  1989 ). In an in vitro study by Allen and 
colleagues, serum from patients with renal failure 
suppressed erythroid colony formation: this sup-
pressive effect was reversed by neutralizing anti-
bodies against particular infl ammatory cytokines 
(Allen et al.  1999 ). Reports have indicated that 
hepcidin levels are elevated in anemia of renal 
failure (Niihata et al.  2012 ). 

 The uncomplicated anemia seen in androgen 
defi ciency refl ects the absence of the costimula-
tory effect with erythropoietin which, in andro-
gen use, causes polycythemia (Bachman et al. 
 2014 ). The anemias encountered in defi ciencies 
of hormones related to basal metabolism such as 
the thyroid hormones largely refl ect an adjust-
ment of the regulation of red cell production to 
lower metabolic needs (Horton et al.  1976 ). In 
general, uncomplicated diabetes is not associ-
ated with anemia. When anemia occurs in a dia-
betic, it typically refl ects an underlying infection 
or infl ammatory process and would be consid-
ered a form of AI (Almoznino-Sarafi an et al. 
 2010 ).  

  Question 6.      An otherwise healthy 73-year-old 
man routinely has normal blood counts. He 
develops infl uenza complicated by bacterial 
pneumonia and is admitted to the intensive care 
unit to be observed for possible intubation. After 
1 week of hospitalization, hemoglobin is found to 
be 10.2 g/dL. White blood count is 12,500/μL  
 with 82 % neutrophils. Platelets are 538,000/μL.  
 Serum ferritin is 560 μg/L, and serum iron is 
32 μg/dL. Bilirubin and lactate dehydrogenase 
concentrations are normal.  

  Most likely the etiology of anemia is: 

    A.     Myelodysplastic syndrome   
   B.     Iatrogenic iron defi ciency   
   C.     Infection-induced hemolysis   
   D.     Anemia of infl ammation    
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    Expert Perspective     This clinical situation is 
another reason why the term anemia of infl amma-
tion is currently preferred to the anemia of chronic 
disease. In the pathogenesis of AI/anemia of 
chronic disease, there is an increased demand for 
red cell production created by a modest shortening 
of red cell survival. This demand cannot be met 
because of suppressed erythropoiesis. In classic 
AI/anemia of chronic disease, the development of 
anemia required a period of roughly 2 months 
since that was the point at which the pathophysio-
logic mechanisms leading to an unmet demand for 
red cells began to manifest itself in a population of 
cells with a 120-day life-span such as red cells. 
The mechanism for the shortening of red cell sur-
vival is poorly understood but appears to represent 
a process called neocytolysis (Rice and Alfrey 
 2005 ). This process, which represents selective 
hemolysis of the youngest red cells, is a response 
to a reduction in erythropoietin (Trial and Rice 
 2004 ). In hospitalized patients, it can be specu-
lated that blood lost iatrogenically for diagnostic 
purposes creates both the initial demand for red 
cell production and a “head start” toward anemia. 
This increased demand cannot be met because of 
suppressed erythropoiesis and impaired iron mobi-
lization, and so an AI clinical picture becomes 
established rapidly.  

  Questions to be Resolved in the Future 

     1.    When hepcidin measurement becomes clini-
cally available, will it be more useful than the 
iron parameters typically used to make the 
diagnosis of AI today?   

   2.    When will hepcidin-based therapeutics play a 
role in the management of AI?   

   3.    Are there laboratory parameters (e.g., serum 
sTfR concentration) which would identify the 
subset of AI patients who may respond to 
intravenous iron supplementation?      

  Answers 

    Question 1. B  
  Question 2. C  

  Question 3. A  
  Question 4. D  
  Question 5. C  
  Question 6. D        

  Disclosures   The author was formerly a consultant to a 
company considering a study of hepcidin-based 
therapeutics.  
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      Iron Overload: Diagnosis, 
Complications, and Management                      

     Pierre     Brissot    

       Iron overload encompasses a variety of  hereditary 
and acquired diseases and is responsible for 
 signifi cant morbidity and mortality. Major 
advances in iron overload pathophysiology, 
 diagnostic tools, and pharmacotherapy have 
 permitted signifi cant improvements in the 
 diagnostic and therapeutic management of human 
chronic iron excess. Four clinical cases illustrate 
these advances. 

    Case 1: A Classical Form 
of Hereditary Hemochromatosis 

 A 45-year-old man presents with chronic fatigue 
and painful handshake. He is diffusely hyperpig-
mented and presents moderate and fi rm hepato-
megaly, without clinical signs of liver dysfunction. 
Blood tests show ferritin 2350 μg/L ( N <300 μg/L), 
transferrin saturation 100 % (N<45 %), ALT 
70 IU/L ( N <45 IU/L), AST 60 IU/L ( N <40 IU/L), 
prothrombin test 100 % ( N : 100 %), and HFE test 
homozygosity for the  C282Y  mutation (now 
named  p.Cys282Tyr ). The diagnosis of type 1 
HFE-related hemochromatosis is made. 

  Question 1.      Considering this overall profi le, 
how would you categorize the disease stage? 

    A.    Grade 0   
   B.    Grade 1   
   C.    Grade 2   
   D.    Grade 3   
   E.    Grade 4    

    Expert Opinion     The phenotypic expression of 
C282Y homozygosity can be classifi ed in fi ve 
grades of increasing severity (HAS  2005 ). Grade 
0 is the absence of clinical or biochemical 
 expression (normal transferrin saturation, normal 
serum ferritin). Grade 1 corresponds to the 
absence of clinical signs but to increased 
 transferrin saturation (>45 %) with normal serum 
 ferritin (N usually <300 μg/L in men and 
<200 μg/L in women). Grade 2 has no clinical 
signs but increased serum transferrin saturation 
and ferritin. Grade 3 corresponds to increased 
transferrin saturation and ferritin, together with 
clinical symptoms that alter quality of life (chronic 
fatigue, impotence, bone and joint symptoms 
such as osteoporosis and mostly arthritis touching 
different joints with a very  suggestive second and 
third metacarpophalangeal location which is nota-
bly responsible for painful handshake, non-insu-
lin-dependent diabetes, non- or mildly fi brotic 
liver disease,  hyperpigmentation). Grade 4 corre-
sponds to the full-blown disease, with life-threat-
ening organ damage concerning the liver 
(cirrhosis,  hepatocellular carcinoma), pancreas 
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( insulin-dependent diabetes), and heart 
(cardiomyopathy).  

  Question 2.      What are, among the following 
investigations, those that should be performed 
in this patient? 

    A.    Glycemia and testosteronemia   
   B.    Serum hepcidin level   
   C.    Liver biopsy   
   D.    Hand x-rays   
   E.    Hepatic iron MRI    

    Expert Opinion (Brissot et al.  2011 )       

•  Glycemia must be checked, given the risk of 
diabetes. Testosteronemia is also required, 
together with asking for erectile dysfunction.  

•   As to hepcidin (or better hepcidin/ferritin) 
determination, it is not routinely performed. 
Low values would favor the diagnosis but 
remain essentially of theoretical interest, by 
refl ecting the underlying mechanism for iron 
overload. Indeed, hepcidin is the iron hormone 
(Nicolas et al.  2001 ). In HFE (or type1)-related 
hemochromatosis, it is low, leading to both 
increased duodenal absorption of iron and 
increased egress of splenic iron. This double 
mechanism (Ganz  2013 ) (Fig.  1 ) leads to 
chronic hypersideremia and increased transfer-
rin saturation, which, in turn, generates non-
transferrin-bound iron (NTBI) (Brissot et al. 
 2012 ). NTBI is very avidly taken up by the 
parenchymas (especially in the liver, pancreas, 
and heart), in contrast with transferrin- iron 
whose fate is essentially the bone marrow.

•      For the liver. Mild cytolysis, with transami-
nase levels usually <3 times the upper normal 
limits, is compatible with an iron overload ori-
gin. A key question concerns the liver biopsy 
indication. In so far as the patient cumulates 
the three symptoms, which individually would 
already justify a liver biopsy (namely, hepato-
megaly, cytolysis, and ferritin>1000 μg/L) 
(Guyader et al.  1998 ), it is here fully indicated. 
This biopsy will inform on the quantity of iron 
excess (with possibility of a histological semi-
quantitative and/or biochemical quantitative 

evaluation) and on its cellular distribution 
(typically within the hepatocytes); it will also 
determine the degree of fi brosis, especially if 
there is cirrhosis (Deugnier and Turlin  2011 ).  

•   For bone and joints: Hand x-rays will search for 
chondrocalcinosis and subchondral arthropathy. 
Bone scintigraphy is recommended due to the 
risk of osteoporosis (Guggenbuhl et al.  2011 ).  

•   Hepatic “iron MRI” (magnetic resonance 
imaging for assessment of liver iron overload) 
(Gandon et al.  2004 ) has no real indication 
since a liver biopsy will be performed.  

•   This work-up should also include electrocar-
diogram and echocardiography.     

  Question 3.     The patient had no diabetes and no 
hypotestosteronemia but had massive hepatocyte 
iron deposition with cirrhosis. 

  Indicate the appropriate therapeutic mea-
sures to be engaged: 

    A.    Iron-poor diet   
   B.    Venesections every week   
   C.    Venesections every month   
   D.    Iron chelation   
   E.    Liver ultrasound and serum AFP (alpha- 

fetoprotein) every year    

    Expert Opinion    

•     Iron-poor diet is not required. However, the 
patient should of course avoid iron pills and 
vitamin C tablets (vitamin C increases iron 
absorption).  

•   The recommended venesection schedule is a 
weekly one during the induction phase (= the 
phase aiming to eliminate iron excess) until 
the objective of serum ferritin of the order of 
50 μg/L is reached. Afterward, during the 
maintenance phase (= the unlimited period 
during which iron overload reconstitution 
must be avoided), venesections will be per-
formed every 1–3 months, with the objective 
of maintaining serum ferritin close to 
50 μg/L.  

•   Iron chelation has no indication as long as 
venesections are technically feasible.  
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•   Due to the presence of cirrhosis, liver ultra-
sound examination and serum AFP control 
must be performed every 6 months in order to 
detect the emergence of a hepatocellular carci-
noma (Bruix et al.  2005 ).     

  Question 4.      The patient (= the proband) has 
two sisters, aged 42 and 40, and two children, 
aged 10 and 20. You start a family study. 
Among the following proposals, indicate the 
correct one: 

    A.    To check only iron blood parameters (trans-
ferrin saturation and ferritin) in all relatives   

   B.    To check only the  C282Y  mutation in all 
relatives   

   C.    To check the  C282Y  mutation and iron blood 
parameters in all relatives   

   D.    To check the  C282Y  mutation in both sisters 
and in the 20 years old child, without control-
ling iron blood parameters   

   E.    To check the  C282  mutation in both sisters 
and in the 20 years old child, together with 
control of iron blood parameters    

    Expert Opinion (HAS  2005 )       

•  Searching for the  C282Y  mutation is essential 
in all individuals ≥18 years (with their written 
consent). Therefore, here, it has not to be 
checked in the 10 years old child. The infor-
mation provided by this genetic study is criti-
cal: in the absence of  C282Y  mutation, there is 
no risk of hemochromatosis;  C282Y  heterozy-
gosity does not expose to the risk of hemo-
chromatosis (only risk of mutated gene 
transmission to the offspring);  C282Y  homo-
zygotes ( C282Y/C282Y ) are at risk for devel-
oping the disease, but it should be noticed that 
it is not an obligatory evolution since only 
30 % of men and 1 % of women may develop 
the clinically expressed disease.  

•   Assessing iron blood parameters is recom-
mended in all genetically tested relatives, 
since they permit, in those family members 
who happen to be  C282Y  homozygotes, to be, 
at the same time, informed on their degree of 
biochemical expression.  

•   Checking transferrin saturation and ferritin to 
the age of 15 (after puberty) can be proposed.      
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  Fig. 1    The two main mechanisms accounting for iron overload: ( a ) increased cellular entry; ( b ) decreased cellular egress       
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    Case 2: A Case of Juvenile 
Hemochromatosis 

 A 23-year-old sporty woman, whose past history 
was represented by secondary amenorrhea since 
the age of 16, experienced increasing dyspnea 
with palpitations, painful hepatomegaly, and leg 
edema. Clinical examination, joined to electrocar-
diogram and echocardiography, rapidly con-
cluded to global cardiac failure due to severe 
dilated myocardiopathy with an ejection fraction 
of 15 %. She was hyperpigmented, with plasma 
transferrin saturation of 100 % and serum ferritin 
of 7000 μg/L ( N <200 μg/L). The diagnosis of 
juvenile hemochromatosis was therefore highly 
suspected. 

  Question 5.      Among the following items, indi-
cate those who are highly suggestive of   juve-
nile   hemochromatosis: 

    A.    Age   
   B.    Endocrine background   
   C.    Cardiac picture   
   D.    The level of transferrin saturation   
   E.    The level of serum ferritin    

    Expert Opinion (Brissot et al.  2011 ; 
Camaschella and Poggiali  2011 )      

•  Juvenile hemochromatosis should be evoked 
whenever major iron overload is suspected in 
a young person, aged less than 30.  

•   Clinical expression is dominated by cardiac 
and endocrine symptoms.  

•   A highly elevated transferrin saturation is not, 
by itself, indicative of juvenile hemochroma-
tosis since it can be present at an early stage in 
type 1 hemochromatosis.  

•   The very high level of serum ferritin also 
favors the diagnosis.     

  Question 6.      Among the following investiga-
tions, indicate those that,   today  ,   would be 
 preferred to confi rm the diagnosis: 

    A.    Cardiac biopsy   
   B.    Liver biopsy   

   C.    Liver MRI   
   D.    Cardiac MRI   
   E.    Genetic testing    

    Expert Opinion      

•  Although endomyocardial biopsy is a key pro-
cedure to prove cardiac iron overload, it would 
be replaced today by noninvasive cardiac MRI.  

•   For the same reason (especially considering 
cardiac failure), liver biopsy would be 
replaced, for iron overload assessment, by 
hepatic MRI.  

•   Genetic testing provides the defi nitive 
 diagnostic proof. In this patient, the  C282Y  
mutation was absent, and compound hetero-
zygosity for hemojuvelin gene mutations was 
present. Three main entities of juvenile hemo-
chromatosis have been identifi ed: mostly 
juvenile hemochromatosis type 2A related to 
 HFE2  (or  HJV ) mutations (Papanikolaou 
et al.  2004 ) and juvenile hemochromatosis 
type 2B related to hepcidin gene ( HAMP ) 
(Roetto et al.  2003 ) mutations, but also type 3 
hemochromatosis related to transferrin recep-
tor 2 ( TFR2 ) mutations (this latter disease can 
also affect adults) (Camaschella et al.  2000 ).     

  Question 7.      Indicate the appropriate thera-
peutic management: 

    A.    Symptomatic treatment of cardiac failure   
   B.    No venesections   
   C.    Weekly venesections alone   
   D.    Weekly venesections + iron chelator   
   E.    Vitamin C to be avoided    

    Expert Opinion   

•     It is critical to adopt a powerful strategy for 
decreasing the iron burden. Weekly venesec-
tions may, therefore, be associated to chela-
tion therapy.  

•   Vitamin C must be avoided, not only because 
it facilitates iron absorption but, mostly, 
because it can promote the release of stored 
iron into the blood, which may worsen the car-
diac status.      
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     Case 3: A Case of Hereditary 
Aceruloplasminemia 

 A 63-year-old woman was explored for chronic 
microcytic anemia. Hemoglobin was 
10.7 g/L. Serum iron and transferrin saturation 
were low (5.6 μmol/L,  N  12–22 and 10 %  N , 
20–45 %, respectively). Reticulocyte, leukocyte, 
and platelet counts were normal. She was fi rst 
investigated for possible gynecological or diges-
tive blood losses, but all explorations were neg-
ative. In fact, serum ferritin was found markedly 
elevated, 1450 μg/L ( N <200 μg/L), which led to 
the modifi cation of etiological orientations. 

  Question 8.      Indicate, among the following 
situations, the one(s) that can lead to hyperfer-
ritinemia   without   increased transferrin 
saturation: 

    A.    Metabolic syndrome   
   B.    Infl ammatory syndrome   
   C.    Ferroportin disease   
   D.    Ferritin-cataract syndrome   
   E.    Hereditary aceruloplasminemia    

    Expert Opinion (Fig.  2 )       

•  Dysmetabolic hyperferritinemia corresponds 
today to the most frequent cause of hyperferri-
tinemia, still too often misdiagnosed as hemo-
chromatosis. Its diagnosis rests on (i) clinical 
background associating more or less overweight, 
increased blood pressure, non-insulin-dependent 
diabetes, hyperlipidemia, and hyperuricemia; 
(ii) increased serum ferritin, usually less than 
1000 μg/L; (iii) normal transferrin saturation 
(<45 %); and (iv) hepatic iron overload (as 
assessed by MRI) either absent or only moderate 
(corresponding then to the dysmetabolic iron 
overload syndrome (Mendler et al.  1999 )).  

•   The infl ammatory syndrome involves (i) 
decreased serum iron due to hyperhepcidin-
emia which sequesters iron within the macro-
phages and impairs cellular iron release into 
the plasma (Nemeth et al.  2004 ) and (ii) 
increased serum ferritin because it is an acute 
phase-reactant protein.  

•   The ferroportin disease (FD) (Montosi et al. 
 2001 ; Njajou et al.  2001 ), also named hemo-
chromatosis type 4, is, in its usual form (type A), 
expressed by elevated serum ferritin (at levels 
often above 1000 μg/L) contrasting with normal 
or low transferrin saturation. The underlying 
mechanism is the impairment of cellular iron 
export due to mutations of the ferroportin gene 
( SLC40A1 ) affecting the export properties of fer-
roportin. Iron overload, in contrast to types 1, 2, 
and 3 hemochromatoses which involve exces-
sive cellular iron entry due to hepcidin defi -
ciency, is related to intracellular iron retention. 
Since ferroportin activity is especially important 
in macrophages, iron overload targets essentially 
the spleen. FD provides little visceral damage, 
probably due to the fact that, in the absence of 
increased transferrin saturation, there is neither 
circulating non-transferrin-bound iron (NTBI), 
and therefore no propensity to hepatocyte iron 
excess, nor formation of labile plasma iron 
(LPI), and therefore no potentially toxic form of 
blood iron (Brissot et al.  2012 ). Treatment still 
consists in venesections, but, due to the iron 
recycling diffi culties which may lead to anemia, 
the iron depletion schedule should be less drastic 
than in hepcidin-defi cient-related hemochroma-
tosis. It should be noticed that another form of 
ferroportin disease, named type B, exists, char-
acterized by a hepcidin resistance status which 
provides a phenotype similar to hepcidin-defi -
cient hemochromatosis (Drakesmith et al.  2005 ).  

•   The ferritin-cataract syndrome is due to muta-
tions of the  l -ferritin gene, located in the IRE 
loop of  l -ferritin mRNA (Yin et al.  2014 ). 
Serum ferritin is high, transferrin saturation is 
not elevated, and there is neither hepatic nor 
splenic iron excess. It is a dominant disease. 
Some mutations (located in exon1) are only 
expressed by hyperferritinemia (no cataract) 
(Kannengiesser et al.  2009 ).  

•   Hereditary aceruloplasminemia (HA) is also 
characterized by a marked contrast between 
strong elevation of serum ferritin concentration 
and low transferrin saturation. Like in ferropor-
tin disease, tissue iron overload is due to cellu-
lar iron release impairment, probably related to 
the defect of ceruloplasmin oxidase activity.     
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  Question 9.      What are, among the following 
features, the one(s) that should be looked for 
in order to support the diagnosis of HA: 

    A.    Diabetes   
   B.    Neurological symptoms   
   C.    Ophtalmological symptoms   
   D.    Prevailing hepatic iron overload   
   E.    Prevailing splenic iron overload    

    Expert Opinion (Kono  2013 )      

•  Diabetes is related to pancreatic iron deposition.  
•   Neurological expression is a key feature of the 

disease. HA is the sole form of adult genetic 
iron overload in which excessive iron deposition 
occurs in the brain. Movement disorders can be 
present as well as psychiatric symptoms.  

•   Retinal degeneration is one of the conse-
quences of the disease.  

•   Iron overload seems to target preferentially 
the hepatocytes, sparing the spleen. The 

 precise mechanism accounting for this organ 
iron distribution, which mimics that observed 
in hepcidin-defi cient-related hemochromato-
ses, remains to be elucidated.     

  Question 10.      Indicate, among the following 
items, the one(s) who look(s) appropriate: 

    A.    To perform abdominal and brain iron MRI   
   B.    To determine serum ceruloplasmin 

concentration   
   C.    To search for mutations in the ceruloplasmin 

gene   
   D.    To start venesection therapy   
   E.    To start chelation therapy    

    Expert Opinion      

•  Iron MRI will show hepatic iron excess, no 
splenic iron overload, and brain iron overload, 
especially in the basal ganglia.  
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•   Very low, and often undetectable, ceruloplas-
min concentration is a key phenotypic diag-
nostic feature (and, therefore, should not only 
suggest Wilson disease).  

•   Finding mutations of the ceruloplasmin gene 
( CP ) will provide the defi nitive proof of the 
disease.  

•   Due to anemia, venesections are contraindi-
cated in HA. The only option is chelation ther-
apy. Desferrioxamine is effi cient on hepatic 
iron overload but does not seem active on 
brain iron (Loreal et al.  2002 ). Deferasirox is 
an oral iron chelator, taken once daily, glob-
ally well tolerated (side effects concern mainly 
renal function, gastrointestinal discomfort, 
and rashes). In HA, it is effective in mobiliz-
ing hepatic iron (Finkenstedt et al.  2010 ; 
Suzuki et al.  2013 ), but provided contrasting 
results for brain iron (Finkenstedt et al.  2010 ; 
Suzuki et al.  2013 ).      

    Case 4: A Case of Thalassemia 
Intermedia 

 The medical history of this 31 years old black 
woman is the following: 9 years old, diagnosis of 
β-thalassemia intermedia; 10–21 years old, 
transfused every 4 weeks; 15 years old, splenec-
tomy; 21–31 years old, desferrioxamine (2 g/
day, 5 days a week; stopped 2 years, with 
monthly transfusions, during pregnancies). Her 
present checkup shows Hb 9 g/dL, MCV 80 μ 3 , 
leucocytes 14G/L, platelets 610G/L, serum iron 
45 μmoL/L ( N <22 μmol/L), transferrin satura-
tion 95 % ( N <45 %), serum ferritin 1500 μg/L 
( N <200 μg/L), and iron MRI, marked hepatic 
iron overload. 

  Question 11.      Indicate the correct proposal(s): 

    A.    Iron overload is, at least partly, of transfu-
sional origin.   

   B.    Iron overload is, at least partly, due to 
dyserythropoiesis.   

   C.    Before relating serum ferritin increase to 
body iron overload, some confounding fac-
tors must be ruled out.   

   D.    In thalassemia, the degree of serum ferritin 
increase depends on iron cellular distribution.   

   E.    Abdominal iron MRI can provide information 
on the pathophysiology of iron overload.    

    Expert Opinion      

•  Each transfusion provides 200–250 mg of iron 
which are stored in the macrophages (there-
fore mainly in the spleen) (Porter and 
Garbowski  2014 ). The human body having 
only very limited capacities for regulating iron 
excretion, tissue iron excess develops rapidly 
(after a few transfusions) and is globally main-
tained over time.  

•   Dyserythropoiesis is another important factor 
contributing to iron overload. It may explain 
iron excess in thalassemia in the absence of 
(or before) any transfusion. Dyserythropoiesis 
leads to an increased production of the medul-
lary hormone erythroferrone, which, in turn, 
decreases hepatic production of hepcidin 
(Kautz et al.  2014 ). Therefore, the iron over-
load phenotype related to dyserythropoiesis is 
close to that of hepcidin-defi cient-related 
hemochromatosis.  

•   The interpretation of elevated serum ferritin 
should always consider the possibility of con-
founding factors which can elevate ferri-
tinemia independently of cellular iron excess. 
This is the case for the dysmetabolic syn-
drome, infl ammation (see  Case 3 , Question 1), 
alcoholism, and cytolysis.  

•   The interpretation of elevated serum ferritin 
should also consider iron organ distribution. 
It has been shown that, for equivalent 
amounts of stored iron, the corresponding 
serum ferritin levels are, in macrophagic 
(posttransfusional) iron deposition, approxi-
mately twice those found in parenchymal 
(dyserythropoiesis- related) iron excess 
(Taher et al.  2008 ).  

•   The interest of abdominal iron MRI goes 
beyond the mere assertion and quantifi cation 
of liver iron excess (St Pierre et al.  2005 ; 
Wood  2011 ). Indeed, when the spleen is still 
present, it is important to assess by IRM 
its iron content. Two types of liver-spleen 
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 imaging profi les can then be identifi ed: (i) 
non-iron overloaded spleen + iron overloaded 
liver, corresponding to the usual features of 
dyserythropoiesis overload, as typically seen 
in non-transfusion-dependent thalassemia 
(NTDT); and (ii) iron overloaded spleen + 
iron overloaded liver, corresponding to the 
usual profi le of thalassemia major (or 
transfusion- dependent thalassemia – TDT), 
where iron overload is due to both dyserythro-
poiesis and transfusions.     

  Question 12.      Indicate, among the following 
diagnostic and therapeutic proposals, the 
one(s) that is (are) appropriate: 

    A.    To check cardiac status   
   B.    To check liver status   
   C.    To check bone status   
   D.    To start again desferrioxamine   
   E.    To start oral chelation    

    Expert Opinion      

•  It is important to assess cardiac status. Besides 
clinical examination, electrocardiogram, and 
echocardiogram for evaluating cardiac func-
tion, cardiac MRI is essential for assessing 
iron load (Wood and Noetzli  2010 ). If exces-
sive cardiac iron is expected in case of mas-
sive hepatic iron overload, it may still be so in 
a chelated patient despite moderate residual 
hepatic iron overload, because kinetics of iron 
removal is lower in the heart than in the liver.  

•   The liver and biliary tract should also be 
explored. For the liver, several harmful factors 
may cumulate such as iron overload, C and B 
viral hepatitis (considering the transfusion 
history), and, more rarely, portal or hepatic 
vein thrombosis related to the hypercoagula-
bility status. The global consequence may be 
the development of hepatic fi brosis with the 
risks of cirrhosis and hepatocellular carci-
noma. The latter two complications can now 
be observed since life expectancy of thalas-
semia has markedly improved due to the che-
lation therapy advances. As to the biliary tract, 
ultrasound examination is recommended since 

30–60 % of patients develop gallbladder 
 lithiasis, with choledocolithiasis in approxi-
mately 20 %.  

•   Osteoporosis is a common feature in thalas-
semia and should be diagnosed, especially by 
osteodensitometry.  

•   Desferrioxamine, despite its powerful chelat-
ing properties, is not orally absorbed and has a 
very short half-life, obliging to use a parenteral 
(subcutaneous) administration route, 12 h a 
day and 5 days a week, which represents an 
important constraint especially for children. 
This is why it has been replaced by oral chela-
tion, usually resorting now more to deferasirox 
than to deferiprone (due to the need to be taken 
three times a day and mostly to the excep-
tional, but unpredictable,  occurrence of agran-
ulocytosis which requires a weekly control of 
blood cell count) (Deugnier et al.  2011 ; 
Hoffbrand et al.  2012 ; Cassinerio et al.  2015 ). 
Deferiprone, however, is effi cient in case of 
severe cardiac iron overload. Whenever, after 
dose escalation of a single chelator, effi cacy 
remains insuffi cient, it should be considered to 
switch to the other oral chelator, to combine 
the oral chelator to desferrioxamine (Aydinok 
et al.  2015 ), or even to combine the two oral 
chelators (Totadri et al.  2015 ).      

 Key Points 

•     A thorough clinical examination should 
remain a prerequisite of iron overload 
management.  

•   C282Y/C282Y hemochromatosis is, by 
far, the most frequent disease in 
Caucasians.  

•   Non-HFE-related hemochromatoses are 
rare diseases but not confi ned to 
Caucasians.  

•   In thalassemia, iron overload is due not 
only to transfusions but also to 
dyserythropoiesis.  

•   The diagnostic approach of iron over-
load has become a noninvasive one, 
based – besides clinical data – on serum 
ferritin and transferrin saturation 
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  Answers 

•     Question 1. E  
•   Question 2. A, C, D  
•   Question 3. B, E  
•   Question 4. E  
•   Question 5. A, B, C, E  
•   Question 6. C, D, E  
•   Question 7. A, D, E  
•   Question 8. A, B, C, D, E  
•   Question 9. A, B, C, D  
•   Question 10. A, B, C, E  
•   Question 11. A, B, C, D, E  
•   Question 12. A, B, C, E         
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      Megaloblastic and Nutritional 
Anemias                      

     Sally     P.     Stabler     

       Megaloblastic Anemias 
 Anemia associated with a mean red cell volume 
(MCV) that is higher than the normal range is 
 frequently encountered. Some patients will have 
multiple cytopenias while others have isolated 
anemia. The causes of macrocytic anemias must 
be distinguished in order to provide specifi c 
treatment.  

  Question 1.      Are macrocytic and megaloblas-
tic interchangeable terms?  

 True/False  

  Expert Clinical Perspective     Megaloblastic 
anemias are a subset of macrocytic anemias. 
Macrocytosis refers only to red blood cells that 
are larger than normal, whereas megaloblastic 
refers to impairment in DNA synthesis such that 
the maturation of nuclei is slowed compared to 
cytoplasm and thus mature cells are larger than 
normal (Stabler  2006 ; Wickramasinghe  2006 ). 
Macrocytosis is commonly seen with elevated 
reticulocyte counts since reticulocytes are larger 
than more mature red blood cells and with 
chronic liver disease, likely due to cell membrane 
abnormalities. Other causes of macrocytosis are 
shown in Table  1  (Savage  2000 ).

   Megaloblastic anemias are commonly caused 
by vitamin B12 (cobalamin) or folate defi ciency. 
Drugs that affect DNA synthesis may cause 
 megaloblastic changes also as seen in Table  1 .  

  Question 2.      Do not initiate workup for 
 macrocytic/megaloblastic anemias if the MCV 
is not greater than the laboratory reported 
normal range (>100 fL).  

 True/False  

        S.  P.   Stabler ,  MD      
  Division of Hematology, Department of Medicine , 
 University of Colorado School of Medicine , 
  Aurora ,  CO ,  USA   
 e-mail: Sally.Stabler@ucdenver.edu  

    Table 1    Causes of macrocytic or megaloblastic anemias   

  Macrocytic anemias  

 Reticulocytosis 

 Alcoholism 

 Hepatic disease 

 Thyroid disorders 

 Cold agglutinins 

 Hyperosmolarity 

 Marrow disorders with/without megaloblastoid 
morphology 

  Megaloblastic anemias  

 Vitamin B12 defi ciency and inborn errors of metabolism 

 Folate defi ciency 

 Drugs impairing DNA synthesis such as 
chemotherapy, antiretrovirals, tyrosine kinase 
inhibitors 

 Drugs impairing folate metabolism such as 
methotrexate, trimethoprim, Azulfi dine, alcohol, 
anticonvulsants 

 Nitrous oxide abuse 

 Copper defi ciency 

 Pyridoxine or thiamine-responsive congenital anemias, 
orotic aciduria, Lesch-Nyhan syndrome 
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  Expert Clinical Perspective     Most laboratories 
report a large normal range of 80–100 fL. The clini-
cian should search records for the MCV associated 
with normal hemoglobin in the patient and use that 
to compare to the current MCV. The MCV is 
affected greatly by the presence of hemoglobinopa-
thies, and molecular methods have shown that about 
30 % of African Americans have a single α-subunit 
deletion with mean MCV of 84 fL (Beutler and 
West  2005 ). Beta or alpha thalassemia minor and 
hemoglobin E are commonly found in populations 
originating from the malaria belt with MCV values 
of 60–80 fL. The MCV rarely rises over 100 fL in 
persons with these conditions. Iron malabsorption 
frequently co-exists and the MCV may be frankly 
low with combined iron and vitamin B12 defi ciency 
(Hershko et al.  2006 ; Sekhar and Stabler  2007 ). A 
blood smear may show both hypochromia and mac-
rocytes with hypersegmented granulocytes.  

    Case 1 

 A 52-year-old woman of Hispanic ancestry is 
admitted with life-threatening anemia. The hema-
tocrit is 16.4 %, hemoglobin 5.4 g/dl, white blood 
count 2100, platelets 82,000, reticulocyte count 
1.5 %, MCV 114 fL, total bilirubin 1.4 mg/dl, and 
lactate dehydrogenase (LDH) 2240 u/L. The 
peripheral blood smear is shown in Fig.  1 .

    Question 3.      Which is the correct statement? 

    A.    The presence of fragmented RBCs is not 
compatible with megaloblastic anemia.   

   B.    Because there is thrombocytopenia, elevated 
LDH, and many schistocytes in the peripheral 
blood, therapeutic plasmapheresis should be 
started immediately.   

   C.    A value of LDH ten times normal is usually 
due to leukemia/lymphoma or other malig-
nant disease involving the bone marrow.   

   D.    Oval macrocytosis, fragmented red blood 
cells, and normal reticulocyte count may 
refl ect ineffective erythropoiesis and intra-
medullary hemolysis.    

    Expert Clinical Perspective     Laboratory and 
morphologic fi ndings in microangiopathic hemo-
lytic anemia and severe megaloblastic anemia 
overlap considerably (Table  2 ), although patients 
with thrombotic thrombocytopenic purpura 
rarely have leukopenia and usually have higher 
reticulocyte counts (Andres et al.  2006 ; Sekhar 
and Stabler  2007 ). LDH values can reach extreme 
levels in megaloblastic anemia due to intramed-
ullary hemolysis which is not widely known. 

  Fig. 1    Peripheral blood smear showing anisocytosis, oval 
macrocytosis, microcytosis, spherocytes, schistocytes, and 
misshapen red cells. Platelets are decreased (Photographs 
courtesy of Zenggang Pan, M.D. PhD, Department of 
Pathology, University of Colorado School of Medicine)       

   Table 2    Laboratory fi ndings in severe megaloblastic 
anemia   

  Peripheral blood smear  

 Oval macrocytosis 

 Fragmented red cells 

 Hypersegmented neutrophils 

 Thrombocytopenia 

 Leukopenia with immature forms, leukoerythroblastic 
changes 

 Basophilic stippling 

  Bone marrow  

 Hypercellularity and increased mitotic fi gures 

 Increased erythroblasts 

 Giant bands and metamyelocytes 

 Nuclear-cytoplasmic dyssynchrony 

 Karyorrhexis 

 Immature nuclear chromatin pattern 

  Biochemistry  

 Increased indirect bilirubin 

 Decreased haptoglobin 

 Increased lactate dehydrogenase 
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Patients with megaloblastic anemia erroneously 
treated by plasmapheresis are reported in the lit-
erature, as was this patient (Dalsania et al.  2008 ; 
Tadakamalla et al.  2011 ).

   Bone marrow biopsy and aspiration were per-
formed. The core biopsy was hypercellular (90 %). 
Many mitotic fi gures were present along with large 
blasts in clusters as shown in Fig.  2 . The blasts had 
blue cytoplasm and large round open nuclei as 
shown in Fig.  3 . Flow cytometry of the bone mar-
row aspirate revealed 61 % CD34 positive and 23 % 
glycophorin A-positive cells interpreted as “consis-
tent with erythroblastic leukemia.” Serum vitamin 
B12 was reported as 240 pg/ml (normal 180–960) 
and folate 13.1 ng/ml (normal 2.6–14.0).

      Question 4.      The best immediate course of 
action for this patient? 

    A.    7 + 3 chemotherapy for acute leukemia   
   B.    Demethylating treatment for myelodysplastic 

syndrome   
   C.    Cyanocobalamin 1 mg intramuscular injec-

tions daily to weekly while awaiting further 
test results   

   D.    Folic acid 5 mg oral per day while awaiting 
further test results    

    Expert Clinical Perspective     The bone marrow 
aspirate and biopsy are not a necessary part of the 
workup of megaloblastic anemia and, in fact, can 
lead to serious errors. The hypercellularity and 

left-shifted immature-appearing myeloid and 
erythroid cell lines seen in severe megaloblastic 
anemia have been misdiagnosed as acute leuke-
mia or myelodysplastic syndromes (Parmentier 
et al.  2012 ; Kim et al.  2011b ). The bone marrow 
fl ow cytometry in this patient showed the increase 
in immature cells and erythroblasts also consis-
tent with megaloblastic anemia. The experienced 
pathologist will recognize the clusters of large, 
round cells with open nuclei and blue cytoplasm 
as megaloblastic erythroblasts rather than a 
myeloid leukemia. Dysplastic erythroid cells, 
cells undergoing apoptosis and mitotic fi gures, 
are also frequently seen (Shah et al.  2014 ). 
Cytogenetics can even show fragmentation 
abnormalities although not usually the clonal 
recurring translocations seen in myelodysplastic 
syndromes (Parmentier et al.  2012 ; Wollman 
et al.  1996 ). As with microangiopathic hemolytic 
anemia, there are many case reports of patients 
with B12 defi ciency being mistaken for myelo-
dysplasia/AML and so treated. This patient was 
treated with cyanocobalamin 1 mg IM for 3 days 
and then weekly. One week after discharge, 
hemoglobin had increased by 3 g/dl, MCV had 
fallen to 99.4 fL, and platelets and neutrophils 
were in the normal range. 

 Severe megaloblastic anemia due to vitamin 
B12 defi ciency responds dramatically to vitamin 
B12 replacement with an increase in reticulocyte 
count within a week and often the production of 
more than two hemoglobin units per week 
(Carmel  2008 ; Stabler  2013 ). It will not harm a 
patient with myelodysplasia to be treated with 
vitamin B12 for a week or 2 if there is any ques-
tion about the diagnosis. In contrast, treating the 
vitamin-defi cient patient with chemotherapy is a 
very serious error. 

 Further results are reported – methylmalonic 
acid 4300 nmol/L (normal <400), total homocys-
teine 44.2 umol/L (normal <14), and negative 
anti-intrinsic factor antibodies.  

  Question 5.      You confi rm the diagnosis 
because: 

    A.    She also had folate defi ciency because she 
has elevated serum homocysteine.   

  Fig. 2    The hypercellular core biopsy shows clusters of 
blasts and many mitotic fi gures       
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   B.    She had vitamin B12 defi ciency since she has 
elevated methylmalonic acid.   

   C.    She has the inborn error of metabolism meth-
ylmalonic aciduria.    

    Expert Clinical Perspective     Vitamin B12 is a 
coenzyme for two reactions, the conversion of 
methylmalonyl CoA to succinyl-CoA and the 
methylation of homocysteine to methionine 
(Stabler  2006 ). When the former reaction is 
blocked, there are increased amounts of methyl-
malonic acid (MMA) in tissues, serum, and urine 
(Stabler  2013 ; Savage et al.  1994 ). The increase 
in MMA is specifi c to vitamin B12 defi ciency 
and more sensitive than either the presence of 
clinical abnormalities or a low serum vitamin 
B12. The methylation of homocysteine requires 
methyltetrahydrofolate; thus, homocysteine 
metabolism is affected by either vitamin B12 
defi ciency or folate defi ciency. Elevated homo-
cysteine is seen in both conditions and cannot be 
used to distinguish the cause of megaloblastic 
anemia (Savage et al.  1994 ). Every patient found 
to have elevated homocysteine should also have 
MMA measured since it is ill advised to treat the 
vitamin B12-defi cient patient with only high- 
dose folic acid. This may partially correct ane-
mia, but if there is demyelinating disease of the 
nervous system due to B12 defi ciency, there may 
be progression of lesions.  

  Question 6.      Why didn’t the normal vitamin B12 
level in this patient exclude B12 defi ciency? 

    A.    Current vitamin B12 assays have good sensi-
tivity for defi ciency but low specifi city.   

   B.    The specifi city of a low vitamin B12 level is 
good.   

   C.    A high serum B12 level rules out pernicious 
anemia with current assays.   

   D.    An extremely low value of vitamin B12 usu-
ally correlates with clinical and metabolic 
defi ciency.    

    Expert Clinical Perspective     Vitamin B12 
 circulates in blood bound to haptocorrin 
(of unknown function) which constitutes 80 % of 
the measured vitamin B12 and only 20 % is 
bound to transcobalamin, the cellular delivery 
protein, which may be why there are many false-
positive low and false-positive normal B12 val-
ues (Nielsen et al.  2012 ). 

 The actual sensitivity and specifi city of a low 
or normal value depend greatly on the characteris-
tics of the screened population tested. When the 
serum vitamin B12 is <100 pg/ml, the patient usu-
ally does have clinical and/or metabolic evidence 
of defi ciency. However, values ranging from 100 
to 300 pg/ml may have only a 10–20 % chance of 
true clinical defi ciency and thus a response to B12 
therapy (Carmel  2008 ; Schrempf et al.  2011 ; 
Stabler  2013 ; Pennypacker et al.  1992 ). 

 Currently vitamin B12 is assayed on auto-
mated platforms that use intrinsic factor as a spe-
cifi c binding protein. Any anti-intrinsic factor 
antibodies commonly found in patients with per-
nicious anemia must be removed to prevent inter-
ference in the assay, causing a falsely normal or 
even high serum B12 value. These antibodies and 
other possible undisclosed problems have been 
described in recent reports showing misdiag-
nosed patients with severe pernicious anemia 
(Carmel et al.  2000 ; Galloway and Hamilton 
 2007 ; Yang and Cook  2012 ; Carmel and Agrawal 
 2012 ). New assays based on the amount of holo-
transcobalamin are in use in Europe and being 
tested in the United States. They do not have 
interference from the anti-intrinsic factor 
 antibodies but also have problems with  specifi city 

  Fig. 3    Megaloblastic erythroblasts and later red cell pre-
cursors are shown in the bone marrow aspirate. The nuclei 
show an open nuclear chromatin pattern despite matura-
tion of the cytoplasm. Dysplastic nucleated red cells and a 
giant metamyelocyte are present       
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and sensitivity (Nexo and Hoffman-Lucke  2011 ; 
Schrempf et al.  2011 ; Heil et al.  2012 ; Castelli 
et al.  2011 ). 

 Assay of MMA and/or homocysteine  prior to 
any vitamin treatment  can document defi ciency 
since very few patients with proven megaloblas-
tic anemia due to B12 defi ciency had serum 
MMA <500 nmol/L in large series (Savage et al. 
 1994 ; Stabler  2013 ). Likewise patients with meg-
aloblastic anemia due to folate defi ciency had 
elevated homocysteine >95 % (Savage et al. 
 1994 ). When vitamin B12 is assayed in the 
patient with nonspecifi c symptoms, a low vita-
min B12 level will almost always prove to be a 
false-positive low value. Prior to embarking on 
lifetime vitamin B12 replacement, it should be 
shown that the patient truly had metabolic vita-
min B12 defi ciency. The gold standard in diagno-
sis is that megaloblastic anemia corrects and/or 
compatible neurologic symptoms correct or at 
least do not progress (Lindenbaum et al.  1988 ; 
Savage et al.  1994 ). If there is doubt about the 
specifi city of a previous diagnosis, then B12 
treatment can be withheld for at least 3 months 
and MMA assayed. A rising serum MMA with-
out supplements can confi rm that the patient was 
defi cient; however, this can take as long as 2 years 
depending on how B12 replete the subject was 
(Lindenbaum et al.  1990 ). 

 The patient described did not have symptoms 
of the demyelinating central nervous system 
 disease seen in some patients with clinical vitamin 
B12 defi ciency (Lindenbaum et al.  1988 ; Healton 
et al.  1991 ). Symmetric paresthesias, ataxic gait, 
and sensory abnormalities are common, and motor 
weakness can progress to paralysis. Occasionally 
there are mental changes, particularly irritability, 
depression, mania, and cognitive defects. The 
severity of neurologic abnormalities is  inversely  
related to anemia (Healton, et al.  1991 ). This 
lesion termed “subacute combined degeneration” 
(with demyelination of the cervical and thoracic, 
dorsal and lateral columns of the spinal cord) is not 
seen in folate defi ciency and may progress if the 
B12-defi cient patient is treated with folic acid. 
Magnetic resonance imaging of the spinal cord has 
shown hyperintensity of the T2-weighted imaging 
in an inverted V-shaped pattern in the cervical 

 spinal cord (Pittock et al.  2002 ; Arshi and Shaw 
 2014 ). Amount of functional recovery after vita-
min B12 treatment is inversely related to the dura-
tion of the symptoms prior to treatment.  

  Question 7.      What is the cause of this patient’s 
vitamin B12 defi ciency? 

    A.    It is not pernicious anemia because the anti- 
intrinsic factor antibodies were negative.   

   B.    She does not eat fruits and vegetables; thus, it 
is likely due to poor diet.   

   C.    She later developed Graves’ disease and you 
reconsider the possibility of pernicious 
anemia.   

   D.    It is not pernicious anemia as her ancestors 
are not from Northern Europe.    

    Expert Clinical Perspective     Vitamin B12 is 
found in minute amounts in foods of animal origin 
and is not present in plants (Stabler and Allen 
 2004 ). This is in contrast to folic acid which is 
found mainly in fruits and vegetables. Food vita-
min B12 is released by acid and peptic digestion in 
the stomach, bound by R-protein, and carried to the 
duodenum, where the R-protein is digested by pan-
creatic enzymes. The gastric parietal cells produce 
intrinsic factor which binds to the B12 in the duo-
denum, and the complex is carried to the distal 
ileum where it binds to the cubam receptor. It is 
internalized into lysosomes and released on 
 transcobalamin into the circulation (Nielsen 
et al.  2012 ). Gastrectomy and gastric bypass 
(Mechanick et al.  2013 ) routinely cause B12 defi -
ciency as does any bacterial overgrowth in the GI 
tract or the loss of the ileum due to infl ammatory 
bowel disease or surgical resection. Folates are 
absorbed in the upper small intestinal tract and thus 
become defi cient in patients with gluten- sensitive 
enteropathy, Crohn’s disease, and other infl amma-
tory bowel diseases. Causes of vitamin B12 and 
folate defi ciency are shown in (Table  3 ).

   Pernicious anemia is misnamed as it refers to a 
gastric disorder wherein autoimmune attack of the 
gastric parietal cell causes the loss of intrinsic fac-
tor secretion and achlorhydria (Toh et al.  2012 ). 
This atrophic gastritis may increase risk of gastric 
carcinoid and adenocarcinoma. The  presence of 
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   Table 3    Differences between vitamin B12 and folate defi ciency       

   a The United States, Canada, and many other countries fortify grains with folic acid so that diet alone rarely causes folate 
defi ciency 
  b Serum vitamin B12 and holotranscobalamin have 65–95 % sensitivity and 50–60 % specifi city for clinical defi ciency 
depending on cutoffs of normal and pretest probability of defi ciency 
  c Serum panels including MMA, homocysteine, cystathionine, and 2-methylcitric acid are available from reference labs. 
Renal failure causes 2-methylcitric acid to increase more than MMA and if higher than the MMA value rules out B12 
defi ciency. Cystathionine is elevated in B12 and folate defi ciency but not in classical homocystinuria due to cystathio-
nine B-synthase defi ciency 
  d Low serum folate (<3 ng/ml) is infrequently found in fortifi ed populations. Some hospitals in the United States are no 
longer assaying folates 
  e Red cell folate assays are poorly standardized and have high variability 
  f The antibody tests and gastrin and pepsinogen assays may confi rm a diagnosis of atrophic gastritis but do not prove 
coincident B12 defi ciency  

Vitamin B12 

Vegan or/low animal food diet or breastfed
infant of deficient mother

Post gastrectomy or bypass surgery, ileal
disease or resection

Tape worms or bacterial overgrowth

Pernicious anemia and atrophic gastritis

Acid blocking drugs, metformin, N20

Folate

Alcohol abuse or diet deficient in fruits and
vegetablesa

Jejunal disease, Crohn’s disease,
gluten enteropathy

Multiple drugs causing impaired folate
metabolism

Hemolytic anemia or other increased
utilizationof folates

Etiology

Clinical abnormalities

Demyelinating nervous system disease:
paresthesia, ataxic gait, proprioceptive loss,
sensory loss and motor weakness,
Lhermitte’s sign, cognitive and behavioral
changes

Symptoms related to underlying alcohol
abuse or the disease causing malabsorption

Lab abnormalities

Low vitamin B12 or Holotranscobalaminb

Elevated serum or urine methylmalonic acid

Elevated homocysteine

Elevated serum 2-methylcitric acid and
cystathioninec

Anti-intrinsic factor and antiparietal cell
antibodiesf

Elevated fasting serum gastrinf

Low serum pepsinogen If

Low serum folated

Low red cell folatee

Elevated homocysteine

Elevated cystathioninec
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serum anti-intrinsic factor antibodies is diagnostic 
of pernicious anemia but present in only 50 % of 
persons proven to have malabsorption of vitamin 
B12 by the radioactive Schilling test which is now 
rarely available. Associated antiparietal cell anti-
bodies are also present however are less specifi c 
(Toh et al.  2012 ; Lewerin et al.  2008 ). Pernicious 
anemia occurs with other autoimmune diseases 
particularly thyroid disease and vitiligo. 

 There is a false impression that pernicious 
anemia is a disease of Northern Europe; however, 
epidemiologic studies show that persons of 
African ancestry have the highest incidence fol-
lowed by northern and other Europeans and 
Middle Easterners. Although the incidence of 
pernicious anemia is lower in East Asians, case 
series from China show similar presentation and 
associations with autoimmunity (Stabler and 
Allen  2004 ; Wun et al.  2006 ).  

  Question 8.      Four years later, the patient’s 
new primary care doctor says she has become 
anemic again. 

    A.    You insist she restart cyanocobalamin 1 mg 
IM q/week × 4 weeks followed by monthly 
injections.   

   B.    You switch her to methylcobalamin injec-
tions since you think this form is more 
bioavailable.   

   C.    You offer OTC oral vitamin B12 1000 mg 
BID for several weeks followed by 1 mg oral 
q/day since the patient does not like 
injections.   

   D.    A or C.    

    Expert Clinical Perspective     The standard treat-
ment for vitamin B12 defi ciency due to malab-
sorption in the United States has been 
intramuscular injection with cyanocobalamin 
monthly. However, it has been shown that 1 % of 
an oral dose of vitamin B12 can be absorbed by 
mass action even in patients with pernicious ane-
mia, post gastrectomy, or ileectomy (Berlin et al. 
 1968 ; Kim et al.  2011a ). Daily requirement of 
vitamin B12 is between 2 and 6 μg (Bor et al. 
 2010 ); thus, an oral tablet of 1000 μg will result 
in the absorption of adequate amounts (10 μg). A 
randomized controlled trial  comparing injections 

to a high daily oral dose demonstrated superiority 
of the latter in lowering MMA and raising serum 
vitamin B12 (Kuzminski et al.  1998 ). A major 
reason for relapse of pernicious anemia is a new 
care provider who discontinues B12 injections 
based on a normal vitamin B12 value (because of 
past treatment)! The patient should be informed 
against this possibility and that they can always 
fi nd OTC high-dose oral supplements. If the 
patient initially presented with neurologic dis-
ease, then often paresthesias are the fi rst manifes-
tations of relapse and can occur as early as 
6 months after cessation of replacement 
(Lindenbaum et al.  1990 ). Questions remain 
about which is better – medical facility provided 
injections vs. patient self-treatment with oral sup-
plements (Castelli et al.  2011 ; Carmel  2008 ). 
There are also sublingual, nasal, and other sup-
plements although the advantages over oral tab-
lets are not clear. Methylcobalamin must be 
protected from light and is expensive and not 
proven more effective. Folic acid supplements of 
1–5 mg orally should be adequate for clinical 
situations of folate malabsorption or increased 
utilization (Stabler  2006 ).   

    Case 2 

 A 38-year-old female developed a pulmonary 
embolism after the birth of her third child. 
Thrombophilia testing showed she was homozy-
gous for the thermolabile methylenetetrahydro-
folate reductase (MTHFR) polymorphism 
(C677T) and was told to continue her prenatal 
vitamins while she exclusively breastfed her 
infant. At 2 months, the infant had failure to 
thrive and delayed development and was hospi-
talized for anemia. Total homocysteine was ele-
vated in both infant and mother at 85 and 
99 umol/L, respectively. 

  Question 9.      The most appropriate next step is to: 

    A.    Obtain consult with medical genetics and 
send DNA for MTHFR polymorphism in the 
infant.   

   B.    Start higher-dose folic acid treatment in both 
mother and infant.   
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   C.    Send serum for MMA in both mother and 
infant, and immediately start vitamin B12 
injections in both infant and mother while 
awaiting results.    

    Expert Clinical Perspective     The thermolabile 
MTHFR polymorphism ranges in prevalence 
from 5 to 30 % in different populations (Wilcken 
et al.  2003 ) and with low folate intake does 
increase homocysteine values (Jacques et al. 
 1996 ). Unfortunately, the test has been added to 
diagnostic panels for thrombophilia and/or ele-
vated homocysteine. However, it in the United 
States with folate-fortifi ed food and in supple-
mented patients as described, does not cause ele-
vated homocysteine (Jacques et al.  1996 ). The 
medical history revealed that this patient had 
been treated for Graves’ disease 5 years ago. 
Serum MMA was markedly elevated in both 
mother and baby, 10,000 and 12,000 nmol/L, 
respectively. Serum vitamin B12 was low in the 
infant <100 pg/ml and not tested in her mother 
who had a near-normal hemoglobin. During the 
fi rst week of vitamin B12 replacement, the infant 
became less lethargic and at follow-up had 
regained her milestones. 

 The exclusively breastfed infant of a mother 
with undiagnosed and untreated pernicious ane-
mia, post gastric bypass, or vegan diet is at great 
risk to develop vitamin B12 defi ciency since 
breast milk may be severely defi cient in the vita-
min (Kocaoglu et al.  2014 ). The infant’s outcome 
depends on the duration of B12 defi ciency since 
enormous brain growth and myelination of the 
nervous system occur in the fi rst year of life. 
Series have shown failure of head and brain 
growth and permanent impairment (Dror and 
Allen  2008 ; Honzik et al.  2010 ). 

 It was initially suspected that both mother and 
infant had a congenital form of hyperhomocyste-
inemia, but there are no autosomal dominant dis-
eases known. Patients with severe 
hyperhomocysteinemia (and normal MMA) need 
to be evaluated for classical homocystinuria or 
for the severe mutations in MTHFR (not the 
 thermolabile polymorphism), and neither condi-
tion causes megaloblastic anemia (Stabler et al. 

 2013 ). A “shotgun” approach to treatment with 
high-dose folate is not suffi cient or appropriate 
for either of these conditions, and a patient with 
elevated homocysteine or MMA after adequate 
vitamin supplementation should be referred to a 
metabolic disorder clinic. 

 Many studies have shown that hyperhomo-
cysteinemia of any cause is associated with 
thrombosis (Limal et al.  2006 ; Remacha et al. 
 2011 ; Mushtak et al.  2012 ; Whyte et al.  2012 ). 
Cardiovascular and cognitive diseases are also 
associated. At this point, the large intervention 
trials with high-dose folic acid, vitamin B12, 
and B6 treatment have not shown consistent 
benefi t. Treatment may have more impact on 
preventing stroke than on myocardial infarc-
tion (Yang et al.  2012 ). The subjects at risk for 
these disorders are elderly and may have age-
related gastric atrophy with mild vitamin B12 
and other defi ciencies (Pennypacker et al. 
 1992 ; Lewerin et al.  2008 ). Combinations of B 
vitamins including high-dose vitamin B12 will 
decrease homocysteine to the greatest extent in 
these conditions. Whether lowering homocys-
teine on a long-term basis will decrease the 
incidence of vascular disease and cognitive 
disorders remains to be determined (Vuckovic 
et al.  2015 ; Yang et al.  2012 ; Nachum- Biala 
and Troen  2012 ).   

 Controversies and Take-Home Points 

•     Megaloblastic anemia can be caused by 
either vitamin B12 or folate defi ciency 
as well as drugs that interfere with DNA 
synthesis or vitamin metabolism.  

•   Assay testing for serum vitamin B12 has 
limited sensitivity and specifi city for 
diagnosing clinical or metabolic vitamin 
defi ciency.  

•   Pretreatment elevations of methylmalo-
nic acid prove metabolic defi ciency of 
vitamin B12 and decrease after 
treatment.  
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  Answers 

    Question 1. False  
  Question 2. False  
  Question 3. D  
  Question 4. C  
  Question 5. B  
  Question 6. D  
  Question 7. C  
  Question 8. D  
  Question 9. C         
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      Sideroblastic Anemias: Diagnosis 
and Management                      

     Eric     J.     Werner       and     Anthony     D.     Villella     

         Introduction 

 The term sideroblastic anemia (SA) is used to 
defi ne a diverse group of disorders with the com-
mon fi nding of ringed sideroblasts noted on bone 
marrow evaluations (Fig.  1 ). The presence of this 
morphology is due to iron deposition in the mito-
chondria of the erythroid progenitor cells. 
Congenital SA may be due to one of several 
defi ned gene abnormalities or due to an as yet 
unknown defect (Bergmann et al.  2010 ). Acquired 
SA is caused by nutritional defi cits, medications, 
or clonal myelodysplastic disorders. While the 
precise incidence of congenital SA is unknown 
and it is likely underdiagnosed and reported, the 
frequency of acquired cases appears to be much 
greater than congenital cases.

       Congenital Sideroblastic Anemia 

 The congenital sideroblastic anemias are a group 
of rare disorders characterized by variable 
degrees of anemia that, when the gene defect is 
known, have in common defects in either heme 
synthesis or mitochondrial iron metabolism. 
Additionally, the sideroblastic anemias may have 
relationships to other inherited disorders of the 
heme synthetic pathway including the erythro-
poietic porphyrias and iron-resistant iron defi -
ciency anemia (Donker et al.  2014 ). They may 
present in early infancy or late into adulthood, 
and while most have red cell microcytosis, some 
forms of SA may have normocytic or macrocytic 
erythrocytes (Table  1 ).
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  Fig. 1    Ringed sideroblasts from a patient with refractory 
anemia with excess blasts (From H Löffl er and J Rastetter. 
 Atlas of Clinical Hematology . Fifth Edition 2000 Berlin)       
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       Case 1 

 A 15-month-old boy of Northern European 
descent presents for evaluation for persistent ane-
mia. He was initially identifi ed as having anemia 
by a screening hemoglobin at age 1 year and was 
treated with ferrous sulfate (4 mg/kg/day of ele-
mental iron) for 6 weeks without signifi cant effect. 
A second course was then instituted again without 
effect. His hematologic values are noted below. 
Signifi cant family history includes a brother with a 
similar iron-unresponsive microcytic anemia and a 
maternal uncle with iron overload syndrome. 

Physical examination reveals that he has minimal 
splenomegaly but no other identifi ed defects.

 Test  Patient  Reference range 

 WBC  4900/μL  4200–11,000/
mL 

 Hg  7.0 g/dL  11–14 g/dL 

 MCV  54 fL  71–95 fL 

 RDW  20.0 %  12–16 % 

 Platelets  150,000/μL  150,000–
400,000/μL 

 Absolute 
neutrophil count 

 2500/μL  1500–6900/μL 

   Table 1    Described forms of congenital sideroblastic anemia (see text for references)   

 Inheritance 
 Identifi ed abnormal 
gene(s) 

 Age of 
presentation  Additional manifestations 

 X-linked sideroblastic 
anemia 

 X-linked  Erythroid 
5-aminolevulinate 
synthase (ALAS2) 

 Any  Microcytic anemia 
(except females), iron 
overload 

 Autosomal congenital 
sideroblastic anemia 

 Autosomal 
recessive 

 Mitochondrial 
transporter 
(SLC25A38) 

 Early childhood  Microcytic anemia, iron 
overload 

 Glutaredoxin 5 defi ciency  Autosomal 
recessive 

 Glutaredoxin 5  Single case in 
adult 

 Iron overload 

 X-linked sideroblastic 
anemia with ataxia 

 X-linked  ATP-binding cassette 
transporter (ABCB7) 

 Childhood  Cerebellar hypoplasia, 
ataxia, developmental 
motor development 

 Sideroblastic anemia, 
immunodefi ciency, 
fevers, and developmental 
delay 

 Autosomal 
recessive 

 TRNT1  Early childhood  B-cell immunodefi ciency, 
CNS abnormalities, and 
others 

 Pearson marrow-pancreas 
syndrome 

 Maternal  Mitochondrial DNA  Infancy  Failure to thrive, 
metabolic acidosis, 
pancreatic insuffi ciency, 
and cytopenias. Anemia 
may be macrocytic. 
Vacuolization of 
hematopoietic precursors 

 Mitochondrial myopathy, 
lactic acidosis, and 
sideroblastic anemia 
(MLASA) 

 Probably 
autosomal 
recessive 

 Pseudouridine 
synthase 1 (PUS1) 

 Variable 
expression 

 Skeletal muscle 
weakness, normocytic 
anemia, vacuolization of 
hematopoietic precursors 

 Mitochondrial 
tyrosyl-tRNA 
synthetase (YARS2) 

 ATP6 

 Thiamine-responsive 
megaloblastic anemia 

 Autosomal 
recessive 

 High-affi nity 
thiamine transporter 
(SLC19A2) 

 Infancy to 
adolescence 

 Megaloblastic anemia, 
non-type 1 diabetes 
mellitus, sensorineural 
hearing loss 

 Congenital erythropoietic 
porphyria 

 X-linked  Inheritance of FECh 
is autosomal 

 Clinical manifestations of 
erythropoietic porphyria 
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 Test  Patient  Reference range 

 Reticulocyte count  1.0 %  0–1 % 

 Smear (Fig.  2 )  Dimorphic population of 
erythrocytes 

 Transferrin 
saturation 

 90 %  10–47 % 

 Ferritin  190 mg/dL  20–94 mg/dL 

 Hb electrophoresis  Hb A 95 %, Hb F 2.5 %, Hb A 2  
2.5 % 

    Question 1.      Which of the following is most 
likely to improve his hemoglobin? 

    A.    Infusions of iron sucrose   
   B.    Thiamine   
   C.    Pyridoxine   
   D.    Splenectomy   
   E.    Folate    

    Expert Perspective     This child has iron refractory, 
microcytic anemia with increased iron stores that 
would be suggestive of sideroblastic anemia. While 
iron defi ciency is the most  common cause of ane-
mia in this age group, the lack of clinical response 
combined with  demonstration of increased iron 
stores would exclude that diagnosis. α- or 
β-thalassemia may also present with hypochromic, 
microcytic  anemia, but the lack of elevation of Hb 
A 2  on Hb electrophoresis excludes β-thalassemia. 
α-Thalassemia trait (a two-gene deletion) would 
not have anemia of this severity, and Hb H disease 
(a three-gene deletion) should also show the abnor-
mal Hb H band on Hb electrophoresis.  

 Key reasons to consider congenital SA in this 
case include the suggestive family history. It 
would be very unusual for causes of acquired SA 
to be present in multiple family members. That 
all of the affected individuals are male suggests 
an X-linked disorder. X-linked sideroblastic ane-
mia (XLSA) is the most common of the congeni-
tal SAs (Bergmann et al.  2010 ). 

 In more than half of the patients with XLSA, the 
anemia responds to high doses of pyridoxine. An 
initial dose of pyridoxine may be 50–100 mg, albeit 
higher doses have been reported (Donker et al. 
 2014 ) and lower maintenance doses for responsive 
individuals may be effective. The presence of iron 

overload may interfere with the response to pyri-
doxine, and on occasion, this response is improved 
following phlebotomy (Cotter et al.  1999 ). Folate 
defi ciency may also worsen anemia, but folate defi -
ciency is secondary to ineffective erythropoiesis 
and not primary in this disorder (Bottomley). Some 
gene abnormalities, including some defects noted 
to cause XLSA, do not respond to pyridoxine. High 
doses of pyridoxine may cause signifi cant toxicity, 
including neuropathy, so treated patients should be 
monitored. 

 Splenectomy should be avoided in patients 
with congenital sideroblastic anemia due to a 
high frequency of thrombotic events that may be 
refractory to prophylactic anticoagulation (Byrne 
et al.  2010 ).  

    Case 2 

 A 2-month-old infant presents with severe, micro-
cytic, hypochromic anemia. Red blood cell mor-
phology is signifi cant for basophilic stippling, 
nucleated red blood cells, and some schistocytes 
in addition to the microcytosis and hypochromia. 
After exclusion of hemoglobinopathy, a bone 
marrow revealed ringed sideroblasts. Recurrent 
fevers developed during infancy with subsequent 
documentation of sinopulmonary infections sepa-
rate from the periodic fevers. Immunologic exam-
ination revealed decreased low IgG values with 
decreased numbers of circulating B lymphocytes. 

  Question 2.      Now that sideroblastic anemia 
has been documented, is there additional value 
to doing gene testing? 

    A.    No. It is expensive and will not affect 
management.   

   B.    Yes, but only for research purposes to further 
understand the metabolic defects.   

   C.    Yes, as it may identify associated clinical fea-
tures and/or prognosis and thus may direct 
clinical management.   

   D.    Eventually, but it is helpful only for reproduc-
tive counseling and thus may be offered to the 
patient at a reproductive age unless the par-
ents are considering further children.    
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    Expert Perspective     Several gene abnormalities 
have been described that affect different points on 
the heme synthetic or mitochondrial iron meta-
bolic pathways (Fig.  3 ). Several are often referred 
to as “syndromic congenital sideroblastic ane-
mia” due to defi ned associated features. All are 
very rare disorders, with glutaredoxin 5 defi ciency 
defi ned in a single adult case. Nevertheless, gene 
identifi cation can help the provider anticipate 
clinical complications and/or affect management.

    The case described carries the clinical features of 
CSA in association with B-cell immunodefi -
ciency, periodic fevers, and developmental delay 
(SIFD) (Wiseman et al.  2013 ) recently found to 
be caused by mutations in the TRNT1 gene 
(Chakraborty et al.  2014 ). In addition to the clini-
cal features in the name, children affected by this 
disorder may have sensorineural hearing loss, 
seizures, ataxia, nephrocalcinosis, cardiomyopa-
thy, pigmentary retinitis, and other metabolic 
abnormalities (Wiseman et al.  2013 ). 

 Autosomal congenital sideroblastic anemia is 
a form of CSA that usually presents in early 
infancy and has features similar to XLSA but 
does not have an X-linked inheritance pattern and 
is not responsive to pyridoxine. Several of these 
patients have been documented to have defects in 

the SLC25A38 gene that codes for a mitochon-
drial transporter (Fleming  2011 ). 

 Erythropoietic porphyria is a rare disease char-
acterized by severe photosensitivity, discoloration 
of teeth, and brown discoloration of urine, espe-
cially upon exposure to UV light (Phillips and 
Kushner  2009 ). Mutations in the FECH gene that 
lead to defective ferrochelatase enzyme activity 
appear to be the cause of this disorder (Bottomley 
 2009a ). Anemia may be seen in erythropoietic 
porphyria (Bottomley  2009a ). Ringed sidero-
blasts have been reported in patients with erythro-
poietic porphyria (Bottomley  2009c ). 

 There are several other syndromic forms of 
CSA that differ in clinical features and identifi ed 
gene defects. Mitochondrial myopathy, lactic aci-
dosis, and sideroblastic anemia (MLASA) pres-
ents during childhood with progressive weakness. 
Gene defects identifi ed with MLASA include 
pseudouridine synthase 1 (PUS1) (Fujiwara and 
Harigae  2013 ), mitochondrial tyrosyl-tRNA syn-
thetase gene (YARS2) (Ardissone et al.  2015 ; 
Riley et al.  2010 ), and recently the mitochondrial 
ATP6 gene (Burrage et al.  2014 ). Identifi cation of 
MLASA by gene study may obviate the need for 
diagnostic muscle biopsy (Ardissone et al.  2015 ). 

 Pearson marrow-pancreas syndrome is usually 
identifi ed in infants with transfusion- dependent 
anemia, metabolic acidosis, failure to thrive, and 
pancreatic insuffi ciency (Rogers and Alter  2013 ). 
Bone marrow examination reveals sideroblastic 
changes and, in particular, characteristic cytoplas-
mic vacuolization of myeloid and erythroid pre-
cursors. Pearson marrow-pancreas syndrome 
appears to be caused by large deletions in mito-
chondrial DNA and thus is maternally derived. 

 X-linked sideroblastic anemia with ataxia 
presents in childhood with mild to moderate 
microcytic anemia and cerebellar dysfunction 
including ataxia, dysmetria, and dysdiadochoki-
nesia (Bekri et al.  1993 ). Female carriers may 
have hematologic fi ndings such as an elevated 
RDW but do not manifest the neurologic fea-
tures. Unlike XLSA, the anemia in XLSA-A is 
not responsive to pyridoxine (Harigae and 
Furuyama  2010 ). The identifi ed defect in 
XLSA-A is in the adenosine triphosphate-bind-
ing cassette reporter gene (ACBC7). 

  Fig. 2    An infant with X-linked sideroblastic anemia 
(Courtesy of Dr. Anthony Villella)       

 

E.J. Werner and A.D. Villella



129

 Thiamine-responsive megaloblastic anemia is 
a triad of non-type 1 diabetes mellitus, sensori-
neural hearing loss, and, in this disorder, megalo-
blastic, sideroblastic anemia (Bay et al.  2010 ). 
TRMA may also have ringed sideroblasts on mar-
row examination, but as the name implies, the red 
blood cell indices are macrocytic. The diabetes 
may present in infancy (Shaw-Smith et al.  2012 ). 
Other defects including cardiac abnormalities 
(Lorber et al.  2003 ) and optic atrophy (Mozzillo 
et al.  2013 ) have been noted as well. As the name 
implies, the anemia may respond to thiamine, and 
decreased insulin requirements to thiamine have 
also been reported, although this effect may not 
be permanent (Ricketts et al.  2006 ). An abnormal-
ity in the high-affi nity thiamine transporter gene 
(SLC19A2) is thought to be the cause of this syn-
drome (Shaw-Smith et al.  2012 ; Mozzillo et al. 
 2013 ; Beshlawi et al.  2014 ). 

 In addition to gene defects, a careful history 
for agents which can cause acquired sideroblastic 
anemia should be sought in affected children. 
While specifi c gene abnormalities have been 
reported in many patients with CSA, both syn-
dromic and non-syndromic, a recent study of 
patients with CSA revealed that the gene disorder 
remained undefi ned in almost 43 % of the identi-
fi ed cases (Bergmann et al.  2010 ).  

    Acquired Sideroblastic Anemia 

 The most common causes of SA are acquired 
conditions. The anemia is most often of moderate 
severity, and the peripheral blood smear classi-
cally reveals hypochromia and a dimorphic popu-
lation of red blood cells (Kushner et al.  1971 ). 
The anemia can be normocytic or macrocytic but 
is not expected to be microcytic in contrast to 
most forms of congenital SA. Acquired SA can 
be primary as seen in clonal conditions or sec-
ondary when caused by drugs, toxins, or a copper 
defi ciency. The clonal conditions are classifi ed 
by the WHO as three possible variants of myelo-
dysplastic syndrome (MDS) and/or myeloprolif-
erative neoplasms (MPNs) including refractory 
anemia with ringed sideroblasts (RARS), RARS 
with thrombocytosis (RARS-T), and refractory 

cytopenia with multilineage dysplasia and ringed 
sideroblasts (RCMD-RS) (Cancer  2008 ). The 
pathophysiology of clonal SA remains unknown; 
however, defects in heme biosynthesis do not 
appear to be the problem as shown to be the case 
in congenital SA. Recently, acquired mutations 
of the splicing factor 3B subunit1 (SF3B1) were 
found to be present in up to 85 % of patients with 
RARS, RARS-T, and RCMD-RS (Papaemmanuil 
et al.  2011 ; Patnaik et al.  2012 ; Visconte et al. 
 2012 ; Damm et al.  2012 ; Broseus et al.  2013 ). 

 Secondary causes of SA include lead poi-
soning, medications which interfere with pyri-
doxine metabolism, and copper defi ciency. 
Lead intoxication is most commonly caused by 
the ingestion of lead paint chips in iron-defi -
cient children. Drugs that have been associated 
with the development of SA include ethanol, 
isoniazid, pyrazinamide, cycloserine, chloram-
phenicol, busulfan, melphalan, linezolid, and 
D-penicillamine (Bottomley and Fleming  2014 ; 
Willekens et al.  2013 ). Copper defi ciency is 
most often caused by malabsorption syndromes, 
total parental nutrition not supplemented with 
copper, or bowel resections. Overexposure to 
zinc can also lead to a defi ciency of copper due 
to sequestration of copper in the intestinal epi-
thelium and inhibition of copper absorption 
(Cousins  1985 ). Patients with copper defi ciency 
also commonly develop neurologic symptoms 
in addition to the SA (Lazarchick  2012 ).  

    Case 3 

 A 35-year-old Caucasian young woman presents 
with a 2-month history of pallor, fatigue, and dys-
pnea on exertion. She is a strict vegetarian. Family 
history is negative for anemias. On physical exam, 
she is noted to appear tired and have pallor and 
tachycardia. She has no bruises or petechiae and 
there is no lymphadenopathy or hepatomegaly. 
She has mild splenomegaly. Labs show:

   CBC reveals: WBC 5600/μL, Hb 7.8 g/dL, MCV 
112 fL, platelets 224,000/μL, reticulocyte 
count 2.1 %, and absolute neutrophil count 
3600/μL.  
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  Smear: hypochromia with a dimorphic popula-
tion of red blood cells. No malignant cells.  

  Folate and B12 levels are normal; ferritin 340 ng/
mL (elevated) and direct antiglobulin test is 
negative.    

  Question 3.      What is the next best intervention 
at this time? 

    A.    Bone marrow aspirate and biopsy to rule out 
malignancy, bone marrow failure, and MDS.   

   B.    Close observation with serial CBCs.   
   C.    Start corticosteroids for possible immune- 

mediated cytopenias.   
   D.    Administer folate and B12 despite the normal 

labs because of the diet history.    

    Expert Perspective     The patient has a macro-
cytic anemia without an obvious cause, and there-
fore the clinician should have a high suspicion for 
bone marrow failure or MDS. The dimorphic 
population of red blood cells is most consistent 
with MDS, and therefore a bone marrow aspirate 
and biopsy is indicated. Observation is not appro-
priate because the patient is mildly symptomatic, 
and therefore the diagnosis should be made 
promptly so appropriate treatment can be initiated 
in a timely manner. Immune-mediated anemia 
and thrombocytopenia remain a possibility but 
less likely given the low reticulocyte count and 
negative DAT. A megaloblastic anemia secondary 
to a folate or B12 defi ciency is unlikely given the 
normal laboratory studies and pursuing these 
studies will delay making a defi nitive diagnosis.  

  Question 4.      A bone marrow aspirate and 
biopsy is performed which shows hypercellu-
larity with no leukemic blasts. Ringed sidero-
blasts and mild dysplasia are noted in 25 % of 
erythroid precursors. Cytogenetic studies do 
not demonstrate any abnormalities. What is 
the etiology of the ringed sideroblasts? 

    A.    Nuclear remnants   
   B.    Intracellular inclusions of denatured 

hemoglobin   
   C.    Iron deposition in mitochondria   
   D.    Inclusions of aggregated ribosomes    

    Expert Perspective     Ringed sideroblasts form 
from the deposition of iron in the form of  ferritin in 
the mitochondria of erythroid precursor cells 
(Sheftel et al.  2009 ). In most congenital forms of 
SA, a defect in heme biosynthesis accounts for the 
development of ringed sideroblasts. The metabolic 
pathways which lead to ringed sideroblasts in 
acquired clonal causes of SA remained completely 
unknown up until the last several years. It now 
appears that mutations in the SF3B1 gene cause 
disturbances in RNA splicing machinery leading to 
downregulation of the expression of the ABCB7 
gene (Nikpour et al.  2013 ; Malcovati and Cazzola 
 2013 ). This gene encodes an important protein 
involved in the transport of iron from mitochondria 
to the cytoplasm (Malcovati and Cazzola  2013 ).  

  Question 5.      A preliminary diagnosis of MDS- 
type RARS is made. Before a defi nitive  diagnosis 
can be made, which of the following studies 
should be performed? 

    A.    None. The diagnosis is defi nitive based on the 
available information.   

   B.    Serum copper and ceruloplasmin levels to 
rule out copper defi ciency.   

   C.    Genetic analysis of the ALAS2 gene.   
   D.    Both b and c.    

    Expert Perspective     The information gathered 
thus far makes RARS the most likely diagnosis; 
however, this patient is somewhat atypical because 
she is less than 40 years old. Accordingly, it would 
be prudent to rule out an underlying copper defi -
ciency as well as congenital SA. Nearly all con-
genital SAs present early in childhood; however, 
female patients with X-linked SA caused by 
severe ALAS2 mutations and progressive inacti-
vation of the normal X chromosome with aging 
can present as young and middle-aged adults 
(Bottomley and Fleming  2014 ; Aivado et al. 
 2006 ). Distinguishing X-linked SA from RARS is 
important since a proportion of patients with 
X-linked SA will respond to pyridoxine therapy.  

  Question 6.      A congenital SA and copper 
 defi ciency are ruled out and the patient is 
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diagnosed with MDS-type RARS. What 
 clinical course can the patient expect? 

    A.    Severe progressive anemia requiring lifelong 
blood transfusions and eventual bone marrow 
failure.   

   B.    Stable mild anemia which will likely respond 
to erythropoietin and consequently require 
few blood transfusions and a negligible risk 
of iron overload.   

   C.    Variable degree of anemia may respond to 
erythropoietin, but the risk of iron overload is 
signifi cant even if blood transfusion require-
ments are minimal.   

   D.    Anemia will likely be stable and controlled 
with erythropoietin, but the risk of malignant 
transformation is signifi cant and is the pre-
dominant cause of death.    

    Expert Perspective     Patients with RARS have 
ineffective erythropoiesis, which is usually stable 
for many years. Patients may have only mild 
asymptomatic anemia which does not require any 
intervention other than surveillance. Others 
may have moderate to severe anemia, which may 
respond to exogenous erythropoietin or may 
require chronic blood transfusion therapy. Patients 
are at high risk for iron overload even when the 
transfusion burden is low because of altered iron 
metabolism (Tanno and Miller  2010 ). Iron over-
load can lead to hepatic fi brosis and cirrhosis, car-
diomyopathy, and endocrine disorders. Iron 
overload can be addressed with either phlebotomy 
or iron chelation medications. Patients with RARS 
rarely develop bone marrow failure or leukemic 
transformation (Malcovati and Cazzola  2013 ). 
Patients with RARS-T have features of both MDS 
and MPN. Investigators have recently noted that 
many patients with RARS-T have mutations of 
both SF3B1 and JAK2 (Broseus et al.  2012 ). 
Patients with RARS-T have shorter overall sur-
vival and higher rates of leukemia and thrombosis 
as compared to RARS (Broseus et al.  2012 ). 
RCMD-RS is characterized by cytopenias and 
dysplasia in two or more cell lines. More patients 
with this subtype have higher risk disease as com-
pared to RARS and, accordingly, worse outcomes 
(Malcovati et al.  2005 ; Germing et al.  2006 ).  

  Question 7.      After several years of a stable 
anemia controlled with erythropoietin, the 
patient begins to develop worsening spleno-
megaly and increasing blood transfusion 
requirements. A repeat bone marrow biopsy is 
performed which shows continued hypercellu-
larity and no evidence of malignant transfor-
mation. The serum ferritin has increased to 
2400 ng/mL. Liver function tests are normal. 
The next best step in the management of this 
patient is: 

    A.    Begin iron chelation therapy.   
   B.    Begin a phlebotomy program.   
   C.    Refer to a general surgeon for an elective 

splenectomy to decrease her blood transfu-
sion requirements.   

   D.    Refer to a general surgeon for an elective 
splenectomy to decrease her blood transfu-
sion requirements and begin iron chelation 
therapy.    

    Expert Perspective     This patient has not 
 unexpectedly developed iron overload and there-
fore should begin iron chelation therapy. 
Phlebotomy is not possible since the patient’s 
hemoglobin is low enough to require frequent 
blood transfusions. Splenectomy may reduce the 
patient’s blood transfusion requirements but 
should be avoided if at all possible. Several stud-
ies have shown increased morbidity and mortality 
postsplenectomy as well as a signifi cant risk of 
venous thromboembolism (VTE) (Bottomley 
 1991 ; Rialon et al.  2015 ).   

    Case 4 

 A 9-year-old Caucasian boy presents with a 
3-month history of slowly worsening fatigue, 
headaches, and numbness in his hands and feet. 
His medications include Adderall as well as zinc 
supplementation, both administered for 
ADHD. He eats a normal well-rounded diet. On 
physical exam, he is noted to have pallor, 
decreased patellar refl exes bilaterally, and a bilat-
eral foot drop. He has no lymphadenopathy or 
hepatosplenomegaly. A CBC shows:
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   WBC 1800/μL, hemoglobin 5.4 g/dL, MCV 
109 fL, RDW 21 %, platelets 265,000/μL, 
absolute neutrophil count 850/μL, and reticu-
locyte count 1.8 %.  

  Smear: hypochromia with a dimorphic popula-
tion of red blood cells.  

  Serum folate and B12 levels are normal. Iron 
saturation ratio is normal and ferritin is nor-
mal at 28 ng/mL.    

  Question 8.      What test will be most likely to 
provide the correct diagnosis?  

     A.    Red blood cell folate level   
   B.    Bone marrow aspirate and biopsy to rule out 

malignancy and bone marrow failure syndrome   
   C.    Serum copper and ceruloplasmin levels   
   D.    Hemoglobin electrophoresis      

  Expert Perspective     This child has a macrocytic 
anemia and evidence of a peripheral neuropathy. 
Because of the history of zinc supplementation, 
the most appropriate tests to order are serum cop-
per and ceruloplasmin levels to confi rm a diagno-
sis of secondary sideroblastic anemia from 
copper defi ciency. While a red cell folate level is 
a more reliable measure of folate compared to a 
serum folate level, there is no history to suggest 
folate defi ciency. A bone marrow biopsy would 
provide additional supportive information by 
identifying ringed sideroblasts with Prussian blue 
staining; however, the etiology of the ringed sid-
eroblasts and determination of the appropriate 
treatment would require additional studies, and 

there are no history or physical fi ndings to sug-
gest malignancy. The macrocytic anemia and 
neutropenia are also consistent with a diagnosis 
of aplastic anemia; however, the peripheral neu-
ropathy would then remain unexplained. A hemo-
globin electrophoresis is unlikely to be helpful 
since most hemoglobinopathies are associated 
with normocytic or microcytic anemias.  

  Question 9.      The copper and ceruloplasmin 
levels are diagnostic of copper defi ciency. How 
did the zinc supplementation lead to a copper 
defi ciency?  

     A.    Generation of oxygen free radicals   
   B.    Sequestration of copper in the intestinal 

epithelium   
   C.    Decreased absorption of copper from the gut   
   D.    Destruction of the ceruloplasmin protein   
   E.    Both b and c      

  Expert Perspective     Copper defi ciency occurs 
most commonly in patients who receive total par-
enteral nutrition without trace elements added. 
Excessive zinc exposure can also lead to copper 
defi ciency by the induction of metallothionein 
resulting in sequestration of copper in the intesti-
nal epithelium and decreased copper absorption 
in the gut (Cousins  1985 ). Neurologic complica-
tions are not uncommon and include peripheral 
neuropathy, myeloneuropathy, CNS demyelin-
ation, and optic neuropathy (Lazarchick  2012 ) 
(Fig.  3 ).
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     Answers 

    Question 1. C  
  Question 2. C  
  Question 3. A  
  Question 4. C  
  Question 5. D  
  Question 6. C  
  Question 7. A  
  Question 8. C  
  Question 9. E         

   References 

    Aivado M, Gattermann N, Rong A, Giagounidis AA, Prall 
WC, Czibere A, Hildebrandt B, Haas R, Bottomley SS. 
X-linked sideroblastic anemia associated with a novel 
ALAS2 mutation and unfortunate skewed X-chromosome 
inactivation patterns. Blood Cells Mol Dis. 2006;37:
40–5.  

     Ardissone A, Lamantea E, Quartararo J, Dallabona C, 
Carrara F, Moroni I, Donnini C, Garavaglia B, Zeviani 
M, Uziel G. A novel homozygous YARS2 mutation in 

two Italian siblings and a review of literature. JIMD 
Rep. 2015;20:95–101.  

    Bay A, Keskin M, Hizli S, Uygun H, Dai A, Gumruk F. 
Thiamine-responsive megaloblastic anemia syndrome. 
Int J Hematol. 2010;92:524–6.  

    Bekri S, D’Hooghe M, Vermeersch P. X-linked sideroblastic 
anemia and ataxia. In: Pagon RA, Adam MP, Ardinger HH, 
Wallace SE, Amemiya A, Bean LJH, Bird TD, Dolan CR, 
Fong CT, Smith RJH, Stephens K, editors. GeneReviews(R). 
Seattle: University of Washington; 1993.  

      Bergmann AK, Campagna DR, Mcloughlin EM, Agarwal 
S, Fleming MD, Bottomley SS, Neufeld EJ. Systematic 
molecular genetic analysis of congenital sideroblastic 
anemia: evidence for genetic heterogeneity and identi-
fi cation of novel mutations. Pediatr Blood Cancer. 
2010;54:273–8.  

    Beshlawi I, Al Zadjali S, Bashir W, Elshinawy M, Alrawas 
A, Wali Y. Thiamine responsive megaloblastic  anemia: 
the puzzling phenotype. Pediatr Blood Cancer. 2014;
61:528–31.  

    Bottomley SS. Sideroblastic anemia: death from iron 
overload. Hosp Pract (Off Ed). 1991;26 Suppl 3:
55–6.  

     Bottomley SS. Porphyria. In: Greer JP, Foerster J, Rodgers 
GM, Paraskevas F, Glader B, Arber DA, Means Jr RT, 
editors. Wintrobe’s clinical hematology. 12th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2009a.  

    Bottomley SS. Sideroblastic anemias. In: Greer JP, 
Foerster J, Rodgers GM, Paraskevas F, Glader B, Arber 
DA, Means Jr RT, editors. Wintrobe’s clinical hematol-

  Fig. 3    Genes mutated in inherited sideroblastic anemia 
are involved in mitochondrial iron homeostasis. ALAS2 is 
the initial enzyme of heme biosynthesis in erythroid cells. 
The defi ciency results in impaired heme biosynthesis. 
SCL25A38 is a transporter of glycine, a substrate for ALA 
synthesis. SCL19A3 is a transporter for thiamine, which 
is a cofactor of α-ketoglutarate dehydrogenase involved in 

the synthesis of succinyl CoA, a substrate for ALA syn-
thesis. ABCB7 functions in Fe–S cluster transport, 
whereas GLRX5 functions in Fe–S cluster biogenesis. 
Deletion of mitochondrial DNA and failure of uridine 
modifi cation may lead to impaired mitochondrial function 
(Reproduced from Harigae and Furuyama  2010 )       

 

Sideroblastic Anemias: Diagnosis and Management



134

ogy. 12th ed. Philadelphia: Lippincott Williams & 
Wilkins; 2009b.  

     Bottomley SS, Fleming MD. Sideroblastic anemia: diag-
nosis and management. Hematol Oncol Clin N Am. 
2014;28:653–70, v.  

     Broseus J, Florensa L, Zipperer E, Schnittger S, Malcovati 
L, Richebourg S, Lippert E, Cermak J, Evans J, Mounier 
M, Raya JM, Bailly F, Gattermann N, Haferlach T, 
Garand R, Allou K, Besses C, Germing U, Haferlach C, 
Travaglino E, Luno E, Pinan MA, Arenillas L, Rozman 
M, Perez Sirvent ML, Favre B, Guy J, Alonso E, Ahwij 
N, Jerez A, Hermouet S, Maynadie M, Cazzola M, 
Girodon F. Clinical features and course of refractory 
anemia with ring sideroblasts associated with marked 
thrombocytosis. Haematologica. 2012;97:1036–41.  

    Broseus J, Alpermann T, Wulfert M, Florensa Brichs L, 
Jeromin S, Lippert E, Rozman M, Lifermann F, 
Grossmann V, Haferlach T, Germing U, Luno E, 
Girodon F, Schnittger S, MPN & EURONET, M. P. 
Age, JAK2(V617F) and SF3B1 mutations are the 
main predicting factors for survival in refractory anae-
mia with ring sideroblasts and marked thrombocyto-
sis. Leukemia. 2013;27:1826–31.  

    Burrage LC, Tang S, Wang J, Donti TR, Walkiewicz M, 
Luchak JM, Chen LC, Schmitt ES, Niu Z, Erana R, 
Hunter JV, Graham BH, Wong LJ, Scaglia 
F. Mitochondrial myopathy, lactic acidosis, and sid-
eroblastic anemia (MLASA) plus associated with a 
novel de novo mutation (m.8969G > A) in the mito-
chondrial encoded ATP6 gene. Mol Genet Metab. 
2014;113:207–12.  

   Byrne MT, Bergman AK, Ruiz AI, Silver BJ, Maciejewski 
JP, Tiu RV. Postsplenectomy thromboembolic disease in 
congenital sideroblastic anaemia. BMJ Case Rep. 2010;
2010:bcr1220092514. doi:  10.1136/bcr.12.2009.2514    .  

    Cancer I. A. O. R. F. WHO Classifi cation of Tumours of 
Haematopoietic and Lymphoid Tissues. In: Swerdlow 
SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, 
Thiele J, Vardiman JW, editors. WHO classifi cation of 
tumours of haematopoietic and lymphoid tissue 
(IARC WHO Classifi cation of Tumours). 4th ed. 
Lyon: ARC Press; 2008.  

    Chakraborty PK, Schmitz-Abe K, Kennedy EK, Mamady H, 
Naas T, Durie D, Campagna DR, Lau A, Sendamarai AK, 
Wiseman DH, May A, Jolles S, Connor P, Powell C, 
Heeney MM, Giardina PJ, Klaassen RJ, Kannengiesser C, 
Thuret I, Thompson AA, Marques L, Hughes S, Bonney 
DK, Bottomley SS, Wynn RF, Laxer RM, Minniti CP, 
Moppett J, Bordon V, Geraghty M, Joyce PB, Markianos 
K, Rudner AD, Holcik M, Fleming MD. Mutations in 
TRNT1 cause congenital sideroblastic anemia with 
immunodefi ciency, fevers, and developmental delay 
(SIFD). Blood. 2014;124:2867–71.  

    Cotter PD, May A, Li L, Al-Sabah AI, Fitzsimons EJ, 
Cazzola M, Bishop DF. Four new mutations in the ery-
throid-specifi c 5-aminolevulinate synthase (ALAS2) 
gene causing X-linked sideroblastic anemia: increased 
pyridoxine responsiveness after removal of iron 
 overload by phlebotomy and coinheritance of heredi-
tary hemochromatosis. Blood. 1999;93:1757–69.  

     Cousins RJ. Absorption, transport, and hepatic metabo-
lism of copper and zinc: special reference to metallo-
thionein and ceruloplasmin. Physiol Rev. 1985;65:
238–309.  

    Damm F, Kosmider O, Gelsi-Boyer V, Renneville A, 
Carbuccia N, Hidalgo-Curtis C, Della Valle V, 
Couronne L, Scourzic L, Chesnais V, Guerci-Bresler 
A, Slama B, Beyne-Rauzy O, Schmidt-Tanguy A, 
Stamatoullas-Bastard A, Dreyfus F, Prebet T, De 
Botton S, Vey N, Morgan MA, Cross NC, Preudhomme 
C, Birnbaum D, Bernard OA, Fontenay M, Groupe 
Francophone Des, M. Mutations affecting mRNA 
splicing defi ne distinct clinical phenotypes and corre-
late with patient outcome in myelodysplastic syn-
dromes. Blood. 2012;119:3211–8.  

     Donker AE, Raymakers RA, Vlasveld LT, Van Barneveld T, 
Terink R, Dors N, Brons PP, Knoers NV, Swinkels DW. 
Practice guidelines for the diagnosis and management of 
microcytic anemias due to genetic disorders of iron 
metabolism or heme synthesis. Blood. 2014;123:
3873–86; quiz 4005.  

    Fleming MD. Congenital sideroblastic anemias: iron and 
heme lost in mitochondrial translation. Hematol Am 
Soc Hematol Educ Program. 2011;2011:525–31.  

    Fujiwara T, Harigae H. Pathophysiology and genetic 
mutations in congenital sideroblastic anemia. Pediatr 
Int. 2013;55:675–9.  

    Germing U, Strupp C, Kuendgen A, Isa S, Knipp S, 
Hildebrandt B, Giagounidis A, Aul C, Gattermann N, 
Haas R. Prospective validation of the WHO proposals 
for the classifi cation of myelodysplastic syndromes. 
Haematologica. 2006;91:1596–604.  

     Harigae H, Furuyama K. Hereditary sideroblastic anemia: 
pathophysiology and gene mutations. Int J Hematol. 
2010;92:425–31.  

    Kushner JP, Lee GR, Wintrobe MM, Cartwright GE. 
Idiopathic refractory sideroblastic anemia: clinical 
and laboratory investigation of 17 patients and review 
of the literature. Medicine (Baltimore). 1971;50:
139–59.  

     Lazarchick J. Update on anemia and neutropenia in cop-
per defi ciency. Curr Opin Hematol. 2012;19:58–60.  

    Lorber A, Gazit AZ, Khoury A, Schwartz Y, Mandel H. 
Cardiac manifestations in thiamine-responsive mega-
loblastic anemia syndrome. Pediatr Cardiol. 2003;24:
476–81.  

      Malcovati L, Cazzola M. Refractory anemia with ring sid-
eroblasts. Best Pract Res Clin Haematol. 2013;26:
377–85.  

    Malcovati L, Porta MG, Pascutto C, Invernizzi R, Boni M, 
Travaglino E, Passamonti F, Arcaini L, Maffi oli M, 
Bernasconi P, Lazzarino M, Cazzola M. Prognostic fac-
tors and life expectancy in myelodysplastic syndromes 
classifi ed according to WHO criteria: a basis for clinical 
decision making. J Clin Oncol. 2005;23:7594–603.  

     Mozzillo E, Melis D, Falco M, Fattorusso V, Taurisano R, 
Flanagan SE, Ellard S, Franzese A. Thiamine respon-
sive megaloblastic anemia: a novel SLC19A2 com-
pound heterozygous mutation in two siblings. Pediatr 
Diabetes. 2013;14:384–7.  

E.J. Werner and A.D. Villella

http://dx.doi.org/10.1136/bcr.12.2009.2514


135

    Nikpour M, Scharenberg C, Liu A, Conte S, Karimi M, 
Mortera-Blanco T, Giai V, Fernandez-Mercado M, 
Papaemmanuil E, Hogstrand K, Jansson M, Vedin I, 
Stephen Wainscoat J, Campbell P, Cazzola M, 
Boultwood J, Grandien A, Hellstrom-Lindberg E. The 
transporter ABCB7 is a mediator of the phenotype of 
acquired refractory anemia with ring sideroblasts. 
Leukemia. 2013;27:889–96.  

    Papaemmanuil E, Cazzola M, Boultwood J, Malcovati L, 
Vyas P, Bowen D, Pellagatti A, Wainscoat JS, 
Hellstrom-Lindberg E, Gambacorti-Passerini C, 
Godfrey AL, Rapado I, Cvejic A, Rance R, Mcgee C, 
Ellis P, Mudie LJ, Stephens PJ, McLaren S, Massie 
CE, Tarpey PS, Varela I, Nik-Zainal S, Davies HR, 
Shlien A, Jones D, Raine K, Hinton J, Butler AP, 
Teague JW, Baxter EJ, Score J, Galli A, Della Porta 
MG, Travaglino E, Groves M, Tauro S, Munshi NC, 
Anderson KC, El-Naggar A, Fischer A, Mustonen V, 
Warren AJ, Cross NC, Green AR, Futreal PA, 
Stratton MR, Campbell PJ, Chronic Myeloid 
Disorders Working Group Of The International 
Cancer Genome, C. Somatic SF3B1 mutation in 
myelodysplasia with ring sideroblasts. N Engl J Med. 
2011;365:1384–95.  

    Patnaik MM, Lasho TL, Hodnefi eld JM, Knudson RA, 
Ketterling RP, Garcia-Manero G, Steensma DP, 
Pardanani A, Hanson CA, Tefferi A. SF3B1 mutations 
are prevalent in myelodysplastic syndromes with ring 
sideroblasts but do not hold independent prognostic 
value. Blood. 2012;119:569–72.  

    Phillips JD, Kushner JP. The porphyrias. In: Orkin SH, 
Nathan DG, Ginsburgh D, Look AT, Fisher DE, 
Samuel E, Lux I, editors. Nathan and Oski’s hematol-
ogy of infancy and childhood. 7th ed. Philadelphia: 
Elsevier; 2009.  

    Rialon KL, Speicher PJ, Ceppa EP, Rendell VR, Vaslef 
SN, Beaven A, Tyler DS, Blazer 3rd DG. Outcomes 
following splenectomy in patients with myeloid neo-
plasms. J Surg Oncol. 2015;111:389–95.  

    Ricketts CJ, Minton JA, Samuel J, Ariyawansa I, Wales 
JK, Lo IF, Barrett TG. Thiamine-responsive megalo-
blastic anaemia syndrome: long-term follow-up and 

mutation analysis of seven families. Acta Paediatr. 
2006;95:99–104.  

    Riley LG, Cooper S, Hickey P, Rudinger-Thirion J, 
McKenzie M, Compton A, Lim SC, Thorburn D, Ryan 
MT, Giege R, Bahlo M, Christodoulou J. Mutation of 
the mitochondrial tyrosyl-tRNA synthetase gene, 
YARS2, causes myopathy, lactic acidosis, and sidero-
blastic anemia – MLASA syndrome. Am J Hum 
Genet. 2010;87:52–9.  

    Rogers ZR, Alter BP. Bone marrow failure syndromes. In: 
De Alarcon PA, J. W E, Christensen RD, editors. 
Neonatal hematology: pathogenesis, diagnosis, and 
management of hematologic problems. 2nd ed. 
New York: Cambridge University Press; 2013.  

     Shaw-Smith C, Flanagan SE, Patch AM, Grulich-Henn J, 
Habeb AM, Hussain K, Pomahacova R, Matyka K, 
Abdullah M, Hattersley AT, Ellard S. Recessive 
SLC19A2 mutations are a cause of neonatal diabetes 
mellitus in thiamine-responsive megaloblastic anae-
mia. Pediatr Diabetes. 2012;13:314–21.  

    Sheftel AD, Richardson DR, Prchal J, Ponka P. 
Mitochondrial iron metabolism and sideroblastic ane-
mia. Acta Haematol. 2009;122:120–33.  

    Tanno T, Miller JL. Iron loading and overloading due to inef-
fective erythropoiesis. Adv Hematol. 2010;2010:358283.  

    Visconte V, Makishima H, Jankowska A, Szpurka H, 
Traina F, Jerez A, O’Keefe C, Rogers HJ, Sekeres 
MA, Maciejewski JP, Tiu RV. SF3B1, a splicing factor 
is frequently mutated in refractory anemia with ring 
sideroblasts. Leukemia. 2012;26:542–5.  

    Willekens C, Dumezy F, Boyer T, Renneville A, Rossignol 
J, Berthon C, Cotteau-Leroy A, Mehiaoui L, Quesnel 
B, Preudhomme C. Linezolid induces ring sidero-
blasts. Haematologica. 2013;98:e138–40.  

     Wiseman DH, May A, Jolles S, Connor P, Powell C, 
Heeney MM, Giardina PJ, Klaassen RJ, Chakraborty P, 
Geraghty MT, Major-Cook N, Kannengiesser C, 
Thuret I, Thompson AA, Marques L, Hughes S, 
Bonney DK, Bottomley SS, Fleming MD, Wynn RF. A 
novel syndrome of congenital sideroblastic anemia, 
B-cell immunodefi ciency, periodic fevers, and devel-
opmental delay (SIFD). Blood. 2013;122:112–23.      

Sideroblastic Anemias: Diagnosis and Management



137© Springer International Publishing Switzerland 2016 
S.A. Abutalib et al. (eds.), Nonmalignant Hematology, DOI 10.1007/978-3-319-30352-9_14

      Primary Autoimmune Warm 
Antibody Hemolytic Anemias                      

     Maria     Theresa     Krauth     and     Klaus     Lechner   

         Case 1 

 A 40-year-old woman is referred to you for a 
diagnostic evaluation of anemia. Until recently, 
she was asymptomatic and in good health. She 
has two healthy children aged 8 and 10 years. For 
a few weeks, she has been feeling weak for 
unknown reasons. In a laboratory examination of 
her blood, she had anemia with a hemoglobin of 
9.0 g/dl with a normal leukocyte and platelet 
count. 

 On the clinical examination, the patient was 
well nourished with pale skin. The skin was not 
icteric but there was a slight scleral icterus. The 
physical examination of the heart and the lungs 
was normal. There was no lymphadenopathy. In 
the examination of the abdomen, the liver and the 
spleen were not increased and there were no pal-
pable lymph nodes. The extremities were 
normal. 

 In a patient with isolated anemia, the fi rst 
diagnostic step is to fi nd out whether the anemia 
is due to blood loss, to destruction of red cells in 
the body, or to a metabolic disorder. This can be 
best determined by which of the following labo-
ratory tests? 

  Question 1.      Which is the most important 
hematological laboratory examination in this 
patient? 

    A.    Red cell count   
   B.    Reticulocyte count   
   C.    Red cell morphology   
   D.    Ferritin    

    Expert Clinical Perspective     The red cell count 
is reduced, the reticulocyte count is 160,000/μl, 
and the blood smear shows some anisocytosis but 
no spherocytes. The ferritin is normal. According 
to these data, two diagnoses can be excluded: 
iron defi ciency anemia and pernicious anemia. 
The increased reticulocyte count is in favor of 
hemolysis, but there is no evidence in the blood 
smear for spherocytosis.  

  Question 2.      This situation makes the diagno-
sis of an acquired hemolytic anemia likely. 
Which tests should now be done? 

    A.    Direct Coombs test   
   B.    Unconjugated bilirubin in serum   
   C.    Haptoglobin    

    Expert Clinical Perspective     The direct 
Coombs test is strongly positive (+++) with IgG, 
but  negative with IgA and complement. The 
unconjugated bilirubin is 1.8 mg/dl and the hap-
toglobin is low. 
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 The strongly positive Coombs test with IgG is 
almost proof for the presence of a warm antibody 
against red cells. The slightly elevated unconju-
gated bilirubin and slightly decreased haptoglo-
bin are in accordance with the diagnosis of a 
hemolytic anemia. Thus, in this case, all the 
results are in favor of warm antibody immune 
hemolytic anemia, and therefore this diagnosis 
seems to be established. 

 Warm antibody hemolytic anemias can be pri-
mary or be caused by an underlying process. 
Thus, the next diagnostic step is the exclusion or 
proof of a secondary cause.  

  Question 3.      What are the classical causes of 
secondary warm antibody hemolytic anemia 
(WAIHA)? 

    A.    Lymphoma   
   B.    Monoclonal gammopathy of unknown 

signifi cance   
   C.    Solid tumor   
   D.    Drugs   
   E.    Infection    

    Expert Clinical Perspective     The most common 
cause of a secondary WAIHA is lymphoma. In 
fact, WAIHA can be associated with any non- 
Hodgkin or – less common – Hodgkin lym-
phoma. The most common association is with 
chronic lymphocytic leukemia and diffuse large 
B-cell lymphoma. 

 Infections which cause WAIHA are relatively 
rare and occur mostly in children. Since the 
patient is an adult and there were no clinical evi-
dence of a recent infection, the only possible 
underlying infection could be an HIV infection. 

 Solid tumors are a very rare cause of WAIHA, 
and the good clinical condition of the patient and 
the normal fi ndings in the clinical examination 
make a solid tumor unlikely, but it cannot be 
excluded. The only solid tumor which is specifi -
cally associated with WAIHA is the ovarian der-
moid cyst which is always non-metastatic and 
asymptomatic. 

 The patient has no drug history. The only 
drugs which could be responsible for warm anti-
body hemolytic anemia are drugs for treatment of 
lymphomas, in particular fl udarabine, and meth-
yldopa, which is used for treatment of hyperten-
sion in pregnant women. 

 According to the history and the physical 
examination, the probability of a secondary 
WAIHA is very low. In particular, an infectious 
cause and a drug-induced WAIHA can be 
excluded. However, a lymphoma or an abdomi-
nal solid tumor cannot be excluded. Therefore, an 
abdominal sonography may be indicated in this 
patient (the examination should focus on the ova-
ries, the spleen, and the abdominal lymph nodes). 

 Abdominal sonography is normal. Thus, there 
is no evidence of an underlying disease. WAIHA 
had to be classifi ed as primary.  

  Question 4.      Which will be the best initial 
treatment for this patient? 

    A.    High-dose dexamethasone   
   B.    Prednisone 1 mg/kg/day orally   
   C.    Prednisone 1.5 mg/kg with tapering + ritux-

imab one cycle   
   D.    Prednisone and cyclosporine   
   E.    Blood transfusion    

    Expert Clinical Perspective     A hemoglobin of 
9.0 g/dl is not life threatening. Therefore, imme-
diate treatment is not required; there is time for 
exclusion of a secondary WAIHA. In the case of 
primary AIHA, the standard treatment is oral 
prednisone, 1 mg/kg/day. All other treatments are 
not indicated. There is no need for intravenous 
steroids. There is no indication for blood transfu-
sion since one can expect that with steroid treat-
ment the anemia will be controlled rather easily. 
There is now a defi nite trend to avoid blood trans-
fusions as much as possible. 

 There are no randomized studies which have 
compared different types and doses of steroids, 
but it is likely that there are no substantial differ-
ences among different steroids. In most instances, 
prednisone at the dose of 1 mg/kg per day is 
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given as initial treatment. This dose is given until 
at least 10 g/dl hemoglobin is reached and the 
patient is asymptomatic. In one randomized 
study (Birgens et al.  2013 ), initial treatment with 
prednisolone + rituximab was superior (CR rate 
after 12 months 75 %) to prednisolone alone in a 
mixed population of primary and secondary 
WAIHA. However, rituximab is not approved for 
this indication.  

  Question 5.      The patient responds to this treat-
ment, and after 3 weeks of steroid treatment, 
the hemoglobin is 11.0 g/dl and the reticulocyte 
count is normal. How would you proceed now? 

    A.    Immediate complete withdrawal of steroids   
   B.    Fast tapering of steroids and withdrawal after 

1 week   
   C.    Slow tapering of steroids over several weeks 

to months    

    Expert Clinical Perspective     It is important to 
reduce the steroid dose slowly because a too 
rapid dose reduction can lead to severe poten-
tially life-threatening recurrence of hemolysis. A 
tapering program which has been suggested and 
which we use routinely is:

•    Reduction of prednisone to 20–30 mg/day 
within a few weeks.  

•   If the hemoglobin is stable or increasing, a 
further very slow tapering of prednisone 
(2.5–5 mg/kg per month).  

•   If the patient has still a normal hemoglobin 
after 1 month at 5 mg/day, prednisone treat-
ment can be withdrawn.    

 In our patient, there was a drop of hemoglobin 
from 12 g/dl to 9.5 g when the prednisone dose 
was lowered to 10 mg/day.  

  Question 6.      How would you proceed? 

    A.    No change of steroid dose (daily 10 mg)   
   B.    Double the daily dose of prednisone until 

response and then try to taper again   

   C.    Combine prednisone (10 mg day) with 
azathioprine   

   D.    Start with rituximab or refer the patient to 
splenectomy    

    Expert Clinical Perspective     This patient 
(4 months after diagnosis) has still a chance to get 
a remission after only steroid treatment (remission 
on steroid monotherapy may occur up to 
12–16 months after diagnosis). Therefore, tapering 
was probably too fast. We would give this patient 
the chance to achieve a remission after prolonged 
tapering and postpone second- line treatments.  

  Question 7.      What is the chance of a patient 
with newly diagnosed primary warm antibody 
AIHA to achieve an unmaintained remission 
after only steroid therapy? 

    A.    0–10 %   
   B.    20 %   
   C.    30–40 %   
   D.    50 %    

    References     Allgood and Chaplin ( 1967 ); 
Barcellini et al. ( 2013 ); Birgens et al. ( 2013 ); 
Coon ( 1985 ); D’Arena et al. ( 2007 ); Kulpa et al. 
( 2016 ); Lechner and Jäger ( 2010 ); Maung et al. 
( 2013 ); Murphy and LoBuglio ( 1976 ); Payne 
et al. ( 1981 ); Puthenparambil et al. ( 2010 ); 
Reynaud et al. ( 2015 ); Zupańska et al. ( 1981 )   

    Case 2 

  A warm red cell antibody without anemia in a 
young woman with a recent uneventful delivery.  

 A 33-year-old woman consulted a hematolo-
gist because the gynecologist told her that some-
thing was wrong with her blood. 

 The physical examination was normal. The 
patient had normal blood counts (red cells, retic-
ulocytes, leukocytes, and platelets), but unex-
pectedly the Coombs test (direct antiglobulin test 
(DAT)) was positive (IgG +++, IgA−, C3d−). All 
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other laboratory tests were normal including hap-
toglobin and bilirubin. 

  Question 8.      Which questions should the 
hematologist ask the patient? 

    A.    Did you have any complications during your 
pregnancy or delivery, in particular anemia or 
hypertension?   

   B.    Did you have a severe infectious complica-
tion which required antibiotic treatment dur-
ing the pregnancy?   

   C.    Did you take any drugs during pregnancy?    

   The patient said that the pregnancy was gener-
ally uneventful, but she had mild hypertension 
which required treatment. The patient had no infec-
tious complication throughout the pregnancy. 

 Except a drug for treatment of hypertension, 
she had no drug treatment throughout the preg-
nancy. She cannot remember the name of the 
drug. 

  Question 9.      Which drug has the patient been 
taking most likely? 

    A.    A beta-blocker   
   B.    Methyldopa   
   C.    A diuretic    

    Expert Clinical Perspective     Methyldopa is the 
only drug which is approved for treatment of 
hypertension during pregnancy. All other usual 
antihypertensive drugs such as beta-blocker, 
diuretics, or ACE inhibitors are contraindicated 
during pregnancy. Side effects of methyldopa are 
very rare: the only complications are autoim-
mune hemolytic anemia or a red cell antibody 
without anemia. 

 In This Patient, Obviously the Drug Induced a 
red Cell Antibody Without Anemia.  

  Question 10.      How would you treat this 
patient? 

    A.    A short course of steroids   
   B.    No treatment at all    

    Expert Clinical Perspective     There is no need 
for any treatment since it can be defi nitely 
expected that the red cell antibody will disappear 
spontaneously with0in a few weeks or months.  

  Question 11.      In what other conditions is there 
a red cell antibody in the blood without 
anemia? 

    A.    Some time after complete remission of a 
warm antibody hemolytic anemia?   

   B.    In patients with lymphoproliferative disorders?   
   C.    In patients with autoimmune disorders?   
   D.    In cold antibody autoimmune hemolytic 

anemia?    

    Expert Clinical Perspective     If a patient with 
WAIHA is successfully treated with steroids and 
achieves a complete hematological remission, the 
DAT may remain positive for some time after 
hematological remission. In CLL and autoim-
mune disorders, a positive DAT without anemia 
is common. In patients with cold antibodies, 
hemoglobin is often normal over a long period of 
time. It may drop only during cold weather.  

  References     Arthold et al. ( 2014 ); Berentsen 
et al. ( 2006 ); Hauswirth et al. ( 2007 ); Mauro 
et al. ( 2000 ); Puthenparambil et al. ( 2010 ); Zent 
et al. ( 2009 )   

    Case 3 

  A sudden hyperregenerative anemia in a 45-year- 
old woman.  

 A 45-year-old woman suddenly develops a 
severe anemia. The hemoglobin is 8.5 g/dl, the 
reticulocyte count is markedly increased 
(170,000/μl), and leukocyte and platelet counts 
are normal. The morphology of the red cells is 
normal. LDH is increased (800 U/L), bilirubin is 
also increased, and haptoglobin is normal. The 
CRP and fi brinogen are moderately increased, 
and liver function and renal function are normal. 

 The general condition of the patient is 
impaired. She has lost a few kilograms of body 
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weight. On the clinical examination, there are no 
abnormal fi ndings except anemia. There are no 
increased peripheral lymph nodes, and the liver 
and the spleen are not enlarged on palpation. The 
patient has no complaints except weakness due to 
the anemia but no pain in any part of the body. 
There are no signs of external bleeding (gastroin-
testinal, nose, or uterine bleedings). 

  Question 12.      Which is the most likely cause of 
this severe anemia? 

    A.    Internal bleeding   
   B.    Hemolytic anemia   
   C.    Anemia of the chronic disease    

    Expert Clinical Perspective     The combination 
of normocytic anemia, reticulocytosis, increased 
LDH, and bilirubin favors a diagnosis of hemo-
lytic anemia. The normal haptoglobin is not typi-
cal of hemolytic anemia but could be explained 
by an acute-phase reaction (increased CRP). 
There is no evidence for an infection. Bleeding is 
not likely but internal bleeding cannot be com-
pletely excluded, for example, retroperitoneal 
bleeding. In women, long-term increased men-
strual bleeding must always be considered as a 
cause of anemia. Two clinical and laboratory fea-
tures should be specifi cally considered in this 
patient with hemolysis: the acute onset and the 
signs of acute-phase reaction.  

  Question 13.      What is the most likely cause of 
hemolysis in this patient? 

    A.    Hereditary spherocytosis   
   B.    Autoimmune hemolytic anemia   
   C.    Microangiopathic hemolytic anemia   
   D.    Drug-induced hemolytic anemia    

    Expert Clinical Perspective     The most likely 
diagnoses are autoimmune hemolytic anemia or 
drug-induced hemolysis. A hereditary spherocy-
tosis is unlikely because it is a chronic disease 
(but after infection these patients may experience 
a hemolytic crisis). Against this diagnosis in any 
case is the normal red cell morphology. The acute 

onset and the severity of anemia would be com-
patible with a drug-induced hemolytic anemia, in 
particular G6PD defi ciency. 

 The most important next diagnostic step is the 
DAT. 

 The following result was obtained: strongly 
positive IgG (+++) and weakly positive with 
complement (C3d).  

  Question 14.      What is now the diagnosis? 

    A.    Warm antibody autoimmune hemolytic anemia   
   B.    Mixed antibody (warm and cold) autoim-

mune hemolytic anemia    

    Expert Clinical Perspective     The combination 
of positivity of the DAT with IgG and comple-
ment is typical for warm antibodies. A mixed 
antibody autoimmune hemolytic anemia could 
only be diagnosed if the patient would have a 
cold agglutinin titer of more than 1:500. 

 Because the patient was very anemic and there 
was the intention to avoid transfusions, treatment 
with steroids was immediately started. The 
patient received 75 mg prednisone per day. 
Although anticipated, there was no improvement 
of hemoglobin within 2 weeks. 

 Meanwhile, a search of possible causes of this 
warm antibody autoimmune hemolytic anemia 
was done: in particular, a lymphoma was sus-
pected. There were no enlarged peripheral or intra-
abdominal lymph nodes. However, an ovarian 
mass was detected on ultrasound examination.  

  Question 15.      What is the likely diagnosis? 

    A.    Ovarian carcinoma   
   B.    Benign ovarian cystic tumor   
   C.    Ovarian lymphoma    

   All these tumors may be associated with auto-
immune hemolytic anemia, but the association is 
strongest for cystic ovarian tumor. This benign 
tumor is a rare but classical cause of warm anti-
body autoimmune hemolytic anemia, as well as a 
cause of autoimmune thrombocytopenia and B 
anti-N-methyl-D-aspartate receptor encephalitis. 
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The pathogenetic mechanism is unknown. 
Typically, these patients are totally refractory to 
steroid treatment, but there is a complete remis-
sion of anemia within a few weeks after surgical 
removal of the tumor. 

  References     Payne et al. ( 1981 ); Puthenparambil 
et al. ( 2010 )   

    Case 4 

  A 40-year-old woman with pneumonia, hemolytic 
anemia, and a clotting abnormality.  

 A 40-year-old woman was admitted to the 
hospital because of fever, dry cough, and slight 
dyspnea. She had been treated with clarithromy-
cin. Although she became afebrile, her condition 
did not improve and she had considerable gener-
alized weakness. In addition, she had hearing 
loss. On the clinical examination, the patient was 
overweight and was in poor general condition. 
On auscultation, she had rales over the left lung. 

 Laboratory examinations revealed a severe 
normocytic anemia (hemoglobin 8.2 g/dl), an 
increased reticulocyte count (202,000/μl), a 
slight leukocytosis (9200/μl), and thrombocyto-
sis. No abnormal cells were seen in the smear. 
Total bilirubin was slightly increased (152 mg/
dl), and the indirect bilirubin was increased 
(1,11 mg/dl). CRP (1,4 mg/dl) and fi brinogen 
(535 mg/dl) were increased. Ferritin was normal. 
Lactate dehydrogenase was increased (471 U/L). 
There was a slight prolongation of the activated 
partial thromboplastin time (46 s, normal <41 s). 
On the lung X-ray, small confl uent infi ltrates in 
the left upper lobe were detected. 

  Question 16.      What is the most likely cause of 
the marked anemia? 

    A.    Iron defi ciency anemia   
   B.    Anemia of infl ammation   
   C.    Hemolytic anemia    

    Expert Clinical Perspective     Iron defi ciency 
anemia can be defi nitely excluded because of the 
normal ferritin and increased reticulocytes. A 
possible diagnosis could be anemia of 

 infl ammation because the patient has a defi nite 
infection with increase of acute-phase proteins. 
The most likely diagnosis is hemolytic anemia. 

 Further laboratory examination showed that 
the Coombs test was positive (IgG +, comple-
ment +++).  

  Question 17.      Which is the most likely 
diagnosis? 

    A.    Warm antibody autoimmune hemolytic 
anemia   

   B.    Cold antibody hemolytic anemia   
   C.    Donath-Landsteiner antibody    

   The most likely diagnosis is cold antibody 
AIHA (CAIHA; DAT weekly positive with IgG, 
strongly positive with C3d); for confi rmation, 
there must be cold agglutinin titer of >500 U/ml. 
Because of the preceding infection, a Donath- 
Landsteiner antibody may be considered, but this 
antibody occurs mostly during infections of 
children. 

  Expert Clinical Perspective     The cold aggluti-
nin titer was 1:16,000. Thus, this patient had a 
cold antibody hemolytic anemia.  

  Question 18.      What is the most likely cause of 
the hemolysis? 

    A.    The infection   
   B.    The drug treatment   
   C.    Idiopathic   
   D.    Lung hemosiderosis    

    Question 19.      Which of the following infec-
tions can be associated with cold antibody 
hemolytic anemia? 

    A.    Varicella   
   B.    HIV   
   C.    Brucellosis   
   D.    Mycoplasma pneumonia    

    Expert Clinical Perspective     All of these infec-
tions can be associated with CAIHA, but many of 
these infections may also be associated with 
WAIHA. Considering the age of the patient and 
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that the main disease of this patient is pneumo-
nia,  Mycoplasma pneumoniae  is most likely the 
cause. 

 In this patient, the complement fi xation test 
for mycoplasma was positive (titer 1:2560). 
Thus, the most likely diagnosis was pneumonia 
due to infection with  Mycoplasma pneumoniae .  

  Question 20.      Which additional tests could be 
done to defi ne more precisely the nature of this 
antibody?   

     A.    Defi nition of the antigen to which the anti-
body is directed (Donath-Landsteiner anti-
body, Pr-antigen, I or i).   

   B.    Nucleotide sequence.   
   C.    No additional tests are helpful.     

  Expert Clinical Perspective     Additional tests 
are only confi rmatory and provide only limited 
clinically useful information. CAIHA with anti-
 Pr antibodies and Donath-Landsteiner antibody 
occur mostly in children (varicella or other respi-
ratory infections). The determination of the 
nucleotide sequence has only scientifi c but no 
practical value.  

  Question 21.      Which possibly relevant fi nd-
ings in this patient have not been evaluated as 
yet? 

    A.    Lung infi ltrate   
   B.    Prolonged APTT   
   C.    Hearing loss    

    Question 22.      An even small prolongation of 
the APTT may be biologically relevant. What 
could be the cause of this prolongation? 

    A.    A defi ciency of a clotting factor of the endog-
enous system (factor VIII, IX, XI, XII)   

   B.    Lupus anticoagulant (antiphospholipid 
antibody)    

    Expert Clinical Perspective     The patient plasma 
prolongs the APTT of normal plasma in a mixing 
test (patient plasma 57 s, normal plasma 42 s and 
1:1 mixture 50 s). In addition, other antiphospho-
lipid antibodies could be detected. The cause of 

the lupus anticoagulant is most likely the  infection 
since the APTT became normal after control of 
the infection. 

 Hearing loss is a known complication of 
 Mycoplasma  infection.  

  References     Petz ( 2008 )   

    Case 5 

  A 70-year-old man with lymphocytosis and 
anemia.  

 A 70-year-old man with known chronic lym-
phocytic leukemia for several years becomes 
suddenly anemic. He had been treated with che-
motherapy because of a very high lymphocyte 
count 1 year ago. The hemoglobin is 8.1 g/dl; 
the anemia is normocytic. The reticulocyte 
count is 181,000/μl, the Coombs test is positive 
with IgG, and the platelet count is normal. 
Thus, the diagnosis of a secondary WAIHA was 
made. 

  Question 23.      What is the most likely cause 
of hemolytic anemia in this patient? 

    A.    Disease related   
   B.    Drug induced   
   C.    Infection induced    

    Expert Clinical Perspective     The most likely 
cause of this AIHA is the underlying disease. 
Patients with CLL have a tendency to autoim-
mune diseases, in particular, autoimmune hemo-
lytic anemia, mostly WAIHA. WAIHA is a late 
complication and is regarded as a poor prognostic 
factor. A drug-induced WAIHA may also be con-
sidered since some drugs used for treatment of 
CLL, in particular fl udarabine and cladribine, 
may induce autoimmune hemolytic anemia. 
However, drug-induced WAIHA typically occurs 
during or shortly after treatment. This patient had 
received treatment 1 year ago. Therefore, drug- 
induced WAIHA is unlikely. CLL patients have 
an increased risk for infections, but the infections 
in CLL are not known to induce autoimmune 
hemolytic anemia.  
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  Question 24.      Which type of autoimmune 
hemolytic anemia is most likely in a patient 
with CLL? 

    A.    Warm antibody autoimmune hemolytic anemia   
   B.    Cold antibody autoimmune hemolytic anemia   
   C.    Donath-Landsteiner antibody    

   The most common type of autoimmune hemo-
lytic anemia in CLL is WAIHA while CAIHA is 
much rarer. In this patient, the DAT was IgG +++ 
and the complement +. Thus, the patient had 
WAIHA. 

  Question 25.      Which is the best treatment for 
this patient? 

    A.    Steroid monotherapy   
   B.    Steroids plus chlorambucil   
   C.    Rituximab monotherapy   
   D.    Rituximab, dexamethasone, cyclophosphamide   
   E.    High-dose immunoglobulin   
   F.    Splenectomy    

    Expert Clinical Perspective     There are no ran-
domized studies on the effi cacy of various drugs 
and drug combinations in AIHA associated with 
CLL. Thus, the decision regarding treatment has 
to be made on case basis. One important principle 
is that the preferred treatment is a combination of 
an immune-suppressive and myelosuppressive 
drug. Thus, steroid monotherapy or high-dose 
IgG is not appropriate. An old standard treatment 
is the combination of steroids and chlorambucil 
which has some proven effi cacy (70 % CR of 
AIHA) and is relatively well tolerated. Considering 
the age of the patient, this would be the best fi rst-
line therapy. There is very limited experience with 
rituximab. The most effective treatment would be 
high-dose chemo- immunotherapy, but the patient 
is too old for an intensive chemotherapy. Long-
lasting remissions have been obtained with sple-
nectomy, but in this patient, it would be a treatment 
of last resort. This patient was treated with ste-
roids and chlorambucil and achieved a partial 
remission of AIHA after 6 months treatment. 

 The effi cacy of newer CLL drugs combined 
with rituximab in CLL/WAIHA has not been 

studied extensively. The combination of benda-
mustine and rituximab may be a good option.  

  References     Birgens et al. ( 2013 ); Coon ( 1985 ); 
D’Arena et al. ( 2006 ); Hauswirth et al. ( 2007 ); 
Hill et al. ( 2004 ); Kaufman et al. ( 2009 ); Lechner 
and Jäger ( 2010 ); Maung et al. ( 2013 ); Mauro 
et al. ( 2000 ); Murphy and LoBuglio ( 1976 ); Nazi 
et al. ( 2013 ); Puthenparambil et al. ( 2010 ); 
Quinquenel et al. ( 2015 ); Reynaud et al. ( 2015 ); 
Zent et al. ( 2009 )   

    Case 6 

  A 60-year-old man with sudden severe anemia.  
 This previously healthy 60-year-old man has 

recently contacted his family doctor because of 
weakness for several weeks. The physical exami-
nation revealed a pale appearance but no other 
abnormal fi ndings. The laboratory examination 
showed a severe normocytic anemia (hemoglobin 
8.5 g/dl) with normal white cell count, a normal 
platelet count, and a normal differential. 

  Question 26.      What are the best next diagnos-
tic steps? 

    A.    Careful search for an internal or external 
bleeding   

   B.    Determination of the reticulocyte count   
   C.    Determination of serum ferritin    

    Expert Clinical Perspective     According to the 
history, an external bleeding can almost be 
excluded. While internal bleeding is possible, it 
is rather unlikely. A chronic gastrointestinal 
bleeding cannot be excluded. Therefore, an assay 
for occult blood in the stool is mandatory. 
Another potential cause of internal bleeding 
would be retroperitoneal bleeding, but this is 
unlikely because there is no history of trauma or 
a bleeding disorder. 

 A reticulocyte count is the most important 
examination to determine the diagnosis. One 
would expect a high reticulocyte count and the 
diagnosis of a hemolytic anemia. However, the 
reticulocyte count in this patient was 1 %. Thus, 
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the diagnosis of this patient is pure red cell apla-
sia (PRCA).  

  Question 27.      Which are the next most useful 
studies? 

    A.    Coombs test   
   B.    Bone marrow biopsy   
   C.    Bone marrow smear only    

    Expert Clinical Perspective     Pure red cell apla-
sia may be a complication of autoimmune hemo-
lytic anemia. Thus, if the DAT is positive, the 
diagnosis would be autoimmune hemolytic ane-
mia with PRCA. Bone marrow biopsy is the most 
important diagnostic procedure. A bone marrow 
smear could also be helpful, especially if giant 
pronormoblasts are detected, but is less important 
for the diagnosis. In practice, biopsy and aspira-
tion are done simultaneously. 

 In the bone marrow biopsy of the patient, the 
only abnormal fi nding was an almost total absence 
of erythropoietic cells. The diagnosis of PRCA is 
therefore confi rmed. There is no evidence of myelo-
dysplasia and there are no giant erythroblasts.  

  Question 28.      What is the most likely cause of 
PRCA in this patient? 

    A.    Drug induced   
   B.    Lymphoproliferative disorder   
   C.    Thymoma   
   D.    Parvovirus infection   
   E.    Primary    

    Expert Clinical Perspective     Primary PRCA is 
rare and is usually seen only in children. It can be 
excluded for reasons of age in this patient. Many 
drugs may cause PRCA (but rarely). One particular 
cause, treatment with recombinant erythropoietin, 
was known to occur with a particular erythropoie-
tin preparation no longer used. PRCA may occur in 
a variety of mostly low-grade malignant B- or 
T-cell non-Hodgkin lymphomas (Hirokawa et al. 
 2009 ). The absence of peripheral B- or T-cell lym-
phocytosis is against this possibility, but does not 
exclude lymphoma. Parvovirus can induce PRCA, 
but typically only in patients with hemolytic 

 anemia. No IgM parvovirus antibody was detected 
in the patient’s serum. Thymoma is another cause 
of PRCA. Therefore, an X-ray of the chest and a 
CT scan of the cervical area were done and showed 
a chest mass subsequently determined to be a thy-
moma. It could not be determined whether it was 
benign or malignant.  

  Question 29.      What is the best initial treat-
ment for this patient? 

    A.    Surgery   
   B.    High-dose immunoglobulin   
   C.    Cyclosporine    

    Expert Clinical Perspective     Surgical removal 
is the most effective initial treatment with a 
remission rate of 50 %. In patients with incom-
plete response or relapse (relatively common), 
secondary treatments with some effi cacy are 
high-dose immunoglobulin or cyclosporine.  

  References     Hirokawa et al. ( 2009 ); Macdougall 
et al. ( 2012 ); Sawada et al. ( 2008 )   

    Case 7 

  A 71-year-old woman with anemia predomi-
nantly occurring during winter time.  

 A 71-year-old woman complained of cold 
sensitivity but otherwise she felt well. She had 
acrocyanosis but no lymphadenopathy, spleno-
megaly, or hepatomegaly. Laboratory tests 
revealed a mild normocytic anemia and normal 
leukocyte count and platelet count. The reticulo-
cyte count was 125,000/μl. Hemolytic anemia 
was suspected and a DAT performed. The result 
was a weakly positive IgG (+) antibody and a 
strongly positive anti-C-antibody (+++). 

  Question 30.      Which is the most likely 
diagnosis? 

    A.    Warm antibody hemolytic anemia   
   B.    Mixed warm and cold antibody hemolytic 

anemia   
   C.    Cold antibody autoimmune hemolytic anemia    
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    Expert Clinical Perspective     The combination 
of a weakly positive IgG and a strongly positive 
C3d antibody is highly suggestive of cold anti-
body hemolytic anemia. Positivity of the DAT 
with IgG and complement is also found in warm 
antibody hemolytic anemia, but in this case, the 
IgG antibody must be strongly positive. 

 To confi rm the diagnosis of cold antibody 
autoimmune hemolytic anemia, a cold antibody 
test must be performed. The result was a titer of 
1:2000. Thus, this patient has defi nitely a cold 
antibody autoimmune hemolytic anemia.  

  Question 31.      What is the most likely cause of 
this CAIHA? 

    A.    Infection   
   B.    B-cell lymphoma   
   C.    Monoclonal gammopathy of unknown origin 

(MGUS)   
   D.    Solid tumor   
   E.    Idiopathic    

    Expert Clinical Perspective     MGUS is the most 
common cause of CAIHA. In most cases, the 
clonal protein is IgM, but rarely, patients have 
also IgG-MGUS. CAIHA may also occur in 
B-cell non-Hodgkin lymphomas, in particular in 
lymphoplasmacytic lymphoma, diffuse large 
B-cell lymphoma, or splenic marginal zone lym-
phoma. A number of infections may be associated 
with CAIHA. An association of CAIHA with 
solid tumors is very rare. It is uncertain, however, 
whether this is a true idiopathic CAIHA. In 
patients seemingly idiopathic (no paraprotein), 
clonality of heavy or light chain can be detected. 

 This patient had an IgM kappa paraprotein-
emia (IgM-MGUS).  

  Question 32.      What is the best treatment for 
this patient? 

    A.    Avoiding cold exposure   
   B.    Treatment with steroids   
   C.    Immune suppressive treatment with azathio-

prine or cyclophosphamide   
   D.    Rituximab   
   E.    Splenectomy    

    Expert Clinical Perspective     Most patients with 
MGUS and CAIHA require no treatment but 
should be informed that they should avoid cold 
exposure (Fig.  1 ). If the patient becomes anemic, 
rituximab is the treatment of choice but has only 
limited effi cacy. Steroids are usually not effec-
tive, although some effect may be seen if higher 
doses of steroids are used, but this is not a recom-
mended treatment. Splenectomy should not be 
performed because it is usually ineffective.

   This patient could continue untreated over 
many years. Mild hemolysis in cold weather is 
easily controlled by bringing up body temperature 
in a warm environment. When the patient had 
more symptoms during winter, she was treated 
with rituximab which was effective (Fig.  1 ). The 
IgM paraproteinemia remained unchanged 
throughout the whole observation period.  

  References     Arthold et al. ( 2014 ); Berentsen et al. 
( 2004 ),  2006 ; Birgens et al. ( 2013 ); Coon ( 1985 ); 
Lechner and Jäger ( 2010 ); Murphy and LoBuglio 
( 1976 ); Petz ( 2008 ); Reynaud et al. ( 2015 )   

    Case 8 

  A patient with a steroid-refractory warm anti-
body autoimmune hemolytic anemia.  

 A 50-year-old man was diagnosed with a severe 
autoimmune warm antibody hemolytic anemia. 
He was treated with prednisone (1 mg/kg/day 
prednisone). His hemoglobin increased from 7.5 
to 10 g/dl within 4 weeks. When the steroid was 
tapered, there was no further increase in hemoglo-
bin. However, when the dose of prednisone was 
reduced to 25 mg/day, the hemoglobin decreased, 
and when the steroid dose was 20 mg/day (at 
5 months after diagnosis), the hemoglobin fell to 
8.5 g/dl and the patient became symptomatic. 

  Question 33.      How would you manage this 
patient? 

    A.    Increase of steroid dose to 30 mg per day   
   B.    Change to another steroid   
   C.    Same dose of steroid and additionally 

azathioprine   
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   D.    Same dose of steroid and additionally treat-
ment with rituximab, tapering of steroids if 
rituximab is effective   

   E.    Combination of steroids with danazol   
   F.    Splenectomy    

    Expert Clinical Perspective     Rituximab (dose 
375 mg/m 2  weekly for four doses) with or with-
out steroids is the best choice in this situation. 
One can expect that an acceptable hemoglobin 
level will be achieved despite reduction of ste-
roids. The duration of this effect is however lim-
ited and it is unlikely that the patient will achieve 
an unmaintained long-term remission. The 
patient has to be informed this drug is not 
approved for this indication. 

 The increase of the dose of prednisone or use 
of another steroid is not indicated. It is likely that 
a daily dose of 20 mg or more may slightly 
increase the hemoglobin, but at the price of 
severe side effects (diabetes, osteoporosis, hyper-
tension) with longer treatment. 

 A combination of steroids (10 mg/day) and aza-
thioprine has been claimed to have a benefi cial effect 
but this has never been proven in a clinical trial. 

 The addition to danazol to steroids shows mild 
effi cacy with acceptable toxicity. However, the 
evidence for effi cacy is limited.  

  Expert Clinical Perspective     The patient was 
treated with rituximab and achieved an increase 
of hemoglobin, and the steroid dose could be 

  Fig. 1    Patient 3: infl uence of local environmental temperature on hemolysis and the effect of rituximab (From Arthold 
et al. (Barcellini et al.  2013 ))       
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reduced to 5 mg/day. This effect lasted only 
3 months after which the hemoglobin decreased 
again to 8.0 g/dl.  

  Question 34.      What is now the best treatment? 

    A.    Repeat rituximab (six cycles) combined with 
steroids   

   B.    Splenectomy    

    Expert Clinical Perspective     There is some 
chance that the patient will respond again to 
rituximab in particular if several cycles with ste-
roids are given. It can be hoped that the remission 
duration is longer than after only one cycle of 
rituximab. Splenectomy is most likely more 
effective than rituximab and steroids, but it is 
common practice to perform splenectomy only 
after 1 year of conservative treatment because 
there is a chance of complete or partial remission 
up to 1 year after diagnosis. 

 Splenectomy was a standard therapy in the 
1960–1970s in refractory cases but is now 
avoided as much as possible due to the potential 
severe side effects. 

 The severe complications of splenectomy 
have been recognized only after many years of 
patient observation because they occur after ten 
or more years. These complications are severe, 
including potentially fatal septicemia and pulmo-
nary hypertension. The risk of severe infection 
can be reduced by vaccination but cannot be 
completely avoided. Thus, a splenectomy in this 
patient can only be done if the patient is fully 
informed about these long-term risks.  

  Question 35.      What are the most important 
causes of late serious infections after 
splenectomy? 

    A.    Pneumococcus   
   B.    Meningococcus   
   C.    Haemophilus   
   D.    Capnocytophaga canimorsus   
   E.    Klebsiella    

    Expert Clinical Perspective     In the past, pneu-
mococcus was the main cause of septicemia. 

Vaccination prevents this complication in most 
patients, but fatal infections can still occur 
because of vaccination failure, or due to infection 
with unusual pneumococcal subtypes, or to poor 
antibody production. 

 Meningococcus is a rare cause of septicemia. 
Haemophilus is a problem primarily of children. 
There is no late risk of Klebsiella septicemia. 
 Capnocytophaga canimorsus  is now one of the 
more common postsplenectomy infections and 
usually occurs after a dog bite.  

  Question 36.      Which other complications 
could occur after splenectomy? 

    A.    Splenic portal vein thrombosis   
   B.    Venous thromboembolism and pulmonary 

embolism   
   C.    Pulmonary hypertension   
   D.    Infection with babesiosis   
   E.    Infection with  Bordetella holmesii     

    Expert Clinical Perspective     Splenic portal 
vein thrombosis is a relatively common compli-
cation which can however be controlled by 
anticoagulation. 

 Venous thromboembolism is a common post-
operative complication but can also occur years 
after splenectomy. Pulmonary hypertension is a 
very severe late complication after splenectomy, 
at a median of 10 years postsplenectomy. Some 
of these patients have evidence of pulmonary 
emboli. Surgical removal of the emboli may be 
successfully performed in some patients. 

 Babesiosis (microti or divergens) is a rare late 
complication, occurring at a medium 6 years 
postsplenectomy. The predominant symptom is 
hemolytic anemia. The prognosis is poor in babe-
siosis microti.  Bordetella holmesii  is a rare late 
infectious complication with a good prognosis. 
The clinical course is mild, similar to a viral 
infection, and there are no reported deaths. 
Complications include endocarditis, arthritis, 
meningitis, and pneumonia.  

  References     Allgood and Chaplin ( 1967 ); 
Barcellini et al. ( 2013 ); Birgens et al. ( 2013 ); 
Coon ( 1985 ); D’Arena et al. ( 2007 ); Hill et al. 
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( 2004 ); Lechner and Jäger ( 2010 ); Maung et al. 
( 2013 ); Murphy and LoBuglio ( 1976 ); Reynaud 
et al. ( 2015 ); Thomsen et al. ( 2010 ); Yamamura 
et al. ( 2013 ); Zupańska et al. ( 1981 )   

    Case 9 

  An 8-year-old boy with hematuria and severe 
anemia after a respiratory infection . 

 An 8-year-old boy had a febrile respiratory 
infection. A few days later, he noticed bloody 
urine and felt very weak. The urine tested positive 
for blood, and a severe normocytic anemia with 
reticulocytosis was found. The treating physician 
suspected a paroxysmal cold hemoglobinuria. 

  Question 37.      A paroxysmal cold hemoglobin-
uria (PCH) is characterized by: 

    A.    Severe hemolytic anemia and hematuria   
   B.    Occurrence in children after a viral infection   
   C.    A tendency to recurrence   
   D.    An antibody directed to the P-antigen   
   E.    An antibody directed to the PR-antigen   
   F.    An IgG antibody    

    Expert Clinical Perspective     PCH in children is 
an acute disease which is  not  triggered by cold 
exposure. It is a postinfectious disease which 
typically occurs after viral infections. The IgG 
antibody is directed against the P-antigen. 
Postinfectious PCH has no tendency to recur, in 
contrast to syphilis-associated PCH.  

  Question 38.      The treatment of postinfectious 
PCH is: 

    A.    Warming the patient   
   B.    High-dose steroids   
   C.    Treat the underlying infection   
   D.    Blood transfusion    

    Expert Clinical Perspective     Keeping the patient 
warm is the most effective measure. Steroids at any 
dose are not effective and not indicated. In case of 
transfusion requirement, blood should be warmed. 
There is no need for P-antigen negative blood.  

  Question 39.      PCH in adults: 

    A.    Is very rare   
   B.    Has been a typical complication of syphilis   
   C.    May also occur in NHL    

    Expert Clinical Perspective     PCH may also 
occur in adults, formerly in syphilis, and is now 
also recognized rarely in association with NHL.  

  References     Sokol et al. ( 1999 )   

    Case 10 

  A 5-year-old boy with severe haemophilus 
septicemia.  

 A 5-year-old boy is admitted to the hospital 
because of severe septicemia with shock. The 
blood culture reveals haemophilus type A. He has 
a marked thrombocytosis. The family history 
regarding infections is negative. His 25-year-old 
father also has thrombocytosis but is otherwise 
healthy. 

  Question 40.      What is the most likely cause of 
this severe infection? 

    A.    Airway malacia   
   B.    An immunoglobulin defi ciency   
   C.    Complement defi ciency   
   D.    Congenital asplenia    

    Expert Clinical Perspective     This situation is 
highly suspicious for congenital asplenia. This 
was confi rmed by the absence of the spleen on 
abdominal sonogram. The fact that the father has a 
thrombocytosis favors a diagnosis of hereditary 
congenital asplenia. In contrast to asplenic patients 
caused by splenectomy, patients with congenital 
asplenia have often haemophilus infection. 

 Differential diagnosis in this boy is a congeni-
tal properdin defi ciency, but this defect causes 
mainly meningococcal septicemia and has 
another mode of inheritance. 

 Since the patient and his father have thrombocy-
tosis, the most likely cause is congenital asplenia. 
Haemophilus septicemia is a typical complication 
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of asplenia (but not the most common infection). 
Congenital asplenia is a genetic disorder with auto-
somal dominant inheritance. In congenital asple-
nia, most infections occur before the age of 5 years, 
but a small proportion of patients remain asymp-
tomatic into old age, when some may develop 
thrombocytosis or myelofi brosis.  

  Question 41.      How can the diagnosis of asple-
nia be established otherwise? 

    A.    Thrombocytosis   
   B.    Howell-Jolly bodies in the peripheral red 

cells   
   C.    Bone marrow examination    

    Expert Clinical Perspective     Both the patient 
and his father have plenty of Howell-Jolly bodies 
in the red cells of the peripheral blood.  

  Question 42.      Which other abnormalities 
could be present in this patient with congenital 
asplenia? 

    A.    Abnormalities of the bone   
   B.    Abnormalities of the cardiac system   
   C.    Pulmonary abnormalities    

    Expert Clinical Perspective     Patients with con-
genital asplenia may have a variety of congenital 
cardiac abnormalities, in particular single ventri-
cle and atrioventricular septal defect. Cardiac 
surgery is often required and there is an increased 
risk of thrombosis due to the elevated levels of 
platelets.  

  Question 43.      Which prophylactic measures 
could have been taken to prevent septicemia? 

    A.    Vaccination   
   B.    Oral antibiotic treatment   
   C.    Spleen cell transplantation    

    Expert Clinical Perspective     Treatment with 
oral antibiotics is the prophylaxis of choice. 
Spleen cell transplantation is still experimental 
and probably not effective since a small number 

of spleen cells are not suffi cient to prevent 
infections.  

  References     Bolze et al. ( 2013 ); Gilbert et al. 
( 2002 ); Mahlaoui et al. ( 2011 ); Thomsen et al. 
( 2010 ); Yamamura et al. ( 2013 )  
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  Question 38. A  
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  Question 41. B  
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      Intrinsic Hemolytic Anemias: 
Pathophysiology, Diagnosis, 
and Management                      

     Charles     T.     Quinn     

         Introduction 

 Hemolysis is the term for accelerated destruction 
of red blood cells (RBCs), which necessarily 
denotes a shortened RBC lifespan. Depending 
upon the rate and duration of hemolysis, anemia 
may or may not occur. If the degree of hemolysis 
is modest and the erythropoietic response of the 
bone marrow completely compensates for the 
decreased RBC lifespan, then the hemoglobin 
concentration may remain normal, producing a 
state called compensated or fully compensated 
hemolysis. If the erythropoietic response is insuf-
fi cient to completely compensate for hemolysis, 
then anemia occurs, producing a state call uncom-
pensated or incompletely compensated hemoly-
sis. In common usage, the term “hemolytic 
anemias” refers to both uncompensated and com-
pensated hemolytic states, even though anemia 
may not always be present. 

 The hemolytic anemias can be classifi ed in 
different yet complementary ways. Hemolytic 
anemias can be inherited (e.g., hereditary sphero-

cytosis) or acquired (e.g., autoimmune hemolytic 
anemia). They can be classifi ed by the primary 
site of red cell destruction, namely, extravascular 
(destruction by macrophages in the liver and 
spleen) or intravascular (destruction primarily 
within the blood vessels). Hemolytic anemias can 
also be classifi ed according to whether the cause 
of hemolysis is intrinsic or extrinsic to the RBC—
damage from within or without. Intrinsic causes 
of hemolysis include abnormalities of hemoglo-
bin, the RBC membrane, or RBC enzymes. 
Extrinsic causes include RBC-directed antibod-
ies, a disordered vasculature, infections, or tox-
ins. In general, intrinsic causes of hemolysis are 
inherited and extrinsic causes are acquired, but 
there are exceptions. For example, paroxysmal 
nocturnal hemoglobinuria is an acquired yet 
intrinsic form of hemolysis, and congenital 
thrombotic thrombocytopenia purpura is an 
inherited yet extrinsic form of hemolysis. Several 
of the types of inherited, intrinsic hemolytic ane-
mia will be explored in the cases in this chapter.  

    Case 1: Hereditary Spherocytosis: 
Differential Diagnosis, Laboratory 
Diagnosis, Indications for 
Splenectomy, and Post- 
splenectomy Care 

 A 19-year-old woman presents with chronic, 
mild anemia that was fi rst detected incidentally. 
She has had multiple complete blood counts 
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(CBCs) over the past 2 years, all showing a 
hemoglobin (Hgb) concentration between 9.5 
and 11.5 g/dL. She has been treated intermit-
tently with oral iron, but there is no evidence that 
she has responded to iron therapy. Her diet is 
nutritionally adequate, and she eats a variety of 
foods including meats. She is asymptomatic. 
Physical examination is normal except for a 
spleen that is palpable 2 cm below the left sub-
costal margin. Her CBC is shown in Table  1 .

    Question 1.      An increased MCHC is a diag-
nostic clue for which of the following causes of 
hemolytic anemia? 

    A.    Hereditary spherocytosis   
   B.    Hereditary xerocytosis   
   C.    Hemoglobin C disease   
   D.    All of the above    

    Expert Perspective     In this era of molecular and 
genomic diagnostics, one should not overlook 
simple diagnostic clues from the complete blood 
count. The MCHC is the mean concentration of 
Hgb within RBCs. As such, it is an index of cel-
lular hydration or surface-to-volume ratio. An 
increased MCHC, as in this case, indicates cel-
lular dehydration or decreased surface-to-volume 

ratio. This is a characteristic of several forms 
of hemolytic anemia, including hereditary 
 spherocytosis, hereditary xerocytosis, and hemo-
globin C disease. 

 In this case, the peripheral blood smear is 
remarkable for a modest population of sphero-
cytes (Fig.  1 ).

     Question 2.      Prominent spherocytosis is a fea-
ture of which forms of hemolytic anemia? 

    A.    Hereditary spherocytosis   
   B.    Immune hemolytic anemia   
   C.     Clostridium perfringens  sepsis   
   D.    All of the above    

    Expert Perspective     This RBC morphology is 
an important diagnostic clue, but not all sphero-
cytosis is hereditary spherocytosis (HS). A num-
ber of conditions need to be considered. Common 
causes of prominent spherocytosis include HS 
and immune (autoimmune or isoimmune) hemo-
lytic anemia. HS and immune hemolytic anemia 
may present similarly, so it is important to distin-
guish among these conditions with specifi c labo-
ratory testing. Less common causes of prominent 
spherocytosis include  Clostridium perfringens  
sepsis, large surface area burns, and some toxins 

   Table 1    Complete blood count and reticulocyte count of 
case 1   

 Analyte  Case 1  Normal range 

 WBC (#/μL)  5500  4500–13,500 

 RBC (x10 6 /μL)  3.7  4.0–5.5 

 Hgb (g/dL)  11.1  12–15 

 Hct (%)  33  36–45 

 MCV (fL)  84  81–95 

 MCH (pg)  35.8  25–33 

 MCHC (g/dL)  37.0  31–36 

 RDW (%)  15.7  <14.5 

 Platelets (#/μL)  245,000  150,000–
500,000 

 Reticulocytes (%)  5.9  0.5–1.5 

 Absolute reticulocyte 
count (#/μL) 

 218,300  50,000–
150,000 

  Fig. 1    Peripheral blood smear of case 1. A modest popu-
lation of spherocytes is clearly visible in this fi eld of view       
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and venoms. Sepsis, large burns, envenomation, 
and exposure to toxins should be apparent from 
the history and physical examination.  

  Question 3.      Given the history, physical exam-
ination, complete blood count, and peripheral 
blood morphology, what is the next best test to 
obtain? 

    A.    Osmotic fragility test   
   B.    Direct antiglobulin test (DAT)   
   C.    Serum haptoglobin level   
   D.    Urine hemosiderin assay   
   E.    Genetic testing for HS    

    Expert Perspective     An osmotic fragility (OF) 
test is a test for spherocytes in general, not 
hereditary spherocytosis in particular. The 
peripheral blood smear shows a clear popula-
tion of spherocytes, so an OF test should be 
expected to be positive (i.e., to show increased 
osmotic fragility), but it does not differentiate 
among different causes of spherocytosis. It is 
important to distinguish between HS and 
immune hemolytic anemia, because these can 
present similarly and are treated differently. A 
DAT can reasonably include or exclude 
immune hemolytic anemia in most cases of 
anemia with prominent spherocytosis, so this 
is the appropriate test to obtain next. In this 
case, the DAT was negative (no RBC-directed 
antibody was detected). Genetic testing for HS 
is increasingly available, but other common 
causes of spherocytosis should at least be 
excluded fi rst. 

 Both haptoglobin and urine hemosiderin are 
laboratory markers of predominantly intravascu-
lar hemolysis and should be considered espe-
cially for patients with dark or red urine or acute 
renal injury (unlike this patient). HS and warm 
autoimmune hemolytic anemia produce 
 predominantly extravascular hemolysis, where 
hyperbilirubinemia is a common laboratory fi nd-
ing. The distinction between intravascular and 

extravascular hemolysis is not absolute, however, 
because some degree of both can occur simulta-
neously in the same patient. The site of RBC 
destruction can be conceptualized as a continuum 
from pure intravascular to pure extravascular 
hemolysis. Some hemolytic anemias are predom-
inantly intravascular (e.g., paroxysmal nocturnal 
hemoglobinuria), while some are predominantly 
extravascular (e.g., HS). Other hemolytic ane-
mias, such as a sickle cell anemia, have substan-
tial components of both.  

  Question 4.      The OF test on this patient was 
consistent with the presence of spherocytes 
(Fig.    2   ), but what is the approximate sensitiv-
ity of this fi nding for the diagnosis of HS? 

     A.    <10 %   
   B.    33 %   
   C.    66 %   
   D.    99 %    

    Expert Perspective     The OF test has only 
~66 % sensitivity for HS (when performed in 
non- splenectomized individuals). So, a normal 
OF test does not exclude the diagnosis of 
HS. A number of factors can confound the 
assay. For example, patients with HS may have 
a falsely negative OF test in the presence of 
iron defi ciency, cholestatic jaundice, and in the 
recovery phase of a transient aplastic crisis 
when there is marked reticulocytosis. A false-
positive test can occur in other conditions, such 
as immune hemolytic anemia and hereditary 
elliptocytosis. Individuals with a family his-
tory of HS who have typical clinical features 
(e.g., splenomegaly) and typical blood counts 
and morphology (e.g., increased MCHC, 
increased reticulocytes, and spherocytosis) do 
not require any additional tests to substantiate 
the diagnosis of HS (Bolton- Maggs et al. 
 2004 ). A diagnostic test with a high positive 
predictive value for HS should be performed 
when there is uncertainty about the diagnosis, 
for example, if there are atypical clinical or 
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laboratory fi ndings, few spherocytes, and/or no 
family history of HS. Such tests include the 
EMA-binding assay (Fig.  3 ) and osmotic gra-
dient ektacytometry (Fig.  4 ). RBC membrane 
protein analysis and genetic testing can also be 
performed by special diagnostic laboratories 
when the diagnosis remains unclear.

      Question 5.      What are possible indications for 
splenectomy in HS? 

    A.    Severe anemia   
   B.    Decreased exercise tolerance   
   C.    Cholelithiasis   
   D.    Poor growth   
   E.    All of the above    

    Expert Perspective     Splenectomy effectively 
decreases hemolysis (prolongs the RBC lifes-
pan), thereby decreasing anemia and jaundice as 
well as preventing the formation of gallstones 
(Sandler et al.  1999 ). Patients should not 
undergo splenectomy based on a diagnosis of 
HS alone. Rather, splenectomy should be 

  Fig. 2    Osmotic fragility 
test for case 1. The patient 
( red line ) has a “tail” of 
osmotically fragile cells 
(an increased susceptibility 
to lysis with decreasing 
osmolality of the solution). 
The upper and lower limits 
are indicated by the  black 
lines . Always pay attention 
to the orientation of the 
x-axis, because labs can 
report the x-axis as 
beginning with 0 or ending 
with 0       

  Fig. 3    Eosin-5-maleimide (EMA) binding assay for case 
1. The patient ( red line ) has decreased EMA binding rela-
tive to the control, consistent with HS. The test has a sen-
sitivity of ~93 % and a specifi city of ~99 % for HS (King 
et al.  2000 ,  2015 ). In this assay, EMA (a  red dye ) binds 
stoichiometrically to band 3, a solute transporter in the 
RBC membrane. Reduced fl uorescence intensity indicates 
a reduction in band 3 in the RBC membrane. Band 3 
defects or defi ciencies are a common cause of HS. EMA 
binding can also be reduced with defects or defi ciencies of 
spectrin, protein 4.2, and ankyrin, which are other molec-
ular causes of HS, due to secondary defi ciency of band 3       
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 considered based on the presence of trouble-
some signs, symptoms, and complications that 
are attributable to HS. Splenectomy should be 
considered especially for individuals who have 
symptomatic moderate to severe anemia, a need 
for multiple transfusions, and/or decreased 
exercise tolerance or fatigue that impairs quality 
of life. Symptomatic gallstones are a strong 
indication for splenectomy (at the time of 
 cholecystectomy), because cholecystectomy 
alone does not prevent recurrent stones (i.e., 
choledocholithiasis) (Bolton-Maggs et al. 

 2004 ). Individuals without gallstones who 
undergo splenectomy for another indication do 
not need simultaneous cholecystectomy, how-
ever (Sandler et al.  1999 ). Poor growth in chil-
dren with moderate to severe HS, presumably 
related to the increased metabolic burden of 
ongoing compensatory erythropoiesis, should 
also prompt consideration for splenectomy. 
However, splenectomy should be delayed until 
6 years of age or older when possible (Konradsen 
and Henrichsen  1991 ; Bolton-Maggs et al. 
 2004 ). Some individuals have marked jaundice 
and are troubled by it to the extent that it impairs 
their social interactions and quality of life. 
Splenectomy can be considered for this 
 “cosmetic” indication as well.  

  Question 6.      Uniform prophylaxis for which of 
the following post-splenectomy complications 
is indicated? 

    A.    Thrombocytosis   
   B.    Pulmonary hypertension   
   C.    Venous thromboembolism   
   D.    Sepsis   
   E.    All of the above    

    Expert Perspective     Post-splenectomy throm-
bocytosis is common, often transient, and not an 
indication by itself for prophylactic antiplatelet 
therapy, even when platelet count is >1,000,000/
mm 3 . There is only anecdotal evidence that sple-
nectomy increases the risk of venous thrombo-
embolism in patients with HS, and long-term 
thromboprophylaxis is not indicated. More 
importantly, one must take care to exclude disor-
ders that can be misdiagnosed as HS, such as 
hereditary xerocytosis (HX), which is clearly 
associated with post-splenectomy thrombosis. 
There is limited evidence that splenectomy (con-
sidering all indications for splenectomy, not just 
HS) could be associated with the late occurrence 
of pulmonary hypertension, but postoperative 
screening for pulmonary hypertension is not war-
ranted in HS, and preventive strategies, if any, are 
not known. 

  Fig. 4    Osmotic gradient ektacytometry for case 1. 
Ektacytometry measures the deformability of RBCs under 
shear stress in an osmotic gradient (Clark et al.  1983 ; 
King et al.  2015 ). Under shear stress, RBCs can become 
elongated, and this is quantifi ed by the elongation index 
( EI ). The results of ektacytometry are a plot of the EI by 
the osmolality of the suspending solution. Three parame-
ters are shown in the fi gure. EI max  denotes the maximum 
EI, which is a measure of RBC deformability (or, con-
versely, fragility).  O  min  is the osmolality at minimum EI, 
which is an index of the surface-to-volume ratio of the 
RBC. The  O  min  corresponds to the osmolality at 50 % lysis 
in standard OF testing.  O  hyp  is the osmolality at EI max /2, 
which is an index of RBC hydration. This patient ( red 
line ) has an increased  O  min  (decreased surface-to-volume 
ratio), decreased EI max  (decreased deformability), and 
decreased  O  hyp  (RBC dehydration), all consistent with the 
diagnosis of HS       
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 The most important post-splenectomy compli-
cation to anticipate and prevent is sepsis. The risk 
of post-splenectomy sepsis is highest in young 
children and in the 5 years following splenec-
tomy. The risk of sepsis continues lifelong, how-
ever. Current guidelines are disparate, 
recommending prophylactic penicillin (or 
another appropriate agent) for only the fi rst sev-
eral years after splenectomy or lifelong antibiotic 
prophylaxis. Informed patients’ preferences 
should be considered in the decision about dura-
tion of prophylaxis. Antibiotic prophylaxis 
should be paired with immunizations against the 
pneumococcus and meningococcus, and there are 
different national guidelines for vaccinations in 
asplenic individuals that can be consulted. 
Adherence to prolonged antibiotic prophylaxis 
and immunizations (and boosters) is undoubtedly 
diffi cult, but it is important. Patients and provid-
ers need to be aware that sepsis can occur even 
decades after splenectomy and even if antibiotic 
prophylaxis and appropriate immunizations have 
been given. Therefore, patients need to know to 
present to medical attention for any high fever 
following splenectomy. 

 There is ongoing controversy (or equipoise) 
about the merits of total vs. partial splenectomy 
for HS (Bolton-Maggs et al.  2004 ; Buesing et al. 
 2011 ; Seims et al.  2013 ). Operative time and 
postoperative pain may be greater following par-
tial splenectomy, but hematological outcomes are 
similar for HS patients who undergo either total 
or partial splenectomy. Partial splenectomy offers 
the potential benefi t of retained immunological 
function, but studies of suffi cient duration have 
not yet been performed to know if the lifelong 
risk of sepsis is decreased by partial splenectomy. 
So antibiotic prophylaxis and immunizations are 
still recommended following partial splenec-
tomy. Likewise, whether or not partial splenec-
tomy decreases the risk of gallstones lifelong is 
also unknown. The decision between total or par-
tial splenectomy, which is necessarily dependent 
upon the availability of appropriately skilled sur-
geons, should also be made in accordance with 
patients’ preferences.   

    Case 2: Hereditary Xerocytosis: 
Recognition, Diagnosis, 
and Management 

 A 13-year-old girl has had chronic hemolysis 
since birth, characterized mainly by chronic 
moderate scleral icterus and occasional fatigue. 
Her spleen has never been enlarged. She has 
never been transfused. Prior labs showed normal 
RBC enzyme activity, Hgb electrophoresis, Hgb 
stability, and α- and β-globin gene sequencing. 
DAT was negative and OF was not increased. Her 
CBC is shown in Table  2  and peripheral blood 
smear in Fig.  5 .

    Other pertinent laboratory test results included 
a total serum bilirubin of 6.3 mg/dL, direct biliru-
bin of 0.2 mg/dL, and a serum ferritin of 152 ng/
mL. 

  Question 7.      Which of the following labora-
tory fi ndings are consistent with a diagnosis of 
hereditary xerocytosis (HX)? 

    A.    Macrocytosis   
   B.    Increased serum ferritin   
   C.    Increased MCHC   
   D.    Stomatocytes   
   E.    All of the above    

   Table 2    Complete blood count and reticulocyte count of 
case 2   

 Analyte  Case 2  Normal range 

 WBC (#/μL)  7500  4500–13,500 

 RBC (x10 6 /μL)  4.03  4.0–5.5 

 Hgb (g/dL)  12.1  12–15 

 Hct (%)  36.3  36–45 

 MCV (fL)  101  81–95 

 MCH (pg)  29.5  27–33 

 MCHC (g/dL)  37.9  31–36 

 RDW (%)  12.5  <14.5 

 Platelets (#/μL)  415,000  150,000–
500,000 

 Reticulocytes (%)  16.9  0.5–1.5 

 Absolute reticulocyte 
count (#/μL) 

 680,000  50,000–
150,000 
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    Expert Perspective     Typical laboratory fi ndings 
in HX include fully compensated hemolysis (this 
patient has a normal Hgb concentration and an 
absolute reticulocyte count of 600,000/mm 3 ), 
increased MCHC (indicating cellular dehydra-
tion), macrocytosis, and stomatocytosis. An older 
term for HX is dehydrated hereditary stomatocy-
tosis, but the stomatocytosis is not striking 
despite the name. Xerocytosis refers to the char-
acteristic cellular dehydration. HX is one of the 
iron-loading anemias, so increased serum ferritin 
can be seen, but this is not a uniform fi nding. The 
epidemiology of HX is not well known. This 
autosomal dominant condition used to be consid-
ered a rare disorder, perhaps 40–50 times less 
common than HS. However, with increased 
awareness and availability of specifi c testing, 
some now speculate that HX may be about half as 
common as HS.  

  Question 8.      What tests can substantiate a 
diagnosis of HX? 

    A.    Osmotic fragility testing   
   B.    Erythrocyte cation content   

   C.    Ektacytometry   
   D.    Genetic testing   
   E.    All of the above    

    Expert Perspective     HX is an autosomal domi-
nant hemolytic anemia characterized by primary 
erythrocyte dehydration. Dehydration results 
from abnormal function of RBC membrane ion 
channels that results in decreased total cation 
content (especially K + ) without a proportional 
gain in sodium and water. OF testing in HX 
shows  decreased  osmotic fragility (Fig.  6 ) rather 
than the  increased  osmotic fragility that occurs in 
HS (Fig.  4 ). Because the RBCs in HX are dehy-
drated, they can tolerate a more hypotonic buffer 
before undergoing lysis.

   Specifi c testing for HX includes measure-
ment of erythrocyte cation content, ektacytom-
etry, and genetic testing. RBC cation content 
can be measured in only a few research labora-
tories. Total cation content will be decreased in 
HX due to a reduction in intracellular K +  
(Table  3 ). There may be a small increase in 
Na 2+ , but this does not offset the total defi cit in 
RBC cations. Ektacytometry is not widely 
available, but it can be performed in several 
diagnostic or research laboratories. In HX, 
ektacytometry will show a curve that is shifted 
to the left with decreased O min  indicating an 
 increased  surface-to-volume ratio (contrast this 
with the increased O min  in HS) and cellular 
dehydration (Fig.  7 ).

    The genetics of HX has recently been eluci-
dated. Heterozygous gain of function mutations 
in PIEZO1 (encoded by the  FAM38A  gene), a 
mechanosensory transduction ion channel in the 
RBC membrane, was described fi rst as a cause of 
HX (Zarychanski et al.  2012 ). Recently, muta-
tions in the Gardos channel (encoded by the 
 KCNN4  gene), a Ca 2+ -activated K +  channel in the 
RBC membrane, were identifi ed in HX kindreds 
without PIEZO1 mutations (Glogowska et al. 
 2015 ). Senicapoc is an inhibitor of the Gardos 
channel that was tested in patients with SCD. It 
improved RBC hydration and decreased 
 hemolysis but did not reduce the frequency of 

  Fig. 5    Peripheral blood smear of case 2. Moderate poi-
kilocytosis is seen. There are spherocytes ( blue arrows ), 
target cells ( yellow arrows ), stomatocytes ( black arrows ), 
dense cells ( red arrows ), and schistocytes ( purple arrows )       
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vaso- occlusive complications, so the study was 
stopped early (Ataga et al.  2011 ). Senicapoc is an 
attractive drug to study in patients with Gardos 
channel- related HX.  

  Question 9.      Which of the following proce-
dures, if any, is contraindicated in HX? 

    A.    Cholecystectomy   
   B.    Splenectomy   
   C.    Both A and B   
   D.    Neither A nor B    

    Expert Perspective     There is no contraindica-
tion to cholecystectomy in HX, and affected 
individuals are at increased risk of cholelithia-
sis. However, splenectomy  is  contraindicated 
in HX because it increases the risk of splanch-
nic and other deep venous thrombosis, which 
may be fatal, and is associated with the 

  Fig. 6    Osmotic fragility 
test for case 2. The patient 
has decreased osmotic 
fragility. Because the 
RBCs in HX are 
dehydrated, they can 
tolerate a more hypotonic 
buffer before undergoing 
lysis. Iron-defi cient and 
thalassemic RBCs also 
have decreased osmotic 
fragility, so this is not a 
specifi c fi nding. In fact, the 
commercial laboratory that 
performed this test 
indicated that the results 
were consistent with iron 
defi ciency anemia or 
thalassemia, but the 
interpretation did not even 
mention the possibility of 
HX       

   Table 3    RBC cation content of case 2   

 Cation  Control  Patient 

 Na +  (mmol/kg Hb)  39.5 ± 1.8  60.1 ± 2.2 

 K +  (mmol/kg Hb)  324 ± 5.2  249 ± 3.3 

  Fig. 7    Ektacytometry for case 2. The results of ektacy-
tometry are a plot of the elongation index (EI) under shear 
stress by the osmolality of the suspending solution. Three 
parameters are shown: EI max  denotes the maximum EI, 
which is a measure of RBC deformability (or, conversely, 
fragility);  O  min  is the osmolality at minimum EI, which is 
an index of the surface-to-volume ratio of the RBC; and 
 O  hyp  is the osmolality at EI max /2, which is an index of RBC 
hydration. This patient ( red line ) has a decreased  O  min  
(increased surface-to-volume ratio), normal EI max  (normal 
deformability), and signifi cantly decreased  O  hyp  (RBC 
dehydration), all consistent with the diagnosis of 
HX. Contrast this with the pattern seen in HS (Fig.  4 )       
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 development of pulmonary hypertension 
(Stewart et al.  1996 ; Da Costa et al.  2013 ). The 
mechanism of thrombosis is unclear, but likely 
relates the persistence of abnormal RBCs in 
the asplenic state. Because splenectomy is con-
traindicated in HX, it is imperative to exclude 
HX before splenectomy in patients with con-
genital hemolytic anemia. Unfortunately, HX 
is often misdiagnosed (e.g., as HS) because of 
lack of awareness about the frequency of HX 
and its clinical and laboratory features. To 
make matters more challenging, some individ-
uals may have compound heterozygous muta-
tions in genes associated with both HX and HS 
(e.g., PIEZO1 and  SLC4A1 ), so genetic diag-
nosis should strongly be considered for any 
patient with a congenital hemolytic anemia in 
whom a splenectomy is considered (Risinger 
et al.  2014 ).   

    Case 3: G6PD Defi ciency 
and Oxidant Hemolysis 

 A 19-year-old African-American male has a 
3-day history of diarrhea, vomiting, and low- 
grade fever. Yesterday, he had dark urine, 
decreased urine output, and lassitude. Physical 
examination today shows a pale, slightly icteric 
man who appears tired. He has no hepato-
splenomegaly or lymphadenopathy. His CBC 
is shown in Table  4  and peripheral blood smear 
in Fig.  8 .

     Question 10.      The patient’s peripheral blood 
smear is consistent with which of the 
following? 

    A.    Unstable hemoglobin   
   B.    G6PD defi ciency   
   C.    Dapsone toxicity   
   D.    A and B only   
   E.    All of the above    

    Expert Perspective     The peripheral blood 
findings are specific for oxidant hemolysis, 

but not for the specific cause of the oxidant 
hemolysis. So, all these explanations are pos-
sible. Unstable Hbs undergo spontaneous oxi-
dative denaturation, which can be further 
accelerated by oxidative stresses (e.g., fever, 
infection, drugs). G6PD deficiency limits the 
production of glutathione (cellular reducing 
capacity) and renders deficient RBCs sensitive 
to oxidative stress. Depending on the particu-
lar G6PD mutation, hemolysis may be inter-
mittent only or chronic. A metabolite of 
dapsone, hydroxylamine, can cause oxidant 
hemolysis in patients both with and without 
G6PD deficiency (Lee and Geetha  2015 ). 

 Eccentrocytes (blister cells) form as a conse-
quence of denatured Hb that aggregates or pools 
along one side of the RBC leaving an empty rim 
of cytoplasm. Bite cells are speculated to be the 
result of splenic pitting of RBC inclusions, like 
aggregates of denatured Hb or Heinz bodies. A 
Heinz body preparation may be positive in all 
these conditions, as well, if performed during the 
acute hemolytic phase or shortly thereafter. Heinz 
bodies are rapidly removed (pitted) from RBCs 
by the spleen, so a Heinz body prep may be nega-
tive 12–24 h after cessation of the acute 
hemolysis.  

   Table 4    Complete blood count and reticulocyte count of 
case 3   

 Analyte  Case  Normal 

 WBC (#/μL)  18,000  4500–13,500 

 RBC (x10 6 /μL)  2.21  4.0–5.5 

 Hgb (g/dL)  6.7  13–16 

 Hct (%)  18  39–48 

 MCV (fL)  98  81–98 

 MCH (pg)  31  27–33 

 MCHC (g/dL)  33.5  31–36 

 RDW (%)  15.5  <14.5 

 Platelets (#/μL)  179,000  150,000–
500,000 

 Reticulocytes (%)  18  0.5–1.5 

 Absolute reticulocyte 
count (#/μL) 

 397,800  50,000–
150,000 
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  Question 11.      Defi cient G6PD enzymatic activ-
ity can be detected during acute hemolysis. 
    A.    True   
   B.    False   
   C.    It depends on the particular G6PD mutation    

    Expert Perspective     Some G6PD variants (class 
1 variants) cause chronic (not episodic) hemoly-
sis, which can be called “chronic nonspherocytic 
hemolytic anemia.” With severe G6PD defi ciency 
(class 2 variants), the anemia is often episodic 
and may be severe and life threatening (e.g., 
favism). Defi cient G6PD enzymatic activity can 
be detected during acute hemolysis in class 2 
variants (Fig.  9 ). With mild G6PD defi ciency 
(class 3 variants), the hemolytic anemia is self- 
limited because only older RBCs are destroyed 
and young RBCs have normal or near-normal 
enzyme activity (Fig.  9 ). Consequently, defi cient 
G6PD enzymatic activity is usually not detect-
able during acute hemolysis. The most common 
variant encountered in the United States, 
 especially among individuals of African ancestry, 
is the A -  variant (class 3). Genetic testing can be 
performed at any time.

     Question 12.      Which of the following medi-
cines is safe to give in normal doses for indi-
viduals with the G6PD 
A   -    [G6PD.p.V68M;N126D] variant? 

    A.    Acetaminophen   
   B.    Isoniazid   
   C.    Trimethoprim-sulfamethoxazole   
   D.    All of the above   
   E.    None of the above    

    Expert Perspective     The extensive lists of “con-
traindicated” medications in G6PD defi ciency do 
not necessarily apply to individuals with G6PD 
A - . All the medications listed above are safe 
when given in normal therapeutic doses (Beutler 
 1984 ,  1996 ). Similarly, it is safe for individuals 
with G6PD A -  to consume blueberries, soya 
products, red wine, and most legumes. Broad 
dietary restrictions are unnecessary for individu-
als with G6PD A - . Favism has been reported only 
rarely in individuals with G6PD A - , so it is rea-
sonable to avoid fava beans even though many 
individuals with G6PD A -  can safely consume 
them (Beutler  1994 ).   

  Fig. 8    Peripheral blood smear of case 3. Moderate anemia, anisopoikilocytosis, and polychromasia are seen. Specifi c 
morphologic features include a “bite cell” ( red arrow ) and an eccentrocyte or “blister cell” ( blue arrow )       
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    Case 4: Hemolytic Anemia Caused 
by an Unstable Hb 

 A 20-year-old African-American male has a 
lifelong history of unexplained chronic hemo-
lytic anemia. He receives PRBCs several times 
a year because of exacerbations of anemia. 
These exacerbations are often precipitated by 
infections. An extensive work-up for the cause 
of his anemia has been unrevealing. His CBC is 
shown in Table  5  and peripheral smear in 
Fig.  10 .

    A number of studies have already been per-
formed, including RBC enzyme activities, OF 
testing, and Hb electrophoresis (Fig.  11 ), all of 
which have been reported to be normal. Testing 
for unstable Hbs by the isopropanol and heat 
denaturation methods was also normal.

    Question 13.      Which of the following possibili-
ties is the single best explanation for the results 
of the Hb electrophoresis for case 4 (Fig.    11   )? 

    A.    α-thalassemia trait (two-gene deletion 
α-thalassemia)   

   B.    Unstable Hb and co-inherited α-thalassemia   
   C.    Heterozygosity for gene deletion hereditary 

persistence of fetal Hb (HPFH)   
   D.    β-thalassemia trait   
   E.    Normal    

    Expert Perspective     α-thalassemia trait could 
explain the low Hb A 2  but not the elevated Hb 
F. Heterozygosity for gene deletion HPFH would 
give a low Hb A 2  with elevated Hb F, but the Hb 
F would be present at a much higher level (e.g., 

  Fig. 9    G6PD enzymatic activity over the lifespan of the 
RBC. The G6PD enzymatic activity of RBCs decreases 
over the lifespan of the RBC, but it remains above the 
minimum protective level in the normal state. G6PD can-
not be regenerated by the mature RBC because it has no 
nucleus. The half-life of G6PD A -  [G6PD.p.V68M; 
N126D] is moderately decreased, so only the older and 

senescent RBCs are prone to oxidative hemolysis. G6PD 
Mediterranean [G6PD.p.S188F] has a markedly short-
ened half-life (measured in hours), such that mature RBCs 
have essentially no detectable enzyme activity. This 
explains the potential for severe, life-threatening hemoly-
sis with this and similar severe variants       
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15–40 %). β-thalassemia trait could explain an 
elevated Hb F, but Hb A 2  would be elevated. The 
electrophoresis results are not normal, given the 
high Hb F and low A 2 . 

 Close inspection of the electropherogram 
(Fig.  11 ) and comparison with controls per-
formed on the same “run” suggest that the auto-
matically identifi ed Hb F fraction (4.5 %) is not 
actually Hb F. Rather, this Hb fraction of 4.5 % 
migrates similarly but slightly cathodal (to the 
right), and it likely represents a residual amount 

of an unstable Hb that has not yet undergone 
denaturation. Co-inheritance of α-thalassemia 
could explain the decrease in Hb A 2  (about 25 % 
of African-Americans have one-gene deletion 
α-thalassemia, and 2–3 % have two-gene deletion 
α-thalassemia). 

 An unstable Hb should be suspected in a 
patient with a congenital nonspherocytic 
 hemolytic anemia. The classical evaluation 
includes an Hb electrophoresis, Heinz body prep-
aration, and isopropanol stability test. Hb electro-
phoresis is often normal in patients with unstable 

   Table 5    Complete blood count and reticulocyte count of 
case 4   

 Analyte  Case  Normal 

 WBC (#/μL)  18,100  4500–13,500 

 RBC (x10 6 /μL)  3.44  4.0–5.5 

 Hgb (g/dL)  9.7  13–16 

 Hct (%)  32.8  39–48 

 MCV (fL)  95.3  81–98 

 MCH (pg)  28.2  27–33 

 MCHC (g/dL)  29.6  31–36 

 RDW (%)  25.6  <14.5 

 Platelets (#/μL)  467,000  150,000–
500,000 

 Reticulocytes (%)  28.3  0.5–1.5 

 Absolute reticulocyte 
count (#/μL) 

 973,500  50,000–
150,000 

 NRBCs (#/100 WBCs)  24  0 

  Fig. 11    Capillary zone 
electrophoresis of case 
4. The automatically 
identifi ed and 
quantifi ed Hb fractions 
are shown. The Hb A, 
Hb F, and Hb A 2  
“zones” are indicated 
by the  boxes  on the  top . 
The normal range for 
Hb F is <1.5 %, and the 
normal range for Hb A 2  
is 2.3–3.3 %       

  Fig. 10    Peripheral blood smear of case 4. Marked aniso-
poikilocytosis with polychromasia, numerous nucleated 
RBCs, and target cells are seen       
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Hbs, either because the variant Hb is electropho-
retically silent (i.e., it co-migrates with Hb A) or 
it is so unstable that it is not readily detectable at 
the protein level. An extremely unstable variant 
may also be undetectable by heat or isopropanol 
denaturation testing because the variant Hb is not 
present in suffi cient concentration (i.e., nearly all 
of the remaining Hb in the RBC is normal). One 
should also be aware that the isopropanol test 
may be falsely positive in the neonate due to high 
Hb F, so the heat stability test should be used, 
instead, during the fi rst several months of life.  

  Question 14.      The best strategy for genetic 
testing to identify this patient’s hemoglobin-
opathy would include which of the following 
tests? 

    A.    α-globin gene ( HBA1 ,  HBA2 ) sequencing   
   B.    β-globin gene ( HBB ) sequencing   
   C.    α-globin gene cluster deletion/duplication 

analysis   
   D.    β-globin gene cluster deletion/duplication 

analysis   
   E.    All of the above    

    Expert Perspective     Unstable Hbs can arise 
from sequence variations in the α- or β-globin 
genes, so sequencing of only the α-globin genes 
( HBA1 ,  HBA2 ) or the β-globin genes ( HBB ) 
would be insuffi cient. Because of the consider-
ation of α-thalassemia, given decreased Hb A 2 , in 
this African-American individual, α-globin gene 
cluster deletion/duplication analysis (e.g., by 
MLPA or gap-PCR) would be necessary to iden-
tify the most likely forms of α-thalassemia (e.g., 
the -α 3.7  and -α 4.2  single gene deletions). Large 
gene deletions are not detected by direct sequenc-
ing of particular genes, because the deleted 
regions are not amplifi ed, so there is apparent 
(spurious) homozygosity for the non-deleted 
allele on the other chromosome. Given that a low 
Hb A 2  could be caused by a large deletion in the 
β-globin gene cluster, and considering that the 
phenotype depends on the interaction of the α- 
and β-globin loci, the best testing strategy would 
be to perform sequencing and deletion/duplica-
tion analysis of both loci. 

 This patient has two different α-globin gene 
abnormalities (Table  6 ). His primary abnormality 
is Hb Questembert, which is a highly unstable 
hemoglobin (an α-globin chain abnormality) that 
leads to a net defi cit in α-globin chain availabil-
ity. The consequence is a clinical phenotype that 
includes both hemolysis and ineffective erythro-
poiesis—a “thalassemic hemoglobinopathy” 
analogous to autosomal dominant β-thalassemia. 
He is also heterozygous for the rightward 3.7 kb 
single α-globin gene deletion. So, he has only 
three α-globin genes, one of which is abnormal 
(Hb Questembert; α T ). The Hb Questembert 
mutation occurs in the single remaining  HBA2  
gene. The patient waited for 20 years for his diag-
nosis to be established because repeated attempts 
that used protein-level testing were inconclusive.

   Comprehensive genetic testing can conclu-
sively diagnose any hemoglobinopathy, and it 
should be used earlier and more frequently than it 
currently is. In our clinical laboratory, genetic 
testing provided new or additional diagnostic 
information that was not apparent on protein- 
based diagnostic methods in half of all cases. 
Genetic testing excluded or substantially changed 
a suspected diagnosis in one-quarter (19.6 %) of 
all cases. Therefore, genetic testing for hemoglo-
binopathies has very high clinical utility, and it 
should be considered a standard of care for all 
patients with known or suspected 
hemoglobinopathies.   

   Table 6    Results of genetic testing for case 4   

  HBA1 / HBA2  genotype  α T α/–α 

  HBB  genotype  β/β 

  α T  = Hb Questembert [HBA2:c.394T>C(p.S132P)]  

 Controversies 

•     Osmotic fragility testing is insuffi ciently 
sensitive for a diagnosis of HS, but more 
sensitive and specifi c diagnostic tests 
are still not offered by most labs.  

•   If a cholecystectomy is performed for 
symptomatic gallstones in a patient with 
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  Answers 

    Question 1. D  
  Question 2. D  
  Question 3. B  
  Question 4. C  
  Question 5. E  
  Question 6. D  

  Question 7. E  
  Question 8. E  
  Question 9. B  
  Question 10. E  
  Question 11. C  
  Question 12. D  
  Question 13. B  
  Question 14. E         
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         Introduction 

 Platelet counts below and above the normal 
range, thrombocytopenia and thrombocytosis, 
respectively, are encountered frequently in clini-
cal practice. Because both thrombocytopenia and 
thrombocytosis can be associated with bleeding 
and with arterial and venous thrombosis, they 
engender substantial and appropriate concern by 
treating physicians. However, the number of cir-
culating platelets in normal individuals is far in 
excess of the number required for normal hemo-
stasis, and thrombocytosis due to concurrent ill-
ness is not generally associated with hemostatic 
abnormalities. Thus, understanding normal plate-
let physiology and pathophysiology is essential 
so that patients at risk are appropriately evaluated 
and treated, while patients who are not are spared 
unnecessary expense and worry. The nature of 

this problem is illustrated by patients admitted to 
intensive care units. Approximately 30–50 % of 
patients in intensive units become thrombocyto-
penic at some point during their intensive care 
unit stay (Crowther et al.  2005 ). Thrombocytopenia 
in this setting has been associated with increased 
bleeding, increased transfusion of blood prod-
ucts, longer intensive care unit stays, and 
increased intensive care unit and hospital mortal-
ity. Nonetheless, workups to identify specifi c and 
treatable causes for the thrombocytopenia, while 
often extensive, are usually futile. 

 The following clinical vignettes are represen-
tative of platelet-related questions commonly 
encountered on our inpatient and outpatient 
hematology consultation services.  

    Case 1 

 An otherwise healthy 45-year-old woman, taking 
no medication, was evaluated by her internist 
prior to undergoing a dilation and curettage 
(D&C) for menorrhagia. A complete blood count 
(CBC) and screening coagulation tests (pro-
thrombin time and partial thromboplastin time) 
were only remarkable for a platelet count of 
120,000/μl. A peripheral blood smear was unre-
markable. No previous platelet counts were avail-
able, but she has no family history of 
thrombocytopenia and no personal or family his-
tory of abnormal hemostasis. 
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  Question 1.      Which of the following state-
ments best describes this patient’s hemato-
logic problems? 

    A.    The patient has mild autoimmune thrombo-
cytopenia (ITP) that is also responsible for 
her menorrhagia.   

   B.    The patient has mild ITP, but the menorrhagia 
is unrelated.   

   C.    The signifi cance of the patient’s mild throm-
bocytopenia is uncertain, and it is unlikely to 
be a contributing factor for her menorrhagia.   

   D.    A platelet count of 120,000 is too high to be 
associated with a bleeding diathesis.    

    Expert Perspective     The normal range for plate-
let counts in healthy individuals has been reported 
as 150,000–350,000/μl. Although the conse-
quences of severe thrombocytopenia are readily 
apparent, the signifi cance of platelet counts 
between 100,000–150,000/μl (borderline throm-
bocytopenia) can be problematic. Some of these 
individuals are outliers of the normal platelet 
count distribution, but the thrombocytopenia of 
others could represent an early manifestation of 
an unrecognized disease. 

 The signifi cance of borderline thrombocyto-
penia was studied by Stasi et al. who prospec-
tively followed 217 apparently healthy individuals 
incidentally found to have borderline thrombocy-
topenia (Stasi et al.  2006 ). At 6 months, 88 % had 
stable platelet counts. One hundred and ninety- 
one individuals were then followed for a median 
duration of 64 months. Borderline thrombocyto-
penia either resolved or persisted in 64 % without 
another disorder becoming apparent. The proba-
bility of developing autoimmune thrombocytope-
nia (ITP as they defi ned it) was only 6.9 %. Based 
on these observations, it is likely that the border-
line thrombocytopenia of the patient described 
above will remain stable or improve; it is prema-
ture to attribute it to ITP. 

 It is also very unlikely that the patient’s men-
orrhagia is solely a consequence of her border-
line thrombocytopenia. Although cutaneous 
bleeding time measurements have suggested that 
primary hemostasis is impaired when platelet 

counts decline below 100,000/μl (Harker and 
Slichter  1972 ), spontaneous fecal blood loss in 
patients with aplastic anemia does not increase 
substantially until platelet counts are less than 
5,000/μl. Moreover, symptomatic bleeding in 
patients with ITP generally does not occur at 
platelet counts greater than 30,000/μl (Cines and 
McMillan  2005 ). Nevertheless, it is worth noting 
that menorrhagia is a frequent manifestation of 
von Willebrand disease, and thrombocytopenia 
is a feature of type IIB von Willebrand disease 
(Lillicrap  2013 ). Although the patient has a neg-
ative personal history of bleeding other than 
menorrhagia and her family history for bleeding 
is also negative, the presence of menorrhagia at a 
platelet count that would not be expected to 
cause bleeding suggests that type IIB von 
Willebrand disease should at least be a 
consideration.   

    Case 2 

 A 24-year-old woman is being seen because of 
severe menorrhagia accompanied by an iron- 
defi ciency anemia and a minimally increased 
platelet count. She has had extensive bruising all 
of her life and bled excessively after dental 
extractions. An older brother also has had exten-
sive bruising and frequent epistaxis, although 
these symptoms seem to be improving. A younger 
sister and her parents have no bleeding 
symptoms. 

  Question 2.      What are the diagnostic 
possibilities? 

    A.    A lifelong bleeding history and normal plate-
let count suggests this patient may have an 
inherited coagulopathy.   

   B.    An increased platelet count raises the possi-
bility of a myeloproliferative disorder such 
essential thrombocythemia.   

   C.    Since the patient’s bleeding disorder appears 
to be inherited autosomally, measurement of 
factor VIII is not indicated.   

   D.    Mucocutaneous bleeding is characteristic of a 
defect in primary hemostasis.    
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    Expert Perspective     This patient’s history of 
mucocutaneous bleeding in the absence of 
 thrombocytopenia suggests she has a defect in 
primary hemostasis. A similar history from her 
older brother suggests that her hemostatic prob-
lem is autosomally inherited. The absence of 
symptoms in her parents and other siblings sug-
gests that the pattern of inheritance is autosomal 
recessive. 

 Inherited abnormalities of primary hemostasis 
occur when platelets are unable to form an ade-
quate hemostatic plug at sites of vascular injury. 
They can be subdivided into abnormalities of the 
plasma protein von Willebrand factor (VWF) and 
primary disorders of platelet function. 

 VWF is a very large multimeric plasma pro-
tein that is required for effi cient platelet adhesion 
to damaged blood vessels under high shear con-
ditions, such as those present in the microvascu-
lature (Lillicrap  2013 ). VWF also circulates in 
the blood as a complex with coagulation factor 
VIII. VWF abnormalities are a relatively frequent 
cause of mucocutaneous bleeding (Nichols et al. 
 2009 ). There are three types of inherited VWF 
abnormalities. Type I von Willebrand disease 
(VWD), inherited in an autosomal dominant 
fashion, results from quantitative von Willebrand 
factor defi ciency. Type II VWD, also inherited as 
an autosomal dominant, is due to qualitative 
VWF abnormalities that cause a defi ciency of the 
most hemostatically effective high molecular 
weight VWF multimers. By contrast, type III 
VWD, an autosomal recessive disorder, results 
from mutations in both VWF alleles, causing 
marked defi ciencies of both VWF and factor 
VIII. The type of VWD is determined by measur-
ing the amount of circulating VWF antigen, 
VWF function (usually measured as platelet 
agglutination caused by the antibiotic ristocetin), 
and factor VIII levels. A detailed discussion of 
VWD is beyond the scope of this review. 
However, it is suffi cient to say that VWD must 
always be considered when evaluating a patient 
with mucocutaneous bleeding. 

 Primary disorders of platelet function as a 
cause of mucocutaneous bleeding are quite 
uncommon compared to VWD but need to be 

considered when VWF studies are normal. 
Platelet function can be divided arbitrarily into 
four phases: adhesion, aggregation, secretion, 
and expression of procoagulant activity; inher-
ited abnormalities in each of these phases can 
produce bleeding. 

 The Bernard-Soulier syndrome (BSS) and 
Glanzmann thrombasthenia (GT) are rare autoso-
mal recessive disorders of platelet adhesion and 
aggregation, respectively, and present as muco-
cutaneous bleeding in infancy or childhood 
(Berndt and Andrews  2011 ; George et al.  1990 ). 
The BSS is due to defi ciency or dysfunction of 
the platelet membrane receptor for VWF, the 
GPIb-IX-V complex. Thus, BSS platelets do not 
adhere to VWF-coated surfaces, nor do they 
agglutinate in response to the antibiotic ristocetin 
when VWF is present. Patients with the BSS also 
have thrombocytopenia with uniformly very 
large platelets (macrothrombocytopenia). GT 
platelets do not aggregate because of defi ciency 
or dysfunction of the platelet membrane fi brino-
gen receptor GPIIb/IIIa (aka integrin αIIbβ3). 
The size and number of GT platelets are normal, 
and although they do not aggregate in response to 
platelet agonists such as ADP, thrombin, or col-
lagen, they agglutinate normally in response to 
ristocetin (Fig.  1 ).

   Inherited disorders of platelet secretion are 
more common than platelet membrane glycopro-
tein abnormalities and can be subdivided into 
platelet granule defi ciency syndromes and 
exceedingly uncommon biochemical abnormali-
ties of the platelet secretory mechanism. The 
gray platelet syndrome is a rare autosomal reces-
sive disorder due to platelet α-granule defi ciency 
that causes mild to moderate bleeding, moderate 
macrothrombocytopenia, and platelets that have 
a gray appearance on Wright-stained blood 
smears, giving the syndrome its name (Nurden 
and Nurden  2007 ). Platelet storage pool disease 
(δ-SPD, platelet dense granule defi ciency) is the 
most common platelet secretion disorder and can 
be subclassifi ed into δ-SPD associated with albi-
nism (the Hermansky-Pudlak and Chediak- 
Higashi syndromes) and δ-SPD in otherwise 
normal individuals (Gunay-Aygun et al.  2004 ; 
Wei  2006 ; Nagle et al.  1996 ). Patients with 
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δ-SPD have normal platelet counts, normal plate-
let morphology, prolonged bleeding times, and 
abnormal platelet aggregation studies. An 
increased ratio of platelet ATP to ADP because of 
absence of the platelet dense granule pool of 
ADP is diagnostic (Holmsen and Weiss  1979 ). 
There are anecdotal reports of platelet procoagu-
lant defi ciency (Scott syndrome), but these 
patients present with symptoms suggestive of a 
coagulation, rather than a platelet, disorder 
(Castoldi et al.  2011 ). 

 Based on this patient’s history alone, δ-SPD 
would be the leading diagnostic possibility. 
Although her bleeding diathesis appears to have 
been inherited in an autosomal recessive manner, it 
is still necessary to rule out VWD since one of her 
parents could have been only minimally affected. 
Platelet membrane glycoprotein abnormalities, 
while exceedingly rare, remain a possibility but can 
be easily ruled out by routine hematology and 
basic platelet function measurements.   

    Case 3 

 A 20-year-old female college student presented 
to the student health service with the new onset of 
bruising and epistaxis. Her physical examination 
was notable for ecchymoses on her extremities 
and petechiae on her ankles and in her mouth. 
Her spleen was not palpable and there was no 
lymphadenopathy. She was taking no mediations 
other than an oral contraceptive. Her CBC was 
only remarkable for a platelet count of 4,000/μl 
and her blood smear only notable for the absence 
of platelets. Blood typing reveals she is A 
negative. 

  Question 3.      What would be your initial man-
agement recommendations? 

    A.    Perform a bone marrow biopsy   
   B.    Begin treatment with high-dose corticoste-

roids and IVIG   

  Fig. 1    Platelet aggregation tracings in various platelet 
disorders. The platelet aggregation tracings shown in the 
fi gure were produced in a conventional turbidimetric 
platelet aggregometer after the addition of collagen, ADP, 
and ristocetin to stirred aliquots of platelet-rich plasma. In 
turbidimetric platelet aggregometry, the addition of all 
platelet agonists except epinephrine causes a transient 
decrease in light transmission through a stirred platelet 
suspension attributed to platelet shape change. This is fol-
lowed by a progressive increase in light transmission as 
platelets aggregate. Two “waves” of platelet aggregation 
have been described. The “fi rst wave” represents primary 
aggregation and is a direct consequence of agonist stimu-
lation. The “second wave” represents secondary aggrega-
tion and is due to the formation of large irreversible 
aggregates when platelet secretion occurs. If the concen-

tration of platelet agonist is suffi ciently high, the fi rst and 
second waves merge into a single continuous tracing. 
Measurements of platelet aggregation are expressed as 
either the extent (as shown here) or the rate of increase in 
light transmittance that occurs as platelets aggregate. 
 Abbreviations :  VWD  von Willebrand disease,  BSS  
Bernard-Soulier syndrome,  SPD  storage pool disease,  GT  
Glanzmann thrombasthenia. As shown in the fi gure, plate-
let aggregation stimulated by collagen and ADP is normal 
in VWD and BSS but is absent in GT. SPD platelets do not 
secrete dense granule ADP and have defective second 
wave aggregation. Ristocetin causes VWF-dependent 
platelet agglutination and impaired to absent in VWD and 
BSS but is normal in SPD and GT (Adapted from Weiss 
 1975 , with permission)       
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   C.    Begin treatment with anti-D immune 
globulin   

   D.    Recommend plasmapheresis    

    Expert Perspective     Severe symptomatic iso-
lated thrombocytopenia, in the absence of infec-
tion, medications, and splenomegaly, and with an 
otherwise normal blood smear, is compatible 
with a diagnosis of ITP (Cines and McMillan 
 2005 ). Because there is no specifi c test for ITP, it 
is a diagnosis of exclusion. Moreover, because 
the bone marrow fi ndings in typical acute ITP are 
so predictable, a bone marrow examination is 
usually not necessary to confi dently make the 
diagnosis. Although acute thrombocytopenia can 
be a consequence of viral infection, especially 
Epstein-Barr virus infection in this particular 
patient population, this does not appear relevant 
in this case, given her lack of infectious signs and 
symptoms. 

 Treatment of ITP is guided by symptoms and 
platelet count. Patients with acute ITP generally 
do not respond satisfactorily to platelet transfu-
sion. Thus, in the absence of severe or life- 
threatening hemorrhage, platelet transfusion is 
not indicated in ITP. Nonetheless, when severe 
bleeding is present, concurrent platelet transfu-
sion and intravenous immunoglobulin (IVIgG) 
can produce a platelet count increase that is suf-
fi cient for hemostasis (Baumann et al.  1986 ). 

 Patients with ITP and platelet counts less than 
10,000/μl are at risk for signifi cant bleeding. 
Therefore, they should be treated with agents that 
can rapidly increase the platelet count such as 
high-dose corticosteroids (e.g., methylpredniso-
lone 30 mg/kg per day) and/or two daily doses of 
1 g/kg IVIgG. Although anti-D immune globulin 
can be substituted for IVIgG in Rh-positive 
patients who have not undergone splenectomy, in 
our hands, responses to IVIgG are more predict-
able and are not associated with signifi cant 
hemolysis. Thus, we would recommend that this 
patient should be treated with IVIgG and simul-
taneously started on prednisone at 1 mg/kg qd. It 
is noteworthy that mucocutaneous bleeding often 

decreases when corticosteroids are started, even 
before there is an increase in the platelet count, 
suggesting that corticosteroids have an as yet 
explained benefi cial effect on the endothelium.   

    Case 4 

 A 78-year-old man with a 2-year history of pro-
gressive but mild pancytopenia, thought to be 
due to myelodysplasia, is found to have a platelet 
count of 25,000/μl but no bleeding symptoms. 

  Question 4.      How should this patient’s throm-
bocytopenia be managed? 

    A.    Recommend platelet transfusion to maintain 
platelet count above 30,000/μl.   

   B.    Begin treatment with a thrombopoietin 
agonist.   

   C.    Consider prophylactic platelet transfusion to 
maintain a platelet count above 20,000/μl.   

   D.    Continue supportive care with platelet trans-
fusion trigger of 10,000//μl.    

    Expert Perspective     Randomized trials and 
observational studies of patients treated with 
cytotoxic chemotherapy, undergoing bone mar-
row transplantation, or followed for aplastic ane-
mia suggest that a threshold for prophylactic 
platelet transfusion of 10,000 platelets/μl is suf-
fi cient to minimize spontaneous bleeding in the 
absence of fever, infection, renal failure, and 
medications that impair hemostasis (Slichter 
 2004 ; Rebulla et al.  1997 ; Schiffer et al.  2001 ; 
Friedmann et al.  2002 ). Because spontaneous 
fecal blood loss in patients with aplastic anemia 
does not increase substantially until platelet 
counts are less than 5,000/μl, it is possible that 
the threshold can be safely lowered to 5,000/μl 
(Slichter and Harker  1978 ). Nonetheless, it may 
be best to avoid prophylactic platelet transfusions 
in patients with chronic stable platelet counts as 
low as 5,000–10,000/μl who are not bleeding to 
avoid the risk of alloimmunization and platelet 
refractoriness.   
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    Case 5 

 An otherwise well 30-year-old woman presents 
to the emergency room with complaints of head-
ache, abdominal pain, and non-bloody diarrhea. 
She has a low-grade fever, pallor, conjunctival 
icterus, and scattered ecchymoses. Her hemoglo-
bin is 7.5 g/dl and platelet count 40,000/μl. 

  Question 5.      You are called to the ER to see the 
patient. What is your next step? 

    A.    Recommend stat platelet transfusion.   
   B.    Recommend transfusing both red blood cells 

and platelets.   
   C.    Urgent review of a peripheral blood smear.   
   D.    Recommend supportive care with IV fl uids 

and antibiotics.    

    Expert Perspective     It is mandatory to examine 
a peripheral blood smear in any hematologic dis-
order involving perturbed blood cell counts. 
When thrombocytopenia is reported, a blood 
smear will reveal whether the decreased platelet 
count is a laboratory artifact due to in vitro plate-
let clumping (pseudothrombocytopenia). In most 
cases, it will also reveal if it is due to a bone mar-
row disorder such as acute leukemia. The concur-
rent presence of anemia and thrombocytopenia is 
not compatible with a straightforward diagnosis 
of ITP. In this case, the blood smear revealed not 
only a decreased number of platelets but frag-
mented erythrocytes (schistocytes) (Fig.  2 ), occa-
sional circulating nucleated red cells, and 
polychromasia implying an increased reticulo-
cyte count. Based on her blood smear, the patient 
appears to have a microangiopathic hemolytic 
anemia, and her history is compatible with a clin-
ical diagnosis of thrombotic thrombocytopenia 
purpura/hemolytic uremic syndrome (TTP/HUS) 
(George and Nester  2014 ). Differentiating among 
the various causes of microangiopathy (Table  1 ) 
can at times be diffi cult. Thus, it is important to 
remember that TTP/HUS is a clinical syndrome 
and that the entire pentad of thrombocytopenia, 
microangiopathic hemolytic anemia, fl uctuating 
neurologic defi cits, renal abnormalities, and 
fever need not be present to make the diagnosis 

 clinically. Nonetheless, when the clinical diagno-
sis is TTP, it is reassuring when an ADAMTS13 
measurement is less than 10 % of normal (George 
and Nester  2014 ).

    The TTP/HUS syndromes are predominantly 
thrombotic disorders and bleeding more serious 
than mucocutaneous bleeding is unusual. Thus, 
when a diagnosis of TTP/HUS is a reasonable 
consideration, platelet transfusion to simply 
increase the platelet count in the absence of active 
hemorrhage is neither indicated nor useful. 
Moreover, the safety of platelet transfusions in 
TTP/HUP is a controversial topic since anecdotal 
reports and small patient series suggest that plate-
let transfusion in TTP/HUP can be followed by 
clinical deterioration and even death (Goel et al. 
 2015 ).   

    Case 6 

 You are called to see a 75-year-old man in the 
surgical intensive care unit 6 days after his aortic 
valve was replaced with a biosynthetic aortic 
valve because his platelet count is 50,000/μl. The 
patient is receiving heparin, is not bleeding, but 
does have asymmetric upper extremity edema. 

  Question 6.      The surgeons want to give a 
platelet transfusion because he is thrombocy-
topenic. What is your recommendation? 

    A.    Obtain an upper extremity ultrasound to eval-
uate for a venous clot.   

   B.    Agree that platelet transfusion is indicated.   
   C.    Initiate anticoagulation with warfarin and test 

for anti-heparin antibodies.   
   D.    Stop heparin, test for anti-heparin antibodies, 

and begin alternative anticoagulation with 
argatroban.    

    Expert Perspective     Thrombocytopenia is rou-
tinely encountered following cardiopulmonary 
bypass due to hemodilution and platelet con-
sumption in the bypass circuit. Platelet counts 
generally decrease by 40–50 % from baseline by 
postoperative days 2–3, followed by progressive 
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recovery to baseline levels or greater (Mammen 
et al.  1985 ). The failure of a platelet count to 
increase by day 6 is suffi ciently unusual that the 
presence of another disorder must be considered 
(Warkentin and Greinacher  2003 ). In hospital-
ized patients, acquired thrombocytopenia is 

 usually due to infection or medication. In the set-
ting of cardiopulmonary bypass, the most com-
monly implicated drug is heparin. 
Cardiopulmonary bypass procedures are often 
preceded by cardiac catheterization during which 
large, and perhaps sensitizing, doses of heparin 

Hemolytic-uremic syndrome TTP

Metastatic breast cancer Malignant hypertension

  Fig. 2    Peripheral blood smears from four patients with 
microangiopathic hemolytic anemia. The smears are nota-
ble for the presence of fragmented erythrocytes, scattered 
spherocytes, and a paucity of platelets. It is important to 
recognize that there are no features of the blood smears 

that differentiate one cause of microangiopathy from the 
others. Therefore, the clinical context of each patient’s ill-
ness is essential in understanding the etiology of the 
microangiopathy       
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are administered. Large doses of heparin are also 
required during the bypass itself to prevent blood 
clotting in the bypass circuit. Platelet trauma in 
the bypass circuit also causes the release of plate-
let factor 4 from platelet α-granules. Because the 
actual antigen for the production of anti-heparin 
antibodies is a complex of heparin with platelet 
factor 4, the incidence of such “anti-heparin anti-
bodies” in patients undergoing cardiopulmonary 
bypass may be as high as 70 %, although only 
1–2 % will have antibodies capable of activating 
platelets, causing clinical heparin-induced throm-
bocytopenia (HIT) (Bauer et al.  1997 ; Warkentin 
and Greinacher  2003 ). 

 In the scenario described above, a prudent 
course of action would be to stop patient expo-
sure to heparin; obtain laboratory tests for the 
presence or absence of anti-heparin antibodies, 
including a test for heparin antibody-induced 
platelet activation if one is available; and admin-
ister an alternative non-heparin anticoagulant. 
Vitamin K antagonists (i.e., warfarin) should not 
be given since they have been reported to cause 

thrombosis akin to warfarin-induced skin necro-
sis in this setting (Warkentin et al.  1997 ). Platelet 
transfusions are also not indicated in the absence 
of severe hemorrhage and have been associated 
with increased risk for arterial thrombosis, acute 
myocardial infarction, and mortality (Goel et al. 
 2015 ).   

    Case 7 

 A 50-year-old man with a history of excessive 
alcohol intake for many years and hepatitis C 
infection is referred to your clinic because his 
platelet count is 50,000/μl. He is slightly jaun-
diced and has ascites. 

  Question 7.      His hepatologist is concerned 
about the etiology of his thrombocytopenia. 
What is your response? 

    A.    Recommend prophylactic platelet transfusion 
with the goal of maintaining a platelet count 
of 50,000/μl.   

   Table 1    Causes of microangiopathic hemolytic anemia   

 Cause  Features 

 Thrombotic thrombocytopenic purpura (TTP) 

   Acquired autoimmune TTP  ADAMTS13 defi ciency 

   Congenital TTP (Upshaw-Schulman syndrome)  ADAMTS13 mutations 

 Hemolytic uremic syndrome (HUS) 

   Typical HUS  Preceded by bloody diarrhea caused by Shiga toxin- producing 
bacteria 

   Atypical HUS  Not preceded by infection with Shiga toxin-producing bacteria 

 Disseminated intravascular coagulation (DIC)  Prolonged PT/aPTT, decreased fi brinogen, increased D-dimer 

 Autoimmune diseases 

   Scleroderma  Hypertension and renal failure 

   Systemic lupus erythematosus  Diagnostic symptoms and serologies 

   Antiphospholipid syndrome  Presence of antiphospholipid antibodies 

 Malignant hypertension  Blood pressure >180/120 

 Pregnancy with HELLP syndrome  Hemolysis, elevated liver enzymes, and low platelets 

 HIV infection 

 Allogeneic bone marrow transplantation  ADAMTS13 >10 % 

 Medications 

   Chemotherapeutics  Mitomycin C, gemcitabine 

   Immunosuppressants  Tacrolimus, cyclosporine 

   Others  Quinine, ticlopidine/clopidogrel 

 Malignancy  Microvascular occlusion, pulmonary vascular emboli 
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   B.    Recommend alcohol cessation and optimal 
management of his underlying liver 
dysfunction.   

   C.    Offer treatment with a thrombopoietin- 
receptor agonist such as eltrombopag.   

   D.    Perform a bone marrow biopsy.    

    Expert Perspective     Thrombocytopenia is com-
mon in patients with liver disease. For example, 
“binge” alcohol ingestion can cause acute throm-
bocytopenia by suppressing megakaryocytopoie-
sis, and hepatitis C infection is associated with 
autoimmune phenomena, including autoimmune 
thrombocytopenia. 

 Both excessive alcohol use and hepatitis C 
infection can produce cirrhosis of the liver, portal 
hypertension, and thrombocytopenia due to con-
gestive splenomegaly. Approximately 30 % of 
the platelets in normal individuals are seques-
tered in the spleen (Aster  1966 ). Splenic blood 
fl ow is a major determinant of the size of the 
splenic platelet pool, and because of their smaller 
size, the intrasplenic transit time of platelets is 
fi ve to six times greater than that of erythrocytes. 
Thus, an increase in portal vein pressure (i.e., 
portal hypertension) and the resulting increase in 
splenic size can produce thrombocytopenia by 
both increasing the number of platelets seques-
tered by the enlarged spleen and by concurrently 
increasing the platelet transit time. This occurs 
with little or no effect on platelet lifespan. 

 Platelet counts in patients with cirrhosis of the 
liver and portal hypertension are predictably 
40–50,000/μl, and this level of thrombocytopenia 
rarely contributes to clinical bleeding. Lower 
platelet counts suggest that additional factors 
may be affecting the platelet count, such as plate-
let autoantibodies in the case of hepatitis C infec-
tion. In the absence of hemostatic stress, there is 
no indication for therapy to increase the platelet 
count in patients with thrombocytopenia due to 
portal hypertension (Lisman and Porte  2010 ). 
However, there can be concern that these platelet 
counts are insuffi cient when patient undergo 
invasive procedures. Afdhal et al. evaluated this 
concern by randomly administering the 
thrombopoietin- receptor agonist eltrombopag to 

cirrhotic patients undergoing elective invasive 
procedure (Afdhal et al.  2012 ). They found that 
while eltrombopag reduced the need for prespec-
ifi ed platelet transfusions for platelet counts 
<50,000/μl, there was no signifi cant difference in 
the occurrence of severe bleeding episodes 
between patients who did or did not receive 
eltrombopag, although there was an increased 
incidence of portal vein thrombosis in the 
eltrombopag- treated patients. Thus, there is cur-
rently no recommendation to use prophylactic 
eltrombopag as an alternative to platelet transfu-
sion in patients with thrombocytopenia related to 
liver cirrhosis.   

    Case 8 

 A 65-year-old woman with a history of diabetes, 
hypertension, and hypercholesterolemia had a 
transient episode of dysarthria and right-sided 
facial weakness. An MRI of her brain was not 
remarkable and her EKG showed normal sinus 
rhythm, but she does have a left-sided carotid 
bruit. Her neurologic symptoms resolved within 
20 min. 

  Questions 8.      You are asked to give recom-
mendations for prophylactic antithrombotic 
therapy. 

    A.    Begin anticoagulation with low molecular 
weight heparin to be followed by warfarin.   

   B.    Aspirin at 325 mg daily and refer for carotid 
endarterectomy.   

   C.    Refer for urgent carotid endarterectomy and 
hold antithrombotic therapy to minimize sur-
gical bleeding.   

   D.    Treat with aspirin 81 mg and clopidogrel 
75 mg daily.    

    Expert Perspective     The neurologic event expe-
rienced by this patient is consistent with a tran-
sient ischemic attack (TIA). Although her left 
carotid bruit suggests that high-grade (greater 
than 70 %) stenosis of her left internal carotid 
artery could be responsible for her TIA, it is a 
nonspecifi c fi nding since a carotid bruit can be 
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heard in 5 % of patients 45–80 years of age in the 
absence of clinically signifi cantly carotid disease 
(Grotta  2013 ). On the other hand, there is a high 
of risk of stroke in patients with high-grade 
carotid artery stenosis. Thus, it is essential to 
quickly evaluate her carotid arteries by duplex 
Doppler ultrasonography and/or CT or MR arte-
riography. In a randomized trial of carotid endar-
terectomy performed within 2 weeks of a TIA or 
stroke in patients with 70 % or greater carotid 
artery stenosis, the risk of a subsequent stroke at 
2 years was 9 % compared to 26 % in patients 
receiving only medical therapy (North American 
Symptomatic Carotid Endarterectomy Trial 
 1991 ). However, the benefi t of carotid endarter-
ectomy in patients with 50–69 % stenosis was 
substantially less and endarterectomy was of no 
benefi t with a stenosis of less than 50 % (Barnett 
et al.  1998 ). Carotid artery stenting is an alterna-
tive to endarterectomy, especially in patients less 
than 70 years of age or who are at high surgical 
risk (Grotta  2013 ). 

 Because strokes and TIAs are arterial throm-
boembolic events in which platelets play a major 
role, antiplatelet agents are the medical therapy 
of choice to prevent TIA recurrence (i.e., second-
ary prevention). In the acute situation, 325 mg of 
aspirin rapidly inhibits platelet thromboxane A2 
synthesis and should be given for 1–2 weeks, 
after which the dose can be decreased to 81 mg 
daily to minimize aspirin-related bleeding com-
plications (Grotta  2013 ). Alternatives to aspirin 
include clopidogrel whose long-term benefi t in 
preventing major vascular events may be greater 
than aspirin or the combination of aspirin and 
extended-release dipyridamole whose clinical 
benefi t appears similar to clopidogrel.   

    Case 9 

 A 55-year-old man with hypertension was admit-
ted to the hospital because of severe anterior 
chest pain and an EKG consistent with an 
ST-elevation anterior myocardial infarction. He 
was taken to the cardiac catheterization labora-
tory where he underwent an uneventful PCI with 

stenting for an occlusive lesion of his left anterior 
coronary artery. Six hours after the procedure, he 
experienced bleeding from the arteriotomy site 
and his platelet count was found to be 7,000/μl. A 
blood smear confi rmed the low platelet count and 
did not reveal platelet clumping. 

  Questions 9.      What is the likely explanation 
for the patient’s thrombocytopenia? 

    A.    Rapid-onset heparin-induced thrombocyto-
penia (HIT) resulting from prior heparin 
exposure   

   B.    Pseudothrombocytopenia   
   C.    Drug-induced antibody-mediated thrombo-

cytopenia due to preformed antibodies against 
drug-exposed cryptic GPIIb/IIIa epitopes   

   D.    Disseminated intravascular coagulation (DIC)    

    Expert Perspective     The clinical setting, timing, 
and degree of the patient’s thrombocytopenia are 
unique to antibody-mediated thrombocytopenia 
caused by the GPIIb/IIIa (αIIbβ3) antagonists 
eptifi batide and tirofi ban (Aster and Bougie 
 2007 ; Reese et al.  2010 ; Hook and Bennett  2012 ). 
Because these drugs cause acute thrombocytope-
nia in approximately 0.1–1 % of patients exposed 
to the drug for the fi rst time, it is thought that the 
drugs expose drug specifi c but cryptic GPIIb/IIIa 
epitopes for which preformed antibodies are 
present in the patient’s circulation. The human-
ized anti-GPIIb/IIIa antibody Fab fragment 
abciximab also causes acute thrombocytopenia in 
approximately 2 % of patients given the drug for 
the fi rst time and more frequently in patients re- 
exposed to the drug for a second time. In the case 
of abciximab, antibodies are thought to bind to 
platelet-bound drug where they recognize 
 residual murine sequences in the Fab fragment. 
Delayed thrombocytopenia also can develop 
5–10 days after abciximab exposure due to potent 
abciximab-specifi c antibodies that bind to circu-
lating platelets still coated with abciximab (Aster 
and Bougie  2007 ). 

 In the situation described above, it is important 
to obtain a thorough medication history, document-
ing GPIIb/IIIa antagonist administration, because 
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although most patients in this situation recover 
uneventfully, serious and even fatal hemorrhage 
has been reported. Patients with bleeding, such as 
the one described above, are treated with platelet 
transfusions to provide uninhibited platelets and in 
the case of abciximab, to also accelerate abciximab 
clearance. The circulating lifespans of eptifi batide 
and tirofi ban are quite short and patients generally 
achieve normal platelet counts in 2–3 days. In 
patients given abciximab, platelet counts generally 
recover spontaneously in 2–5 days.   

    Case 10 

 An otherwise healthy 40-year-old woman is 
found to have a platelet count of 700,000/μl on a 
routine CBC. A review of previous CBCs 
revealed a gradual increase in her platelet count 
over the previous 4 years. Her physical examina-
tion was unremarkable and a blood smear was 
unrevealing except for a marked increase in the 
number of platelets. 

  Question 10.      What is the most likely 
diagnosis? 

    A.    Unrecognized iron defi ciency   
   B.    Outlier of the normal distribution of platelet 

counts   
   C.    Cryptic malignant neoplasm   
   D.    A myeloproliferative disorder, most likely 

essential thrombocythemia    

    Expert Perspective     An elevated platelet count 
(thrombocytosis) can be secondary to iron defi -
ciency, a systemic infl ammatory disorder, malig-
nancy, or splenectomy or can be primary due to a 
clonal myeloproliferative bone marrow disorder 
(Schafer  2004 ). Given this patient’s apparent 
good health and the gradual increase in her plate-
let count, an underlying myeloproliferative disor-
der is the most likely diagnosis. 

 The myeloproliferative disorders consist of 
four entities: polycythemia vera (PV), essential 
thrombocytosis (ET), agnogenic myelofi brosis 
(MF), and chronic myelogenous leukemia (CML). 

Each has characteristic features (erythrocytosis in 
PV, thrombocytosis in ET, splenomegaly and a 
leukoerythroblastic blood smear in MF, and leu-
kocytosis in CML), but there is frequently sub-
stantial overlap in disease manifestations, often 
making a defi nitive diagnosis diffi cult based on 
clinical grounds alone. Recent molecular genetic 
discoveries aid in differentiating myeloprolifera-
tive from non-myeloproliferative causes of eryth-
rocytosis, thrombocytosis, and leukocytosis 
(Levine et al.  2005 ; James et al.  2005 ; Klampfl  
et al.  2013 ; Nangalia et al.  2013 ; Cazzola and 
Kralovics  2014 ). The vast majority (greater than 
95 %) of patients with PV have mutations in the 
signaling protein JAK2; most patients with ET 
have mutations in JAK2, calreticulin, or the 
thrombopoietin receptor c-MPL, with JAK2 and 
calreticulin mutations usually mutually exclusive, 
and approximately 50 % of patients with MF have 
JAK2 mutations, with 88 % of the remainder hav-
ing mutations in calreticulin (Klampfl  et al.  2013 ). 
By contrast, the chromosome 9-chromosome 22 
(9;22) translocation responsible for producing a 
Bcr-Abl fusion protein is diagnostic of CML. 

 By clinical criteria alone, this patient likely 
has ET. Detecting JAK2, calreticulin, or c-MPL 
mutations would solidify this diagnosis. But it is 
important to remember that uncommon patients 
with CML present with isolated thrombocytosis, 
are Bcr-Abl positive, and respond like other 
patients with CML to treatment with tyrosine 
kinase inhibitors. The clinical course of ET can 
be punctuated by episodes of thrombosis and 
hemorrhage. Accordingly, the indication for initi-
ating therapy in ET is the perceived risk for these 
events (Beer et al.  2011 ; Geyer and Mesa  2014 ). 
Generally acknowledged risks include age over 
60 and a history of prior thrombosis. Whether the 
absolute increase in platelet count is an additional 
risk factor is controversial; many would use a 
platelet count greater than 1.5 million/μl as a 
threshold for therapy, but this may be more of a 
risk factor in older patients. Most patients with a 
diagnosis of ET should be treated with aspirin 
(Landolfi  et al.  2004 ), with cytoreductive therapy 
reserved for high-risk patients. Based on this 
 discussion, this patient would be considered to be 
low risk. Treatment with aspirin and active 
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surveillance would therefore be reasonable and 
prudent therapeutic options.   

  Answers 

    Question 1. C  
  Question 2. D  
  Question 3. B  
  Question 4. D  
  Question 5. C  
  Question 6. D  
  Question 7. B  
  Question 8. B  
  Question 9. C  
  Question 10. D         
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      Inherited Platelet Disorders: 
Diagnosis and Management                      

     Natthapol     Songdej       and     A.     Koneti     Rao     

         Introduction 

  Platelet Role in Hemostasis 
 Blood platelets are anucleate fragments derived 
from bone marrow megakaryocytes. The platelet 
diameter ranges 1.5–3.0 μm, roughly one third to 
one fourth that of erythrocytes. Platelet volume is 
approximately 7 fL. Following injury to the blood 
vessel, platelets adhere to exposed subendothe-
lium by a process (adhesion) that involves, among 
other events, the interaction of a plasma protein, 
von Willebrand factor (vWF), and a specifi c gly-
coprotein complex on the platelet surface, glyco-
protein (GP) Ib–IX–V (Fig.  1 ). Adhesion is 
followed by recruitment of additional platelets 
that form clumps, a process called aggregation 
(cohesion). This involves binding of fi brinogen to 
specifi c platelet surface receptors, a complex 
comprised of GPIIb–IIIa (integrin αIIbβ3). 
Activated platelets release the contents of their 
granules (secretion), including ADP and sero-

tonin from the dense granules, which causes the 
recruitment of additional platelets. Moreover, 
platelets play a major role in coagulation mecha-
nisms; several key enzymatic reactions occur on 
the platelet membrane lipoprotein surface. 
During platelet activation, the negatively charged 
phospholipids, especially phosphatidylserine, 
become exposed on the platelet surface, an essen-
tial step for accelerating specifi c coagulation 
reactions by promoting the binding of coagula-
tion factors involved in thrombin generation 
(platelet procoagulant activity). A number of 
physiologic agonists interact with specifi c recep-
tors on the platelet surface to induce responses, 
including a change in platelet shape from discoid 
to spherical (shape change), aggregation, secre-
tion, and thromboxane A 2  (TxA 2 ) production. 
Binding of agonists to platelet receptors initiates 
the production or release of several intracellular 
messenger molecules, including products of 
hydrolysis of phosphoinositide (PI) by phospho-
lipase C (diacylglycerol and inositol 
1,4,5- trisphosphate [InsP 3 ]), TxA 2 , and cyclic 
nucleotides (cyclic adenosine monophosphate). 
These induce or modulate the various platelet 
responses of Ca 2+  mobilization, protein phos-
phorylation, aggregation, secretion, and TxA 2  
production. The interaction between the platelet 
surface receptors and the key intracellular 
enzymes (e.g., phospholipases A 2  and C, adeny-
lyl cyclase) is mediated by a group of proteins 
that bind and are modulated by guanosine 

        N.   Songdej ,  MD, MPH      •    A.  K.   Rao ,  MD      (*) 
  Department of Medicine, Hematology Division , 
 Temple University School of Medicine , 
  Philadelphia ,  PA ,  USA    

  Hematology Section, Department of Medicine , 
 Sol Sherry Thrombosis Research Center, 
Temple University School of Medicine , 
  3420 N. Broad Street ,  MRB 204 , 
 Philadelphia ,  PA   19140 ,  USA   
 e-mail: natthapol.songdej@tuhs.temple.edu; 
koneti@temple.edu  

mailto:koneti@temple.edu
mailto:natthapol.songdej@tuhs.temple.edu


186

 triphosphate (G proteins). As in most secretory 
cells, platelet activation results in an increase in 
cytoplasmic ionized calcium concentration; InsP 3  
functions as a messenger to mobilize Ca 2+  from 
intracellular stores. Diacylglycerol activates pro-
tein kinase C (PKC), and this results in the phos-
phorylation of several proteins. PKC activation is 
considered to play a major role in platelet secre-
tion and in the activation of GPIIb–IIIa. Either 
inherited or acquired abnormalities in platelet 
number or function may lead to a bleeding 
disorder.

        Case 1: Congenital Thrombocytopenia 
 A 20-year-old woman is referred for evaluation 
by her primary care provider because of a 
platelet count of 25 × 10 9 /L detected on routine 
blood counts. She notes mild intermittent epi-
staxis but denies history of easy bruising or 
menorrhagia. She has not had any surgical 
 procedures. She was treated as a child with 
prednisone for presumed immune thrombocy-
topenia, without increase in platelet count. 
She did not have subsequent regular follow-up. 
Her family history is notable for history of 
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  Fig. 1    Schematic representation of selected plate-
let responses to activation and inherited disorders 
of platelet function. The Roman numerals in the 
circles represent coagulation factors. Modifi ed 
with permission from Rao  1998 .  AC  adenylyl 
cyclase,  ADP , adenosine diphosphate,  BSS  
Bernard-Soulier syndrome,  CO  cyclooxygenase, 
 DAG  diacylglycerol,  G  guanosine triphosphate–

binding protein,  IP3  inositol trisphosphate,  MLC  
myosin light chain,  MLCK  myosin light chain 
kinase,  PAF  platelet activating factor,  PIP2  phos-
phatidylinositol bisphosphate,  PKC  protein 
kinase C,  PLC  phospholipase C,  PLA2  phospholi-
pase A2,  TK  tyrosine kinase,  TS  thromboxane 
synthase,  TxA2  thromboxane A2,  vWF  von 
Willebrand factor,  vWD  von Willebrand disease       
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 thrombocytopenia, long-standing hearing loss, 
and renal disease in her mother. Physical 
examination is unremarkable and the spleen is 
not palpable. Laboratory evaluation shows a 
platelet count of 30 × 10 9 /L with normal white 
blood cell count and hemoglobin. PT, PTT, and 
fi brinogen are within the normal ranges. 
Plasma levels of factor VIII, vWF, and ristoce-
tin cofactor activity are normal, as is the multi-
meric pattern of vWF. Review of the peripheral 
blood smear shows normal red cell morphol-
ogy and the presence of leukocyte inclusions. 
Large platelets are evident without clumping. 
Manual platelet count is estimated at 80 × 10 9 /L. 

  Question 1.      A diagnosis of congenital throm-
bocytopenia should be suspected when: 

    A.    Etiology of thrombocytopenia is unclear   
   B.    There is history of thrombocytopenia in 

 family members   
   C.    There are clinical or laboratory features of 

congenital thrombocytopenia syndromes   
   D.    All of the above    

    Expert Clinical Perspective     The correct 
answer is (D). Congenital thrombocytopenias are 
a heterogeneous group of disorders. In the era of 
automated counters, they are being recognized 
with increasing frequency, and several distinct 
genetic abnormalities have been documented in 
such patients (Kumar and Kahr  2013 ; Balduini 
et al.  2013a ,  b ). These patients may present with 
isolated thrombocytopenia or in conjunction with 
characteristic syndromes (see below). In some 
patients the platelets have defects in function as 
well. 

 A congenital thrombocytopenia should be con-
sidered in the differential diagnosis of any patient 
being evaluated for thrombocytopenia where the 
cause is unclear. As an initial step, the peripheral 
smear should be reviewed to rule out pseudo-
thrombocytopenia, which results from in vitro 
platelet clumping in the presence of the anticoagu-
lant EDTA and can lead to a spurious report of 
decreased platelet counts. Examination of the 

peripheral smear also helps to assess platelet size. 
Automated cell counters can underestimate the 
platelet count in patients with macrothrombocyto-
penia because the large platelets may be counted 
as red cells. This can also result in a spurious 
report of decreased platelet counts. The peripheral 
blood smear can also demonstrate revealing fea-
tures, such as the presence of leukocyte inclusions 
as in patients with  MYH9 -related disorders or of 
stomatocytes in sitosterolemia. 

 Once an accurate platelet count is determined, 
other clinical clues can help make a diagnosis of 
congenital thrombocytopenia. Thrombocytopenia 
from birth is an obvious important clue, though 
this is often diffi cult to establish. Other clues 
include thrombocytopenia in family members, 
the presence of associated features that may be 
part of congenital thrombocytopenia syndromes 
(e.g., impaired hearing and renal function that 
can be seen with  MYH9 -related disorders), and a 
familial predisposition to hematologic malig-
nancy (as can be present in patients with  RUNX1  
mutations). 

 Recognition of inherited thrombocytopenias 
is important in clinical practice, beyond recog-
nizing predisposition to bleeding, which is highly 
variable and often mild. First, many of these 
patients are initially recognized in their adult-
hood (Balduini et al.  2013b ), and in the absence 
of a family history of thrombocytopenia, there is 
the risk of misdiagnosis as immune thrombocyto-
penia that may lead to unnecessary therapy 
(including splenectomy). Second, in some con-
genital thrombocytopenias, the gene mutations 
have prognostic implications, such as the associ-
ation with myeloid malignancies in the cases of 
 RUNX1  and  ANKRD26  mutations or worsening 
renal function or hearing loss, as with  MYH9  
mutations. Further, there may be therapeutic 
implications, as for example, the potential role of 
eltrombopag in patients with  MYH9  mutations 
(Balduini et al.  2013a ). Moreover, previously 
described pedigrees with  RUNX1  mutations have 
documented recurrence of leukemia in the recipi-
ent following hematopoietic stem cell transplan-
tation from an undiagnosed sibling donor 
carrying a  RUNX1  mutation. Lastly, some entities 
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are associated with platelet function abnormali-
ties as well, as in patients with  RUNX1  mutations 
(Rao  2013a ; Songdej and Rao  2015 ).  

  Question 2.      What is the differential diagnosis 
of congenital thrombocytopenia?   

  Expert Clinical Perspective 
 From a practical point of view, congenital throm-
bocytopenias may be characterized based on the 
platelet size or inheritance pattern (Table  1 ) 
(Kumar and Kahr  2013 ; Balduini et al.  2013a ,  b ). 
Platelet size, commonly denoted by the mean 
platelet volume (MPV), is a particularly good 
starting point and helps focus the differential 
diagnosis on disorders associated with large 
(MPV >11 fL), normal-sized (MPV 7–11 fL), or 
small platelets (MPV <7 fL). A major recent 
study (Noris et al.  2014 ) systematically assessed 
mean platelet diameter in the various disorders, 
resulting in an updated and more evidence-based 
classifi cation of congenital thrombocytopenias 
based on platelet size. The grouping by platelet 
size in Table  1  is generally consistent with the 
classifi cation determined from this study.

    Autosomal Dominant Thrombocytopenias  
 A diverse group of autosomal dominant syn-

dromes, collectively referred to as  MYH9 - related 
macrothrombocytopenias , include the May–
Hegglin anomaly, Fechtner syndrome, Epstein 
syndrome, and Sebastian syndrome – they share 
features of increased platelet size, cytoplasmic 
inclusions in leukocytes (Döhle bodies), and pre-
mature release of platelets. These entities arise 
from mutations in  MYH9  encoding the non- 
muscle myosin heavy-chain IIA, a contractile 
cytoskeletal protein. All of the  MYH9  syndromes 
have macrothrombocytopenia; other features 
such as nephritis, sensorineural deafness, and 
cataracts serve to distinguish them (Althaus and 
Greinacher  2009 ). In patients having the familial 
platelet disorder with predisposition to acute 
myeloid leukemia (FPD/AML), the autosomal 
dominant thrombocytopenia is secondary to 
mutations in the  RUNX1 / CBFA2 / AML1  gene; in 
these patients platelet size is normal and their 
function is abnormal (Rao  2013a ,  b ; Songdej and 
Rao  2015 ). Patients with platelet-type von 

Willebrand disease (VWD) are characterized by 
thrombocytopenia, gain-of-function mutations in 
 GPIBA  (which codes for GPIbα on the platelet 
surface), and enhanced responsiveness to ristoce-
tin on platelet aggregation. Other congenital 
thrombocytopenias inherited in an autosomal 
dominant manner include the velocardiofacial 
(VCF) syndrome and the DiGeorge syndrome, 
which arise due to deletions within chromosome 
22q11 and are associated with cardiac abnormali-
ties, parathyroid and thymus insuffi ciencies, cog-
nitive impairment, and facial dysmorphology 
(VCF only), and the Paris-Trousseau/Jacobsen 
syndrome, which is characterized by psychomo-
tor retardation and facial and cardiac abnormali-
ties and arises due to deletion of the distal portion 
of chromosome 11q that encompasses the gene 
encoding the transcription factor FLI1. Platelets 
in the latter disorder are increased in size and 
have giant α-granules. A dominant form of mac-
rothrombocytopenia (Mediterranean macro-
thrombocytopenia, Bolzano variant) has been 
described in southern Europe, and this has been 
associated with mutations in GPIbα and consid-
ered a  heterozygous form of the Bernard–Soulier 
 syndrome (Savoia et al.  2001 ). An autosomal 
dominant thrombocytopenia has been reported in 
association with mutations in the genes encoding 
cytoskeletal proteins β-1 tubulin ( TUBB1 ) and 
α-actinin-1 ( ACTN1 ), cytochrome c ( CYCS ), and 
 ANKRD26  (Kumar and Kahr  2013 ; Balduini 
et al.  2013a ,  b ; Noris et al.  2014 ). It has also has 
been reported in association with mutations in 
GPIIb or GPIIIa; these mutations lead to consti-
tutive activation of the GPIIb–IIIa integrin com-
plex (Balduini et al.  2013a ,  b ). 

  Autosomal Recessive Thrombocytopenias  
 In the classical Bernard–Soulier syndrome, 

the macrothrombocytopenia results from bial-
lelic mutations involving the GPIb-IX-V com-
plex (see below). Congenital  amegakaryocytic 
thrombocytopenia (CAMT) is an autosomal 
recessive disorder associated with mutations in 
the thrombopoietin receptor  Mpl  and is charac-
terized by severe thrombocytopenia and absence 
of megakaryocytes in the bone marrow. Other 
causes of congenital thrombocytopenia include 
the gray platelet syndrome (see below), linked to 
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mutations in the  NBEAL2  gene, which encodes a 
BEACH protein involved in vesicular traffi ck-
ing. The thrombocytopenia with absent radius 
(TAR) syndrome is associated with skeletal 
abnormalities and inherited in an autosomal 
recessive manner. 

  Sex-Linked Inherited Thrombocytopenias  
 Patients with the Wiskott–Aldrich syn-

drome (WAS) and the related X-linked throm-
bocytopenia have mutations in the  WAS  gene, 
with the patients characteristically having 
small platelets, and the thrombocytopenia may 
occur in the absence of other immunologic 
features of the syndrome. Mutations in tran-
scription factor GATA1 are associated with 
thrombocytopenia, anemia, and alteration in 
red cell morphology. 

 For many patients, the specifi c diagnosis will 
need to be established through genetic testing. 
The past two decades have seen remarkable prog-
ress in the understanding of congenital thrombo-
cytopenias in this area particularly with the 
advent of technologies such as whole-exome 
sequencing. To date about two dozen genes have 
been linked with congenital thrombocytopenia. 
The mutations involve an array of genes with 
diverse functions in megakaryocytes/platelets, 
including transcription factors that regulate gene 
expression ( RUNX1 ,  FLI1 ,  GATA1 ,  GFI1B , 
 HOXA11 ), cytoskeletal organization and cell sig-
naling ( MYH9 ,  TUBB1 ,  FLNA ,  WASP ,  PRKACG ), 
vesicular traffi cking ( NBEAL2 ), surface mem-
brane glycoproteins ( GP9 ,  GP1BA / B ,  ITGA2B , 
 ITGB3 ), RNA processing ( RBM8A ), and aberrant 
gene silencing/signaling ( ANKRD26 ). However, 
the underlying genetic mechanism is not identi-
fi ed for approximately half of patients with inher-
ited thrombocytopenias.  

  Question 3.      The following features in the 
present case provide clues to the cause of 
thrombocytopenia: 

    A.    Autosomal inheritance pattern   
   B.    Peripheral blood smear fi ndings   
   C.    Hearing impairment and renal disease in the 

mother   
   D.    All of the above    

   The correct answer is (D). The salient features 
in the above-described case include an autosomal 
dominant inheritance of thrombocytopenia, the 
large platelet size, and the presence of leukocyte 
inclusions – these suggest a diagnosis of what 
was previously described as the May–Hegglin 
anomaly and currently referred to as  MYH9 - 
related disorders. This is probably the most com-
mon of the congenital thrombocytopenias. 
History of sensorineural deafness and renal fail-
ure are two features of this entity present in the 
mother – these also provide clues. 

  Question 4.      Potential therapies for patients 
with congenital thrombocytopenia include: 

    A.    Platelet transfusion   
   B.    Thrombopoietin receptor agonist   
   C.    Splenectomy   
   D.    Allogeneic stem cell transplant   
   E.    All of the above    

    Expert Clinical Perspective 

 The correct answer is (E). Depending on the 
underlying cause, the potential therapy may 
include one or more of the above. Patients with 
congenital thrombocytopenias can have impair-
ment of platelet function independent of low 
platelet number. The bleeding symptoms are 
highly variable from mild to severe, dependent 
on the underlying cause. In the case of major 
bleeding symptoms, or in the case of trauma or 
surgery, platelet transfusions are the standard 
therapy. HLA-matched platelets can be consid-
ered, in order to reduce alloimmunization, which 
can hinder the effectiveness of future platelet 
transfusions. Recent evidence also supports the 
use of eltrombopag, an oral thrombopoietin 
receptor agonist, in patients with  MYH9 -related 
disorders, including for surgical preparation 
(Pecci et al.  2010 ,  2012 ). The effect of eltrom-
bopag at increasing the platelet count in other 
congenital thrombocytopenias is unknown. 
Patients should be counseled to avoid agents that 
inhibit platelet function, such as nonsteroidal 
anti-infl ammatory drugs. In most patients with 
inherited platelet disorders, splenectomy is 
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 generally avoided because it is ineffective in cor-
recting the thrombocytopenia. One exception is 
the Wiskott–Aldrich syndrome (WAS), in which 
the mechanism of thrombocytopenia is thought 
to be platelet destruction in the spleen; splenec-
tomy normalizes the platelet count and prolongs 
survival in patients unable to undergo allogeneic 
stem cell transplant. For individuals with con-
genital thrombocytopenias with severe or life- 
threatening thrombocytopenia, allogeneic stem 
cell transplant can be considered if an appropri-
ate donor is available.   

     Case 2: Inherited Disorder of Platelet 
Function: Platelet Granule Disorder 
(Storage Pool Defi ciency) 

 A 25-year-old man from Puerto Rico is referred 
for evaluation of a lifelong history of easy bruis-
ing and nosebleeds. He has no history of hemar-

throsis. He denies problems with breathing, 
abdominal pain, diarrhea, or hematochezia. 
Family history is negative for bleeding diathesis 
or albinism. Physical examination is notable 
for albinism involving his hair and eyes 
 (oculocutaneous albinism), nystagmus, and scat-
tered bruises 1–2 inches in size on his extremi-
ties. Laboratory studies show a platelet count of 
200 × 10 9 /L. PT and PTT are within the normal 
range. Bleeding time is prolonged to greater than 
15 min (normal 2–7 min). Plasma FVIII, vWF 
antigen, and ristocetin cofactor activity are nor-
mal. Platelet aggregation and secretion studies 
(Fig.  2 ) show primary wave of aggregation in 
response to ADP and epinephrine, but second 
wave of aggregation is absent. In response to col-
lagen, the aggregation response was decreased. 
Aggregation to ristocetin 1.2 mg/ml is normal. 
Secretion of dense granule contents as measured 
by ATP release with a lumiaggregometer is mark-
edly decreased upon activation with ADP, epi-
nephrine, collagen, and thrombin.
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  Fig. 2    Platelet aggregation and ATP secretion tracings in a 
patient with dense granule storage pool defi ciency. These 
studies were performed using a lumiaggregometer on 
platelet- rich plasma (PRP) in the patient and a healthy nor-
mal subject. Shown are responses to ADP (7.5 μM), epi-
nephrine (7.5 μM), collagen (1 μg/ml), ristocetin (1.2 mg/
ml), and thrombin (1 U/ml). Aggregation ( P  patient,  N  nor-

mal control). Secretion ( P  patient,  N  normal control). 
Aggregation to ristocetin was normal. Primary wave of 
aggregation in response to ADP and epinephrine is present, 
but second wave of aggregation is absent. In response to 
collagen, the aggregation response was decreased. 
Secretion of dense granule contents is markedly decreased 
with ADP, epinephrine, collagen, and thrombin activation       
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    Question 5.      The most likely cause of this 
patient’s bleeding symptoms is: 

    A.    von Willebrand disease   
   B.    Platelet function disorder   
   C.    Factor IX defi ciency   
   D.    Factor VII defi ciency    

    Expert Clinical Perspective     The correct 
answer is (B). Diagnostic evaluation of a patient 
with a bleeding diathesis begins with the clinical 
history and physical examination (Rao  2013a ; 
Rao et al.  2015 ). A lifelong history of bleeding 
diathesis strongly supports an inherited disorder 
rather than an acquired disorder. The nature of 
the underlying defect can be further elucidated 
by knowledge of the sites of bleeding. A bleeding 
diathesis involving mucocutaneous sites suggests 
a defect in platelet number or function or VWD, 
while propensity to joint bleeding or deep hema-
tomas suggests an abnormality of coagulation 
system. This patient’s history of mucocutaneous 
bleeding suggests a platelet defect or 
VWD. Further laboratory evaluation showed nor-
mal plasma FVIII and vWF suggesting that VWD 
is less likely. The normal APTT and PT exclude 
defi ciencies of factor IX and VII, respectively, as 
the cause of the symptoms. 

 The abnormal platelet responses in the aggre-
gation and secretion studies support the diagnosis 
of an inherited disorder of platelet function. 
These patients generally, but not always, have 
normal platelet counts. This patient has addi-
tional clinical features that provide a clue to the 
underlying platelet mechanism. The clinical fi nd-
ings of oculocutaneous albinism and nystagmus 
support the diagnosis of the Hermansky–Pudlak 
syndrome (HPS), an autosomal recessive disor-
der with a high prevalence in northwest Puerto 
Rico (Seward and Gahl  2013 ; Gunay-Aygun 
et al.  2004 ). These patients have a defect in the 
formation of granules in platelets, which leads to 
impaired platelet function; in melanocytes, which 
leads to albinism; and in neuronal granules, 
which is responsible for the neurological symp-
toms. Patients with HPS also typically have accu-
mulation of ceroid-like material in lysosomes of 

monocyte–macrophage cells in the bone marrow 
and other tissues. Other potential clinical mani-
festations of HPS include colitis and pulmonary 
fi brosis, which were not present in this patient. 

 Table  2  provides a classifi cation of inherited 
disorders associated with impaired platelet 

   Table 2    Inherited disorders of platelet function   

 1.  Defects in platelet–vessel wall interaction (disorders 
of adhesion) 

   (a)  von Willebrand disease (defi ciency or defect in 
plasma vWF) 

   (b)  Bernard–Soulier syndrome (defi ciency or defect 
in GPIb) 

 2.  Defects in platelet–platelet interaction (disorders of 
aggregation) 

   (a)  Congenital afi brinogenemia (defi ciency of 
plasma fi brinogen) 

   (b)  Glanzmann thrombasthenia (defi ciency or defect 
in GPIIb–IIIa) 

 3.  Disorders of platelet secretion and abnormalities of 
granules 

   (i) Storage pool defi ciency (δ, α, αδ) 

   (ii) Quebec platelet disorder 

 4.  Disorders of platelet secretion and signal transduction 

   (i)  Defects in platelet-agonist interaction (receptor 
defects) 

    (ADP, thromboxane A 2 , collagen, epinephrine) 

   (ii)  Defects in G proteins (Gαq, Gαs, Gαi 
abnormalities) 

   (iii)  Defects in phosphatidylinositol metabolism and 
protein phosphorylation 

    (Phospholipase C-β2 defi ciency; PKC-θ 
defi ciency) 

 (iv)  Abnormalities in arachidonic acid pathways and 
thromboxane A 2  synthesis 

   Phospholipase A2 defi ciency 

   Cyclooxygenase defi ciency 

   Thromboxane synthase defi ciency 

 5.  Disorders of platelet coagulant–protein interaction 
(Scott syndrome) 

 6. Miscellaneous disorders 

   Defects related to cytoskeletal/structural proteins 
(Wiskott–Aldrich syndrome, β1-tubulin defi ciency) 

 7.  Abnormalities of transcription factors leading to 
functional defects 

   RUNX1 (familial platelet dysfunction with 
predisposition to acute myelogenous leukemia); 
GATA1; FLI1 (Paris-Trousseau/Jacobsen 
syndrome); GFI1b 

  Modifi ed with permission from Rao AK:  Am J Med Sci  
316:69–77, 1998  
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 function, based on the platelet function or 
responses that are abnormal (Fig.  1 ) (Rao  2013a ; 
Rao et al.  2015 ). Of note, not all of them are due 
to a defect in the platelets  per se . Some, such as 
VWD and afi brinogenemia, result from defi cien-
cies of plasma proteins essential for platelet func-
tions of adhesion or aggregation. Some of these 
disorders are distinctly rare, but they shed enor-
mous light on platelet physiology. Moreover, in 
many patients with inherited abnormalities in 
platelet aggregation responses, the underlying 
molecular mechanisms remain unknown.

   In patients with defects in platelet–vessel wall 
interactions ( adhesion disorders ), adhesion of 
platelets to subendothelium is abnormal. The two 
disorders in this group are VWD, due to a defi -
ciency or abnormality in plasma vWF, and the 
Bernard–Soulier syndrome (BSS), in which 
platelets are defi cient in GPIb (and GPV and 
GPIX), the GP complex on platelets that binds 
vWF. Thus, in both disorders, platelet–vWF 
interaction is compromised. 

 Disorders characterized by abnormal plate-
let–platelet interactions ( aggregation disorders ) 
arise because of a severe defi ciency of plasma 
fi brinogen (congenital afi brinogenemia) or 
because of a quantitative or qualitative 
 abnormality of the platelet membrane GPIIb–
IIIa complex, which binds fi brinogen 
(Glanzmann thrombasthenia). Binding of fi brin-
ogen to the GPIIb–IIIa complex is a prerequisite 
for platelet aggregation. 

 Patients with  defects in platelet secretion and 
signal transduction  are a heterogeneous group 
lumped together for convenience of classifi cation 
rather than based on an understanding of the spe-
cifi c underlying abnormality. Simplistically, the 
major common characteristics in these patients are 
abnormal aggregation responses and an inability 
to release intracellular granule (dense) contents 
upon activation of platelet-rich plasma with ago-
nists such as ADP, epinephrine, and collagen. In 
aggregation studies, the second wave of aggrega-
tion is blunted or absent. These patients may have 
defi ciency of their granules (dense, alpha, or both), 
a defect called  storage pool defi ciency  ( SPD ), or 
abnormalities in the mechanisms that lead to the 
secretion of the granule contents when platelets 

are activated ( signal transduction or activation 
defects ) (Fig.  1 ). Signal transduction mechanisms 
encompass processes that are initiated by the inter-
action of agonists with specifi c platelet surface 
agonist receptors and ultimately lead to the aggre-
gation and granule secretion (Fig.  1 ). These 
patients have abnormalities at the level of the 
receptors, the G-proteins and the intracellular 
enzymes that regulate platelet responses. Platelet 
activation and secretion may also be diminished 
due to impaired thromboxane synthesis arising 
from congenital defi ciencies of cyclooxygenase, 
thromboxane synthase, or phospholipase A 2 .  

   Defects in Platelet Procoagulant Activity      
Another group consists of patients who have an 
abnormality in interactions of platelets with pro-
teins of the coagulation system; the best described 
is the Scott syndrome, which is characterized by 
impaired transmembrane migration of phosphati-
dylserine, an essential requirement for optimal 
binding and activation of blood coagulation 
proteins. 

 Other  miscellaneous defects  in patients with 
inherited platelet dysfunction include defects 
related to platelet cytoskeleton, or structural pro-
teins may also be associated with platelet dys-
function. Recent studies document impaired 
platelet function associated with mutations in 
transcription factors (e.g., RUNX1, GATA1, 
FLI1) (Rao  2013a ; Songdej and Rao  2015 ) that 
regulate expression of important platelet pro-
teins. In addition abnormal platelet function can 
be associated with disorders, such as Down syn-
drome and the May–Hegglin anomaly.  

  Question 6.      Which of the following state-
ments best characterizes the platelet abnor-
mality in the above-described patient? 

    A.    Decreased dense granules (δ-storage pool 
defi ciency)   

   B.    Decreased membrane glycoproteins IIb and 
IIIa   

   C.    Decreased membrane glycoprotein Ib   
   D.    Decreased α-granules (gray platelet 

syndrome)   
   E.    Increased thromboxane production    
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    Expert Clinical Perspective     The correct 
answer is (A). On platelet activation with ADP 
and epinephrine platelet aggregation, studies in 
patients with δ-storage pool defi ciency (δ-SPD) 
show presence of the primary wave of aggrega-
tion, but the second wave of aggregation is char-
acteristically absent (Fig.  2 ). Patients with δ-SPD 
have overall diminished secretion of dense gran-
ule contents, including ATP, ADP, calcium, and 
serotonin. To further establish the diagnosis, 
direct measurement of platelet ATP and ADP can 
be done to demonstrate decreased dense granule 
content, or dense granule defi ciency can be visu-
alized by electron microscopy. Option (D) is also 
incorrect. Patients with HPS do not have 
decreased platelet α-granules, which is character-
istic of the gray platelet syndrome (GPS). Though 
patients with GPS commonly have a mild to 
moderate bleeding tendency, they generally do 
not have marked abnormalities in platelet aggre-
gation responses. Platelet membrane glycopro-
teins (GP) Ib, IIb, and IIIa are normal in HPS but 
decreased in the Bernard–Soulier syndrome 
(GPIb) and Glanzmann thrombasthenia (GPIIb 
and GPIIIa). Options (B) and (C) are, therefore, 
incorrect. Platelet aggregation studies in patients 
with Bernard–Soulier syndrome show absence of 
aggregation in response to ristocetin, which 
agglutinates platelets through binding of vWF to 
GPIb. Response to ristocetin is normal in this 
patient. Patients with Glanzmann thrombasthenia 
show absence of even a primary wave of aggrega-
tion on platelet activation with ADP and epineph-
rine (and all usual agonists except ristocetin), 
because of defi ciency of the GPIIb–GPIIIa com-
plex, which mediates binding of fi brinogen. This 
patient has presence of primary wave of aggrega-
tion but absent second wave. Option (E) is incor-
rect – it is decreased thromboxane production (as 
with aspirin ingestion) that is associated with 
impaired platelet responses on aggregation 
studies. 

 Storage pool defi ciency is a heterogeneous 
group of disorders involving defi ciency of plate-
let granules and/or their contents (Rao  2013a ; 
Gunay-Aygun et al.  2004 ). Defects may affect 
dense granule (δ-SPD), α-granules (α-SPD, or 

the gray platelet syndrome), or both (αδ-storage 
pool defi ciency). δ-SPD is characterized by 
a bleeding tendency, abnormalities in the sec-
ond wave of platelet aggregation, and variable 
defi ciency of the contents of platelet dense 
granules. It can represent a primary, inherited 
platelet disorder or form a component of a mul-
tisystem (syndromic) disorder, such as in HPS, 
the Chediak–Higashi syndrome (partial oculo-
cutaneous albinism, giant lysosomal granules, 
frequent pyogenic infections, and neurologic 
abnormalities), and the Wiskott–Aldrich syn-
drome (triad of immunodefi ciency, eczema, and 
thrombocytopenia). 

 The underlying basis of primary human δ-SPD 
is unclear. However, studies in HPS patients, 
from Puerto Rico, led to the identifi cation of a 
mutation in the gene  HPS . There are at least nine 
described HPS subtypes (Seward and Gahl  2013 ). 
The mutated gene product results in defects in the 
biogenesis and function of lysosome-related 
organelles, which include melanosomes, platelet 
dense granules, neuronal granules and pneumo-
cyte lamellar granules.  

  Question 7.      The potential management 
approaches for patients with inherited disor-
ders of platelet function include: 

    A.    Platelet transfusion   
   B.    Desmopressin (DDAVP)   
   C.    Antifi brinolytic agents   
   D.    Recombinant factor VIIa   
   E.    All of the above    

    Expert Clinical Perspective     The correct answer 
is (E). In patients with platelet function disorders, 
including SPD, platelet transfusions are the major 
therapy. Some studies, but not others, have dem-
onstrated shortening of the bleeding time with 
desmopressin (DDAVP) in patients with inherited 
disorders of platelet function, though notably 
DDAVP may not be effi cacious in many patients 
with HPS or Glanzmann thrombasthenia (Rao 
 2013a ). DDAVP is generally well tolerated; can 
be given intranasally, subcutaneously, or intrave-
nously; and may avoid platelet transfusions. For 
control of bleeding, antifi brinolytic agents, such 
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as epsilon aminocaproic acid or tranexamic acid, 
can also be useful particularly for mucosal bleed-
ing. Lastly recombinant factor VIIa has been 
effective in managing bleeding in some patients, 
notably those with Glanzmann thrombasthenia 
who have acquired antibodies against GPIIb or 
GPIIIa.   

    Case 3: Inherited Platelet 
Glycoprotein Membrane Disorder 

 A 23-year-old Asian woman is referred for evalu-
ation of a long-standing history of easy bruising, 
severe recurrent epistaxis, and menorrhagia. 
There is no family history of a bleeding disorder. 
The physical examination reveals scattered 
bruises on her extremities. Platelet count is nor-
mal at 240 × 10 9 /L. PT, PTT, plasma FVIII vWF 
antigen and ristocetin cofactor activity are also 
normal. Bleeding time is greater than 15 min (nor-
mal 2–7 min). Platelet aggregation studies 
(Fig.  3a ) show normal response to ristocetin. 
However, there is complete absence of both pri-
mary and secondary wave of aggregation in 
response to ADP, epinephrine, collagen, and ara-
chidonic acid. Secretion of dense granule ATP 
with a lumiaggregometer was decreased with 
ADP, epinephrine, collagen, and arachidonic acid.

    Question 8.      The following statement best 
characterizes the hemostatic abnormality in 
this patient: 

    A.    Decreased platelet GPIb–V–IX complexes   
   B.    Decreased platelet dense granule contents   
   C.    Absent plasma fi brinogen   
   D.    Decreased platelet GPIIb–IIIa complexes    

    Expert Clinical Perspective     The correct 
answer is (D). The patient’s long-standing history 
of mucocutaneous bleeding and prolonged bleed-
ing time suggests a diagnosis of a platelet func-
tion disorder. Testing for VWD is unrevealing, 
but platelet aggregation studies were markedly 
abnormal. Platelet aggregation in response to 
physiologic agonists is mediated by binding of 
fi brinogen to platelet GPIIb–IIIa complexes. 

Lack of platelet GPIIb–IIIa results in the absence 
of both the primary and secondary waves of 
aggregation. Aggregation with exposure to the 
antibiotic ristocetin is preserved because this is 
mediated by the binding of vWF to platelet GPIb. 
The diagnosis in this patient is Glanzmann 
thrombasthenia (GT), an autosomal recessive 
disorder arising from a genetic defect in GPIIb or 
GPIIIa (Rao et al.  2015 ). Each parent has 50 % of 
platelet GPIIb–IIIa complexes, which is suffi -
cient to result in normal platelet aggregation 
responses without a bleeding disorder. Decreased 
platelet GPIb-IX-V is characteristic of the 
Bernard–Soulier syndrome (BSS). BSS patients 
have normal platelet aggregation with physio-
logic agonists such as ADP and epinephrine, but 
no aggregation with ristocetin; this is reverse of 
the fi ndings in thrombasthenia. Response (A) is 
thus  incorrect. Primary wave and secondary wave 
of platelet aggregation on activation are also 
absent in patients with congenital afi brinogen-
emia; however, decreased plasma fi brinogen 
would prolong both PT and PTT, which is not 
present in this case. Therefore, (C) is incorrect. 
(B) is also incorrect. Patients with decreased 
platelet dense granule contents have SPD, which 
results in a different aggregation response pat-
terns as described in  Case 2 . Patients with GT 
have normal dense granules.  

  Question 9.      The diagnosis of Glanzmann 
thrombasthenia can be established by: 

    A.    Evaluation of peripheral blood smear   
   B.    Flow cytometry study showing decreased 

platelet GPIb   
   C.    Flow cytometry study showing decreased 

platelet GPIIb   
   D.    Platelet electron microscopy    

    Expert Clinical Perspective     The correct 
answer is (C). The diagnosis of platelet GP mem-
brane disorders can be established using fl ow 
cytometry. In this patient, the study showed 
marked decrease in anti-GPIIb antibody binding 
to platelets, consistent with lack of GPIIb–IIIa 
(Fig.  3b ). Patients with BSS would demonstrate 
absence of anti-GPIb antibody binding.  
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  Question 10.      What are potential management 
approaches for patients with Glanzmann 
thrombasthenia? 

    A.    Platelet transfusion   
   B.    Recombinant factor VIIa   

   C.    Antifi brinolytic agents   
   D.    All of the above    

    Expert Clinical Perspective     The correct 
answer is (D). Platelet transfusions remain the 
major therapy for serious bleeding in patients 
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  Fig. 3    ( a ) Platelet aggregation and ATP secretion tracings 
in a patient with Glanzmann thrombasthenia. These studies 
performed using a lumiaggregometer on platelet-rich 
plasma (PRP) in the patient and a healthy normal subject. 
Shown are responses to ADP (7.5 μM), epinephrine 
(7.5 μM), collagen (1 μg/ml), arachidonic acid (1 mM), and 
ristocetin (1.5 mg/ml). Aggregation ( P  patient,  N  normal 
control). Secretion ( P  patient,  N  normal control). With all of 

the agonists except ristocetin, neither the primary wave nor 
the secondary wave of aggregation is noted. Secretion to 
ADP, epinephrine, collagen, and arachidonic acid is also 
markedly decreased. ( b ) Flow cytometry evaluation of 
platelet membrane glycoproteins on the platelet surface. 
Platelets from a control subject and the patient were incu-
bated with an antibody against glycoprotein IIb (GPIIb). 
The patient’s platelets show a virtual absence of the GPIIb       
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with GT. However, they should be used judi-
ciously, as GT patients may develop antibodies to 
GPIIb or GPIIIa, which may compromise the 
effi cacy of subsequent platelet transfusions. This 
is also applicable for patients with BSS, as these 
patients may develop antibodies to GPIb. In GT 
patients, recombinant factor VIIa is effective in 
controlling bleeding (Rajpurkar et al.  2014 ). 
Adjunct treatment options include antifi brinol-
ytic agents, such as epsilon aminocaproic acid or 
tranexamic acid. DDAVP has generally not been 
effective in GT patients.      
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      Acquired Platelet Disorders: 
Diagnosis and Management                      

     Cindy     Neunert     

         Introduction 

 Acquired thrombocytopenia is a common cause 
for hematology consultation in the inpatient and 
outpatient setting. In the hospital setting, patients 
can present with thrombocytopenia or it can 
evolve during the course of the hospitalization. In 
the outpatient setting, thrombocytopenia can be 
identifi ed because of specifi c bleeding symp-
toms; however, it may also be an incidental fi nd-
ing in an otherwise asymptomatic individual. 

 The complex differential diagnosis can pose 
challenges to ascertaining the diagnosis and 
establishing an appropriate management plan. 
The two main mechanisms for acquired thrombo-
cytopenia are platelet destruction and decreased 
platelet production by bone marrow megakaryo-
cytes. Unlike red cell disorders, there is no stan-
dard test that establishes the bone marrow platelet 
production rate. Thus, establishing the etiology 
of thrombocytopenia is often challenging. 
Therefore, the consultant must pay close atten-
tion to additional clues within the history and 
laboratory studies to establish the diagnosis. 

 Furthermore, controversy exists regarding the 
management of many thrombocytopenic condi-
tions as the perceived risk of bleeding is high 
while the true risk in many cases is unknown. 
Therefore, careful consideration should be given 
to the risk of treatment compared to the risk of 
ongoing thrombocytopenia. There is little evi-
dence to guide an adequate threshold for treat-
ment that should be applied. These and other 
diagnostic and management considerations will 
be explored in the cases below.  

    Case 1: Review the Finding 
of Thrombocytopenia 
in the Intensive Care Unit 

  Question 1.      A 67-year-old man is admitted to 
the ICU with urosepsis. He has no signifi cant 
past medical history and has never been 
admitted to the hospital in the past. He is 
found to have a platelet count of 32 × 10   9   /l on 
admission with a PT/PTT of 12 and 27 s. His 
hematocrit, MCV, and white blood cell count 
are all normal. How do you interpret throm-
bocytopenia in this patient? 

    A.    The patient has a high risk of bleeding.   
   B.    The patient likely has an underlying platelet 

disorder.   
   C.    The patient has an increased likelihood of 

morbidity and mortality.   
   D.    This will require a bone marrow biopsy.    
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    Expert Perspective     Thrombocytopenia is a 
common fi nding in patients in the intensive care 
unit. An algorithm for evaluation of thrombocy-
topenia in hospitalized patients is shown in 
Fig.  1 . A recent systematic review of all studies 
reporting the frequency of thrombocytopenia in 
the ICU found the prevalence ranged from 8.3 % 
to as high as 67.6 % with the incidence of devel-
oping thrombocytopenia during the course of the 
ICU stay ranging from 13.3 to 44.1 % (Hui et al. 
 2011 ). In a multivariate analysis, thrombocytope-
nia was found to be associated with an increased 
risk of death and correlated with disease severity, 
sepsis, and organ dysfunction (Hui et al.  2011 ). 
While the implication of thrombocytopenia on 
disease severity and outcomes has been studied 
in several investigations, the impact of thrombo-
cytopenia on actual bleeding risk remains under-
studied. Only fi ve of the identifi ed studies 
reporting on thrombocytopenia in the ICU com-
ment on bleeding outcomes (Hui et al.  2011 ). 
Only one study to date has investigated the asso-
ciation between thrombocytopenia and major 
bleeding. In this study there was no signifi cant 

association between bleeding events and throm-
bocytopenia in a multivariate analysis (Ben 
Hamida et al.  2003 ).

     Question 2.      On day 3 the patient now has a 
platelet count of 12 × 10   9   /l with a PT/PTT of 20 
and 47 s. On physical examination, he is febrile 
and has no evidence of thrombosis. The ICU is 
concerned the patient may have developed 
HIT given that he is receiving heparin. What 
testing should be done to rule out HIT in this 
patient? 

    A.    Serotonin release assay   
   B.    No testing   
   C.    ELISA testing for Heparin-PF4 antibodies   
   D.    Ultrasound of the lower extremities    

    Expert Perspective     It is important to eliminate 
emergency causes of thrombocytopenia in 
patients in the ICU including disseminated 
 intravascular coagulation, thrombotic thrombo-
cytopenic purpura, posttransfusion purpura, cata-
strophic antiphospholipid antibody syndrome, 
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and heparin-induced thrombocytopenia. While 
all emergency causes of thrombocytopenia 
should be considered in thrombocytopenic 
patients, sepsis is by far one of the most common 
causes with other causes being more rare. 

 Therefore, while HIT should be considered, 
the actual frequency of HIT in ICU patients is 
low. The diagnosis and management of HIT in 
critically ill patients can be challenging. While the 
4Ts score can assist the clinician in establishing 
adequate pretest probability (Watson et al.  2012 ), 
the possibility of HIT requires careful consider-
ation in patients in the ICU. The patient above has 
a low pretest probability of HIT based on platelet 
count decline of 30–50 % or platelet nadir 
10–19 × 10 9 /l (1), platelet count decline <4 days 
without recent heparin exposure (0), no evidence 
of thrombosis or other sequelae (0), and an alter-
native cause for thrombocytopenia (0). In a large 
multicenter study, the frequency of HIT in patients 
in the ICU with a low pretest probability was 
extremely low (1.3–1.5 %). In this study there was 
a higher rate than expected of patients with a low 
4Ts score that were positive for HIT based on 
serotonin release assay (3.0 %, 95 % upper CI 
3.2–3.3 %) (Crowther et al.  2014 ). Further investi-
gation revealed that the most common cause was 
improper adjudication of a low score because of 
failure to recognize previous heparin exposure. 
Therefore careful attention should be given to 
applying the 4Ts in the setting of critically ill 
patients who may have had a previous heparin 
exposure (Crowther et al.  2014 ). The other setting 
in which the 4Ts were less accurate was in criti-
cally ill patients with isolated deep thrombosis 
without thrombocytopenia (Crowther et al.  2014 ). 
Despite limitations of the 4Ts in certain patients 
in the ICU, it is generally believed that, similar to 
other settings (Hicks et al.  2014 ), patients with a 
low 4Ts pretest probability do not require testing 
for HIT or additional changes in their manage-
ment (Crowther et al.  2014 ).  

  Question 3.      On hospital day 6, the patient 
continues to be febrile with a platelet count of 
30 × 10   9   /l and ongoing prolongation of his PT/
PTT. He has no evidence of oozing from his 

intravenous sites or other symptoms of bleed-
ing. How should the patient’s thrombocytope-
nia be managed at this time? 

    A.    Transfuse because the platelet count is 
<75 × 10 9 /l.   

   B.    Transfuse if the platelet count declines to 
<30 × 10 9 /l.   

   C.    Transfuse platelets because the prolongation 
of the PT/PTT increase the bleeding risk.   

   D.    There is insuffi cient evidence to determine 
transfusion requirements.    

    Expert Perspective     Platelet transfusions are 
often provided to patients in the ICU with throm-
bocytopenia, although there is no evidence to 
support clinical guidelines and recommendations 
for platelet transfusion thresholds. While there is 
a lack of evidence to support a specifi c transfu-
sion threshold, there is evidence that many 
patients do not achieve the expected benefi t of 
transfusions. In a systematic review of platelet 
transfusions in critically ill patients, a sustained 
platelet count of >100 × 10 9 /l was rarely achieved, 
and the majority of studies show that the median 
increase in platelet count is only about 15 × 10 9 /l 
(Lieberman et al.  2014 ; Arnold et al.  2006 ). 
Furthermore, there was no overall survival advan-
tage demonstrated among patients who received 
platelet transfusions compared to those who did 
not (Lieberman et al.  2014 ). The authors con-
cluded that for critically ill adults with severe 
thrombocytopenia and no evidence of bleeding, 
there is insuffi cient evidence to make a recom-
mendation for or against platelet transfusions 
(Lieberman et al.  2014 ).   

    Case 2: Review Neonatal 
Alloimmune Thrombocytopenia 
(NAIT) 

  Question 4.      A 1-day-old Caucasian male 
infant has petechiae on his face and trunk. The 
pregnancy and birth were uncomplicated. The 
infant is well appearing and physical examina-
tion is otherwise normal. The infant’s  complete 
blood count reveals isolated  thrombocytopenia 
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with a platelet count of 12,000 × 10   9   /l. Platelet 
morphology is normal with the exception of a 
few large platelets. There is no maternal his-
tory of ITP or lupus and the maternal platelet 
count is 195 × 10   9   /l. The infant has a head 
ultrasound that shows no evidence of intracra-
nial hemorrhage. How do you manage this 
infant’s thrombocytopenia? 

    A.    Corticosteroids   
   B.    Intravenous immunoglobulin   
   C.    Random donor platelets and intravenous 

immunoglobulin   
   D.    No therapy    

    Expert Perspective     The infant above has early 
onset of thrombocytopenia (<72 h). The differen-
tial of neonatal thrombocytopenia based on tim-
ing of onset is outlined in Table   1  . Given the 
unremarkable pregnancy and birth history along 
with no maternal history of autoimmunity, the 
most likely cause is neonatal alloimmune throm-
bocytopenia (NAIT). NAIT is the leading cause 
of severe thrombocytopenia in the newborn and 
results from transplacental passage of maternal 
antibody, which is reactive against paternal- 
derived antigens expressed on the infant’s plate-
lets, usually HPA-1a in 75–85 % of cases 
(Bertrand and Kaplan  2014 ; Peterson et al.  2013 ). 
There is a high risk of intracranial hemorrhage 
(ICH) (Kamphuis et al.  2014 ), which occurs in 
utero in the majority of infants and as early as 
30 weeks (Bertrand and Kaplan  2014 ; Kamphuis 
et al.  2014 ; Espinoza et al.  2013 ). Because of this 
risk, all infants suspected of NAIT should be 
investigated for ICH and receive prompt support-
ive care.

   While there is no evidence to support a clear 
treatment threshold (Bertrand and Kaplan  2014 , 
Peterson et al.  2013 ; Sachs  2013 ; Bussel  2009 ), 
it is generally recommended that neonates with 
a platelet count ≤30 × 10 9 /l receive prompt 
treatment. This threshold maybe adjusted 
upward, 50–100 × 10 9 /l, in infants with bleed-
ing symptoms, ICH, or prematurity. Ideally, 
treatment involves transfusion of HPA-
compatible platelets from either the mother or 
an antigen-negative donor (Bertrand and 

Kaplan  2014 ; Peterson et al.  2013 ); however, 
this approach may not be practical in many set-
tings. In the absence of these options, random 
donor platelets may be given together with IVIg 
(1.0 g/kg/day for 1–3 days depending on 
response) (Bertrand and Kaplan  2014 ; Bussel 
 2009 ). Corticosteroids have also been used in 
the acute treatment; however, drug therapy 
without concurrent platelet transfusion is not 
indicated because of the lag time to therapeutic 
effect (Bertrand and Kaplan  2014 ). NAIT usu-
ally resolves within 2–4 weeks when the pas-
sive antibody titers decline. 

 Testing for NAIT involves identifi cation of the 
antibody and confi rmation with platelet genotyp-
ing of both the mother and father to determine the 
specifi c antigen. Confi rmation of the diagnosis 
can be complex, and it is recommended that test-
ing be performed in reference laboratories to 
ensure proper interpretation of results (Bertrand 
and Kaplan  2014 ; Peterson et al.  2013 ). It is 

   Table 1    Cause of neonatal thrombocytopenia   

  Early onset  ≤ 72 h  

   Placental insuffi ciency (preeclampsia, IUGR, 
maternal diabetes) 

   Perinatal asphyxia 

   Perinatal infection (Group B streptococcus,  E. coli , 
 H. infl uenzae ) 

   Disseminated intravascular coagulopathy 

   Neonatal alloimmune thrombocytopenia 

   Neonatal autoimmune thrombocytopenia (maternal 
ITP, maternal lupus) 

 Rare causes 

   Thrombosis 

   Kasabach-Merritt syndrome 

   Metabolic disease 

   Congenital infections (CMV, TORCH infections) 

   Congenital and inherited causes 

  Late onset  > 72 h  

   Late onset sepsis 

   Necrotizing enterocolitis 

 Rare causes 

   Congenital infections (CMV, TORCH infections) 

   Neonatal autoimmune 

   Kasabach-Merritt syndrome 

   Congenital and inherited causes 

   Metabolic disease 
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important to note that treatment should not be 
delayed while waiting for confi rmatory diagnos-
tic testing.  

  Question 5.      It is now 2 years later and you 
receive a call from the mother’s obstetrician 
that she is pregnant with her second child. Her 
pregnancy is going well and she is currently in 
the fi rst trimester. She is looking for guidance 
on the likelihood ITP will occur in this preg-
nancy and what, if any, care will be required. 
What recommendations do you make for her 
maternal care? 

    A.    Maternal intravenous immunoglobulin   
   B.    Regular prenatal care   
   C.    Maternal corticosteroids   
   D.    Intra uterine platelet transfusions    

    Expert Perspective     Antenatal management of 
an infant at risk for NAIT involves a discussion 
of three components: antenatal testing, maternal 
therapy, and neonatal in utero and delivery man-
agement. Antenatal testing includes both invasive 
and noninvasive methods. Invasive methods con-
sist of measuring the fetal platelet count or test-
ing of the fetal genotype in amniotic cells. These 
methods, however, can result in high fetal mor-
bidity up to 10 %, and, therefore, noninvasive 
methods are preferred (Bertrand and Kaplan 
 2014 ; Peterson et al.  2013 ; Bussel  2009 ). The pri-
mary noninvasive risk assessment is measure-
ment of the strength of maternal antibody titers. 
Evidence suggests that higher titers confer a 
greater risk to the infant, although this relation-
ship is not precise, and therefore, risk stratifi ca-
tion based solely on titers is not universally 
recommended (Peterson et al.  2013 ; Sachs  2013 ; 
Bussel  2009 ; Tiller et al.  2015 ; Bertrand et al. 
 2006 ). In the absence of highly predictive antena-
tal testing, there is general acceptance that all 
mothers with a previous pregnancy complicated 
by NAIT should receive antenatal management. 
This strategy involves maternal infusions of IVIg 
with or without corticosteroids. Varying proto-
cols exist that provide guidance on the dose and 
timing of maternal therapy based on the severity 
of NAIT in the index infant (Bussel  2009 ; 

Berkowitz et al.  2006 ). In addition, to providing 
maternal therapy, close monitoring with fetal 
ultrasound is recommended starting at 24 weeks 
to identify any signs of intracranial hemorrhage. 
Delivery of infants via C-section is recommended 
at 38 weeks given the high rate of subdural hema-
tomas following vaginal delivery (26 %) (Looney 
et al.  2007 ).   

    Case 3: Thrombocytopenia in Liver 
Disease 

  Question 6.      A 67-year-old man has just been 
diagnosed with hepatitis C virus (HCV) infec-
tion. At his fi rst visit with the gastroenterolo-
gist to establish care and begin treatment, he is 
slightly jaundiced with a palpable spleen 
approximately 4 cm below the left costal mar-
gin. His complete blood count reveals throm-
bocytopenia with a platelet count of 64 × 10   9   /l. 
The gastroenterologist has referred him to you 
for evaluation of thrombocytopenia. What 
additional evaluation should be conducted at 
this time? 

    A.    A bone marrow biopsy   
   B.    Evaluation for esophageal varices   
   C.    Antiplatelet antibody testing   
   D.    Thrombopoietin levels    

    Expert Perspective     Thrombocytopenia is a 
common fi nding in patients with chronic liver 
disease (CLD) of any etiology including HCV 
infection and has been reported in up to 76 % of 
patients with cirrhosis (Afdhal et al.  2008 ). The 
etiology is complex, poorly understood, and 
likely multifactorial (Afdhal et al.  2008 ; Hayashi 
et al.  2014 ; Giannini  2006 ). Given that the fi nd-
ing of thrombocytopenia is common in patients 
with CLD and HCV, no further investigation into 
the mechanism is needed at this time. It is highly 
important however to recognize the impact of 
thrombocytopenia on the prognosis and outcome 
of patients with CLD. Thrombocytopenia is a 
marker of advanced liver cirrhosis, liver atrophy, 
portal hypertension, and unsuccessful therapy. It 
is unclear if thrombocytopenia has a negative or a 
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protective effect of platelets (Hayashi et al.  2014 ). 
In a systematic review of the signs of cirrhosis, 
the fi nding of thrombocytopenia was the single 
most useful laboratory fi nding for predicting cir-
rhosis and was comparable to other predictive 
fi ndings on physical examination such ascites 
(Udell et al.  2012 ). In addition, most scoring sys-
tems to identify the likelihood of cirrhosis include 
the platelet count as a variable (AST: platelet 
ratio index, Bonacini cirrhosis discriminant 
score, and the Lok index), stressing the impor-
tance of thrombocytopenia in overall outcomes. 
Therefore, it is essential that patients with HCV 
and thrombocytopenia be formally evaluated for 
cirrhosis and presence of esophageal varices.  

  Question 7.      Because of the concern for cir-
rhosis, the gastroenterologist would like to 
perform a liver biopsy and is asking for rec-
ommendations regarding the surgical man-
agement of this patient. What recommendations 
do you give regarding surgery? 

    A.    The patient does not need any treatment.   
   B.    The patient should receive a platelet transfu-

sion to obtain a platelet count ≥75 × 10 9 /l.   
   C.    The patient should be started on eltrombopag 

prior to surgery.   
   D.     The patient should receive a platelet transfu-

sion to obtain a platelet count ≥100 × 10 9 /l.    

    Expert Perspective     For the most part, liver 
biopsies are associated with an overall low risk of 
bleeding complications, estimated to be only 
0.3 % (Friedman  2004 ). Despite this low inci-
dence of bleeding, the procedure is often avoided 
or platelet transfusions are provided pre- 
procedurally to minimize the perceived risk 
(Afdhal et al.  2008 ). Across three studies there 
was a small risk of identifi ed bleeding regardless 
of method for biopsy (percutaneous, laparo-
scopic, and transjugular), and the highest risk 
was seen in patients with underlying malignancy 
(McVay and Toy  1990 ; Cobb et al.  2005 ; Inabnet 
and Deziel  1995 ; Wallace et al.  2003 ). Summary 
data from larger studies looking at additional pro-
cedures such paracentesis and thoracentesis indi-

cate an overall low risk of bleeding in patients 
with a platelet count that is >50 × 10 9 /l (Afdhal 
et al.  2008 ; McVay and Toy  1991 ; Grabau et al. 
 2004 ; Pache and Bilodeau  2005 ). While support-
ive data is mostly based on retrospective experi-
ences, it generally supports that minor invasive 
procedures can safely be conducted in patients 
with a platelet count ≥50 × 10 9 /l without the need 
for platelet enhancing therapy or platelet transfu-
sions (Afdhal et al.  2008 ). 

 The ELEVATE study reported results on the 
use of eltrombopag before procedures in patients 
with cirrhosis and platelet count <50 × 10 9 /l 
( n  = 292). Patients were randomized to receive 
14 days of eltrombopag or placebo. The patients 
who received eltrombopag were signifi cantly 
more likely to avoid a preoperative platelet 
transfusion (72 % vs. 19 %,  p  < 0.001). The trial 
was stopped early, however, because of the 
higher rates of portal thrombotic events in the 
group receiving eltrombopag (Afdhal et al. 
 2012 ).  

  Question 8.      The patient returns a week later 
to begin therapy with interferon (IFN) ther-
apy. He continues to be jaundice and has ongo-
ing splenomegaly. His complete blood count 
now shows a platelet count of 46 × 10   9   /l. What 
treatment recommendations do you make at 
this time to assist with the treatment of his 
HCV? 

    A.    Begin PEG-INF.   
   B.    Begin therapy with a thrombopoietin receptor 

agonist.   
   C.    Complete splenic embolization.   
   D.    Partial splenic embolization.    

    Expert Perspective     A pretreatment platelet 
count of <90 × 10 9 /l is a relative contraindication 
to IFN initiation, and up to 6 % of patients with 
CLD will have to adjust or hold their dose of 
antiviral therapy secondary to thrombocytope-
nia (Giannini  2013 ; Danish and Yasmin  2013 ). 
Options for increasing the platelet count prior to 
treatment include platelet transfusions, partial 
splenic embolization (PSE), and splenectomy. 
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While platelet transfusions will adequately 
increase the platelet count, the response is only 
expected to last 3–4 days and therefore will not 
prevent interruptions in antiviral therapy. 
Furthermore, there are currently no consensus 
guidelines on appropriate transfusion thresholds 
to apply in patients with cirrhosis. Thus, appro-
priate use of platelet transfusions in this setting 
is not established (Hayashi et al.  2014 ). 
Alternative investigational strategies for raising 
the platelet count include interleukin-11 (IL-11) 
and thrombopoietin receptor agonists 
(TPO-RAs). 

 Use of pretreatment splenectomy or PSE has 
been shown not only to allow for safe initiation of 
INF therapy but also to eliminate the likelihood 
of therapy discontinuation (Tahara et al.  2011 ; 
Akahoshi et al.  2012 ). One series of 100 patients 
demonstrated that laparoscopic splenectomy 
resulted in successful initiation of INF therapy in 
the majority of patients (97 %) (Akahoshi et al. 
 2012 ). In a second retrospective review of 30 
patients who underwent PSE, all were able to 
begin antiviral therapy and none had therapy 
interruptions for thrombocytopenia (Tahara et al. 
 2011 ). PSE is preferred over complete splenic 
embolization because of the high rates of severe 
complications including abscess formation, 
splenic rupture, sepsis, hematomas, and even 
death (Hayashi et al.  2014 ) in the latter. Both 
splenectomy and PSE are effective in increasing 
the platelet count, and therefore an algorithm 
based on splenic volume has been proposed to 
assist with determination of the most effective 
approach for individual patients (Hayashi et al. 
 2010 ). 

 There are two TPO-RA agents, eltrombopag 
and romiplostim, that are FDA approved for 
adults with chronic ITP. Eltrombopag was inves-
tigated in a Phase II randomized placebo- 
controlled trial in patients with HCV-associated 
thrombocytopenia and liver disease. In this study, 
74 patients with platelet counts between 20 and 
70 × 10 9 /l were randomized to 30, 50, or 75 mg of 
eltrombopag or placebo. Following 4 weeks of 
therapy, 75 %, 79 %, and 95 % of patients, respec-
tively, demonstrated a platelet count >100 × 10 9 /l 
compared to 0 % in the placebo group ( p  < 0.001) 

(McHutchison et al.  2007 ). Of interest, the 
response rates declined to 36, 53, and 65 in 
patients that continued therapy for 12 weeks 
(McHutchison et al.  2007 ). Incorporation of these 
agents into standard of care for cirrhosis has been 
limited by the increased rate of portal thrombosis 
observed in patients receiving eltrombopag. 
IL-11 produces signifi cant platelet production; 
however, its clinical use has been limited by the 
signifi cant pro-infl ammatory and cardiovascular 
side effects. Data on the use of IL-11 come from 
limited case series, including data from nine 
treated patients (Ghalib et al.  2003 ). While 8 
(98 %) of the patients had a platelet response, 
side effects limit expanded use and caution is rec-
ommended in applying these agents clinically 
(Ghalib et al.  2003 ). In summary, while both 
these agents are successful at increasing the 
platelet count, further trials in patients with cir-
rhotic liver disease are needed.   

  Answers 

    Question 1. C  
  Question 2. B  
  Question 3. D  
  Question 4. C  
  Question 5. A  
  Question 6. B  
  Question 7. A  
  Question 8. D         

 Controversies 

•     Appropriate thresholds for platelet 
transfusions in critically ill patients  

•   Adequate risk stratifi cation and treat-
ment guidelines for infants born with 
NAIT and subsequent pregnancies  

•   Proper management of thrombocytope-
nia in the setting of chronic liver disease 
including exploration of the use of 
TPO-RAs    
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      Immune-Mediated 
Thrombocytopenia                      

     Nikolaos     Papadantonakis       and     Keith     R.     McCrae     

          Introduction 

 Thrombocytopenia is one of the most frequently 
encountered hematological disorders and occurs 
as a consequence of numerous pathophysiologi-
cal mechanisms. One of the more common causes 
of thrombocytopenia is “immune thrombocyto-
penia” (ITP). Landmark studies on this disease 
performed more than 50 years ago demonstrated 
an important role for antibody-mediated platelet 
destruction in ITP (Harrington et al.  1951 ). 
Subsequent studies have revealed that bone mar-
row megakaryocytes are also affected by platelet 
autoantibodies (McMillan et al.  2004 ; Nugent 
et al.  2009 ) and that T cells may also contribute 
to platelet destruction and inhibit platelet 

 production by megakaryocytes (Cines et al. 
 2009a ; Semple and Provan  2012 ). As with other 
thrombocytopenic disorders, ITP may occur as a 
primary syndrome or may be secondary to under-
lying infectious, autoimmune, or malignant dis-
orders (Cines et al.  2009a ; Rodeghiero et al. 
 2009 ). 

 ITP is defi ned as a platelet count below 
100,000/μl (Rodeghiero et al.  2009 ). Depending 
on the chronicity of the disease, subcategories 
such as newly diagnosed or persistent ITP have 
been designated (Rodeghiero et al.  2009 ). 
International- and society-based ITP guidelines 
for ITP have been published, helping to standard-
ize the diagnosis and treatment of ITP (Neunert 
et al.  2011 ; Provan et al.  2010 a; Rodeghiero et al. 
 2009 ). However, ITP management decisions are 
often empiric due to a dearth of high-quality 
evidence- based data comparing different man-
agement strategies. 

 In this review, we will present several cases of 
immune thrombocytopenia derived from the 
authors’ personal encounters. Each case will be 
followed by questions and a detailed discussion 
of relevant diagnostic and/or management issues. 
Though not exhaustive, we believe that these 
cases provide a broad overview of many chal-
lenging scenarios commonly encountered during 
the management of patients with ITP.  
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    Case 1: A 57-Year-Old Man 
Presenting with Acute, Severe 
Thrombocytopenia 

 A previously healthy 57-year-old man was admit-
ted to the hospital following a 1-week history of 
worsening purpura and discovery of a platelet 
count of 5000/μl. He denies fever, chills, night 
sweats, or other constitutional symptoms but has 
noted increased fatigue for the last 2–3 weeks. 
His past medical history is notable for mild hypo-
thyroidism and hypertension, treated with 
Synthroid and lisinopril, respectively. The physi-
cal examination is remarkable for purpura over 
the pretibial area and petechiae on the hands and 
feet. There is no splenomegaly or lymphadenopa-
thy. The complete blood count (CBC) reveals a 
platelet count of 5000/μl with a hemoglobin of 
12.9 g/dl and WBC of 6.3 with a normal differen-
tial. Chemistries, including liver function tests 
and LDH, are normal. 

  Question 1.      Which of the following is the most 
likely cause of thrombocytopenia in this 
patient? 

    A.    ITP   
   B.    Drug-induced thrombocytopenia (DIT)   
   C.    Myelodysplastic syndrome (MDS)   
   D.    Pseudothrombocytopenia   
   E.    Inherited thrombocytopenia    

   In many, if not most cases of thrombocytopenia, 
it is diffi cult to defi nitively determine the cause, 
and the clinician must assess which of the possi-
bilities is most likely. Several issues must be con-
sidered (Fig.  1 ).

   First, one must determine whether thrombo-
cytopenia is of new onset or chronic. Though 
inherited thrombocytopenias are most com-
monly diagnosed in children and young adults 
(Diz- Kucukkaya  2013 ; Drachman  2004 ; 
Rabbolini et al.  2014 ), some individuals with 
such disorders may have chronic thrombocyto-
penia that escapes detection due to their other-
wise good health and minimal contact with 
medical professionals. In this patient, it is 
important to determine whether he or any family 
members have had thrombocytopenia previ-

ously. The absence of such a history should help 
eliminate an inherited thrombocytopenia (option E). 
Since inherited thrombocytopenias generally 
follow a stable course with clinical manifesta-
tions depending on the type (Diz- Kucukkaya 
 2013 ), the new onset of bruising and bleeding in 
this patient also renders the diagnosis of inher-
ited thrombocytopenia unlikely. 

 Another underappreciated cause of thrombo-
cytopenia is drug-induced thrombocytopenia 
(DIT) (Aster et al.  2009 ). In this case, the patient 
takes Synthroid, which is not associated with 
thrombocytopenia, and lisinopril, which is asso-
ciated with thrombocytopenia only rarely. Further 
questioning reveals that he has taken these medi-
cations for several years, while most cases of DIT 
are discovered in the fi rst few weeks after initiat-
ing a new drug. Therefore, thrombocytopenia in 
this patient is unlikely to be drug-induced (option 
B). However, the patient should also be ques-
tioned to confi rm that he is not ingesting herbal 
compounds or other nonprescription agents, such 
as quinine, that can cause thrombocytopenia 
(Perdomo et al.  2011 ). 

 Moving to the direct evaluation of the 
patient, the fi rst step should be a careful review 
of the peripheral blood fi lm. It is critical to 
determine whether the platelet count on the 
fi lm correlates with that reported by the auto-
mated counter. Some patients may present with 
pseudothrombocytopenia, in which naturally 
occurring antibodies react with platelet glyco-
proteins that expose cryptic epitopes only in 
the presence of calcium chelators such as 
EDTA (Lippi and Plebani  2012 ). In pseudo-
thrombocytopenia, these antibodies cause 
platelet clumping, and the large platelet 
clumps, which are visualized on the peripheral 
blood fi lm, are read as white blood cells by the 
automated counter. Repeating the blood count 
in a tube containing citrate, a less- potent cal-
cium chelator, will often reveal a normal plate-
let count. The presence of true thrombocytopenia 
on the peripheral blood fi lm would eliminate 
pseudothrombocytopenia from the differential 
diagnosis (option D). Many inherited thrombo-
cytopenias are also associated with abnormali-
ties in platelet morphology, and the appearance 
of normal-appearing but reduced numbers of 
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platelets on the peripheral blood fi lm would 
provide additional evidence against inherited 
thrombocytopenia. 

 Myelodysplastic syndromes (MDS) are 
myeloid malignancies associated with genetic 
changes in stem cells and hematopoietic precur-
sors (Balderman and Calvi  2014 ; Greenberg et al. 
 2015 ). This disorder primarily affects elderly 
patients, although may occasionally affect 
younger individuals. MDS usually involve mul-
tiple hematopoietic lineages and uncommonly 
present as isolated thrombocytopenia. MDS may 
be associated with changes in peripheral blood 
morphology, such as hypogranulation of poly-
morphonuclear leukocytes. Assuming that the 
patient has isolated thrombocytopenia and an 
otherwise normal-appearing peripheral blood 
fi lm, MDS (option C) are an unlikely diagnosis. 

 The considerations above lead to exclusion of 
all diagnoses except ITP. ITP has been referred to 
as a “diagnosis of exclusion,” since no gold 
 standard tests for ITP exist (Rodeghiero et al. 
 2009 ). In this patient, it is appropriate to proceed 

with a management plan centered on a presump-
tive diagnosis of ITP. A clinical response to this 
plan, which might be considered a “therapeutic 
trial,” provides confi rmation that the diagnosis of 
ITP is correct. 

  Question 2.      The patient wants to know why 
he has developed ITP and the best method of 
treatment. What additional testing would be 
recommended that would be helpful in 
addressing these questions? 

    A.    Hepatitis C and HIV serologies   
   B.    Antiplatelet antibodies   
   C.    Antiphospholipid antibodies   
   D.     Helicobacter pylori  serology   
   E.    Bone marrow examination    

   ITP can be divided into two categories: pri-
mary ITP, in which no underlying cause is 
 identifi ed, and secondary ITP, in which the 
immune thrombocytopenia is secondary to 
another underlying disorder (Rodeghiero et al. 
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  Fig. 1    Simplifi ed algorithm for the diagnosis of immune thrombocytopenia       
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 2009 ). The reason for considering this distinction 
is that while most cases of ITP, whether primary 
or secondary, respond similarly to ITP-specifi c 
therapy, some cases of secondary ITP may be 
most effectively managed and sometimes eradi-
cated by treatment of the underlying disorder 
(Provan et al.  2010 b). Common causes of sec-
ondary ITP include infectious disorders such as 
hepatitis C and HIV, autoimmune disorders such 
as systemic lupus erythematosus, immunodefi -
ciency syndromes such as common variable 
immunodefi ciency, and malignant lymphoprolif-
erative disorders such as chronic lymphocytic 
leukemia (Cines et al.  2009a ,  b ). ITP may be the 
presenting symptom of the underlying disorder 
and may precede the diagnosis of such a disorder 
by several years. 

 Whether to perform additional testing should 
be dictated by the likelihood of identifying an 
underlying disorder and is informed by guide-
lines developed by an ITP International Working 
Group (IWG) (Provan et al.  2010 a) as well as the 
American Society of Hematology (Neunert et al. 
 2011 ), among others. The IWG guidelines sug-
gest testing for  H. pylori  in situations where it 
might a have a clinical impact; however,  H. pylori  
serologies are less sensitive and specifi c than 
other  H. pylori  tests such as stool antigen or 
breath tests and may give false positive results, 
particularly after IVIg therapy. Results demon-
strating a positive effect of  H. pylori  eradication 
on the course of ITP are derived primarily from 
Asia and southern Europe (Franchini et al.  2012 ; 
Frydman et al.  2015 ), while in the USA, responses 
appear to be infrequent (Kuwana  2014 ; Michel 
et al.  2004 ). In this patient, particularly with no 
gastrointestinal symptoms, we would not initially 
screen for  H. pylori , at least with a serologic test 
(option D). 

 Testing for antiplatelet antibodies (option B) 
is not recommended by either of the ITP guide-
lines. While newer antigen capture assays have 
increased the specifi city of such assays compared 
to measurements of platelet-associated IgG, their 
sensitivity and specifi city are low. 

 While one study demonstrated that the pres-
ence of antiphospholipid antibodies (APLA) did 
not affect the clinical course of ITP (Stasi et al. 

 1994 ), a prospective study suggested that these 
antibodies increased the risk of thrombosis in 
ITP patients (Diz-Kucukkaya et al.  2001 ). 
However, in this patient with no prior history of 
thrombosis, the presence of APLA would nei-
ther change the short-term management nor pro-
vide new information as to the cause of ITP, and 
we would not test for these (option C). 

 Guidelines suggest that bone marrow exami-
nation be considered in the initial evaluation of 
ITP, particularly in patients older than 60 years of 
age (Neunert et al.  2011 ; Provan et al.  2010 a). 
However, this patient has no other cytopenias and 
no lymphadenopathy or splenomegaly and there-
fore is unlikely to have a lymphoproliferative dis-
order. Bone marrow examination would be 
unlikely to provide new information and can be 
deferred (option E). 

 HIV and hepatitis C infection cause thrombo-
cytopenia through multiple mechanisms (Cines 
et al.  2009b ; Liebman  2008 ). Testing is prudent 
even in asymptomatic patients due to the high 
incidence of HCV infection in some cohorts of 
patients with ITP (Rajan et al.  2005 ) and the fact 
that thrombocytopenia may be the initial mani-
festation of these disorders. Thus, testing for 
these viral infections is the most likely of the 
choices listed to provide information concerning 
the cause of ITP in this patient and to suggest 
specifi c management strategies. 

  Question 3.      What is the optimal initial treat-
ment regimen for this patient? 

    A.    Oral corticosteroids   
   B.    Rituximab   
   C.    Platelet transfusion   
   D.    Parenteral corticosteroids and IVIg   
   E.    Eltrombopag    

   Though this patient has no frank bleeding, he 
does have signifi cant bruising and is at risk of 
more severe events. The most feared complica-
tion of ITP is intracranial hemorrhage, which is 
rare. Severe gastrointestinal bleeding can also 
occur, with devastating consequences. Bleeding 
events are more common and may be more severe 
in older patients (Cohen et al.  2000 ). 
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 Not all ITP patients with severe thrombocyto-
penia require admission; in particular, a patient 
with relapsed ITP who is known to respond 
promptly to oral corticosteroids may be managed 
at home. However, in this individual with newly 
diagnosed ITP, inpatient observation until at least 
an increment in the platelet count is observed 
offers the safest option. 

 Agents used in the treatment of ITP are listed 
in Table  1 . There is little evidence-based data 
supporting one initial treatment approach over 
another in patients such as this. Some individuals 
respond robustly to oral corticosteroids, and this 
option (option A) would be acceptable, but in our 
opinion not optimal. Rituximab is a second-line 
agent in the treatment of ITP (Provan et al. 
 2010 a); though responses are achieved in 60 % of 
patients, these can be delayed up to 12 weeks, 
and thus rituximab is not an optimal choice when 
a rapid response is needed (option B) (Stasi et al. 
 2002 ). Platelet transfusion is a useful adjunct in 
emergency treatment of ITP; contrary to popular 
opinion, many patients with ITP achieve a mean-
ingful increment in the platelet count after plate-
let transfusion, although it is usually short-lived 
(option C) (Carr et al.  1986 ). Eltrombopag, or the 
other thrombopoietin receptor agonist (TRA), 
romiplostim, is approved for ITP that does not 
demonstrate an adequate response to corticoste-
roids. However, platelet responses may be 
delayed 7–10 days (Bussel et al.  2007 ,  2009 ), and 
thus neither agent is optimal for urgent treatment 
(option E).

   While acknowledging the lack of evidence- 
based data, we would favor the use of parenteral 
corticosteroids in this patient (e.g., Solu-Medrol, 
500–1000 mg/day), accompanied by IVIg (option 
D). Most authorities concur that the combination 
of high-dose corticosteroids and IVIg may pro-
vide synergism. 

 Another option for acute therapy of severe 
ITP is intravenous anti-Rh(D), which offers 
response rates and times similar to that of IVIg 
(Scaradavou et al.  1997 ). However, anti-Rh(D) 
is only effective in D(+) patients (Table  1 ), and 
the blood type of this individual is not known. 
Anti-Rh(D) is associated with the rare develop-
ment of severe hemolysis (Gaines  2000 ,  2005 ), 

although this may largely be avoided with 
appropriate patient selection (Despotovic et al. 
 2012 ).  

    Case 2: A 19-Year-Old Woman 
with Steroid-Dependent ITP 

 A 19-year-old woman with ITP was referred for 
splenectomy. She was fi rst noted to have purpura 
and a platelet count of 12,000/μl 14 months ear-
lier. She responded well to corticosteroids, but 
relapsed soon after tapering. Over the last 
8 months, she has required several additional 
courses of steroids at progressively shorter inter-
vals. She is a college student, wants to have her 
ITP “taken care of,” and was referred for splenec-
tomy. Her parents arranged for a second opinion 
prior to surgery. 

  Question 4.      Which of the options below offers 
the best potential for long-term remission of 
ITP? 

    A.    Romiplostim or eltrombopag   
   B.    Rituximab   
   C.    Pulse corticosteroids   
   D.    Splenectomy   
   E.    IVIg    

   This young adult patient with ITP wants to 
achieve a complete remission that will allow her 
to avoid the burden of repeated platelet counts 
and therapy. There are several approaches that 
may offer this possibility. 

 Romiplostim and eltrombopag are TRAs 
whose mechanisms involve enhancement of 
platelet production by megakaryocytes in 
patients with ITP. Studies over the last decade 
have demonstrated that antiplatelet antibodies 
not only induce immune destruction of plate-
lets but impair platelet production by mega-
karyocytes. Unexpectedly, some patients who 
achieve  complete remission following treat-
ment with TRAs (perhaps 20–40 %) are ulti-
mately able to discontinue them and maintain a 
stable platelet count in a range not requiring 
ongoing treatment. These fi ndings suggest that 
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TRAs may have immunosuppressive activity in 
ITP (Bao et al.  2010 ). Despite these interesting 
observations, however, TRAs cannot be con-
sidered in the category of remittent therapies 
(option A). 

 Rituximab (option B) has been extensively 
studied as a second-line agent in ITP, is 
splenectomy- sparing (Ghanima et al.  2012 ; 
Godeau et al.  2008 ), and is associated with a 
durable remission rate of approximately 21 % in 
adults and 25 % in children (Patel et al.  2012 ). 
Patients who respond quickly and normalize their 
platelet count are more likely to obtain a durable 
response. Patients who receive rituximab earlier 
in their ITP course may possibly achieve better 
responses. 

 While the use of high-dose dexamethasone 
pulse therapy may modestly prolong remission 
times in some patients with ITP (Cheng et al. 
 2003 ), there is no convincing data that this pro-
duces long-term remissions. However, a recent 
study suggested that intensive therapy with ritux-
imab and several courses of high-dose dexameth-
asone may induce durable remissions with a 
frequency similar to that of splenectomy in 
patients with ITP of less than 2 years duration 
(Bussel et al.  2014 ). This report requires 
confi rmation. 

 Splenectomy remains the single option most 
likely to induce long-term remission of 
ITP. Approximately 80 % of ITP patients who 
receive splenectomy achieve a response, with 
approximately 60 % maintaining this response 
with longer follow-up (Vianelli et al.  2013 ). 
Splenectomy is generally performed laparo-
scopically and is associated with a mortality rate 
of 0.2 % and complication rates of 12.9 % 
(Kojouri et al.  2004 ). Splenectomy is associated 
with an increased infection risk with recent 
studies also suggesting an increased risk of 
thromboembolic disease (Boyle et al.  2013 ; 
Rodeghiero et al.  1992 ; Rodeghiero and Ruggeri 
 2012 ). Thus, splenectomy is the most likely of 
the listed approaches to induce long-term remis-
sion of ITP (option D), but the patient should be 
made aware of the long-term risks prior to the 
procedure. 

 IVIg remains a useful treatment for 
ITP. Though long-term remissions may occur 
rarely, the duration of response is generally lim-
ited to several weeks (option E).  

    Case 3: A 65-Year-Old Man 
Refractory to Steroids and IVIg 

 A 65-year-old man was diagnosed with ITP 
16 months ago on the basis of isolated thrombo-
cytopenia (platelet count of 50,000/μl), a normal 
physical examination, and a normal peripheral 
blood fi lm except for decreased platelets. He did 
well without treatment for the following year but 
3 months ago noted epistaxis and was found to 
have a platelet count of 20,000/μl. He was placed 
on prednisone 60 mg/day but did not respond 
after 1 month of continued therapy. He had sev-
eral courses of IVIg over the subsequent 2 months, 
but the platelet count never increased to more than 
30,000/μl. He requests another opinion. 

  Question 5.      Which of the following should be 
recommended at this time? 

    A.    Splenectomy   
   B.    Pulse decadron with IVIg   
   C.    A thrombopoietin receptor agonist   
   D.    Abdominal CT scan   
   E.    Bone marrow examination    

   This patient was given a presumptive diagnosis 
of ITP. However, 80–90 % of patients respond to 
steroids or IVIg, so his course is very atypical 
and one must be concerned about other disorders. 
Given his age, he may have a myelodysplastic 
syndrome, although it is unusual for MDS to 
present with isolated thrombocytopenia without 
showing a fall in his other blood counts. 
Therefore, we recommend bone marrow exami-
nation (option E) in any patient who fails to 
respond to corticosteroids and IVIg before 
embarking on any of the treatment alternatives 
listed. Splenectomy (option A) should not be 
 performed without more evidence that ITP is the 
correct diagnosis. 
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 Pulse decadron with IVIg (option B) is some-
times of value in patients with no or minimal 
responses to either medication used as a single 
agent, but would not be the best option. A TRA 
may raise the platelet count even if the correct 
diagnosis is not ITP, but has the potential of stim-
ulating an underlying hematologic malignancy 
(option C). If the bone marrow is consistent with 
ITP, a TRA may provide a reasonable alternative. 
An abdominal CT scan (option D) may be useful 
in evaluating splenomegaly, although this would 
not yield a defi nitive diagnosis.  

    Case 4: A 32-Year-Old Pregnant 
Woman with ITP 

 A 32-year-old pregnant woman with a 5-year his-
tory of ITP is 10 weeks pregnant and referred for 
management. Her ITP was initially noted on a 
routine CBC with a platelet count of 60,000/μl. 
Over the last 5 years, her platelet count has 
ranged from 18,000 to 70,000/μl, and she has 
been treated with episodic courses of steroids 
when her platelet count falls below 30,000/μl. 
Her platelet count is presently 40,000/μl and she 
is on no treatment. 

  Question 6.      What is the best course of action 
for management of her ITP at the present 
time? 

    A.    Initiate prednisone at a dose of 20 mg/day   
   B.    Order IVIg infusions for platelet counts 

below 50,000/μl   
   C.    Refer her for splenectomy, in order to avoid 

adverse medication effects during pregnancy   
   D.    Watchful waiting   
   E.    Advise her obstetrician that she will need 

cesarean section    

   For most of pregnancy, ITP is managed no differ-
ently than in the nonpregnant state, with the 
exception of avoiding toxic medications such as 
Vinca alkaloids and danazol (Gernsheimer and 
McCrae  2007 ). 

 If the patient desires epidural anesthesia, her 
platelet count will need to be raised to 

 approximately 75,000/μl (Provan et al.  2010 a), 
although guidelines disagree on the exact level 
that is safe for this procedure. However, aggres-
sive intervention to raise the platelet count is not 
indicated during early pregnancy and usually 
pursued at approximately 36 weeks. Therefore, 
there is no need for treatment with prednisone 
(option A) or IVIg (option B) now. 

 Splenectomy during pregnancy is reserved for 
patients with severe thrombocytopenia who are 
refractory to IVIg and steroids. It is best per-
formed during the second trimester, since the 
uterus has not yet achieved suffi cient size to 
block the surgical fi eld and the risk of inducing 
premature labor is low at this point in pregnancy 
(Gernsheimer and McCrae  2007 ; McCrae  2010 ). 
However, there is no reason to perform splenec-
tomy in this patient (option C). 

 The offspring of patients with ITP may be born 
thrombocytopenic and/or develop worsening 
thrombocytopenia within the fi rst 3–4 days after 
delivery. Approximately 10 % of neonates will be 
born with a platelet count <50,000/μl (Burrows 
and Kelton  1990 ; Webert et al.  2003 ). In the past, 
this led to recommendations that these neonates 
be delivered by C-section or that percutaneous 
umbilical vein blood sampling or fetal scalp vein 
sampling be performed to detect thrombocytope-
nia. However, despite low platelet counts and in 
some cases soft tissue bleeding, intracranial hem-
orrhage in the offspring of ITP patients is rare. 
There are no laboratory tests to predict which 
neonates will be thrombocytopenic, and no evi-
dence that cesarean section reduces the incidence 
of intracranial hemorrhage (Burrows and Kelton 
 1990 ). Moreover, there are no medical therapies 
that raise the fetal platelet count, and the risks 
associated with umbilical cord blood sampling 
are equal if not greater than the morbidity associ-
ated with fetal thrombocytopenia. Based on these 
considerations, there is no a priori reason why this 
patient should undergo cesarean section (option 
E), and the need for this should be dictated upon 
obstetrical considerations alone. 

 The best course of action for this patient is 
watchful waiting (option D) with platelet counts 
every 3–4 weeks and treatment if bleeding or 
more severe thrombocytopenia develops.  
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    Case 5: Thrombocytopenia 
in a Patient with CLL 

 A 74-year-old man with Stage I chronic lympho-
cytic leukemia (CLL) is referred for the new 
onset of severe thrombocytopenia with a platelet 
count of 14,000/μl accompanied by gingival 
bleeding and epistaxis. His other counts are sta-
ble, with a WBC of 17,500 and 65 % lympho-
cytes and a hemoglobin of 12.1 g/dl. The patient 
denies any new constitutional symptoms. He has 
petechiae on the hands, feet, and soft palate. To 
date, he has not received any therapy for his CLL. 

  Question 7.      Your recommendations for man-
agement of ITP in this patient include which 
of the following? 

    A.    Refer for splenectomy   
   B.    Initiate prednisone, 60 mg/day   
   C.    Initiate a thrombopoietin receptor agonist   
   D.    Initiate a course of cyclophosphamide, vin-

cristine, and prednisone   
   E.    Initiate a course of fl udarabine, cyclophos-

phamide, and rituximab    

   This 74-year-old man has stable CLL; however, 
he has developed the acute onset of severe throm-
bocytopenia that will require treatment. 

 There are several causes of thrombocytopenia 
in patients with lymphoid neoplasms. However, 
CLL is one of the more common causes of ITP 
(Visco et al.  2014 ). Interestingly, the antiplatelet 
antibodies are most often not generated by the 
malignant cells, but by nonmalignant lympho-
cytes and/or plasma cells released from inhibi-
tion due to abnormalities in immune regulation 
(Visco et al.  2012 ). 

 In a patient with ITP whose CLL does not oth-
erwise mandate treatment, it is not necessary to 
aggressively treat the CLL (Visco et al.  2014 ). 
Instead, focus should be on the ITP component of 
the disease. Therefore, treatment with CVP or 
FCR (options D and E) is not indicated as initial 
treatment. Likewise, there is no indication for 
splenectomy (option B), which may increase the 
already increased risk of infection in patients 
with CLL. 

 Emerging data suggests that TRAs (option C) 
are effective in CLL-associated ITP and may be 
increasingly used in this setting in the future 
(Chang and Shih  2015 ; Jolliffe and Romeril 
 2014 ). However, the cost of these agents cannot 
be justifi ed as initial therapy, and prednisone 
(option B) is the best initial therapeutic option. 
CLL-associated ITP tends to be less responsive 
to steroids and IVIg than primary ITP. However, 
rituximab is a well-tolerated and effective 
second- line therapy in CLL-associated ITP in 
which the response rates are at least comparable 
to those observed for primary ITP (D’Arena et al. 
 2010 ).  

 Current Controversies in ITP 

 As we have emphasized in this manuscript, 
ITP suffers from a signifi cant defi ciency of 
evidence-based data on which to base treat-
ment recommendations. As a result, many 
controversies exist. Listed below are sev-
eral of these, for which marked variations 
in opinions and hence clinical practice pat-
terns are evident.

•    How should the patient with newly 
diagnosed ITP or ITP of relatively short 
duration be treated? Is there a role for 
high-dose steroids, rituximab, and per-
haps T-cell therapy in inducing a dura-
ble remission?  

•   In patients who respond to steroids but 
require ongoing treatment, what is the 
best second-line approach—rituximab, 
thrombopoietin receptor agonists, or 
splenectomy?  

•   Can we fi nd biomarkers that predict 
responses to therapeutic interventions in 
patients with ITP, such as splenectomy, 
rituximab, or TRAs? Likewise, can we 
identify biomarkers that predict stable 
disease after discontinuation of TRAs?  

•   Though low, it appears that the inci-
dence of reticulin fi brosis in patients 
treated with TRAs may increase with 
time. Is there any role for periodic bone 
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  Answers 

    Question 1. A  
  Question 2. A  
  Question 3. D  
  Question 4. D  
  Question 5. E  
  Question 6. D  
  Question 7. B         
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      Coagulation Cascade 
and Fibrinolysis Pathway: 
Assessment in the Laboratory                      

     Lindsey     A.     George       and     Michele     P.     Lambert     

         Introduction 

 Hemostasis is maintained through interactions 
between whole-blood cellular components, the 
vascular endothelium, and pro- and anticoagulant 
plasma proteins such that net hemostasis is the 
result of the competing physiology of coagula-
tion and fi brinolysis. Traditional hemostatic 
assessment involves plasma-based assays of 

coagulation proteins and evaluation of platelet 
number and function. This testing may not accu-
rately refl ect net hemostasis as each test evaluates 
variables semi-independently and provides mini-
mal/no information about fi brinolysis. Classic 
coagulation tests, including the prothrombin time 
(PT) and activated partial thromboplastin time 
(aPTT), were developed in the mid-twentieth 
century with little alteration other than automa-
tion since then (Martin et al.  1947 ; Goulian and 
Beck  1965 ). The PT measures the activity of the 
so-called extrinsic and common pathways of 
coagulation (Fig.  1 ), while the aPTT measures 
the intrinsic and common pathways. Thrombin 
time (TT) measures the common pathway and 
refl ects the conversion of fi brinogen to fi brin. The 
division of the clotting cascade into the intrinsic, 
extrinsic, and common pathways has little 
in vivo validity, but has some conceptual utility in 
the interpretation of the results of laboratory 
investigation.

   In contrast, global assays of hemostasis that 
evaluate both clot formation and fi brinolysis 
provide a different estimate of in vivo hemo-
stasis than traditionally employed coagulation 
testing. This may be particularly useful in set-
tings where patients have competing hemo-
static requirements, i.e., trauma/massive 
transfusion or cardiopulmonary bypass, 
wherein there is a simultaneous risk of throm-
bosis and hemorrhage (Zia and O’Brien  2015 ). 
Global assays are increasingly incorporated 
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into clinical practice and may improve the abil-
ity to identify coagulation and fi brinolytic 
aberrations. Importantly, lack of standardiza-
tion continues to challenge their interpretation 
and clinical utility. 

 This review will summarize clinically avail-
able coagulation assays starting with traditional 
plasma-based clotting assays followed by discus-
sion of a few tests of global hemostasis and how 
they incorporated clinically.  

    Coagulation Pathways and Their 
Test, The Basics 

    Case 1–3: Assessing Coagulation 
Status 

 An otherwise healthy 45 years old man is sched-
uled for a hernia repair. He has no signifi cant past 
medical history except for a previous appendec-
tomy without excess bleeding, and his family his-
tory is negative for bleeding problems. He takes 
no medications. His physical exam is unremark-
able except for a right inguinal hernia, and his 
relevant lab results are platelet count of 250,000/
μl; PT 10 s (normal 9–11 s); and aPTT 45 s (nor-
mal 25–35 s). 

  Question 1.      What is the fi rst test you would 
do to work up his prolonged aPTT ?
    A.    Factor VIII level   
   B.    Factor IX level   
   C.    Mixing study   
   D.    Vitamin K level    

    Expert Perspective     Generally, in patients 
without a history of bleeding, abnormal 
“screening” coagulation laboratory testing 
does not predict perioperative bleeding risk 
(Kitchens  2005 ). However, given that testing 
has already been done on this patient, one can 
approach this in a fairly standardized fashion 
(Fig.  2 ). After ruling out heparin contamina-
tion of the sample, the initial evaluation of a 
prolonged aPTT in an asymptomatic patient 
should be a mixing study to evaluate for the 
presence of a factor defi ciency, antibodies that 
interfere with the assay, or coagulation factor 
inhibitors (Tcherniantchouk et al.  2013 ). The 
principle underlying this test is that the aPTT 
will be normal as long as there is no interfering 
substance, and all tested factor levels are 
approximately ≥40–50 % of normal activity. If 
aPTT prolongation is due to a factor defi ciency, 
adding normal plasma at a 1:1 ratio (i.e., 
 achieving 50 % normal factor levels) should 
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 normalize aPTT fi ndings. If the mixing study 
does not correct, this raises concern for a lupus 
anticoagulant or, less likely in an asymptom-
atic patient, a coagulation factor inhibitor.

     Case     A 1-week-old male presents with bleeding 
after circumcision. He was born at term without 
complications to a 21-year-old G1P0 woman 
with no family history of a congenital bleeding 
disorder. Circumcision was performed at home in 
a religious ceremony. Thereafter, he experienced 
continued oozing from his circumcision site. On 
physical exam, you note oozing at the circumci-
sion site and a hematoma at the site of vitamin K 
injection. Laboratory testing reveals an isolated 
prolonged aPTT of 67 s. His other laboratory 
testing is within normal limits for age.  

  Question 2.      What is the most likely cause of 
the patient ’ s abnormal coagulation testing ?

    A.    Congenital factor defi ciency   
   B.    Vitamin K defi ciency   

   C.    Liver failure   
   D.    Congenital platelet function defect    

    Expert Perspective     In contrast to the asymp-
tomatic patient with a prolonged preoperative 
“screening” aPTT, this patient’s screening 
aPTT was done in the clinical circumstance in 
which the aPTT test was designed to be sensi-
tive to coagulation aberrations (Kitchens 
 2005 ). Circumcision is a common site of bleed-
ing in newborns with hemophilia (Kulkarni 
and Lusher  2001 ; Kulkarni et al.  2009 ; Kenet 
et al.  2010 ), and bleeding with circumcision 
should raise suspicion for a congenital bleed-
ing disorder and prompt screening coagulation 
testing. The prolonged PTT in this setting is 
highly suggestive of coagulation disorder and 
further testing with specifi c factor levels should 
follow. Defi ciency of, or an inhibitor to, any of 
the clotting factors except for factor VII can 
result in prolonged PTT. An algorithm of sub-
sequent evaluation is outlined in Fig.  2 . See 
chapter “  Abnormalities in Fibrinolysis Pathway 

Does the aPTT correct on mixing
with normal plasma after
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Does the patient have
bleeding?

Check factor
VIII, IX, XI
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  Fig. 2    Algorithm for workup of an isolated prolonged aPTT. “Causes of false negative LA”: weak antibody, high FVIII 
level, platelet count >10,000/μl in frozen plasma specimen.  LA  lupus anticoagulant       
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and Clinical Implications    ” for further discus-
sion, diagnosis, and management of hemo-
philia A and B.  

  Case     A 2-year-old female with recurrent otitis 
media presents for preoperative evaluation. 
Findings were remarkable for a PT of 18 s (nor-
mal 9–11 s for that laboratory) and an aPTT of 
42 s (normal 25–35 s). Her complete blood count 
fi ndings are normal. The longest she has been off 
of antibiotics in the past 3 months has been 
3 days. Although she has no active bleeding, she 
develops a large ecchymosis following venipunc-
ture. Beyond her recurrent otitis history, she has 
no other bleeding history and is otherwise rea-
sonably healthy. There is no family history of a 
known bleeding disorder.  

  Question 3.      What is the most likely cause of 
the patient ’ s abnormal coagulation testing ?

    A.    Congenital factor defi ciency   
   B.    Acquired vitamin K defi ciency   
   C.    Liver failure   
   D.    Congenital platelet function defect    

    Expert Perspective     The history is suggestive of 
acquired vitamin K defi ciency: a previously 
healthy patient with poor oral intake and on 
recurrent and/or prolonged antibiotics that 
decrease or alter intestinal fl ora (Bay et al.  2006 ). 
Vitamin K is required for posttranslational modi-
fi cation (gamma-carboxylation) of factors II, VII, 
IX, and X and protein C and S. The primary 

source of vitamin K in humans is dietary, primar-
ily through green leafy vegetables. Another 
source of vitamin K is synthesized by intestinal 
bacteria, which can be eradicated by antibiotic 
treatment. Vitamin K is absorbed in the ileum 
and requires bile salts and normal fat absorption 
for metabolic absorption. The storage pool of 
vitamin K is small and can be exhausted within 
1 week without dietary intake. Liver failure is 
unlikely in this otherwise healthy child, and a 
congenital platelet function defect would not 
present with prolongation of coagulation testing. 
Although mild congenital factor defi ciencies may 
present at an older age without a signifi cant 
bleeding history, a prolonged PT and aPTT in 
this scenario suggest vitamin K defi ciency 
(Table  1 ). Multiple congenital factor defi ciencies 
or a common pathway factor defi ciency is exceed-
ingly rare, while vitamin K defi ciency with diar-
rheal illness and antibiotic use is observed in up 
to 20 % of children in this clinical scenario (Bay 
et al.  2006 ). Table  1  presents the most likely 
diagnosis- based PT and aPTT fi ndings.

     Question 4.      How could you use further test-
ing to be more certain of the diagnosis ?

    A.    Administer vitamin K for several days and 
repeat the testing.   

   B.    Perform a mixing study to rule out the pres-
ence of an inhibiting factor.   

   C.    Check specifi c factor levels to ascertain 
which factors are low.   

   D.    Check thrombin time.    

     Table 1    Differential diagnosis of prolongation of PT/aPTT   

 Diagnosis  Prolonged PT  Prolonged aPTT  Prolonged TT 

 Isolated defi ciency of factor VIII or IX (congenital 
hemophilia A or B) 

 No  Yes  No 

 Lupus anticoagulant  No  Yes  No 

 Vitamin K defi ciency  Yes  Yes  Yes 

 Liver failure  Yes  Yes  Yes 

 DIC  Yes  Yes  Yes 

 Dilutional coagulopathy  Yes  Yes  Yes 

 Common pathway defi ciency  Yes  Yes  Yes 

 Warfarin therapy  Yes  Yes  Yes 

 Unfractionated heparin therapy  ±  Yes  No 
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    Expert Perspective     All of these things could be 
done as part of the workup of the prolonged fac-
tors and evaluation of this case. Particularly in a 
patient who is not having active, severe bleeding, 
a mixing study would rule out the presence of an 
acquired inhibitor (which would not require any 
treatment at all). Specifi c factor assays to assess 
the levels of both vitamin K-dependent and at 
least one vitamin K-independent factor would 
help to establish vitamin K defi ciency as the 
cause of the prolongation of the PT/aPTT, and 
treatment with oral vitamin K and repeating of 
the coagulation assay would document resolution 
of the issue. Again, it is helpful to look at the pat-
tern: both the PT and aPTT are prolonged in this 
patient, which suggest that the most likely etiol-
ogy given the clinical scenario is vitamin K defi -
ciency. Table  1  presents the most likely diagnoses 
based on whether the prolongation is isolated to 
the PT, the aPTT, or both.    

    Challenges in Hemostasis Testing 

    Case 4: Cardiopulmonary Bypass 

 A 4-year-old male with acute respiratory distress 
syndrome (ARDS) and sepsis is on extracorpo-
real membrane oxygenation (ECMO) maintained 
on heparin anticoagulation at 20 units/kg/h. 
Coagulation testing reveals a normal aPTT and 
platelet count with a markedly prolonged acti-
vated clotting time (ACT). His bedside nurse 
notes his temperature is 34.8 °C. You are asked 
by the ECMO team to help explain his coagula-
tion test fi ndings. 

  Question 5.      What is/are the most likely 
cause(s) of his discordant aPTT and ACT? 

    A.    Abnormal platelet function   
   B.    Hypothermia   
   C.    Both A and B   
   D.    Dilutional coagulopathy    

    Expert Opinion     Extracorporeal membrane 
oxygenation (ECMO) is employed in the man-
agement of patients with respiratory or cardiac 

failure. Exposure of blood to foreign non- 
endothelialized surfaces, i.e., the extracorporeal 
circuit, results in initiation of the contact pathway 
of coagulation and activates platelets. Systemic 
anticoagulation is required to maintain circuit 
patency but further complicates understanding of 
the patient’s net hemostatic status. 

 The ability to prevent circuit clotting while 
evading bleeding complications is a major chal-
lenge to cardiopulmonary bypass therapy. 
Registry data from the Extracorporeal Life 
Support Organization (ELSO) indicate that 
~50 % of ECMO patients suffer thrombotic or 
hemorrhagic complications including intracra-
nial hemorrhage, embolic stroke, surgical bleed-
ing, or device failure due to clotting (Paden et al. 
 2013 ). Such complications have a signifi cant 
impact on morbidity and mortality and highlight 
the critical importance of balancing thrombotic 
and hemorrhagic risk complications. 

 Unfractionated heparin is the primary antico-
agulant used in mechanical circulatory support. 
Despite efforts to standardize dosing, monitor-
ing, and titration of heparin, signifi cant practice 
variation exists (Bembea et al.  2013 ). Nonetheless, 
hemostatic monitoring and management of 
patients on ECMO is typically achieved through 
routine monitoring of ACT, aPTT, heparin anti- 
factor Xa, antithrombin III activity (ATIII), and, 
in some cases, TEG/ROTEM. In order to best uti-
lize testing to titrate heparin and guide manage-
ment, it is essential to understand what each 
assay is testing, how they correspond to each 
other and their limitations. 

  Activated Partial Thromboplastin Time 
(aPTT)  

 The aPTT is commonly used to measure hepa-
rin anticoagulant effect and has a linear relation-
ship with heparin dosing. Most commonly, 
heparin is dosed to achieve a goal aPTT of 1.5–
2.5 ULN; however, it becomes immeasurable at 
very high heparin doses and can be affected by 
other factors such as:

    (a)    Neonates: aPTT normal ranges are age 
dependent with a broad normal range that is 
largely attributable to developmental hemo-
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stasis (see chapter “  Lysosomal Storage 
Disorders: Hematology Perspective    ” for fur-
ther discussion of neonatal hemostasis) 
(Andrew et al.  1987 ).   

   (b)    Elevated concentrations of factor VIII (i.e., 
those observed in infl ammation or infection) 
can shorten the aPTT.   

   (c)    Elevated fi brinogen levels seen in an infl am-
matory response or low fi brinogen levels in 
sepsis can shorten or prolong the aPTT, 
respectively.   

   (d)    Presence of antiphospholipid antibodies can 
prolong the aPTT at baseline, making pro-
longation from heparin effect diffi cult to 
determine (see Fig.  2 ).     

 Therefore, alternative measures to evaluate 
the degree of anticoagulation in ECMO are often 
employed to supplement the aPTT. 

  Activated Clotting Time (ACT)  
 ACT is a point-of-care test used to monitor the 

effect of high-dose heparin therapy for patients 
on cardiopulmonary bypass for surgery, ECMO, 
cardiac catheterization, and dialysis. In this set-
ting, aPTT may be insensitive to the high dose of 
heparin therapy. Importantly during high-dose 
heparin therapy, although aPTT and anti-Xa may 
correlate well, ACT fi ndings may poorly corre-
late with aPTT and anti-Xa values and thereby 
complicate interpretation of coagulation study 
fi ndings (Khaja et al.  2010 ; Sulkowski et al. 
 2014 ). 

 The ACT is a useful monitor of unfractionated 
heparin when heparin is the only variable. 
Confounding prolongation of the ACT may occur 
in the setting of a coagulation factor defi ciency, 
thrombocytopenia, or platelet dysfunction. 
Further, ACT may also be affected by clinical 
factors such as hypothermia and hyper- or hypo-
volemia (Perry et al.  2010 ). Further description 
of scenarios affecting the ACT is outlined in 
Table  2 . The reference range for the ACT varies 
considerably depending on the coagulation initia-
tor used for the test, but is generally between 70 
and 180 s.

    Anti-factor Xa assay  
 The plasma-based anti-factor Xa assay is 

employed to measure heparin and low- molecular- 
weight heparin anticoagulant effect. The 

 advantage of anti-factor Xa measurement over 
aPTT and ACT is that it is minimally affected by 
factor defi ciencies, thrombocytopenia, or platelet 
dysfunction. Additionally, it is less affected by 
acute- phase reactants such as an elevated factor 
VIII or fi brinogen. The anti-factor Xa assay is 
performed by adding the patient’s plasma to a 
known amount of factor Xa. Heparin or low-
molecular-weight heparin present in the sample 
will bind ATIII and irreversibly inhibit factor Xa; 
therefore, the amount of factor Xa inhibition is 
proportional to the heparin effect. Notably, this 
effect is measured by cleavage of a chromogenic 
substrate by residual factor Xa. If the anti-Xa 
assay is a chromogenic- based assay, hyperbiliru-
binemia may complicate or incapacitate analysis. 
Additionally, some anti-factor Xa assays add 
exogenous ATIII, which results in consistently 
higher anti-factor Xa analysis (Ignjatovic et al. 
 2007 ; Greene et al.  2014 ). As a result, addition of 
exogenous ATIII may mask ATIII defi ciency 
responsible for poor heparin effect.  

   Table 2    Factors that may infl uence ACT measurement   

 Variable  Explanation 

 Platelet count 
and platelet 
function 

 ACTs are typically prolonged with a 
platelet count <50,000/μl. 
Antiplatelet therapies (particularly 
GPIIb/IIIa inhibitors) or clinical 
conditions that interfere with platelet 
function may alter ACT fi ndings 

 Lupus 
anticoagulant 

 The presence of a lupus anticoagulant 
may prolong the ACT 

 Factor 
defi ciencies 

 The ACT has been demonstrated to 
be sensitive to FVIII, IX, X, XI, and 
XII levels that are <25 % of normal, 
which may be important in patients 
on warfarin or with liver dysfunction 

 Hypothermia  Hypothermia may prolong the ACT 

 Hemodilution  Hemodilution may prolong the ACT 
by reducing the concentration of 
clotting factors 

 Aprotinin  Aprotinin prolongs the Celite-
initiated ACTs but has a lesser effect 
on kaolin-based ACTs but is off the 
market 

 Heparinase  Performing ACT with and without 
heparinase may help determine the 
specifi c affect of heparin on ACT 
monitoring 

   ACT  activated clotting time,  GPIIb/IIIa  glycoprotein IIb/
IIa or integrin α IIb β 3 ,  FVIII  factor VIII,  FIX  factor IX,  FX  
factor X,  FXI  factor XI,  FXII  factor XII  
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  Case Continuation     The patient’s unfraction-
ated heparin is slowly increased over the next 
several days to 60 units/kg/h. Coagulation studies 
continue to reveal a normal platelet count and an 
aPTT of 60 s (ULN 36 s) with a heparin anti-Xa 
value of <0.3 IU/mL and an ACT of 45 s. His 
bedside nurse is concerned about visible fi brin 
strands in his circuit.  

  Question 6.      The most likely cause of the cur-
rent laboratory fi ndings is :

    A.    Improper priming of the circuit.   
   B.    Need for a higher heparin dose.   
   C.    Findings are specifi c to neonatal develop-

mental hemostasis.   
   D.    Heparin resistance.    

    Expert Opinion     “Heparin resistance” refers to 
the lack of heparin anticoagulant effect despite 
administration of high doses of heparin. In addi-
tion to aPTT, ACT, and heparin anti-Xa, ATIII 
determination is frequently employed to monitor 
heparin therapy. Heparin resistance may also be 
attributable to multiple etiologies including cir-
culating plasma acute-phase reactant proteins 
that bind heparin-abrogating anticoagulant effect 
(Finley and Greenberg  2013 ) or low plasma- 
circulating ATIII concentrations (Anderson and 
Saenko  2002 ). 

  Antithrombin III (ATIII)  
 ATIII is a circulating plasma anticoagulant 

that irreversibly inhibits serine proteases, but 
exerts the bulk of its anticoagulant effect by 
inhibiting thrombin and factor Xa. Heparin anti-
coagulation is achieved by accelerating ATIII 
anticoagulant function. As such, the anticoagu-
lant effect of heparin is dependent on endogenous 
ATIII. Like vitamin K-dependent clotting factors, 
neonates have lower plasma concentrations of 
ATIII but generally achieve adult concentrations 
at 6 months (Andrew et al.  1987 ). 

 In the case of suspected heparin resistance 
with concurrent low ATIII levels, ATIII concen-
trates can be administered to improve heparin 
anticoagulant effect. The use of ATIII replace-
ment outside congenital ATIII defi ciency is cur-
rently off-label. Although several studies have 

suggested that ATIII concentrate can be used to 
improve heparin anticoagulant effect assessed by 
laboratory monitoring, none have demonstrated 
differences in overall clinical outcomes and, in 
some cases, have demonstrated increased inci-
dence of hemorrhage (Society of Thoracic 
Surgeons Blood Conservation Guideline Task 
et al.  2011 ). Similar fi ndings have been observed 
in pediatric studies with current cutoff levels for 
ATIII replacement strategy ranges from 50 % to 
100 % (Bembea et al.  2013 ). 

 Importantly, if ATIII concentrate is used in 
heparin resistance, close monitoring of anticoag-
ulant therapy is necessary as heparin effect can 
dramatically increase following ATIII replace-
ment. Although ATIII monitoring is gradually 
increasing in ECMO patients, caution should be 
employed in the routine use of ATIII replacement 
in heparin therapy, because no clear benefi t in 
overall outcome has been demonstrated with, as 
yet, unclear implications on hemorrhagic risk. As 
such, it seems prudent to restrict the routine use 
of ATIII replacement to patients who demon-
strate signifi cant heparin resistance with close 
monitoring of heparin effect immediately follow-
ing ATIII administration.  

  Question 7.      Which coagulation test can pro-
vide a dynamic picture of the interaction 
between whole-blood cellular components, 
coagulation proteins and platelets, and their 
inhibitors from onset of coagulation through 
fi brinolysis? 

    A.    Light transmission aggregometry   
   B.    Thromboelastography/ROTEM   
   C.    Thrombin generation assay   
   D.    Euglobulin clot lysis time    

    Expert Perspective     Thromboelastography 
(TEG) (TEG®; Haemonetics, Braintree, MA) 
and a modifi cation of the TEG assay, rotational 
thromboelastometry (ROTEM) (ROTEM®; Tem 
International, Munich, Germany), are point-of- 
care whole-blood clotting assays used to evaluate 
viscoelastic properties of clotting and fi brinolysis 
under low shear conditions (Jackson et al.  2009 ). 
The viscoelastic (tensile) force between the cup 
and immersed pin results from interaction 
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between activated platelet glycoprotein (GP) IIb/
IIIa receptors, polymerizing fi brin following 
thrombin formation and fi brin degradation by 
fi brinolysis. These conditions are similar to what 
is present in large veins (e.g., inferior vena cava) 
but below shear conditions observed in venules 
and the arterial system. 

 Although they are not identical assays, they 
provide similar information about interactions 
between platelets, red blood cells, plasma coag-
ulation factors, and their inhibitors under low 
shear conditions. For both assays, computer 
software generates quantitative parameters 
(Table  3 ) and a graphical representation of fi nd-
ings (Fig.  3a, b ). Parameters measured in each 
assay are similar, but have different nomencla-
ture. Both the ROTEM and TEG testing have 
individual assays that differ by coagulation fac-
tor initiators and reagents that may be employed 
to investigate hemostasis, in particular clinical 
scenarios. Explanation of the individual TEG 
and ROTEM assays is outlined in Tables  4  and 
 5 , respectively.  Notably ,  although these assays 
are available with TEG and ROTEM testing , 
 they are neither routinely available nor well 
studied to correlate with clinical outcome . As 
such, caution should be employed when inter-
preting fi ndings. Lastly, both assays can be run 
with plasma. Reference values are different 

between whole blood and plasma, and available 
clinical information is largely based on whole-
blood assay analysis (Luddington  2005 ; Bolliger 
et al.  2012 ).

      Common to all coagulation assays, incorrect 
blood collection and sampling may result in acti-
vation of the coagulation system and lead to error 
in assay evaluation and are particularly pro-
nounced in TEG/ROTEM analysis. In accordance 
with consensus recommendations provided by 
the International Society on Thrombosis and 
Hemostasis (ISTH), the following should be con-
sidered when collecting and analyzing TEG and 
ROTEM whole-blood samples (Chitlur et al. 
 2014 ):

•    Attempt to obtain the sample without a tourni-
quet, or apply a light tourniquet as venous sta-
sis can increase variability in coagulation test 
results, namely, by resulting in contact path-
way or platelet activation.  

•   Attempt to use a 21G or higher needle as 
smaller needles have been known to result in 
platelet activation.  

•   To allow for comparison of results, efforts 
should be made to analyze the sample at the 
same interval of time after blood collection. 
The sample may be allowed to sit for 30 min, 
but not longer than 2 h, before analysis and 

   Table 3    TEG and ROTEM parameters and their corresponding assessment of coagulation and/or fi brinolysis   

 TEG  ROTEM  Interpretation 

 Coagulation time  R  CT  Time (minutes) from initiation of coagulation to detection of clot to 
reach an amplitude of 2 mm. Information is specifi c to coagulation 
factor proteins 

 Clot formation time  K  CFT  Time (minutes) necessary for clot amplitude to increase from 2 to 
20 mm. Refl ects the combined contribution of coagulation factors, 
fi brinogen and platelet number and function 

 Maximum clot 
fi rmness 

 MA  MCF  Peak clot strength. Information refl ects platelet number and function 
and fi brin polymerization 

 Rate of clot 
polymerization 

 α  α  Determined by making a tangential line from CT/R to the slope of the 
developing curve. A measure of clot fi rmness that refl ects platelet 
number and function and fi brin polymerization 

 Clot lysis  CL30  LI30  Percent reduction in area under the curve at 30 and 60 min after MA/
MCF is reached. Provides information about fi brinolysis  CL60  LI60 

   R  reaction time,  CT  clotting time,  K  kinetics,  CFT  clot formation time,  MA  maximal amplitude,  MCF  maximal clot 
fi rmness,  α  alpha angle,  CL30  clot lysis 30 min after MA,  CL60  clot lysis 60 min after MA,  LI30  lysis index 30 min 
after MCF,  LI60  lysis index 60 min after MCF  

L.A. George and M.P. Lambert



229

100

80

60

40

20

0

0 10

CFT

A10
alpha

MCF

LI 30

CT

20 30 40 50 60

ML

CT
CFT
alpha
A10
MCF
LI30
ML

Amplitude 10 min after CT
Maximum clot firmness
Lysis index 30 min after CT
Maximum lysis

Alpha-angle

Clotting time
Clot formation time

Time in min

A
m

pl
itu

de
 in

 m
in

 (
F

irm
ne

ss
)

R

K

MAα

10 millimeters

PMA G A CI LY30
%

0.01.0
mm
66.7

EPL
d/sc %

0.0 9.7K *0*
4.6K — 10.9K

R
min
5.9

3 — 8

K
min mm
1.5

1 — 3

Angle MA
deg
67.9 66.1

55 — 78 51 — 69 0 —15 -3 — 3 0 — 8

a

b

  Fig. 3    ( a ) A representative TEG tracing. ( b ) A representative ROTEM tracing delineating parameters testing. The trac-
ing was provided, with permission, by Tem International       

   Table 4    Individual TEG assays   

 TEG test  Description 

 Kaolin  Contact activation. Reagent contains kaolin as an initiator. Information is analogous to an aPTT 

 Rapid TEG  Tissue factor or kaolin initiators to provide information about tissue factor activation. Information 
is similar to an ACT and does not include contact activation 

 HTEG  Contains lyophilized heparinase to neutralize heparin. Used with INTEM and EXTEM to evaluate 
heparin effect 

 Functional 
fi brinogen 

 Reagent contains tissue factor and abciximab (inhibits GPIIb/IIIa on platelets). Provides 
information about clot formation in the absence of platelet contribution 

 Platelet 
mapping 

 Uses heparinized blood in the presence of reptilase and FXIIIa. Heparin blocks thrombin 
generation. The presence of reptilase and FXIIIa allows for direct fi brin formation. Thereafter, 
addition of platelet agonists, ADP or AA, measures platelet activation. Results are compared to 
kaolin analysis to estimate platelet function 

   aPTT  activated partial thromboplastin time,  ACT  activated clotting time,  GPIIb/IIIa  glycoprotein IIb/IIIa or integrin 
α IIb β 3 ,  FXIIIa  Factor XIIIa,  ADP  adenosine diphosphate,  AA  arachidonic acid  
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should remain capped to prevent CO 2  escape 
and therefore change in blood pH: this is 
known to interfere with both platelet and 
coagulation factor function.    

 Clinical Applications  

  Question 8.      Assessment of global coagulation  
 A 68-year-old female is postoperative day 1 

following aortic root repair. She was anticoagu-
lated intraoperatively with heparin followed by 
reversal with protamine immediately postopera-
tively and empirically transfused with plasma 
and platelets. She is hemodynamically stable but 
continues to lose ~200 cc/h of blood from her 
drains. Laboratory analysis reveals a normal 
blood gas, platelet count of 150,000/L, an inter-
national normalized ratio of 1.1, and partial 
thromboplastin time of 37 s and ROTEM 
FIBTEM analysis demonstrates a markedly 
reduced maximal clot fi rmness and her fi brino-
gen is 1.0 g/L. 

  What product will best treat her underly-
ing hemostatic abnormality ?

    A.    Platelet transfusion   
   B.    Fibrinogen replacement therapy (e.g., cryo-

precipitate or fi brinogen concentrate)   
   C.    Fresh frozen plasma transfusion   
   D.    Red blood cell transfusion    

    Expert Perspective     The primary clinical indi-
cation for the use of ROTEM and TEG is the 
rapid return of data that is able to identify 
 hemostatic defects in bleeding patients to allow 

goal- directed hemostatic therapy to reduce the 
number of required blood product transfusions 
and improve outcomes. These assays are partic-
ularly sensitive to changes in fi brin polymeriza-
tion and platelet count. As such, they have 
proven useful for surgery and trauma-related 
dilutional coagulopathy to guide fresh frozen 
plasma, platelet, cryoprecipitate, or fi brinogen 
concentrate administration (Whiting and 
DiNardo  2014 ). 

 The use of algorithms incorporating compre-
hensive TEG and ROTEM has been shown to 
reduce transfusion requirements and blood loss 
in pediatric and adult cardiac surgery, liver trans-
plant, and trauma care (Coakley et al.  2006 ; 
Rahe-Meyer et al.  2009 ; Kashuk et al.  2010 ; 
Schochl et al.  2010 ). A proposed transfusion 
algorithm in bleeding patients based on conven-
tional coagulation tests and ROTEM parameters 
is outlined in Fig.  4  (Bolliger et al.  2012 ). 
Importantly, this algorithm is a suggestion only 
and has not been validated.

   An additional strength to the use of TEG- or 
ROTEM-guided transfusion algorithms is their 
ability to evaluate measures of fi brinolysis. 
Release of tPA from endothelial cells is stimu-
lated under conditions of infl ammation and 
stress. As a result, hyperfi brinolysis may be 
observed in major trauma, liver transplant, and 
cardiac surgery, making point-of-care TEG and 
ROTEM assays particularly useful in these 
patient populations. Further, in trauma, overt 
fi brinolysis has been demonstrated in 15–20 % of 
patients. CRASH-2 trial data demonstrated a 
small but statistically signifi cant benefi t from 

   Table 5    Individual ROTEM assays   

 ROTEM test  Description 

 INTEM  Contact activation. Reagent contains phospholipids and ellagic acid initiator to target the intrinsic 
pathway. Information is analogous to an aPTT 

 EXTEM  Tissue factor initiation to target the extrinsic pathway. Provides information analogous to a PT 

 HEPTEM  Contains lyophilized heparinase to neutralize heparin. Used with INTEM and EXTEM to evaluate 
heparin effect 

 APTEM  Uses EXTEM reagent combined with aprotinin to inhibit fi brinolysis. Used with EXTEM to 
evaluate fi brinolysis 

 FIBTEM  Uses cytochalasin D, which inhibits actin polymerization to block platelet contribution to clot 
formation. Results can be compared to INTEM and EXTEM analysis to estimate platelet function 

   aPTT  activated partial thromboplastin time,  PT  prothrombin time  
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early administration of antifi brinolytic agents 
(Collaborators et al.  2010 ).  

  Question 9.      Evaluation of congenital coagula-
tion factor defi ciencies ,  such as hemophilia . 

 A 3-year-old male with severe hemophilia A 
with a recently diagnosed high titer inhibitor is 
admitted for management of an ongoing retro-
pharyngeal bleed. He continues to experience 
bleeding with resultant respiratory compromise 
despite every 2 h delivery of 90 μg/kg of recom-
binant factor VIIa (rFVIIa). Has thromboelas-
tometry analysis been demonstrated to predict 
clinical response to bypass agents in congenital 
hemophilia?

    A.    Yes   
   B.    No      

  Expert Opinion     Existing clotting factor assays 
quantify the amount of plasma factor activity, 
but cannot explain the heterogeneity in clinical 
bleeding or address monitoring of bypass ther-
apy (e.g., rFVIIa and activated prothrombin 
complex concentrates). At present, a validated, 
objective measurement does not exist for man-
agement of hemophilia, and outcomes are 

assessed by subjective patient-reported or care-
giver-observed assessment of pain or joint 
mobility. 

 Both in vivo and in vitro studies have demon-
strated the ability of thromboelastometry to pre-
dict clinical response to bypassing agents. 
Notably, the tissue factor concentrations of stan-
dard ROTEM EXTEM reagent are often too high 
for delineating coagulation abnormalities in 
hemophilia. However, the use of dilute tissue fac-
tor allows for clinical utility in monitoring treat-
ment of congenital factor defi ciencies, i.e., 
hemophilia with inhibitor patients (Young et al. 
 2013 ). Recent efforts by ISTH have attempted to 
standardize ROTEM analysis of patients with 
bleeding disorders and recommend the use of 
Innovin 1:17,000 dilution (Chitlur et al.  2014 ). 
An example of ROTEM tracings of a patient with 
congenital severe hemophilia A with a high titer 
inhibitor response before and following in vivo 
administration of two different doses of recombi-
nant factor VIIa is outlined in Fig.  5 .

    Limitations of TEG and ROTEM assays:  
 Enthusiasm for the use of TEG- or ROTEM- 

based algorithms is tempered by available data 
that are largely small cohort, single-institution 
studies with, as yet, no clear evidence for an 
ability to reduce morbidity and mortality 

MCF= maximal clot firmness; ML= maximal lysis; PT=prothrombin time; PTT= partial 
thromboplastin time; FFP= fresh frozen plasma

ML EXTEM
>15%

CT EXTEM
CT INTEM

PT/PTT>1.5x
normal

Normal

FFP
Surgical

exploration

EXTEM MCF
FIBTEM MCF

platelets <100 x 109/L

platelet
transfusion

Cryoprecipitate
or fibrinogen
concentrate

Aminocapronic
or Tranexamic

acid

MCF FIBTEM 
fibrinogen <1.5 g/L

Bleeding:

ROTEM and coagulation tests

  Fig. 4    A proposed transfusion algorithm in bleeding 
patients based on conventional coagulation tests and 
ROTEM parameters.  MCF  maximal clot fi rmness,  ML  

maximal lysis,  PT  prothrombin time,  PTT  partial throm-
boplastin time,  FFP  fresh frozen plasma       
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(Wikkelsoe et al.  2011 ). Additionally, published 
normal values of TEG and ROTEM are available; 
however, the range is broad and not well validated 
across specifi c patient populations. As such inter-
pretation of fi ndings can be diffi cult. Our recom-
mendation is that fi ndings be interpreted by 
evaluating trends with concurrent traditional mea-
sures of hemostasis (i.e., PT/aPTT, CBC, fi brino-
gen) and the patient’s clinical status. Importantly, 
although overall trends interpreted within a clini-
cal context are useful, TEG and ROTEM fi ndings 
have not been demonstrated to correlate strongly 
with classical coagulation assays such as interna-
tional normalized ratio (INR), aPTT, and platelet 
count. Like traditional hemostasis testing, diag-
nosing hypercoagulable states by TEG/ROTEM 
is more diffi cult than detecting hypocoagulable 
states because of the supraphysiological procoag-
ulant stimuli used in testing. Accuracy in TEG/
ROTEM in predicting thrombotic events is highly 
variable and has not yet been validated. Lastly, 
like all coagulation assays, TEG and ROTEM 
testing similarly does not capture in vivo endothe-
lial contribution and high shear forces of blood 
fl ow on local clot formation.  

  Answers 

    Question 1. C  
  Question 2. A  
  Question 3. B  

  Question 4. All of the above  
  Question 5. C  
  Question 6. D  
  Question 7. B  
  Question 8. B  
  Question 9. A. Yes          
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      Abnormalities in the Fibrinolysis 
Pathway and Clinical Implications                      

     Hau     C.     Kwaan       and     Brandon     J.     McMahon    

         Introduction 

 The fi brinolytic system, also known as the 
plasminogen- plasmin (PP) system, is composed 
of plasminogen activators (PAs) which converts 
plasminogen to the proteolytic enzyme plasmin. 
It is maintained in a state of balance by inhibitors 
of PAs and of plasmin (Fig.  1 ). There are four 
known PA inhibitors (PAIs): PAI-1, PAI-2, acti-
vated protein C inhibitor (also known as PAI-3), 
and thrombin activatable fi brinolytic inhibitor 
(TAFI), of which PAI-1 has the most infl uence on 
many physiologic and pathologic functions.

   A major function of the PP system is the lysis 
of excessive fi brin formed during hemostasis. 
Thus, excess fi brinolysis will result in unstable 
clot formation and bleeding. Conversely, abnor-
mally decreased fi brinolysis will increase the risk 
of thrombosis (Collen  1999 ; Kwaan  1992 ). As 
plasmin is also involved in many other physio-
logic and pathologic processes such as break-
down of extracellular matrix and activation of 
latent growth factors, abnormalities of the PP 
system are implicated in a variety of disorders 
such as atherosclerosis and carcinogenesis 
(Kwaan and Mazar  2013 ), but they do not directly 
increase the risk of thrombosis or bleeding. On 
the other hand, abnormal bleeding as well as 

thrombotic manifestations, though not common, 
does occur when there is dysregulation of the 
fi brinolytic system. The Q and A in this chapter is 
limited to discussion of the fi brinolytic pathway 
affecting hemostasis.  

    Case 1: Review of Fibrinolytic 
Bleeding 

 Seventeen-year-old female presented with a 
3-day history of spontaneous bruising of the left 
thigh. Three weeks earlier, after completing a 
25 km bicycle ride, she had diffuse myalgias, 
fever, and mild but transient pharyngitis. There 
was no relief after 5 days of amoxicillin. Past 
history revealed a bilateral malar rash for 
6 months treated with topical steroids by her 
general practitioner. There was no history of 
spontaneous bruising or bleeding, nor family 
history of a bleeding diathesis. Her parents 
are not related. Laboratory fi ndings include 
 hemoglobin of 11.5 g/dl; WBC, 7,200 × 10 6 /l 
with normal differential; platelets 190 × 10 9 /l; 
prothrombin time, 20 s (control 13 s); PTT, 41 s 
(control 30 s); mixing test, both PT and PTT cor-
rected by mixing with 1:1 volume/volume (v/v) 
normal plasma; D-dimer >5,000; TT, 26 s (con-
trol: 10 s); clotting factor assays Factors II 55 %, 
V 60 %, VII 124 %, VIII 17 %, IX 80 %, X 72 %, 
XI 52 %, and XII 36 %; and VWF:Ag, VWF:CB, 
and VWF:RCo all >150 %. There was no 
 evidence of anti-VWF antibody. Lupus 
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 anticoagulant (LA) and  anticardiolipin (aCL) 
were negative. Peripheral blood smear showed 
normal red cell, white cell, and platelet morphol-
ogy, with no schistocytes. 

 Within 12 h, the bruises rapidly spread to 
both buttocks, hips, and right thigh. The hemo-
globin fell to 6.2 g/dl. WBC count was 
12,000 × 10 6 /l with normal differential, platelets 
180 × 10 9 /l, prothrombin time >30 s (control 
13 s), PTT >120 s (control 30 s), and fi brinogen 
<60 mg/dl. 

  Question 1.      Which of the following is likely 
the cause of her bleeding? 

    A.    Abnormal platelet function   
   B.    Acquired F VIII inhibitor   
   C.    Acquired F VII inhibitor   
   D.    Disseminated intravascular coagulation (DIC) 

or abnormal fi brinolysis.    

    Expert Perspective     This patient’s bleeding 
can be due to any of the above causes; one sig-
nifi cant laboratory fi nding was the severe 
hypofi brinogenemia, pointing to either severe 
DIC or abnormally excessive fi brinolysis. 
Severe reduction of fi brinogen level occurs 
when there is impairment of hepatic synthesis, 
such as in acute liver failure or during 
L-asparaginase therapy, or, more commonly, 
when there is a rapid consumption of fi brino-
gen that overwhelms the replacement by 
hepatic synthesis. This happens in acute severe 
DIC or when there is excessive fi brinogenoly-
sis. In this scenario, further tests are needed to 
differentiate between DIC and abnormal 
fi brinolysis.  

  Question 2.      Which of these are   not   likely to 
produce meaningful results to differentiate 
between DIC and abnormal fi brinolysis? 

    A.    Mixing tests   
   B.    D-dimer   
   C.    Euglobulin lysis time   
   D.    Thromboelastography    

    Expert Perspective     Correction of the prolonged 
PT/PTT with mixing tests would be most helpful 
to rule out the presence of inhibitors while at the 
same time will indicate whether there is con-
sumption of coagulation factors as in DIC. An 
increased D-dimer is nonspecifi c and is likely 
increased due to the internal hematoma. On the 
other hand, both the euglobulin lysis time and 
thromboelastography are most helpful in the 
diagnosis of excessive fi brinolysis. Even with 
both of these tests, it may not be possible to dis-
tinguish between primary fi brinolysis and fi bri-
nolysis secondary to DIC.  

  Question 3.      Results showed a euglobulin lysis 
time of 6 min (normal: >1 h) and TEG 
(decreased maximum amplitude; 100 % clot 
lysis at 30 min), both indicating increased 
fi brinolysis. As she had recent bilateral malar 
fl ush, tests for systemic lupus erythematosus 
(SLE) were obtained and results were positive. 
What are the possible causes of her excessive 
fi brinolysis ?

    A.    Strenuous exercise (patient had participated 
in competitive bicycle race)   

   B.    Cellulitis in her lower extremities   
   C.    Complication of SLE   
   D.    Hereditary defi ciency of one of the fi brino-

lytic inhibitors    

    Expert Perspective     While strenuous exercise 
has long been shown to increase fi brinolytic 
activity (Biggs et al.  1947 ), it does not lead to the 
excessive bleeding seen in this patient. Likewise, 
her cellulitis was limited and effectively treated 
by antibiotics. On the other hand, she did have 
active SLE, in which a known complication is the 
presence of autoimmune antibody to PAI-1 
(Bates et al.  2003 ). A low PAI-1 activity can lead 
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  Fig. 1    The plasminogen-plasmin system       
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to the failure to inhibit any increased antifi brino-
lytic activity induced by exercise.  

 Likewise, if there is an inherited defi ciency of 
one of the other inhibitors of fi brinolysis, a simi-
lar effect can be seen. Verifi cation of these pos-
sibilities will require assay of PAI-1 activity, as 
well as those of antiplasmin.  

    Case 2: Impairment 
of Antifi brinolytic Pathways: 
Inherited Disorder 

 A 42-year-old woman presented in preoperative 
consultation prior to cholecystectomy. She reported 
easy bruising throughout her life, as well as menor-
rhagia. She had postpartum hemorrhage requiring 
multiple units of packed red blood cells approxi-
mately 10 years previously. She eventually under-
went total abdominal hysterectomy at age 38, with 
excessive bleeding beginning on postoperative day 
1. Most recently, she developed a hematoma fol-
lowing biopsy of a benign breast lesion. She denied 
spontaneous bleeding symptoms and was unaware 
of bleeding problems in her family. 

 Workup revealed a normal platelet count, 
platelet aggregation studies, von Willebrand anti-
gen and activity, prothrombin time, partial throm-
boplastin time, fi brinogen, and FXIII activity. 
Thromboelastography demonstrated 100 % clot 
lysis at 30 min. Additional testing was notable 
for normal α2 antiplasmin but an undetectable 
PAI-1 activity. 

  Question 4.      Which of the following would 
also be expected laboratory fi ndings? 

    A.    Normal total tissue plasminogen activator 
(t-PA) antigen   

   B.    Elevated free tissue plasminogen activator 
antigen   

   C.    Reduced t-PA/PAI-1 complexes   
   D.    All of the above    

    Expert Perspective     This woman had severe plas-
minogen activator inhibitor-1 (PAI-1)  defi ciency. 
PAI-1 is a main regulator of fi brinolysis, through 
inhibition of both urokinase and tissue- type 

 plasminogen activators. In the circulation, it is 
present in both plasma and in platelets (Erickson 
et al.  1985 ). Under normal circumstances, PAI-1 
forms complexes with both t-PA and u-PA, thereby 
inhibiting fi brinolytic activity. Adverse thrombotic 
events including myocardial infarction and deep 
vein thrombosis have been seen with abnormally 
high levels of PAI-1 (Hamsten et al.  1985 ; Wiman 
et al.  1985 ). Conversely, severe defi ciency of func-
tional PAI-1 results in bleeding due to heightened 
fi brinolysis (Dieval et al.  1991 ; Lee et al.  1993 ; 
Schleef et al.  1989 ). The reduction in PAI-1, and 
therefore reduced t-PA/PAI-complexes, allow for 
increases in the amount of free, unopposed t-PA 
activity. The total amount of t-PA, however, is nor-
mal. Bleeding is typically observed only after 
trauma or surgery, although severe menstrual 
bleeding and bruising can also be seen. The use of 
antifi brinolytic agents including ε-aminocaproic 
acid and tranexamic acid in the perioperative period 
can reduce bleeding complications.  

  Question 5.      She inquired as to whether her 
daughter could be affected. Is this a 
possibility? 

    A.    Yes.   
   B.    No.    

    Expert Perspective     This patient’s daughter 
could theoretically also have inherited PAI-1 
defi ciency. The PAI-1 gene resides on chromo-
some 7 and consists of 9 exons, corresponding to 
a protein of 379 amino acids (Bosma et al.  1988 ; 
Ginsburg et al.  1986 ). A severe defi ciency of 
PAI-1 activity has been described to result from 
homozygous inheritance of a frame-shift muta-
tion in exon 4 of the PAI-1 gene (Fay et al.  1992 , 
 1997 ). A dinucleotide insertion within exon 4 
shifts the PAI-1 reading frame, causing a prema-
ture stop codon and therefore synthesis of a non-
functional PAI-1 protein. Homozygosity is 
required for development of clinical manifesta-
tions of bleeding. Heterozygous individuals are 
not affected by abnormal bleeding even after sur-
gery or trauma (Fay et al.  1997 ; Lee et al.  1993 ). 
If the daughter’s father has a normal genetic com-
plement, she would not be expected to have a 
clinically signifi cant bleeding phenotype.   
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    Case 3: Impairment of Fibrinolytic 
Pathways, Iatrogenic Causes 

 A 24-year-old woman presented at the emer-
gency department with swelling of her left leg 
and shortness of breath for 24 h. She was on 
oral contraceptive, Desogen™ (containing 
30 μg ethinyl estradiol and 150 μg desoges-
trel), daily. She has no past history of throm-
bosis. She has had menorrhagia due to uterine 
fibroids, well controlled by tranexamic acid, 
3.9 g daily orally for first 5 days of menstrua-
tion. There is no family history of thrombosis. 
Her height is 6 ft and weight is 250 lbs (BMI = 
33.9). The CBC, PT, and PTT are normal. 
Pulse oxygen is 87 % on room air. The fibrino-
gen is 420 mg/dl (normal), and D-dimer is 
300 μg/L (normal). 

  Question 6.      In view of this history, the diag-
nosis of pulmonary embolism (PE) is: 

    A.    Likely   
   B.    Not likely    

    Expert Perspective     The history indicates the 
presence of a number of risk factors for venous 
thromboembolism (VTE), including use of com-
bined oral contraceptive (COC). Such risk was 
noted soon after its introduction in the USA in 
1960 (Jordan  1961 ). The estrogen component is 
believed to be responsible for the thrombogenic-
ity. Thus, the thrombosis risk varies with the type 
and dosage of estrogen in different COCs (van 
Hylckama Vlieg et al.  2009 ). The specifi c type of 
COC (estradiol combined with desogestrel) that 
this patient was taking carries risk for thrombosis 
of 19.0 % with odds ratio 7.3 (95 % 
CI = 5.3–10.0).  

 She was also taking the antifi brinolytic agent, 
tranexamic acid, for her menorrhagia. Thrombotic 
complications with tranexamic acid administered 
for this indication (Goshtasebi et al.  2013 ; 
Peitsidis and Koukoulomati  2014 ) have been 
reported in the literature, though uncommon. The 
antifi brinolytic agents, epsilon aminocaproic acid 
and tranexamic acid, are derived from hexanoic 
acids and have been extensively used for control 

of bleeding when excessive fi brinolysis is 
believed to be a major factor. In addition to these 
two risk factors, she was also obese. Thus, with 
this clinical presentation of shortness of breath, 
the diagnosis of acute pulmonary embolism 
should be suspected. A key diagnostic test for 
VTE/PE, an increased D-dimer level, (Anderson 
and Wells  2000 ; Michiels et al.  2000 ; Perrier 
et al.  1999 ) was normal in this patient. 

  Question 7.      On the basis of these available 
laboratory fi ndings, would you continue to 
pursue the likely diagnosis of VTE and order 
further tests? 

    A.    Yes.   
   B.    No.    

    Expert Perspective     Yes: she had clinical mani-
festations consistent with pulmonary embolism, 
despite a negative D-dimer. D-dimer is the 
breakdown product of cross-linked fi brin mono-
mer and is elevated when there is fi brin forma-
tion, initiated by the cleavage of thrombin on 
fi brinogen, producing fi brin monomers. The 
cross- linked monomers are broken down by 
plasmin, yielding D-dimer. The sensitivity 
depends on the various methods used (Anderson 
and Wells  2000 ). In a cohort of 1,177 patients 
with suspected pulmonary embolism, the overall 
negative predictive value was 96 % (Ginsberg 
et al.  1998 ).  

 However, the formation of D-dimer requires 
the prior breakdown of the monomers by plas-
min. Our patient was taking the antifi brinolytic 
tranexamic acid for her menorrhagia so her 
D-dimer is expected to be false negative. The 
dependence of a positive D-dimer test on the 
presence of fi brinolytic activity is under- 
recognized (Mihalache and Ames  2012 ).  

    Case 4: Failure of Removal 
of Fibrinolytic Factors 

 A patient undergoing orthotopic liver transplan-
tation for a solitary metastatic lesion in his left 
lobe of liver develops excessive bleeding. The 
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primary tumor was carcinoma of the colon, 
resected 6 months ago. 

  Question 8.      Which factor is the most likely to 
affect hemostasis in this setting? 

    A.    Defi ciency of clotting factors as shown by 
prolonged PT/PTT   

   .B.    Impaired thrombopoietin resulting in 
thrombocytopenia   

   C.    Dysregulation of the fi brinolytic balance   
   D.    Hypercoagulable state due to cancer    

    Expert Perspective     During the anhepatic phase 
of transplant procedure, the normal hepatic clear-
ance of t-PA stops, leading to its rapid accumula-
tion in the circulation (Porte et al.  1989 ; Segal 
et al.  1997 ). This happens concomitantly with 
other hemostatic changes in orthotopic liver 
transplantation, including the release of tissue 
factor and activated clotting factors with reperfu-
sion of the graft, and with the cessation of hepatic 
clearance of these procoagulants which com-
monly results in DIC and leads to secondary 
fi brinolysis. Fibrinolytic bleeding is common 
unless counterbalanced by treatment with fi bri-
nolytic inhibitors such as tranexamic acid or epsi-
lon aminocaproic acid. Another antifi brinolytic 
agent, aprotinin, had been used in the past for 
massive bleeding in cardiac surgery and in liver 
transplantation (Massicotte et al.  2011 ); but its 
use had been discontinued since 2008 due to the 
fi nding of excessive 30-day mortality rate 
(Fergusson et al.  2008 ).  

  Question 9.      Which is the best way to monitor 
the abnormal fi brinolysis during liver 
transplantation? 

    A.    PT/PTT   
   B.    Platelet count   
   C.    Platelet function assay   
   D.    Thromboelastography    

    Expert Perspective     Standard PT and PTT tests 
are nonspecifi c and are excessively prolonged 
with defi ciency of liver-synthesized coagulation 

factors and thus, in that setting, may not refl ect 
the degree of fi brinolysis. In healthy subjects or 
in patients with mild fi brinolysis, the whole 
blood clot lysis time or the euglobulin clot lysis 
time are slow due to the presence of the natural 
inhibitors of fi brinolysis. To circumvent this 
problem, this test is modifi ed by diluting sam-
ples tenfold. Such dilution also dilutes the fi bri-
nolytic factors and their inhibitors. As a result, 
these tests provide only a partial picture of the 
fi brinolytic balance in the body. On the other 
hand, viscoelastic measurements such as throm-
boelastography (TEG®) or ROTEM®, a more 
global measure of coagulation, use whole blood 
to monitor hemostasis from the initiation of clot-
ting to the lysis of the clot (Kitchen et al.  2010 ) 
and have been used in liver transplantation (Yang 
Lu et al.  2014 ).   

    Case 5: Review of Pathologic 
Fibrinolysis 

 A previously healthy 32-year-old male had a 
4-day history of excessive bruising, mild epi-
staxis, and bleeding of the buccal mucosa. He 
had a fever of 39.5 °C. There was no general 
 malaise nor bone pain. On the fi fth day, he pre-
sented to the emergency room with generalized 
headache but no visual symptoms nor neurologic 
defi cits. There was no past history nor family his-
tory of bleeding. Physical examination revealed 
the presence of ecchymoses of the trunk and 
extremities. There was no lymphadenopathy. The 
spleen tip was palpable. The hemoglobin was 
9 g/dl, WBC was 19 × 10 6/ /l, differential showed 
35 % “blasts,” and the platelet count was 
14 × 10 9/ /l. The coagulation profi le showed PT 
28.0 s (control: 12 s), PTT 98 s (control: 30 s), 
and fi brinogen <50 mg/dl. 

  Question 10.      Which of the following diagnosis 
most likely fi t this clinical presentation? 

    A.    Acute myeloblastic leukemia   
   B.    Acute myelomonocytic leukemia   
   C.    Acute promyelocytic leukemia   
   D.    Acute lymphoblastic leukemia    
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    Expert Perspective     The presence of blasts in 
the peripheral blood with anemia, leukocytosis, 
and thrombocytopenia suggests the presence of 
acute leukemia. When this is associated with a 
severe coagulopathy, the diagnosis of acute pro-
myelocytic leukemia (APL) is highly probable. 
Over 90 % of APL patients present with severe 
coagulopathy, while this is rare in acute myelo-
monocytic leukemia.  

  Question 11.      Which of the following is a risk 
factor for bleeding in APL? 

    A.    Thrombocytopenia   
   B.    Hypofi brinogenemia   
   C.    Excessive fi brinolysis   
   D.    High white blood cell count   
   E.    All of the above    

    Expert Perspective     The risk factors for bleed-
ing include WBC over 10 × 10 6 /l, peripheral blast 
count over 30 × 10 6 /l, age over 60 years, impaired 
renal function, and increased fi brinolysis as 
refl ected by fi brinogen <100 mg/dl (Choudhry 
and DeLoughery  2012 ; de la Serna et al.  2008 ; 
Kwaan and Cull  2014 ). Severe thrombocytopenia 
is generally considered to be a bleeding risk, 
although platelet count may not correlate with 
bleeding. Increased fi brinolytic activity has long 
been recognized to be a major hemostatic dys-
function in APL (Kwaan  2007 ,  2014 ; Kwaan and 
Cull  2014 ). Abnormalities include increased tis-
sue plasminogen activator (t-PA) (Menell et al. 
 1999 ; Tallman et al.  2004 ) and uPA and an 
increase in two receptors of t-PA, annexin A2 
(Menell et al.  1999 ) and the S100-binding protein 
A4 (S100A10) (Kwaan  2014 ; Kwaan and Cull 
 2014 ; O’Connell et al.  2011 ). Excessive fi brino-
lysis is also due to a reduced PAI-1 activity 
(Sakata et al.  1991 ) and to a low thrombin 
 activatable fi brinolysis inhibitor (TAFI) (Meijers 
et al.  2000 ). In addition, increased annexin A2 
has been found to be constitutively expressed in 
microvascular endothelial cells in the brain 
(Kwaan et al.  2004 ), leading to preferential bind-
ing of circulating t-PA to this organ, which may 

account for the excessively high incidence of 
intracerebral hemorrhage in APL.  

  Question 12.      Which agent is the currently 
recommended treatment for bleeding in APL? 

    A.    Antifi brinolytic agents   
   B.    All-trans-retinoic acid (ATRA)   
   C.    Heparin   
   D.    Cryoprecipitate,   
   E.    Platelet transfusion   
   F.    B, D, and E    

    Expert Perspective     The DIC in APL is associ-
ated with both primary and secondary fi brinoly-
sis. The role of heparin, though helpful in 
anecdotal reports, is of no benefi t (Rodeghiero 
et al.  1990 ) and not recommended. Antifi brinolytic 
agents likewise have also been shown in clinical 
trials to be of no benefi t. The early initiation of 
chemotherapy, all-trans-retinoic acid (ATRA), is 
the currently recommended treatment for APL 
(Sanz et al.  2009 ). Delay in initiation of ATRA 
therapy by as little as 24 h is associated with 
poorer outcome (Altman et al.  2013 ; Roldan 
et al.  2013 ). Thus, ATRA should be initiated at 
clinical diagnosis of APL, even before genetic 
confi rmation (t(15,17)). Additional supportive 
measures should include platelet transfusions to 
maintain platelets >100 × 10 9 /l and cryoprecipi-
tate to maintain fi brinogen >150 mg/dl.   

 Controversies 

•     Is there a diagnostic test for increased 
fi brinolytic activity in blood with better 
sensitivity and specifi city?  

•   In patients with autoantibodies against 
PAI-1, such as those seen in systemic 
lupus erythematosus, when is immuno-
suppressive therapy needed?  

•   How safe is the use of antifi brinolytic 
agents at the recommended doses and 
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  Answers 

    Question 1. D  
  Question 2. B  
  Question 3. C or D  
  Question 4. D  
  Question 5. A  
  Question 6. A  
  Question 7. A  
  Question 8. C  
  Question 9. D  
  Question 10. C  
  Question 11. E  
  Question 12. F         
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      Congenital Disorders 
of Fibrinogen: Clinical 
Presentations, Diagnosis 
and Management                      

     Alessandro     Casini      and     Philippe     de     Moerloose    

         Introduction 

 Congenital fi brinogen disorders (CFD) include 
two subtypes of fi brinogen defects: quantitative 
disorders, defi ned by absent (afi brinogenaemia) 
or decreased (hypofi brinogenaemia) fi brinogen 
levels, and qualitative disorders characterised by 
a discrepancy between functional and antigenic 
values of fi brinogen (dysfi brinogenaemia and 
hypodysfi brinogenaemia) (de Moerloose et al. 
 2013 ). 

 The prevalence of afi brinogenaemia is esti-
mated to be around 1:1,000,000 and is probably 
more frequent in countries where consanguine-
ous marriages are common (Peyvandi  2012 ). Due 
to the number of asymptomatic patients, the prev-
alence of the other subtypes is not known but 
appears to be higher. The diagnosis of quantita-
tive disorders, based on abnormal standard coag-
ulation tests, is relatively easy. On the contrary, 
the diagnosis of qualitative disorders can be 

 challenging due to the lack of sensitivity of some 
fi brinogen assays (Cunningham et al.  2002 ). 
Molecular analyses are essential since some 
fi brinogen mutations are predictive of a given 
phenotype (Haverkate and Samama  1995 ; 
Neerman-Arbez et al.  2010 ). Bleeding, starting 
often at a very young age (umbilical cord bleed-
ing) may be sometimes life threatening (intracra-
nial bleeding); they are the most frequent clinical 
manifestations in quantitative disorders and are 
usually determined by the fi brinogen level 
(Peyvandi et al.  2012 ). Thrombotic events are 
also possible and should be taken into account in 
the management of these patients (de Moerloose 
et al.  2010 ). Most dysfi brinogenaemic patients 
are asymptomatic at the time of diagnosis, 
although at increased risk of both major bleeding 
and thrombosis during the natural history of the 
disease (Casini et al.  2015 ). In addition some 
fi brinogen mutations are associated with abnor-
mal fi brin deposits leading to renal amyloidosis 
(Benson et al.  1993 ) or with an accumulation in 
hepatocytes causing liver disease (Neerman- 
Arbez  2007 ). 

 Due to the rarity of CDF, management of 
patients is mostly based on experts’ recommen-
dation rather than evidence-based data. Several 
clinical issues are discussed in the following 
cases.  
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    Case 1: Clinical Outcomes 
and Treatment of Patients 
with Afi brinogenaemia 

 A 4-year-old girl, diagnosed with afi brinogen-
aemia at birth after a prolonged umbilical cord 
bleeding, is hospitalised because of spontaneous 
headache. An emergency CT scan reveals an intra-
cerebral haemorrhage. Haemostasis work-up 
shows prothrombin time, activated partial throm-
boplastin time and thrombin time indefi nitely pro-
longed. Fibrinogen concentrates are administered 
at 50 mg/Kg and repeated every 4 days in order to 
maintain fi brinogen levels at 1.5 g/L for 10 days. 
The clinical course is uneventful and the girl is dis-
charged without neurological complications. 

  Question 1.      What is the best long-term man-
agement for this girl? 

    A.    On-demand fi brinogen concentrates 
administration   

   B.    Prophylactic therapy with fi brinogen 
concentrates   

   C.    On-demand fresh frozen plasma 
administration   

   D.    Prophylactic therapy with fi brinogen 
cryoprecipitates    

    Expert Perspective     Bleeding is the most fre-
quent symptom in quantitative fi brinogen disor-
ders (Neerman-Arbez and de Moerloose  2010 ). 
Classically, umbilical cord bleeding is one of the 
fi rst symptoms in afi brinogenaemia, although 
later onsets of bleeding complications have been 
reported (Spena et al.  2002 ). Bleeding in the cen-
tral nervous system is the major cause of death 
(Peyvandi  2012 ).  

 Fibrinogen administration is effective in treat-
ing bleeding episodes in CFD (Bornikova et al. 
 2011 ). Depending on their availabilities, treat-
ment consists in fresh frozen plasma (FFP), cryo-
precipitates or fi brinogen concentrates. 
Fibrinogen concentrates are clearly the best 
choice, mainly because they are safer than cryo-
precipitates and FFP, thanks to safety steps for 

virus inactivation (Table  1 ) (de Moerloose and 
Neerman-Arbez  2008 ). In addition, cryoprecipi-
tates and FFP can be associated with transfusion 
reactions and volume overload (Bevan  2009 ). 
Fibrinogen concentrates also allow more precise 
dosing regimen (Peyvandi and Palla  2009 ). To 
date, three fi brinogen concentrates are available 
(Table  1 ). A fourth concentrate is being assessed 
in a phase 2 study (NCT01575756) and prelimi-
nary results have been reported (Schwartz et al. 
 2014 ).

   Management of patients with afi brinogen-
aemia is based on two approaches: (1) on demand, 
in which fi brinogen concentrates are adminis-
tered as soon as possible after the onset of bleed-
ing or (2) prophylactic, in which fi brinogen 
concentrates are administered from an early age 
to prevent bleeding (de Moerloose and Neerman- 
Arbez  2008 ). No randomised clinical trials are 
available to compare these two strategies. Only a 
retrospective study including 100 patients with 
fi brinogen defi ciencies showed that the mean 
annual incidence of bleeding episodes was 0.5 
and 0.7 for patients on prophylactic and on- 
demand therapy, respectively (Peyvandi et al. 
 2006 ). However, this study enrolled patients with 
afi brinogenaemia and hypofi brinogenaemia. 
Recently, preliminary results from a prospective 
study in patients with CFD showed that amongst 
75 patients on on-demand therapy and 12 on pro-
phylaxis, the risk of having a bleeding requiring 
replacement therapy did not differ in the two 
groups (Peyvandi et al.  2014 ). Longer follow-up 
and a larger number of patients are required to 
better assess this issue. National and expert 
guidelines provide recommendations about treat-
ment options (Bolton-Maggs et al.  2004 ; 
Mumford et al.  2014 ; Peyvandi  2012 ; de 
Moerloose and Neerman-Arbez  2008 ). In all 
cases it is essential to consider the patient’s per-
sonal and familial history of bleeding and throm-
bosis. The half-life of fi brinogen concentrate is 
around 80 h and 70 h in children. However the 
pharmacokinetics of fi brinogen after replacement 
therapy is variable amongst patients and thus 
it is important to tailor treatment to each 
patient. Effective secondary prophylaxis with 
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 administration of fi brinogen twice or once a 
week,  especially after central nervous system 
bleeds, has been suggested (Polack et al.  2010 ; 
Parameswaran et al.  2000 ). Prophylactic fi brino-
gen replacement has to be counterbalanced with 
the possible transmission of infectious agents, 
allergic reactions, venous access problems, risk 
of thrombotic complications and cost. Based on 
the severity of the bleeding event and the family 
preferences, we propose answer B. However, 
answer A should also be considered. 

  Question 2.      The patient is now 25 years old 
and wishes to become pregnant. She is under 
prophylaxis with fi brinogen concentrates. No 
recurrence of major bleeding has character-
ised her clinical course. How can her preg-
nancy be managed? 

    A.    Regularly monitor fi brinogen levels through-
out pregnancy and progressive increase in 
fi brinogen substitution.   

   B.    Discontinue fi brinogen substitution.   
   C.    Maintain the same regimen of fi brinogen 

therapy throughout the pregnancy.   
   D.    Contraindicate the pregnancy in view of the 

high obstetrical risk.    

    Expert Perspective     Pregnant women with 
CFD are at increased risk of obstetrical complica-
tions such as miscarriages, placenta abruption, 

 post- partum haemorrhage and thrombosis 
(Peyvandi et al.  2011 ). The key role of fi brinogen 
during pregnancy has been highlighted by several 
reports of spontaneous abortions in afi brinogen-
aemic women (Evron et al.  1985 ; Kobayashi et al. 
 2000 ). Studies have shown that implantation can 
occur without fi brinogen while placenta adhesion 
and development are impaired (Iwaki et al.  2002 ; 
Iwaki and Castellino  2005 ). Fibrinogen plays a 
major role to decrease bleeding following the 
spreading of cytotrophoblasts and the remodelling 
of maternal vessels (Snir et al.  2013 ).  

 In afi brinogenaemia, fi brinogen substitution is 
mandatory for maintaining pregnancy at term. A 
systematic review reported 24 pregnancies result-
ing in 12 miscarriages, 2 perinatal deaths and 11 
live births (Pike and Bolton-Maggs  2011 ). All 
successful pregnancies were achieved with 
fi brinogen substitution, generally with fi brinogen 
concentrates (Table  2 ). Early foetal loss, vaginal 
bleeds and/or sub-chorionic haematoma has been 
reported in women with any or insuffi cient fi brin-
ogen replacement throughout the pregnancy 
(Aygoren-Pursun et al.  2007 ). Based on these 
reports and also on expert consensus, it is sug-
gested to maintain trough fi brinogen levels higher 
than 0.5 g/L during the two fi rst trimesters, higher 
than 1 g/L at the end of pregnancy and higher 
than 1.5 g/L or even higher than 2.0 g/L during 
peripartum (Lee et al.  2006 ; Bornikova et al. 
 2011 ).

    Table 1    Available fi brinogen concentrates in 2015   

 Brand  Company 
 Site of 
manufacture  Plasma source  Fractionation  Viral inactivation 

 Clottafact  LFB  France  Western 
Europe 
United States 

 Ethanol fractionation 
 Adsorption on 
aluminium 
hydroxide gel 
 Anion exchange 
chromatography 

 TNBP/polysorbate 80 
 Dry heating 
80 °C, 72 h 
 35-nm nanofi ltration 

 Fibrinogen HT  Japan Blood 
Product 
Organization 

 Japan  Japan  Ethanol fractionation 
 Glycine precipitation 

 S/D treatment 
 Dry heating 
80 °C, 72 h 
 19-nm nanofi ltration 

 Haemocomplettan P  CSL Behring  Germany  United States 
 Austria 
 Germany 

 Multiple 
precipitation 

 Pasteurisation, 
60 °C, 20 h 
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   In addition, some specifi c features should be 
taken into account (Lebreton et al.  2015 ). 
Fibrinogen turnover increases as pregnancy 
 progresses (Mensah et al.  2011 ). Thus, it is 
essential to perform a close assessment of 
trough and peak levels of fi brinogen throughout 
pregnancy and to tailor fi brinogen substitution 
accordingly. Abruption placenta and retrochori-
onic hematoma are particularly frequent in 
quantitative fi brinogen disorders, mainly in case 
of insuffi cient fi brinogen substitution (Aygoren-
Pursun et al.  2007 ; Ness et al.  1983 ). An  iterative 
echography assessment for monitoring foetal 
growth and possible placental bleeding is rec-
ommended. A m ultidisciplinary team  consisting 

of haematologist, gynaecologist and anaesthe-
tist should support the care of pregnant women 
with CFD. 

  Question 3.     Pregnancy and vaginal delivery 
were uneventful under fi brinogen substitution, 
and the patient was discharged with her usual 
prophylactic fi brinogen substitution. Two 
weeks postpartum and 4 days after the last 
fi brinogen concentrates administration, she 
reported pain in the lower right leg and became 
breathless. A chest CT-scan revealed a pulmo-
nary embolism, and a distal deep venous 
thrombosis in the right leg was also shown on 
Doppler ultrasound. 

   Table 2    Successful pregnancies under fi brinogen substitution, adapted from (Lebreton et al.  2015 )   

 Authors 

 Throughout pregnancy  At labour 

 Complications 

 Fibrinogen 
substitution 
(g/w) 

 Trough 
fi brinogen 
level (g/L) 

 Fibrinogen 
substitution (g) 

 Trough 
fi brinogen 
level (g/L) 

 Inamoto and Terao ( 1985 )  2–12  0.2–0.4  8  1.2  6GW: vaginal 
bleeding 

 21GW: vaginal 
bleeding 

 Trehan and Fergusson ( 1991 )  18–21  >1  10  1.5 

 Grech et al. ( 1991 )  18–30  >1  NA  >1.5 

 Takahashi et al. ( 1995 )  5–15  >0.6  5  1.9  33GW: preeclampsia 

 6 days postpartum: 
arterial ischemic 
lesion of toes 

 Kobayashi et al. ( 1996 )  4–14  >0.6  10  1.4  37GW: placental 
abruption at onset of 
labour 

 Kobayashi et al. ( 2000 )  6–21  >1  8  >2  4GW: vaginal 
bleeding 

 Kobayashi et al. ( 2000 )  2–21  >1  8  >2 

 Roque et al. ( 2004 )  40–50 bags/w 
of 
cryoprecipitate 

 >0.6  NA  >2  36GW: placental 
abruption 

 7 days postpartum: 
ovarian and renal 
veins thrombosis 

 Aygoren- Pursun et al. ( 2007 )  6–12  0.4–0.8  NA  NA  6GW: vaginal 
bleeding 

 8GW: retrochorionic 
hematoma 

 Mensah et al. ( 2011 )  3–13  >0.5  5  >1.5 

 Lebreton et al. ( 2015 )  6–15  >1  2  >2  3 weeks post-partum: 
pulmonary embolism 

   GW  gestational weeks  
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  How to treat this venous thromboembolic 
disease? 

    A.    Low-molecular-weight heparin during 
3 months and discontinuation of fi brinogen 
therapy.   

   B.    Low-molecular-weight heparin followed by 
antivitamin K lifelong in addition to fi brino-
gen substitution.   

   C.    Low-molecular-weight heparin during 
3 months in addition to fi brinogen 
substitution.   

   D.    Low-molecular-weight heparin lifelong in 
addition to the fi brinogen substitution.    

    Expert Perspective     Patients with quantitative 
fi brinogen disorders are also at risk to develop 
thrombosis (de Moerloose et al.  2010 ). First, 
platelet aggregation is possible even in the 
absence of fi brinogen due to the action of von 
Willebrand factor. Second, afi brinogenaemic 
patients generate thrombin normally (De Marco 
et al.  1986 ), but the downregulation of fi brin is 
impaired since fi brin (absent in case of afi brino-
genaemia) cannot act as antithrombin (Mosesson 
 2007 ). In fi brinogen-defi cient mice, thrombi are 
instable and tend to embolise (Ni et al.  2000 ). 
Similarly, in human afi brinogenaemic blood, 
thrombi are large but loosely packed under fl ow 
conditions (Remijn et al.  2001 ).  

 Inherited thrombophilic risk factors and 
fi brinogen replacement increase the risk of 
developing thrombosis in patients with CFD 
(de Moerloose et al.  2010 ), even if many 
patients that experienced thrombosis did not 
have any known thrombotic risk factor 
(Ozdemir et al.  2015 ; Dear et al.  2006 ). A cor-
relation between fi brinogen replacement and 
thrombosis is often diffi cult to establish. In a 
systematic review on fi brinogen replacement, 
authors found two afi brinogenaemic patients 
with thrombotic complications temporally 
associated with fi brinogen replacement, 
whereas in four other cases, the relationship of 
vascular occlusion to fi brinogen replacement 
could not be determined (Bornikova et al. 
 2011 ). Results from The European Haemophilia 

Safety Surveillance project give some insights 
about the safety of fi brinogen replacement 
(Makris et al.  2011 ). 

 Management of patients with quantitative 
fi brinogen disorders and thrombosis is challeng-
ing since at the same time it is necessary to give 
anticoagulants and also fi brinogen (Chapin and 
DeSancho  2013 ). Anticoagulation with low- 
molecular- weight heparin rather than by antivita-
min K is suggested, since INR is not a valuable 
measure in case of a baseline prolonged PT. There 
are no recommendations to guide clinicians for 
the duration of anticoagulation in such situations. 
The same guidelines as for the general popula-
tion could be empirically applied, although each 
case should be discussed in view of personal and 
familial bleeding and thrombotic histories.  

    Case 2: Clinical Outcome 
and Management of Patients 
with Hypofi brinogenaemia 

 A 32-year-old otherwise healthy woman is hospi-
talised because of a slight increase of liver 
enzymes of unknown aetiology. Her medical his-
tory includes an appendicectomy and an ortho-
paedic surgery without complications. She does 
not report any previous bleeding or thrombotic 
complications. Coagulation tests revealed low 
functional (1.1 g/L; normal range 1.5–3.5 g/L) 
and antigenic fi brinogen (1.2 g/L; normal range 
1.5–3.5 g/L) levels without any other biological 
abnormalities. A liver echography showed fi bro-
sis without cirrhosis. A hepatic biopsy is planned. 

  Question 4.      Should fi brinogen concentrates 
be administered prior the liver biopsy? 

    A.    Yes, prophylactic fi brinogen substitution is 
mandatory to prevent bleeding in invasive 
procedures in hypofi brinogenaemic patients.   

   B.    No, because a liver biopsy is contra-indicated 
in hypofi brinogenaemia.   

   C.    No, fi brinogen concentrates are not effective 
in hypofi brinogenaemia.   

   D.    No, fi brinogen concentrates should be admin-
istered only when bleeding occurs.    
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    Expert Perspective     Hypofi brinogenaemic 
patients are often asymptomatic because of suf-
fi cient fi brinogen levels to prevent spontaneous 
bleeding (Hill et al.  2006 ). As indicated in a ret-
rospective study including 46 patients with 
fi brinogen defi ciency, there is a strong associa-
tion between the residual coagulant fi brinogen 
level and the clinical bleeding severity (Peyvandi 
et al.  2012 ). An on-going prospective trial con-
fi rms this observation. Amongst the afi brinogen-
aemic patients, 22 (26 %) experienced a 
spontaneous major bleeding, while no event was 
reported in hypofi brinogenaemic patients. Linear 
regression analysis confi rmed the statistical cor-
relation between fi brinogen levels and clinical 
outcomes ( β  = −0.29,  p  < 0.01) (Peyvandi et al. 
 2014 ). Based on expert consensus and national 
recommendations, it is assumed that fi brinogen 
levels of 1 g/L is suffi cient to assure haemostasis 
in case of surgery (Mumford et al.  2014 ). 
Fibrinogen levels of 0.5 g/L should be maintained 
until wound healing is effective (Bolton-Maggs 
et al.  2004 ). Fibrinogen concentrates should be 
administered only when bleeding occurs.  

  Question 5.     Liver biopsy was uneventful. 
Histology showed hepatocellular globular cyto-
plasmic inclusions with an irregular outline, 
faintly stained by PAS-diastase but with a strong 
immunoreactivity with anti-fi brinogen antibod-
ies. There was no fi brosis. DNA analysis revealed 
a heterozygous missense mutation in exon 8 of 
the gene  FGG : c.1201C>T; p.R401W (p.R375W 
without the peptide signal). 

  Is this fi brinogen mutation causative of 
liver disease? 

    A.    No, this mutation is usually associated with 
kidney disease.   

   B.    Yes, some fi brinogen mutations cause both 
hypofi brinogenaemia and liver disease.   

   C.    No, any fi brinogen mutation is associated 
with a liver disease.   

   D.    Yes, this mutation increases the risk to 
develop a multisystem disease involving sev-
eral organs.    

    Expert Perspective     Four fi brinogen mutations 
are associated with a fi brinogen storage disease 
affecting the liver (Table  3 ). Pathogenesis is simi-
lar to that of alpha-1-antitrypsin defi ciency: 
impaired release of the abnormal fi brinogen 
yields to the accumulation of aggregates in the 
hepatocellular endoplasmic reticulum (Neerman- 
Arbez  2007 ). The precise molecular mechanisms 
that allow variant fi brinogens to form intracellu-
lar inclusions have not been clearly established 
(Kruse et al.  2006 ). Molecular analysis and liver 
biopsy are the mainstay for the diagnosis (de 
Moerloose et al.  2013 ). The clinical course is 
highly variable, from mild elevated liver enzymes 
(Puls et al.  2013 ) to cirrhosis (Rubbia-Brandt 
et al.  2006 ). Encouraging preliminary results 
indicate a benefi cial role of autophagy-enhancer 
drugs (Maggiore et al.  2011 ; Puls et al.  2013 ). In 
addition to liver disease, some rare fi brinogen 
variants are associated with kidney disease. The 
abnormal fi brinogen forms amyloid fi brils, and 
the extracellular deposition of these fi brils leads 
to renal failure (Gillmore et al.  2009 ).

        Case 3: Diagnosis and Clinical 
Outcomes of Patients 
with Dysfi brinogenaemia 

 Hypofi brinogenaemia (1.3 g/L by prothrombin 
time-derived method) is incidentally discovered 
in a 56-year-old man during a routine screening 
before orthopaedic surgery. Next haemostasis 
analyses showed a prothrombin time of 42 % 
(reference range >70 %) and an activated partial 

   Table 3    Fibrinogen variants associated with fi brinogen storage disease   

 Name  cDNA  Nascent chain  Mature chain 

 Brescia (Brennan et al.  2000 )  928G > C  G310R  G284R 

 Aguadilla (Rubbia- Brandt et al.  2006 )  1201C > T  R401W  R375W 

 Angers (Dib et al.  2007 )  1116_1129 + 1del  del372–376  del346–350 

 AI du Pont (Brennan et al.  2010b )  1018C > A  T330P  T314P 
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thromboplastin time (aPTT) of 41 s (27–35 s). 
The patient is asymptomatic without thrombotic 
or bleeding events, even after a cardiovascular 
surgery in the past. The familial history is 
non-contributory. 

  Question 6.      How is this hypofi brinogenaemia 
investigated? (Several answers are possible.) 

    A.    By performing antigenic fi brinogen 
assessment   

   B.    By performing thrombin time and reptilase 
time   

   C.    By performing liver tests   
   D.    By performing functional fi brinogen dosage 

with Clauss method    

    Expert Perspective     Dysfi brinogenaemia is 
defi ned by a discrepancy between low functional 
and normal antigenic levels of fi brinogen 
(Cunningham et al.  2002 ). A ratio of functional 
activity to antigen lower than 0.7 is usually con-
sidered as suggestive of dysfi brinogenaemia 
(Krammer et al.  1994 ). When dysfi brinogen-
aemia is suspected, the initial work-up should 
include prothrombin time, activated partial 
thromboplastin time, functional and antigenic 
fi brinogen and thrombin and reptilase times. The 
sensitivity of many analyses in dysfi brinogen-
aemia is dependent on coagulometers and 
reagents (Shapiro et al.  2013 ). Generally, func-
tional fi brinogen is overestimated by the pro-
thrombin time-derived method (Miesbach et al. 
 2010 ). Antigenic fi brinogen can be measured by 
immunologic or precipitation methods 
(Cunningham et al.  2002 ). The reptilase and the 
thrombin times are more specifi c even if excep-
tional dysfi brinogens may have a normal throm-
bin time (Thorsen et al.  1986 ).  

 Hypodysfi brinogenaemia is defi ned by a dis-
crepancy between low levels of both functional 
and immunologic fi brinogen. Clinical manifesta-
tions differ from dysfi brinogenaemia since the 
bleeding phenotype is often more marked 
(Brennan et al.  2010a ). 

 Acquired dysfi brinogenaemia is usually asso-
ciated with liver disease (Reganon et al.  1987 ; 
Francis and Armstrong  1982 ), due to increased 
sialylation of fi brinogen chains (Gralnick et al. 
 1978 ). As reported in Table  4 , the clinical context 
and the familial history help to distinguish 
between the acquired and inherited forms.

    Question 7.      Dysfi brinogenaemia was con-
fi rmed by prolonged reptilase and thrombin 
times, a normal antigenic fi brinogen level as 
well as by genotyping revealing a heterozy-
gous mutation in exon 2 of   FGA  : c.103C>T, 
p.Arg35Cys. Hepatic tests were normal. 
Patient wonders about the necessity of a 
screening for his 24-year-old daughter. 

    A.    A familial screening should not be proposed.   
   B.    A familial screening should be proposed only 

in case of bleeding or thrombosis.   
   C.    Daughter’s screening should be performed in 

case of pregnancy.   
   D.    A familial screening should be performed.    

    Expert Perspective     Dysfi brinogenaemia is 
sometimes discovered during investigations of 
thrombosis (de Raucourt et al.  2006 ), bleeding 
(Brennan et al.  2006 ) or foetal loss (Dempfl e 
et al.  2009 ). However, an incidental fi nding on 
routine coagulation assessments (e.g. before a 
surgery) is more frequent. Recently, we have 
reported a multicentre study on 101 patients with 
dysfi brinogenaemia followed for a mean time of 

   Table 4    Typical clinical features of congenital versus acquired dysfi brinogenaemia   

 Congenital dysfi brinogenaemia  Acquired dysfi brinogenaemia 

 Familial history  +  − 

 Young age  ±  − 

 Thrombosis history  ±  − 

 Bleeding history  ±  ± 

 Liver disease  −  + 

 Neoplasm  −  + 
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8.8 years (Casini et al.  2015 ). Table  5  summarises 
the circumstances of diagnosis in the 67 propos-
iti. Similarly, in a compilation dated from 1994, 
138/250 (55 %) of dysfi brinogenaemic subjects 
were detected incidentally (Ebert  1994 ).

    It is important to propose a familial screening 
to all relatives with decreased fi brinogen levels. 
Indeed, potentially all patients with dysfi brino-
genemia are at high risk of thrombosis and/or 
major bleeding during the clinical course of the 
disease. In the aforementioned study, we found 
an incidence of thrombosis of 18.7 per 1000 
patient-years and of major bleeding of 2.5 per 
1000 patient-years, leading to a cumulative inci-
dence at 50 years of 30.1 % and 19.2 %, respec-
tively, without statistical difference between 
propositi and relatives in adjusted multivariate 
analysis (Casini et al.  2015 ). Patients with dysfi -
brinogenaemia, even if asymptomatic at time of 
diagnosis, should be carefully managed in high- 
risk thrombotic situations as well as in special 
settings such as surgeries and pregnancies. 

 Causative mutations in dysfi brinogenaemia 
are more often heterozygous missense mutations 
in the C-terminal residues of γ chain or in the 
N-terminal residues of Aα chain. Two hot-spots 
mutations, the  FGA  p.R35H/C (R16H/C without 
the peptide signal) and the  FGG  p.R301H/C 
(R275H/C) account for almost 75 % of overall 
causative mutations. Mutations in surrounding 
residues in exon 2 of  FGA  and exon 8 of  FGG  are 
also frequent (de Moerloose et al.  2013 ). 

  Question 8.      Propositus’ daughter is now 
pregnant at the 10th week of gestation. She is 
asymptomatic. Her clinical history is 

 unnoticeable, especially without bleeding 
symptoms or thrombosis. She is aware of 
obstetrical complications in dysfi brinogen-
aemia and she is worried for possible foetal 
loss. Which one of the following propositions is 
correct? 

    A.    Dysfi brinogenaemia is associated with sev-
eral obstetrical complications and the man-
agement of pregnant women require a 
multidisciplinary approach.   

   B.    Fibrinogen substitution is mandatory.   
   C.    Heparin prophylaxis improves pregnancy 

outcomes.   
   D.    Post-partum haemorrhages are not a frequent 

complication in dysfi brinogenaemia.    

    Expert Perspective     Several pregnancy compli-
cations including miscarriages (Miesbach et al. 
 2009 ), haemorrhages (Kotlin et al.  2011 ), placen-
tal abruption (Yamanaka et al.  2003 ) and post- 
partum venous thrombosis (Koopman et al.  1992 ) 
have been reported in dysfi brinogenaemia. The 
physiological hypercoagulable state and the 
decreased fi brinolytic activity observed in preg-
nancy are exacerbated by the abnormal network 
modifi cations identifi ed in fi brin clot from 
patients with dysfi brinogenaemia (Pretorius et al. 
 2009 ). The presence of modifi er alleles variants 
predisposing to thrombophilia also modulates the 
risk of miscarriages in women with congenital 
dysfi brinogenaemia (Siebenlist et al.  2000 ).  

 A study of the Scientifi c and Standardization 
Committee of the International Society on 
Thrombosis and Haemostasis reported a high 
incidence of spontaneous miscarriages and still-
birth in 15 women fulfi lling the criteria of dysfi -
brinogenaemia or hypodysfi brinogenaemia with 
a past history of thrombosis (Haverkate and 
Samama  1995 ). However, in our recent cohort, as 
compared to the risk reported in the general pop-
ulation, we did not observe a greater risk of spon-
taneous abortions. Indeed, amongst 64 women, 
48 (75 %) had at least one pregnancy for a total of 
111 pregnancies (mean of 2.3 per woman) result-
ing in 84 (75.7 %) live births, 22 (19.8 %) sponta-
neous abortions and 5 (4.5 %) stillbirths. Further 
prospective studies are required to better defi ne 

   Table 5    Circumstance of diagnosis in the largest series 
of dysfi brinogenaemic patients including 101 patients (67 
propositi)   

 Circumstances of diagnosis  Propositi,  n  (%) 

 Incidental fi ndings,  n  (%)  18 (26.8) 

 Before surgery,  n  (%)  21 (31.3) 

 Pregnancy,  n  (%)  10 (14.9) 

 Thrombosis,  n  (%)  7 (10.4) 

 Bleeding,  n  (%)  12 (17.9) 

  Adapted from Casini et al. ( 2015 )  
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the incidence of such complications in dysfi -
brinogenaemia. Some reports have suggested a 
fi brinogen substitution since the beginning of 
pregnancy (Miesbach et al.  2009 ). However, the 
risk of thrombosis should always be considered 
in case of fi brinogen substitution in pregnant 
women (Franchini et al.  2007 ). 

 Post-partum haemorrhage is a major concern 
in case of dysfi brinogenaemia (Kotlin et al. 
 2012 ). In our recent study, we found 19 (21.4 %) 
deliveries complicated by haemorrhages. Women 
with a bleeding phenotype, defi ned as having at 
least one bleeding symptom other than obstetri-
cal, were at increased risk of post-partum haem-
orrhage (OR 5.8; 95 %CI 1.2–28.0;  p  = 0.03) 
(Casini et al.  2015 ). These women should be 
carefully followed during the peri/post-partum.  

  Answers 

    Question 1. B (or A)  
  Question 2. A  
  Question 3. C  
  Question 4. D  
  Question 5. B  
  Question 6. A, B, C, D  
  Question 7. D  
  Question 8. A         
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      Hemophilia A and B: Diagnosis 
and Management                      

     Deborah     Brown     

         Introduction 

 Hemophilia A and B are X-linked recessive 
 disorders caused by defi ciency of coagulation 
Factors VIII and IX, respectively. Hemophilia 
A occurs in 1 of 5032 live male births in the USA 
(Soucie et al.  1998 ), while hemophilia B is one- 
fi fth as common. FIX is a serine protease, and 
FVIII is its cofactor in the activation of Factor X 
in the intrinsic pathway of the coagulation cas-
cade. Defi ciency of FVIII and FIX are clinically 
very similar. The diagnosis of hemophilia is sus-
pected when bleeding symptoms develop or there 
is a positive family history in maternal male rela-
tives. Diagnosis is confi rmed by a prolonged 
aPTT and low levels of Factor VIII (FVIII) or 
Factor IX (FIX) activity measurement. The fre-
quency of bleeding symptoms correlates well 
with measurement of factor activity. Patients with 
severe hemophilia (FVIII or FIX activity 
<0.01 IU/ml, 1 % of normal) usually have bleed-
ing symptoms in the fi rst 1–2 years of life, and on 
average 25 bleeds annually when treated episodi-
cally. Patients with moderate hemophilia (FVIII 
or FIX activity 0.01–0.05 IU/ml, 1–5 % of nor-
mal) have a more variable course with fewer num-
bers of bleeding episodes, while patients with 

mild hemophilia (FVIII or FIX level >0.05 IU/ml, 
>5 % of normal) typically have bleeding only with 
trauma or surgery. The musculoskeletal system is 
the most common site of bleeding among hemo-
philia patients and is the major source of disease-
related morbidity in patients who are inadequately 
treated. Intracranial hemorrhage occurs in up to 
14 % of hemophilia patients (Eyster et al.  1978 ) 
and is associated with 18 % mortality (Nuss et al. 
 2001 ). Other common bleeding sites in hemo-
philia patients include gastrointestinal and genito-
urinary tracts. 

 Treatment for hemophilia consists of intrave-
nous (IV) factor replacement with clotting factor 
concentrates. Plasma-derived viral inactivated 
factor concentrates are available, but because of 
the tragic history of human immunodefi ciency 
virus (HIV) and hepatitis C contamination of 
concentrates manufactured prior to 1985, recom-
binant products are generally preferred. Long- 
acting factor concentrates have been developed 
by fusion of FVIII and FIX proteins with Fc por-
tion of IgG, albumin, and PEG. The most serious 
complication of hemophilia treatment is the 
development of an inactivating antibody, known 
as an inhibitor, which reduces the effi cacy of fac-
tor replacement products. High titer inhibitors 
which are not successfully eradicated by immune 
tolerance regimens require treatment with agents 
which bypass the intrinsic pathway such as pro-
thrombin complex concentrate (aPCCs) or 
recombinant Factor VIIa (rFVIIa). Prophylaxis 
initiated in early childhood with factor 
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 replacement given on a regular basis to avoid 
bleeding symptoms can prevent many of the 
complications of hemophilia (Manco-Johnson et 
al.  2007 ).  

    Case 1: Young Adult 
with Musculoskeletal Bleed, 
New Diagnosis of Hemophilia 

 A 22-year-old male was playing soccer when he 
developed pain in his right knee. By the follow-
ing morning, he had severe pain and swelling in 
his knee and was unable to bear weight on it. On 
arrival to the ED, he was afebrile with a large 
knee effusion and severe pain with passive range 
of motion. On further questioning, he had prior 
sports-related injuries, including frequent ankle 
sprains and knee injuries resulting in symptoms 
of arthritis. He also has frequent nosebleeds 
which sometimes last 15 min or longer. 

  Question 1.      Which diagnostic tests should be 
considered fi rst ?

    A.    CbC and PT/PTT   
   B.    X-rays of the right knee   
   C.    Ultrasound of the right knee   
   D.    Arthrocentesis of the right knee    

    Expert Perspective     A joint effusion associated 
with warmth and pain on passive movement is 
suggestive of septic arthritis or hemarthrosis. A 
CBC would be helpful to look for a leukocytosis 
or left shift which would be likely with a diag-
nosis of septic arthritis. PT/PTT should always 
be done prior to arthrocentesis, and in this case, 
would likely lead to this patient’s diagnosis of 
mild hemophilia. As a fracture is extremely 
unlikely given the mechanism of injury, X-rays 
would likely reveal only soft tissue swelling. 
Physical examination will localize the injury to 
the knee, but if there is uncertainty, joint ultra-
sound by an experienced clinician or radiologist 
can confi rm the diagnosis of hemarthrosis. Hip 
joint bleed results in pain with internal and 
 external rotation of the hip, and a proximal ilio-
psoas bleed causes pain with hyperextension of 

the hip; however, if pain is diffi cult to localize, 
an  ultrasound or CT of the hip and iliopsoas 
may also be helpful. Arthrocentesis may be 
required to rule out the possibility of septic 
arthritis, but if a bleeding disorder is suspected, 
it is not generally recommended as it may 
induce further bleeding. 

 A patient with an unexplained or unusually 
severe bleeding symptom should be questioned 
extensively about previous hemostatic 
 challenges, such as surgery, trauma, and dental 
work (Table  1 ). Family history is positive in 
approximately half of patients with congenital 
bleeding disorders, but for those with no affected 
family members, diagnosis may be delayed. 
Initial laboratory evaluation consists of com-
plete blood count and coagulation screening 
tests, PT/aPTT. If the CBC is normal but the 
PTT is prolonged, an intrinsic pathway factor 
defi ciency is likely. Specifi c factor assays for 
FVIII, FIX, and FXI should then be performed. 
FXII defi ciency may also cause a prolonged 
PTT, but does not result in bleeding symptoms. 
A low FVIII level should also prompt testing for 
von Willebrand disease and FVIII inhibitor, as 
von Willebrand disease and acquired hemo-
philia are additional diagnostic possibilities 
with different treatment requirements. If a 
bleeding disorder is suspected, but CBC and PT/
PTT are normal, von Willebrand disease testing, 
FXIII level, and platelet  aggregation testing 

   Table 1    Bleeding symptoms in patients with hemophilia   

 Mucocutaneous bleeding  Musculoskeletal 
bleeding 

   Excessive bleeding with 
heelstick 

   Hemarthrosis 

   Muscle hematoma 

   Easy bruising and raised 
hematoma with minimal 
trauma 

   Pseudotumor 

   Epistaxis: prolonged or 
severe 

 Surgical bleeding: 

   Mouth bleeding: 
prolonged or severe 

   Excessive bleeding 
with dental extraction 

 Gastrointestinal bleeding    Excessive bleeding 
with circumcision 

 Intracranial hemorrhage  Posttraumatic bleeding 
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could be considered. Patients with coagulation 
disorders will have a delayed R-time and 
reduced or fl at maximum amplitude on a 
thromboelastogram.

   Patients with mild hemophilia are often 
diagnosed following trauma or surgery. The 
mean age of diagnosis of mild hemophilia A is 
5.3 years (Venkateswaran et al.  1998 ) but it is 
not unusual for adolescents or young adults to 
escape detection until a signifi cant hemostatic 
challenge has occurred. Approximately 30 % of 
initial bleeding events manifest in the joints 
(Venkateswaran et al.  1998 ). A delay in diagno-
sis can lead to signifi cant long-term morbidity 
indistinguishable from that of patients with 
severe hemophilia.  

  Question 2.      Treatment of hemarthrosis in 
patient with hemophilia  

 The patient was taken to the OR for open syn-
ovectomy and debridement prior to having labo-
ratory evaluation. While in the OR, he had more 
than expected bleeding and his aPTT was 48 s 
(reference range 28–32 s). FVIII activity mea-
surement was 0. 12 IU/ml (12 % of normal), FIX 
activity measurement was 12 IU/ml (120 % of 
normal), and von Willebrand activity measure-
ment was 8 IU/ml (80 % of normal), consistent 
with mild hemophilia A. 

  What is the appropriate treatment for his 
hemarthrosis now that he is postoperative? 

    A.    Fresh frozen plasma (FFP) 10 cc/kg IV 
infusion   

   B.    Desmopressin (DDAVP) 0.3 mcg/kg   
   C.    Plasma-derived Factor VIII concentrate 50 

units/kg   
   D.    Recombinant Factor VIII concentrate 50 

units/kg    

    Expert Perspective     Either C or D would be 
the appropriate treatment for hemophilia 
A. Once the diagnosis of factor defi ciency is 
secured, specifi c factor replacement should be 
administered. DDAVP may increase FVIII lev-
els enough to treat a minor bleed episode in 
patients with mild hemophilia A, but bleeding 

into the joint requires higher levels than that 
which can be achieved by DDAVP alone. There 
are many different products available to treat 
Factor VIII and IX defi ciency, but choice may 
be limited by what is available in the hospital 
formulary. Commercially available products 
are generally equally safe and effective; how-
ever, pharmacokinetics may differ and it is 
always wise to refer to the package insert for 
specifi c dosing information. Recombinant FIX 
has lower recovery than plasma-derived prod-
uct, and an adjustment factor of 1.4 must be 
included in the calculation.  

 Factor VIII 
concentrates  Product name  Manufacturer 

 Plasma-derived  Hemofi l-M  Baxalta 

 Monoclate-P  CSL Behring 

 Koate-DVI  Kedrion 

 Recombinant 

   1st generation  Recombinate  Baxalta 

   2nd generation  Kogenate FS  Bayer 

 Helixate FS  CSL Behring 

   3rd generation  Xyntha  Pfi zer 

 Advate  Baxalta 

 Long-acting 

   FVIII-Fc fusion  Eloctate  Biogen Idec 

 Factor IX 
concentrates 

 Plasma-derived  Mononine  CSL Behring 

 AlphanineSD  Grifols 

 Recombinant  Benefi x  Pfi zer 

 Rixubis  Baxalta 

 Long-acting 

   FIX-Fc fusion  Alprolix  Biogen Idec 

  Dosing is calculated based on % correction 
desired. For life- or limb-threatening bleeding 
episodes and major surgeries, 80–100 % correc-
tion is desired.

   Factor VIII correction (units): % correction 
desired × body weight (kg) ×0.5  

  Factor IX correction, plasma-derived (units): % 
correction desired × body weight (kg)  

  Factor IX correction, recombinant (units): % cor-
rection desired × body weight (kg) × 1.4   
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   Adjuvant therapies such as antifi brinolytics, 
corticosteroids, physical therapy, arthrocentesis, 
and arthroscopy are of unproven benefi t in the 
management of hemarthrosis and should proba-
bly be avoided (Hermans et al.  2011 ). Once 
hemostasis is achieved, RICE (Rest, Ice, 
Compression, and Elevation) can provide symp-
tomatic relief. The patient will need to achieve 
adequate hemostasis before passive movement or 
physical therapy can be considered. 

  Question 3.      Management of patient with hemo-
philia and inhibitor  

 The patient received a bolus dose of recombi-
nant FVIII concentrate 50 units/kg body weight, 
followed by a continuous infusion of 4 units/
kg/h. His FVIII activity measurement was 
checked daily and maintained 8–1 IU/ml (80–
100 % normal). When physical therapy was ini-
tiated on day 7, he had reaccumulation of blood 
in his knee, and his FVIII level dropped to 
0.25 IU/ml (25 % of normal). The following 
day, his FVIII level was <0.10 IU/ml (<10 % of 
normal) and his FVIII inhibitor test was positive 
at 5 B.U. 

  What is the most appropriate treatment for 
a hemophilia patient who develops an 
inhibitor? 

    A.    High-dose factor concentrate   
   B.    Prothrombin complex concentrate   
   C.    Recombinant Factor VIIa   
   D.    Immunosuppressive therapy with rituximab    

    Expert Perspective     15 % of patients with mild 
hemophilia A develop inhibitors, which greatly 
complicates their treatment and is associated with 
increased morbidity and mortality (Walsh et al. 
 2015 ). In contrast to patients with severe hemo-
philia A who are most likely to develop an inhibi-
tor in early childhood, those with mild hemophilia 
A may develop an inhibitor at any age. Periods of 
“intense treatment” with daily factor given for 
more than fi ve consecutive days appear to be a 
high-risk period (Gouw et al.  2013 ; Sharathkumar 
et al.  2003 ). Treatment with continuous infusion 
has also been associated with a higher rate of 
inhibitor development (Eckhardt et al.  2015 ). 
Inhibitors are most likely to appear 7–10 days 
after the fi rst exposure to exogenous factor and 
3–5 days after subsequent exposures. They are 
clinically detected when the patient does not 
respond appropriately to treatment with factor 
concentrates, the measured factor level is less 
than expected, and an inhibitor test is positive.  

 Inhibitors are quantifi ed by Bethesda titers: 1 
Bethesda unit (B.U.) is the amount of inhibitor that 
inactivates 50 % of factor in a one-stage clotting 
assay. Titers of 5 B.U. and above are often associ-
ated with anamnestic response and require alterna-
tive hemostatic agents for bleeding control. 
Inhibitors of less than 5 B.U. may be overcome by 
increased doses of Factor VIII (dose per kg = 2× 
titer (B.U.) × % correction desired). Bypass agents 
which act through the extrinsic and common coag-
ulation pathways include prothrombin complex 
concentrates (PCCs) and recombinant FVIIa. 

 Author’s recommendations for factor replacement in hemophilia A and B 

 Site of hemorrhage 
 Optimal factor 
level (%) 

 Dose (units/kg BW)  Minimal duration 
of treatment (days)  FVIII  pdFIX  rFIX 

 Muscle  30–50  20–30  30–50  40–60  2–7 

 Joint  50–80  25–40  50–80  70–100  2–7 

 Gastrointestinal tract  40–60  20–30  40–60  10–14 

 Oral mucosa  30–50  15–25  30–50  40–60  2–3 

 Epistaxis  30–50  15–25  30–50  40–60  2–3 

 Hematuria  50–100  25–50  50–100  70–140  2–3 

 Retroperitoneal  80–100  40–50  80–100  100–140  7–10 

 Central nervous system  80–100  40–50  80–100  100–140  14 

 Major trauma  80–100  40–50  80–100  100–140  2–14 

 Surgery  80–100  40–50  80–100  100–140  5–14 
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Effi cacy of a single dose of PCCs or activated 
PCCs (aPCCs) 24 h after a single dose was given 
for treatment of acute hemarthrosis in hospitalized 
adult patients with inhibitors was 64 % (Sjamsoedin 
et al.  1981 ). aPCCs have been associated with 
thromboembolic events when given in large daily 
doses in the postsurgical setting (Köhler  1999 ). 
rFVIIa offers a 95 % effi cacy when 90 mcg/kg 
every 2–3 h for a minimum of three doses is given 
immediately after a bleeding episode in the home 
setting (Key et al.  1998 ). Post-marketing surveil-
lance of rFVIIa usage in a variety of settings, many 
off-label, has also uncovered rare thromboembolic 
events, including myocardial infarction (Abshire 
and Kenet  2008 ). A randomized crossover com-
parison of aPCC and rFVIIa failed to show a sig-
nifi cant advantage to either treatment, although 
many patients expressed a clear preference 
(Astermark et al.  2007 ).

 Bypass agents for hemophilia patients with inhibitors 

 Product 
class 

 Product 
name  Manufacturer 

 Recommended 
dose 

 aPCC  FEIBA  Baxalta  75–100 IU/
kg q 8–12 h 

 rFVIIa  NovoSeven  Novo 
Nordisk 

 90 mcg/kg q 
2–3 h 

   Low titer inhibitors are sometimes transient 
and self-resolving, but may reemerge when the 
patient is exposed to factor again. High titer 
inhibitors are usually durable unless treated with 
immune tolerance therapy (ITT). A randomized 
controlled trial has established the superiority of 
a high-dose daily factor regimen (200 units/kg 
daily) and has yielded a 65 % success rate for 
patients with “good risk” features: i.e., age 
<8 years, inhibitor titer <10 B.U. at start of ITT, 
and initiation of ITT within 5 years of detection 
of the inhibitor (Hay et al.  2012 ). 

 Inhibitors occur in fewer than 5 % of patients 
with hemophilia B, but antibodies may result in 
allergic reactions, including anaphylaxis, after 
exposure to Factor IX-containing products. For 
these patients, the only currently available treat-
ment option is rFVIIa. Immune tolerance induc-
tion regimens for hemophilia B patients have 

been associated with the development of 
nephrotic syndrome and have been minimally 
successful in eradicating Factor IX inhibitors. 
Immunomodulation using immunoadsorption, 
cyclophosphamide, and intravenous immune 
globulin have been employed but not widely 
used due to modest, short-term benefi ts and 
potential toxicities (Valentino et al.  2015 ). 
Anti-CD20 monoclonal antibodies (rituximab) 
had shown encouraging responses in case reports 
and small case series, but in a Phase II clinical 
trial only 18 % achieved a partial remission 
(Leissinger et al.  2014 ).  

    Case 2. Diagnosis and Management 
of a Neonate with Bleeding 

 A 3500 g term baby boy had circumcision at 48 h 
of life. Sterile gauze dressing was applied and he 
was discharged from the hospital. The following 
day, his parents brought him back to the hospital 
because of continued bleeding from his circumci-
sion site. His diaper was soaked in blood. His 
heelstick site also had continued to ooze and his 
bandaid was soaked through. Examination of the 
circumcision site showed bleeding at the frenu-
lum but no anatomic abnormalities or surgical 
complications. 

  Question 4.      What are the causes of bleeding 
in newborns ?

    A.    Bernard Soulier disease   
   B.    Vitamin K defi ciency   
   C.    Hemophilias   
   D.    All of the above    

    Expert Perspective     The differential diagnosis 
of bleeding in newborns includes platelet 
disorders and coagulation disorders. Thrombocy-
topenia may be caused by infections, maternal 
ITP, or neonatal alloimmune thrombocytopenia. 
Congenital platelet function disorders such as 
Glanzmann’s thrombasthenia or Bernard-Soulier 
result in platelet- type bleeding, including 
 purpura, petechiae, and mucocutaneous bleeding, 
with a normal platelet count. A newborn with 
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 disseminated intravascular coagulation (DIC) 
due to sepsis or viremia is likely to display other 
signs of systemic infl ammatory response system 
(SIRS). Hemorrhagic disease of the newborn is 
caused by vitamin K defi ciency which may 
present in the fi rst week of life, but purpura, 
intracranial hemorrhage, and gastrointestinal 
bleeding are the usual bleeding manifestations. 
Congenital coagulation disorders (hemophilia A 
and B) are associated with excessive bleeding 
with circumcision in over 50 % of cases (Shittu 
and Shokunbi  2001 ). Von Willebrand’s disorder 
(vWD) type 1 is rarely associated with bleeding 
in infancy as von Willebrand factor levels are 
generally high at birth. However, newborns with 
vWD type 2 and 3 may have early bleeding. 
Acquired hemophilia or lupus anticoagulant 
(LA) causing bleeding symptoms are extremely 
unlikely in a newborn.  

 Differential diagnosis of bleeding in the newborn 

 Platelet disorders  Examples 

   Thrombocytopenia  TORCHS infection, DIC, 
maternal ITP, neonatal 
alloimmune 
thrombocytopenia, 
thrombocytopenia absent 
radii syndrome 

   Platelet function 
disorders 

 Glanzmann’s 
thrombasthenia, Bernard 
Soulier disease, 
Hermanski-Pudlak, Gray 
platelet disorder 

 Coagulation disorders 

   Acquired  DIC, vitamin K defi ciency, 
liver insuffi ciency 

   Congenital  Hemophilia A, hemophilia 
B, Factor XI defi ciency 

 Rare congenital bleeding 
disorders: 
dysfi brinogenemia, 
hypofi brinogenemia, 
prothrombin defi ciency, 
Factor V defi ciency, Factor 
VII defi ciency, Factor X 
defi ciency, Factor XIII 
defi ciency 

        Gelfoam was applied to the circumcision site, 
but the baby continued to have oozing. Mother 
revealed that her maternal uncle was known to be 
a “bleeder” but was no longer alive. aPTT 

returned as >150 s, Platelet count and PT were 
normal. 

  Question 5.      What is the next step in the man-
agement of this patient ?

    A.    Ask urology to suture the frenular artery   
   B.    Give FFP and platelet transfusion   
   C.    Administer Factor VIII concentrate   
   D.    Administer Factor IX concentrate    

    Expert Perspective     Bleeding from circumci-
sion in a baby with hemophilia can be very brisk 
and treatment should be instituted as soon as 
possible in order to avoid severe anemia requir-
ing transfusion. While FFP would be a reason-
able choice given an undiagnosed bleeding 
disorder, the amount of factor correction achiev-
able with 10 cc/kg is only 10 % for Factor IX 
defi ciency and 20 % for Factor VIII defi ciency 
and the time required for type and cross and 
infusion would cause a delay of several hours 
before treatment. Because the aPTT is very pro-
longed, severe Factor VIII or Factor IX defi -
ciency are most likely. Factor VIII defi ciency is 
fi ve times more common than Factor IX defi -
ciency and unless the results are known quickly, 
it may be reasonable to administer recombinant 
Factor VIII concentrate 50 U/kg intravenous 
(IV) and observe for cessation of bleeding as 
well as correction of the aPTT. If bleeding does 
not stop and PTT has not corrected, recombinant 
Factor IX concentrate 50 units/kg would be 
administered next. Factor XI defi ciency is very 
rarely associated with bleeding due to circumci-
sion, but if FVIII and FIX levels are normal, FXI 
should be measured and if low, FFP 20 cc/kg 
administered. Surgical intervention should be 
avoided until hemostasis is achieved and will 
probably not be necessary once the coagulation 
defi ciency has been corrected.  

 The baby was treated with recombinant FVIII 
concentrate 50 U/kg and the bleeding stopped and 
the aPTT corrected to 34 s. FVIII activity mea-
surement returned <0.01 IU/ml (<1 %  normal). 
He received rFVIII daily for 7 days with good 
healing. 
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  Question 6.      How best to manage this patient 
once the bleeding has stopped ?

    A.    Treat bleeding episodes as needed (on 
demand treatment)   

   B.    Start early prophylaxis with Factor VIII 
replacement therapy once weekly as soon as 
diagnosis is established.   

   C.    Start prophylaxis with Factor VIII replacement 
therapy three times weekly at 1 year of age.   

   D.    Start prophylaxis with Factor VIII replace-
ment therapy three times weekly after the fi rst 
joint bleed.    

    Expert Perspective     Many levels of evidence 
support the initiation of primary prophylaxis early 
in childhood to avoid crippling joint disease, intra-
cranial hemorrhage, and other complications of 
hemophilia (Manco-Johnson et al.  2007 ). There 
are many proponents of early prophylaxis begin-
ning as soon as the diagnosis is established in 
order to avoid the possibility of inhibitor develop-
ment, but this approach has yet to be validated out-

side of a single institution observational study 
(Kurnik et al.  2010 ; Auerswald et al.  2015 ). The 
Swedish originated prophylaxis with factor admin-
istered three times weekly beginning at 1 year of 
age and have demonstrated that joints remain 
healthy 25 years later (Nilsson et al.  1992 ). 
Because venipuncture can be extremely diffi cult in 
young children, this approach frequently requires 
placement of an implanted central venous catheter 
device. A more pragmatic approach, and that 
favored by most American hemophilia treatment 
centers, is to observe the child until the fi rst major 
bleeding episode or joint bleed, increasing the 
likelihood that prophylaxis can be postponed until 
the child is able to undergo regular venipuncture 
without requirement for CVL placement.  

  Answers 

    Question 1. A  
  Question 3. B or C  
  Question 4. D  
  Question 5. C  
  Question 6. D         

Initial work-up for newborn with bleeding:

• CBC/diff and platelets
• PT/PTT
• Fibrinogen
• Thrombin Time
• D-dimer

Thrombocytopenia: Prolonged PT,
normal TT and
d-dimer

Prolonged PTT

Normal
d-dimer

Abnormal
d-dimer

All normal

Maternal plts
NAIT eval
TORCHS w/u
Consider Xrays
of radii 

R/O Sepsis,
viremia, liver
disease

Factor VII activity
Factor V activity
Factor X activity
Vitamin K

Factor VIII activity
Factor IX activity
Factor XI activity

Factor XIII activity
Platelet aggregation
testing

Hemophilia A and B: Diagnosis and Management



262

   References 

    Abshire T, Kenet G. Safety update on the use of recombi-
nant factor VIIa and the treatment of congenital and 
acquired defi ciency of factor VIII or IX with inhibi-
tors. Haemophilia. 2008;14(5):898–902.  

    Astermark J, Donfi eld SM, DiMichele DM, Gringeri A, 
Gilbert SA, Waters J, Berntorp E, FENOC Study 
Group. A randomized comparison of bypassing agents 
in hemophilia complicated by an inhibitor: the FEIBA 
NovoSeven Comparative (FENOC) Study. Blood. 
2007;109(2):546–51.  

    Auerswald G, Kurnik K, Aledort LM, Chehadeh H, 
Loew-Baselli A, Steinitz K, Reininger AJ, EPIC 
Clinical Study Group. The EPIC study: a lesson to 
learn. Haemophilia. 2015;21:622–8.  

    Eckhardt CL, Loomans JI, van Velzen AS, Peters M, 
Mauser-Bunschoten EP, Schwaab R, Mazzucconi MG, 
Tagliaferri A, Siegmund B, Reitter-Pfoertner SE, van 
der Bom JG, Fijnvandraat K, INSIGHT Study Group. 
Inhibitor development and mortality in non- severe 
hemophilia A. J Thromb Haemost. 2015;13:1217–25.  

    Eyster ME, Gill FM, Blatt PM, et al. Central nervous system 
bleeding in hemophiliacs. Blood. 1978;51:1179–88.  

    Gouw SC, van den Berg HM, Fischer K, Auerswald G, 
Carcao M, Chalmers E, Chambost H, Kurnik K, Liesner 
R, Petrini P, Platokouki H, Altisent C, Oldenburg J, 
Nolan B, Garrido RP, Mancuso ME, Rafowicz A, 
Williams M, Clausen N, Middelburg RA, Ljung R, van 
der Bom JG, PedNet and Research of Determinants of 
INhibitor Development (RODIN) Study Group. 
Intensity of factor VIII treatment and inhibitor develop-
ment in children with severe hemophilia A: the RODIN 
study. Blood. 2013;121(20):4046–55.  

    Hay CR, DiMichele DM, Guyatt G, Gutterman D, Baum 
Auerbach. The principal results of the International 
Immune Tolerance Study: a randomized dose com-
parison. Blood. 2012;119:1335–44.  

    Hermans C, De Moerloose P, Fischer K, Hostein K, 
Klamroth R, Lambert T, Lavigne-Lissalde G, Perez R, 
Richards M, Dolan G, on behalf of the European 
Haemophilia Therapy Standardisation Board. 
Management of acute haemarthrosis in haemophilia A 
without inhibitors: literature review, European survey 
and recommendations. Haemophilia. 2011;17:383–92.  

    Key NS, Aledort LM, Beardsley D, et al. Home treatment 
of mild to moderate bleeding episodes using recombi-
nant factor VIIa (NovoSeven) in haemophiliacs with 
inhibitors. Thromb Haemost. 1998;80:912–8.  

    Köhler M. Thrombogenicity of prothrombin complex con-
centrates. Thromb Res. 1999;95(4 Suppl 1):S13–7.  

    Kurnik K, Bidlingmaier C, Engl W, Chehadeh H, Reipert 
B, Auerswald G. New early prophylaxis regimen that 
avoids immunological danger signals can reduce 
FVIII inhibitor development. Haemophilia. 2010;
16(2):256–62.  

    Leissinger C, Josephson CD, Granger S, Konkle BA, 
Kruse-Jarres R, Ragni MV, Journeycake JM, Valentino 
L, Key NS, Gill JC, McCrae KR, Neufeld EJ, Manno 
C, Raffi ni L, Saxena K, Torres M, Marder V, Bennett 
CM, Assmann SF. Rituximab for treatment of inhibi-
tors in haemophilia A. A phase II study. Thromb 
Haemost. 2014;112(3):445–58.  

     Manco-Johnson MJ, Abshire TC, Shapiro AD, Riske B, 
Hacker MR, Kilcoyne R, Ingram JD, Manco-Johnson 
ML, Funk S, Jacobson L, Valentino LA, Hoots WK, 
Buchanan GR, DiMichele D, Recht M, Brown D, 
Leissinger C, Bleak S, Cohen A, Mathew P, Matsunaga 
A, Medeiros D, Nugent D, Thomas GA, Thompson 
AA, McRedmond K, Soucie M, Austin H, Evatt 
BL. Prophylaxis versus episodic treatment to prevent 
joint disease in boys with severe hemophilia. N Engl 
J Med. 2007;357(6):535–44.  

    Nilsson IM, Berntorp E, Löfqvist T, Pettersson H. Twenty- 
fi ve years’ experience of prophylactic treatment in 
severe haemophilia A and B. J Intern Med. 1992;
232(1):25–32.  

    Nuss R, Soucie JM, Evatt B, the Hemophilia Surveillance 
System Project Investigators. Changes in the occurrence 
of and risk factors for hemophilia-associated intracranial 
hemorrhage. Am J Hematol. 2001;68:37–42.  

   Sharathkumar A, Lillicrap D, Blanchette VS, Kern M, 
Leggo J, Stain AM, Brooker L, Carcao MD. Intensive 
exposure to factor VIII is a risk factor for inhibitor 
development in mild hemophilia A. J Thromb 
Haemost. 2003;1(6):1228–36.  

    Shittu OB, Shokunbi WA. Circumcision in haemophili-
acs: the Nigerian experience. Haemophilia. 2001;7(5):
534–6.  

    Sjamsoedin LJ, Heijnen L, Mauser-Bunschoten EP, et al. 
The effect of activated prothrombin-complex concen-
trate (FEIBA) on joint and muscle bleeding in patients 
with hemophilia A and antibodies to factor VIII. A 
double-blind clinical trial. N Engl J Med. 
1981;305:717–21.  

    Soucie JM, Evatt B, Jackson D. Occurrence of hemophilia 
in the United States. The Hemophilia Surveillance 
System Project Investigators. Am J Hematol. 
1998;59(4):288–94.  

   Valentino LA, Kempton CL, Kruse-Jarres R, Mathew P, 
Meeks SL, Reiss UM on behalf of the International 
Immune Tolerance Induction Study Investigators. US 
Guidelines for immune tolerance induction in patients 
with haemophilia A and inhibitors. Haemophilia. 
2015;109;559–67.  

     Venkataswaran L, Wilimas JA, Jones DJ, Nuss R. Mild 
hemophilia in children: prevalence, complications, and 
treatment. J Pediatr Hematol Oncol. 1998;20(1):32–5.  

   Walsh CE, Soucie JM, Miller CH for the United States 
Hemophilia Treatment Center Network. Impact of 
inhibitors on hemophilia A mortality in the United 
States. Am J Hematol. 2015;90(5):400–5.      

D. Brown



263© Springer International Publishing Switzerland 2016 
S.A. Abutalib et al. (eds.), Nonmalignant Hematology, DOI 10.1007/978-3-319-30352-9_24

      Coagulation Factor Inhibitors: 
Diagnosis and Management                      

     Birgit     M.     Reipert      and     C.  L.     Kempton   

         Introduction 

 The development of neutralizing antibodies 
against factor VIII (FVIII inhibitors) or factor IX 
(FIX inhibitors) is the major complication of 
replacement therapy in patients with congenital 
hemophilia A or B. The reason why some patients 
develop inhibitors while others do not, however, 
remains unclear. FVIII inhibitors can also arise as 
autoantibodies in individuals with no prior 
 history of hemophilia A. These autoantibodies 
neutralize the procoagulant activity of FVIII 
resulting in severe, often life-threatening 
 bleeding. Similar to FVIII inhibitors in congeni-
tal hemophilia A, autoantibodies in acquired 
hemophilia A are high-affi nity IgG antibodies 
belonging mainly to subclasses IgG1 and IgG4 
(Hofbauer et al.  2015 ). 

 Although the clinical spectrum of inhibitors 
can vary, in most instances, the presence of an 
inhibitor renders clotting factor replacement ther-
apy ineffective. Treatments with bypassing 

agents (recombinant factor VIIa and activated 
prothrombin complex concentrates) promote 
thrombin generation in the absence of the intrin-
sic tenase complex. Despite the ability to treat 
bleeding in many patients, bypassing agents are 
less effective than replacement therapy in patients 
without inhibitors (Astermark et al.  2007 ). For 
this reason strategies to eradicate an inhibitor are 
important. Immune tolerance induction with fre-
quent infusion of clotting factor to induce periph-
eral tolerance is the mainstay of eradication 
strategies in congenital hemophilia complicated 
by an inhibitor, whereas immunosuppressive 
therapy is the primary strategy to restore self- 
tolerance in acquired hemophilia. 

 This review summarizes our current under-
standing of the nature of FVIII and FIX inhibitors 
and of the risk factors for patients to development 
these inhibitors. Moreover, it discusses strategies 
to manage the clinical consequences of inhibitors 
and to induce or restore immune tolerance to 
FVIII and FIX.  

    Case 1: Review of Inhibitor 
Development and Management 
in Patients with Severe 
Hemophilia A 

 A 12-month-old boy with severe hemophilia 
A caused by a large deletion of the  F8  gene is 
seen for routine follow-up. Two months ago he 
had undergone surgery to repair an incarcerated 
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inguinal hernia. During his lifetime, he has 
received ten doses of the same recombinant FVIII 
replacement product: four for treatment of soft 
tissue bleeding and following minor trauma and 
six at the time of the recent surgery. As part of 
routine follow-up, an inhibitor titer was mea-
sured and found to be 1.5 BU/ml. 

  Question 1.      What are FVIII inhibitors? 

    A.    Regulatory proteins that prevent FVIII 
activation   

   B.    Antibodies that bind to FVIII and neutralize 
FVIII activity   

   C.    Proteolytic enzymes that inactivate FVIII   
   D.    Antibodies that bind to FVIII regardless of 

their impact on FVIII activity    

    Expert Perspective     FVIII inhibitors are high- 
affi nity neutralizing antibodies that bind to FVIII 
and inhibit the procoagulant activity of FVIII 
(Hofbauer et al.  2015 ) which renders replace-
ment therapies with therapeutic FVIII concen-
trates less effective or even ineffective. 

 Most FVIII inhibitors bind to functionally 
important domains of FVIII and prevent its inter-
action with other coagulation factors such as 
FIIa, FIXa, FX, and von Willebrand factor or 
phospholipids. Other FVIII inhibitors have cata-
lytic activity and hydrolyze the protein (Ananyeva 
et al.  2004 ). FVIII inhibitors develop in about 
20–32 % of patients with severe hemophilia A 
(plasma FVIII activities <1 %) and in about 
3–13 % of patients with moderate (plasma FVIII 
activity 1–5 %) and mild (plasma FVIII activity 
>5–40 %) hemophilia A (Hay  1998 ; Gouw et al. 
 2013 ). In clinical practice, neutralizing antibod-
ies against FVIII are commonly identifi ed as 
FVIII inhibitors by using the Bethesda or 
Nijmegen-modifi ed Bethesda assay in which 
1 Bethesda unit (BU) is defi ned as the amount of 
FVIII inhibitor that will neutralize 50 % of 1 unit 
of FVIII:C in normal plasma after 120 min incu-
bation at 37 °C (Verbruggen et al.  2009 ). 

 The inhibitor titer as measured by the 
Bethesda assay does not refl ect the complexity 
of FVIII- specifi c immune responses in patients. 

Recent reports have indicated that there are sev-
eral species of FVIII-specifi c antibodies found in 
patients, some of them are neutralizing and oth-
ers are non-neutralizing. Non-neutralizing anti-
bodies against FVIII are also observed in patients 
without FVIII inhibitors and in some healthy 
individuals (Whelan et al.  2013 ). The biological 
relevance of these non-neutralizing antibodies 
has not been elucidated yet. The different spe-
cies of FVIII-specifi c antibodies might be indic-
ative of different immune regulatory pathways 
that drive their development. Based on current 
understanding, high-affi nity neutralizing anti-
bodies are most likely generated by plasma cells 
which arise from follicular differentiation path-
ways in germinal centers, specialized microenvi-
ronments in secondary lymphoid organs which 
are established during a T-cell-dependent 
immune response. Plasma cells generated in ger-
minal centers are believed to migrate to specifi c 
plasma cell niches in the bone marrow where 
they can survive long term. The lower affi nity 
non- neutralizing antibodies found in patients 
and in healthy individuals, however, are more 
likely to be produced by plasma cells arising 
from extra- follicular differentiation pathways or 
from non- recirculating marginal zone B cells 
(Oracki et al.  2010 ) .   

  Question 2.      What are the risk factors for the 
development of FVIII inhibitors in patients 
with hemophilia A? 

    A.    Type of  F8  gene mutation that causes the 
disease   

   B.    Certain polymorphisms in immune regula-
tory genes   

   C.    Nongenetic factors such as intensity of treat-
ment or surgical procedures   

   D.    All of the above    

    Expert Perspective     Antibodies develop as a 
result of a cascade of tightly regulated interac-
tions between different cells of the innate and the 
adaptive immune system located in distinct 
immune compartments. Any event that affects 
the activation state of the innate or the adaptive 
immune system, the repertoire of FVIII-specifi c 
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B cells or T cells, or the migration pattern of 
immune cells potentially infl uences the risk for 
patients to develop FVIII inhibitors (Reipert 
 2014 ). There is evidence that both genetic and 
nongenetic factors infl uence patients’ suscepti-
bility to developing FVIII inhibitors. The type of 
 F8  gene mutation that causes the disease is a 
major risk factor for the development of inhibi-
tors. Mutations that result in the absence or severe 
truncation of the FVIII protein are associated 
with the highest risk, whereas small mutations 
causing the generation of a dysfunctional FVIII 
protein are associated with a lower risk 
(Oldenburg and Pavlova  2006 ). Other genetic 
risk factors include race/ethnicity, family history, 
polymorphisms in genes coding for the major 
histocompatibility complex (MHC), and poly-
morphisms of certain immune regulatory genes 
(Reipert  2014 ). Nongenetic risk factors are still 
the subject of extensive studies, focusing on 
intensity of treatment at fi rst or any exposure, 
surgical procedures, product-related factors, and 
treatment in association with major immune 
challenges (Reipert  2014 ). In contrast, prophy-
laxis has been intensively discussed as poten-
tially protective of FVIII inhibitor development 
(Gouw and Fijnvandraat  2013 ).  

  Question 3.      One week later, the patient’s 
inhibitor titer was repeated; despite the 
absence of exposure to FVIII, it has increased 
to 5.5 BU/ml. Is immune tolerance induction 
(ITI) indicated? If so, what is the preferred 
regimen? 

    A.    No, ITI is not indicated; continue FVIII for 
treatment of bleeding episodes.   

   B.    No, ITI is not indicated; start bypass therapy 
for treatment of bleeding episodes.   

   C.    Yes, high-dose ITI using his current recombi-
nant FVIII product.   

   D.    Yes, low-dose ITI using a plasma-derived 
VWF-containing product.    

    Expert Perspective     ITI is the regular infusion 
of factor concentrate to induce peripheral immune 
tolerance to FVIII. It is effective in approximately 
70 % of patients with hemophilia A and should be 

pursued in the setting of a high-responding inhib-
itor (>5 BU/ml) or a low-responding inhibitor 
that is persistent and impairs the response to 
FVIII replacement therapy (Hay and DiMichele 
 2012 ). Characteristics that are present prior to the 
start of ITI and have been associated with achiev-
ing tolerance include a peak inhibitor titer prior 
to the start of ITI of <100 BU/ml, starting ITI 
early after inhibitor onset, and inhibitor titer 
<10 BU/ml at the time ITI is started (Mariani and 
Kroner  2001 ; DiMichele and Kroner  2002 ; 
Coppola et al.  2009 ). 

 The choice of product, plasma-derived or 
recombinant, for ITI remains controversial. High 
success rates using a plasma-derived FVIII prod-
uct for ITI have been reported, but benefi ts have 
not been demonstrated in larger prospective 
cohort studies or meta-analyses (Coppola et al. 
 2009 ; van Velzen et al.  2014 ). For these reasons, 
in patients who have not been exposed to plasma- 
derived products, the preference for many physi-
cians remains to use a recombinant FVIII for 
ITI, most typically the one to which the inhibitor 
developed. Although the benefi t of a plasma- 
derived product in terms of improved rates of 
successful tolerance remains controversial, there 
is no reason to believe that success rates are 
lower and there may be other benefi ts, such as 
lower cost, that are important in the individual 
clinical setting. 

 In addition to deciding on when to start ITI 
and what product to use, a dose and frequency of 
FVIII infusions needs to be determined. Based on 
data from the International ITI (IITI) study, most 
patients will require high-dose ITI (Hay and 
DiMichele  2012 ). The IITI study compared regi-
mens of 200 IU/kg daily to 50 IU/kg thrice 
weekly in patients with high-titer inhibitors with 
good-risk features. The main difference between 
these two regimens was the rate of bleeding, 
which was greater in the low-dose arm particu-
larly during the early phase of treatment prior to 
becoming inhibitor titer negative. Based on these 
data, most good-risk patients should receive 
high-dose ITI (Fig.  1 ). In patients with poor-risk 
features including starting titer >10 BU/ml or 
historical peak titer >200 BU/ml, 200 IU/kg daily 
is the preferred starting regimen.
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     Question 4.      The patient has now received ITI 
for 9 months. After an initial rise to 51 BU/ml, 
his inhibitor titer has been declining every 
month. One month ago his inhibitor titer was 
0.4 BU/ml. What are the best next steps to con-
fi rm that he has achieved immune tolerance? 

    A.    Check FVIII recovery.   
   B.    Start to taper dose of factor VIII and continue 

monthly inhibitor titer and trough levels.   
   C.    The negative inhibitor titer is adequate 

 evidence of achieving immune tolerance.   
   D.    Obtain an inhibitor titer after a FVIII 

washout.    

    Expert Perspective     Immune tolerance is 
 characterized by a negative inhibitor titer and 
normalized pharmacokinetics. The fi rst step 
toward achieving tolerance is to have a negative 
inhibitor titer without a FVIII washout (Fig.  2 ). 

An  indication that an inhibitor titer obtained 
after an adequate washout will in fact be nega-
tive is the presence of 24 h trough level that is 
>1 IU/dl. Thus, UKHCDO recommends that 
after the inhibitor titer is negative without a 
washout, a 24 h trough FVIII activity can be 
followed, and when the 24 h FVIII trough activ-
ity is >1 IU/dl on two occasions, an inhibitor 
titer following a washout (typically 48–72 h) 
should be obtained (Collins et al.  2013b ). The 
next step toward tolerance is achieving normal-
ization of the FVIII recovery. To calculate the 
recovery, the baseline FVIII level obtained just 
prior to FVIII infusion is subtracted from the 
peak FVIII level obtained 15 min after FVIII 
infusion and is divided by the amount of FVIII 
infused in IU/kg. Although a defi nition of 
recovery often used for tolerance is as low as 
66 % of predicted (1.32 IU/dl per IU/kg), a 
more normal recovery may be preferred. In the 
IITI study, the median recovery after ITI was 

Elevated inhibitor titer

High-responding
(≥ 5 BU/ml)

Low-responding
(<5 BU/ml) Continue FVIII

Good RiskPoor Risk
No bleeding

and No CVAD

Resolution
of

inhibitor
Bleeding
controlled

Bleeding
NOT

controlled

Persistent
inhibitor

Low Dose ITI

High Dose ITI
Failure or
Bleeding

Success or
Partial

Success

FVIII
prophylaxis

Failure

1.   PD-FVIII if not
      already used
2.   Rituximab

  Fig. 1    Proposed algorithm for immune tolerance induc-
tion in patients with severe hemophilia A.  BU  indicates 
Bethesda unit,  FVIII  factor VIII,  CVAD  central venous 

access device,  PD  plasma-derived (Originally published 
in Kempton and Meeks  2014 )       
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86 % (1.72 IU/dl per IU/kg) (Hay and DiMichele 
 2012 ). After a normal recovery has been estab-
lished, tolerance should be confi rmed by dem-
onstrating a post-washout half-life of ≥7 h. In 
the IITI study, half-life was calculated based on 
FVIII levels obtained after a 72 h washout at 
the following time points: before infusion and 
15 min and 1, 2, 4, 6, 24, and 48 h after infu-
sion. A proposed alternative is to measure a 
48 h trough after 20–50 IU/kg dose, and if 
>1 IU/dl, this is a reasonable representation of 
a half-life that is >7 h. If the recovery or half-
life is not adequate to confi rm tolerance, then 
ITI is continued and repeat measurements are 
taken in 1–3 months.

        Case 2: Review of Acquired 
Hemophilia A and Its Management 

 A 77-year-old man with a history of diabetes, 
hypertension, and coronary artery disease presents 
to the emergency department with complaints of 
back and left groin pain. On physical examination, 
he is holding his left leg fl exed and externally 
rotated at the hip. CT scan demonstrates a large left 
iliopsoas bleed. Laboratory work shows a hemo-
globin of 10.2 g/dl, normal PT, aPTT of 82 s, FVIII 
activity <1 %, and  normal FIX and FXI activity. 
When mixed with normal pooled plasma, the aPTT 
immediately corrects but prolongs after incubation 
for an hour at 37°. FVIII inhibitor titer is pending. 

Inhibitor titer without
washout

Inhibitor titer and 24
hour through FVIII without

washout x 2

Negative TiterPositive Titer

Positive Titer and/or
FVIII < 1%

Negative Titer and
FVIII < 1%

Inhibitor titer after
washout x 2

Positive Titer

FVIII recovery after
washout

Negative Titer

< 1.32 IU/dl per IU/kg
(66% expected)

> 1.32 IU/dl per IU/kg
(66% expected)

FVIII half-life after
washout or 48 hour
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  Fig. 2    Progression toward immune tolerance. Phase 1 is 
characterized by achieving a negative inhibitor titer. In the 
high-dose arm of the IITI study, the median time to com-
plete this phase was 4.6 months (IQR, 2.8–13.8) (Hay and 
DiMichele  2012 ). A negative inhibitor titer will fi rst occur 
without a FVIII washout; next the FVIII 24 h trough level 
will become measurable after which an inhibitor titer fol-
lowing an adequate FVIII washout will be negative. Two 
negative inhibitor titers following a washout are needed to 

confi dently complete phase 1. Phase 2 is characterized by 
normalization of the FVIII recovery, and in the IITI study, 
high-dose arm occurred over a median of 6.9 months 
(IQR 3.5–12.0). Measurement of the FVIII recovery 
should be done after a FVIII washout that returns the 
FVIII level to the patient’s baseline. Phase 3, which 
occurred over a median of 10.6 months (IQR 6.3–20.5) in 
the IITI high-dose arm, is completed when the half-life to 
FVIII is confi rmed to be normalized       
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  Question 5.      What is the best next step in man-
agement of this patient? 

    A.    aPCC 100 U/kg.   
   B.    rFVIIa 70 mcg/kg.   
   C.    Recombinant porcine factor VIII 200 IU/kg.   
   D.    Recombinant human factor VIII 200 IU/kg.   
   E.    Wait for the inhibitor to be resulted before 

starting treatment.    

    Expert Perspective     This patient has a typical 
presentation of acquired hemophilia; he is 
elderly with a large muscle bleed, a prolonged 
aPTT that is time and temperature dependent 
(corrects on initial mixing study but prolongs 
with incubated mixing), and a reduced FVIII 
activity. Since large muscle hematomas can lead 
to signifi cant morbidity, treatment should com-
mence prior to an inhibitor titer being available. 
Reasonable treatment options include a bypass-
ing agent (aPCC or rFVIIa) or recombinant por-
cine FVIII (rpFVIII) (Collins et al.  2013a ). 
Human FVIII is not an appropriate fi rst-line 
therapy, since his own FVIII activity is <1 %. In 
this patient with underlying coronary artery dis-
ease, aPCC and rFVIIa both pose a risk of throm-
botic complications. For this reason, rpFVIII 
is preferred. The starting dose of rpFVIII is 
200 IU/kg and FVIII levels should be checked 
30 min and 3 h after infusion (Kruse- Jarres et al. 
 2015 ). Repeat doses are delivered to maintain 
FVIII levels in a desired range which for this 
patient is >50 %, ideally 80–100 %.  

  Question 6.      The inhibitor titer is found to be 
128 BU/ml confi rming that the patient has 
acquired hemophilia A. What differentiates 
acquired hemophilia A from congenital hemo-
philia A? 

    A.    Acquired hemophilia A is an autoimmune 
disease caused by neutralizing autoantibodies 
against FVIII; congenital hemophilia A is 
caused by hereditary mutations in the  F8  
gene.   

   B.    Congenital hemophilia A is fi rst diagnosed in 
young children; acquired hemophilia A typi-
cally presents later in life.   

   C.    Congenital hemophilia A mostly occurs in 
males; acquired hemophilia A can occur 
equally in both males and females.   

   D.    All of the above.    

    Expert Perspective     Acquired hemophilia A is 
an autoimmune disease associated with the 
 formation of neutralizing autoantibodies against 
FVIII which develop in individuals with no prior 
history of hemophilia A. The autoantibodies 
 neutralize the procoagulant activity of FVIII, 
resulting in severe, often life-threatening 
 bleeding. Similar to FVIII inhibitors in congeni-
tal hemophilia A, autoantibodies in acquired 
hemophilia A are high-affi nity IgG antibodies 
belonging mainly to subclasses IgG1 and IgG4 
(Hofbauer et al.  2015 ). Several reports indicated 
that the autoantibodies neutralize FVIII with 
complex- order reaction kinetics, and they do not 
completely neutralize FVIII activity in vitro. 
They are generally referred to as type II inhibi-
tors (Biggs et al.  1972a ). In contrast, the majority 
of FVIII inhibitors in patients with congenital 
hemophilia A completely neutralize FVIII activ-
ity in vitro, operating with second-order reaction 
kinetics. They are referred to as type I inhibitors 
(Biggs et al.  1972b ). 

 Acquired hemophilia A is a rare disease with 
an incidence of about 1.0–1.5 cases per million 
per year. Approximately half of cases occur in 
previously healthy individuals lacking any rel-
evant concomitant disease. The remaining 50 % 
are associated with the postpartum period in 
women, autoimmune diseases (e.g., systemic 
lupus erythematosus, rheumatoid arthritis, 
Sjögren’s syndrome, or thyroid disorders), can-
cer, vaccination, or the use of certain medica-
tions (e.g., penicillin and its derivatives, sulfa 
antibiotics, phenytoin, chloramphenicol, meth-
yldopa, depot thioxanthene, interferon-α, fl uda-
rabine, levodopa, or clopidogrel) (Shetty et al. 
 2011 ). The pathogenesis of acquired hemo-
philia A is poorly understood. Like other auto-
immune disorders, acquired hemophilia A is 
caused by a loss of immune tolerance against 
self. The root cause for the loss of immune tol-
erance against self in autoimmune diseases is 
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the subject of extensive research focusing on 
both genetic and nongenetic factors (Jackson 
et al.  2015 ).  

  Question 7.      What is the best approach for 
inhibitor eradication in this patient? 

    A.    Observe   
   B.    Corticosteroids only   
   C.    Corticosteroids and cyclophosphamide   
   D,    Rituximab   
   E.    Immune tolerance induction    

    Expert Perspective     Unfortunately, the inhibitor 
titer does not predict morbidity or mortality, and 
although spontaneous disappearances of an 
acquired FVIII inhibitor have been reported to 
occur, it is at the risk of potentially life- threatening 
bleeding (Collins et al.  2007 ). For these reasons 
inhibitor eradication needs to be pursued in all 
patients with acquired hemophilia A regardless 
of initial inhibitor titer or current bleeding mani-
festations. Immunosuppressive therapy is the 
preferred method of inhibitor eradication. 
Importantly, treatment should be adjusted accord-
ing to patient-specifi c side effects and contraindi-
cations. Although the best immunosuppressive 
approach has not been defi ned, corticosteroids 
and cyclophosphamide are the mainstays of ther-
apy. Corticosteroid alone are most likely to be 
effective in those with a FVIII activity >1 IU/dl 
and inhibitor tier <20 BU/ml and has a median 
time to complete remission of 5 weeks (Collins 
et al.  2012 ; Tiede et al.  2015 ). For those that fail 
to demonstrate a rise in their FVIII activity after 
3 weeks of corticosteroids alone, an additional 
agent such as cyclophosphamide should be 
added. In patients with a FVIII activity <1 IU/dl 
and inhibitor titer >20 BU/ml, combination ther-
apy from the start is preferred. The use of ritux-
imab remains controversial. In the EACH2 
registry, rituximab-based regimens had a lower 
probability of success and a longer time to 
achieve remission (Collins et al.  2012 ). 
Regardless of the approach to eradication, 
relapses occur in 10–20 % of patients, typically 
during the fi rst year, thus ongoing monitoring 
even after inhibitor resolution is required.   

    Case 4: Review of Development 
and Management of Inhibitors 
in Patients with Hemophilia B 

 A 13-month-old boy with severe hemophilia B 
caused by a large deletion in the  F9  gene is found 
to have an inhibitor titer of 5.2 BU/ml after his 
11th infusion of factor IX. Prior to inhibitor 
onset, he had been receiving on demand recombi-
nant factor IX for treatment of acute bleeds. He 
has not had any allergic reactions associated with 
factor IX infusions. 

  Question 8.      What are the differences between 
FVIII and FIX inhibitors? 

    A.    FIX inhibitors occur more commonly than 
FVIII inhibitors.   

   B.    Allergic or anaphylactic reactions occur more 
commonly in patients with FIX inhibitors 
than FVIII inhibitors.   

   C.    FVIII inhibitors but not FIX inhibitors are 
associated with nephrotic syndrome.    

    Expert Perspective     FIX inhibitors are observed 
less frequently than FVIII inhibitors. Their inci-
dence is 1–3 % for all patients with hemophilia B 
and 9–23 % for patients with severe hemophilia B 
(DiMichele  2007 ). FIX inhibitors are frequently 
associated with allergic or anaphylactic reac-
tions, the root cause of which is unknown. One 
reason might be the small molecular weight of 
FIX (55,000 Da), which allows FIX to be distrib-
uted to the extravascular space. There, it could 
bind to FIX-specifi c IgE, thereby facilitating 
mast cell activation (High  1995 ). Another reason 
may be that patients are exposed to larger 
amounts of exogenous protein when exposed to 
FIX products; 1 unit of FIX corresponds to about 
5 μg of protein, whereas 1 unit FVIII corresponds 
to only about 100 ng protein. Larger amounts of 
FIX may result in high concentrations of circulat-
ing immune complexes when exogenous FIX 
protein binds to FIX inhibitors and could explain 
the association with nephrotic syndrome. So far, 
however, immune complex formation has not 
been reported in patients with anaphylactic reac-
tions to FIX (DiMichele  2007 ).  
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  Question 9.      What is the best next step in man-
agement for this patient with hemophilia B 
and a new FIX inhibitor? 

    A.    Start ITI with recombinant FIX.   
   B.    Change to rFVIIa.   
   C.    Change to aPCC.   
   D.    Continue FIX.    

    Expert Perspective     Although the risk of 
inhibitor development is lower in patients with 
hemophilia B, allergic reaction to FIX has been 
reported to occur in up to 50 % of patients with 
hemophilia B and inhibitor, most typically 
those with a large  F9  deletion, though the exact 
incidence is unknown (Chitlur et al.  2009 ), 
making management more diffi cult. In addi-
tion, ITI is less effective in patients with hemo-
philia B (30 % success), in part due to the 
diffi culty posed by allergic reactions (DiMichele 

and Kroner  2002 ). In those with a history of 
FIX allergic reaction, ITI is more challenging 
and can be approached according to their bleed-
ing phenotype and response to rFVIIa. For 
patients with good clinical response to rFVIIa 
and a manageable bleeding pattern, ITI can be 
delayed. However in those patients for whom 
frequent bleeding is leading to joint damage 
and other morbidity, ITI with immunosuppres-
sion following desensitization should be 
strongly considered (Shibata et al.  2003 ; 
Batorova et al.  2013 ). In the absence of allergic 
symptoms associated with FIX infusions, ITI 
can proceed similarly to that with hemophilia 
A, specifi cally with daily infusions of FIX and 
careful monitoring, though some have sug-
gested that given poor response rates to ITI 
alone, immunosuppression could be considered 
in this group as well (Kempton and Meeks 
 2014 ) (Fig.  3 ).    
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  Fig. 3    Proposed algorithm for immune tolerance induction in patients with severe hemophilia B.  BU  indicates Bethesda 
unit,  FIX  factor IX (Originally published in Kempton and Meeks  2014 )       
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  Answers 

    Question 1. B  
  Question 2. D  
  Question 3. C  
  Question 4. D  
  Question 5. C  
  Question 6. D  
  Question 7. C  
  Question 8. B  
  Question 9. A         
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      Rare Coagulation Factor 
Defi ciencies: Diagnosis 
and Management                      

     David     Green      and     Axel     Matzdorff    

         Introduction 

 Rare bleeding disorders are challenging because 
the experience of most physicians with these con-
ditions is limited. Many of the milder disorders 
often go unrecognized for many years, and misdi-
agnosis results in inappropriate medical manage-
ment. Rare bleeding disorders typically present 
with easy bruising, epistaxis, menorrhagia, hema-
toma formation after trivial trauma, and excessive 
bleeding following routine, minimally invasive 
procedures. Some patients with rare bleeding dis-
orders might be aware of family members with 
unusual bleeding or bruising. The results of labo-
ratory studies are often puzzling and are not con-
sistent with common bleeding disorders such as 
hemophilia and von Willebrand disease. Arriving 
at the correct diagnosis generally requires a thor-
ough knowledge of the coagulation pathways and 
the characteristics of the individual clotting 
 factors. Genetic analysis to identify specifi c 
 mutations can be very helpful, especially for 
 recognizing asymptomatic family members. 

 The case vignettes presented in this chapter 
illustrate a few acquired and congenital rare 
bleeding disorders (Table  1 ), but it must be 
emphasized that the clinical features of these con-
ditions vary considerably, even in patients having 
the same diagnosis. Accurate diagnosis is essen-
tial, because treatment has become more focused 
in recent years. For example, giving fresh frozen 
plasma (FFP) was formerly considered adequate 
therapy for most coagulation factor defi ciencies. 
However, plasma is a poor source of clotting fac-
tor; by defi nition, there is one unit of factor per ml 
of plasma, so that an adult of average weight 
requires at least 20 ml/kg to raise plasma levels 
from 1 to 50 % of normal. The plasma must be 
thawed and given over a relatively short interval 
and even in large amounts might not achieve 
hemostatic factor levels. In addition, patients 
often experience adverse effects such as volume 
overload and allergic reactions. Therefore, giving 
a specifi c concentrate to correct the patient’s 
 factor defi ciency is the best choice. Currently, 
concentrates for replacement of fi brinogen and 
factors VII, VIII, IX, X, and XIII are approved in 
the USA, and concentrates of factor XI are avail-
able in other countries. Finally, rare bleeding 
 disorders should be viewed in the context of the 
whole patient. In the examples included in this 
chapter, patients with congenital bleeding disor-
ders have atherosclerosis, suspected cancer, or are 
pregnant. Readers will need to select  management 
options for these other conditions as well as the 
hemorrhagic disorder.
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       Case 1 

     A 79 - year - old man presented for the evaluation of 
spontaneous hematomas on his chest  ( see  Fig.  1 ). 
 He had multiple medical problems including 
monoclonal IgM lambda gammopathy of uncer-
tain signifi cance  ( MGUS ),  recurrent pleural effu-
sions ,  mild heart failure ,  and mild renal 
insuffi ciency :  creatinine 1.8 and creatinine clear-
ance 38 ml / min. A chest CT scan showed medias-
tinal lymphadenopathy. Anterior mediastinoscopy 
revealed several lymph nodes with amyloid depos-
its but no evidence of lymphoma ;  the procedure 
was not complicated by bleeding. The fi nal diag-
nosis was AL amyloidosis causing nodular medi-
astinal lymphadenopathy ,  recurrent pleural 
effusions ,  and extensive ecchymoses.  

  Question 1.      Which of the following is the most 
common pattern of laboratory abnormalities 
in AL amyloidosis ?

    A.    Normal platelet count, normal aPTT, normal PT   
   B.    Low platelet count, normal aPTT, normal PT   
   C.    Normal platelet count, normal aPTT, pro-

longed PT   
   D.    Low platelet count, prolonged aPTT, normal PT   
   E.    Normal platelet count, prolonged aPTT, 

 prolonged PT    

    Expert Perspective     In a series of 337 
patients, hemorrhagic symptoms were reported 
in 28 % of patients with AL amyloidosis 
(Mumford et al.  2000 ). Half the patients had an 
abnormal coagulation screen and prolonged 
prothrombin times and thrombin times that 
were attributed to amyloid infi ltration of the 
liver. Other hemostatic defects observed in 
patients with AL amyloidosis are decreased 
factor X, found in 15 % of patients and proba-
bly due to adsorption of the protein by amyloid 
fi brils; defi ciencies of factors II, VII, IX, and 
V; enhanced fi brinolysis; and abnormal capil-
lary fragility (Choufani et al.  2001 ; Neuhaus 
et al.  2002 ). Amyloid coagulopathy typically 
causes periorbital ecchymoses (so-called rac-
coon eyes), but ecchymoses of the skin of the 
neck, as in our patient, has also been reported 
(Deeren  2012 ). In addition, our patient’s PT 
was mildly prolonged (18 s, normal 12–15), 
and his factor VII activity was 49 %. The levels 
of fi brinogen and factors II, IX, and X were 
normal. 

 This patient presents with two medical prob-
lems, nodular mediastinal amyloid deposition 
(Shaw et al.  1984 ; Takeshita et al.  2000 ) and 
ecchymoses of his chest wall. To further evaluate 
the AL amyloid disease, a bone marrow biopsy 
and aspirate is indicated.  

   Table 1    Rare  coagulation  bleeding disorders discussed in this Chapter   

 Disorder  When to suspect  Diagnostic abnormalities  Treatment 

 Amyloidosis  Raccoon eyes and 
ecchymoses, MGUS, 
myeloma 

 Gammopathy, amyloid 
fi brils in tissue biopsy 

 Combination 
chemotherapy 

 Factor VII defi ciency  Mucosal bleeding or 
bleeding with surgery, 
trauma 

 Prolonged PT, normal 
aPTT 

 Tranexamic acid or factor 
VII concentrate 

 Factor XI defi ciency  Mucosal, surgery, trauma 
bleeding; Jewish descent 

 Prolonged aPTT, normal 
PT; decrease in factor XI 

 Tranexamic acid or FFP; 
inhibitor: rVIIa 

 Combined factor II, VII, 
IX, and X defi ciency 

 Bleeding stops after 
treatment with vitamin K 

 Prolonged PT, no vitamin 
K defi ciency or VKA 

 Vitamin K 1 , 5–20 mg/day; 
no response: PCC 

 Combined factor V and 
VIII defi ciency 

 Consanguinity; menstrual 
bleeding; Middle East/India 

 Prolonged PT and aPTT; 
no inhibitor 

 Desmopressin; factor VIII 
concentrate and FFP 

 Factor XIII defi ciency  Poor wound healing, 
intracranial, umbilical 
bleeding 

 Normal PT and aPTT; 
abnormal clot solubility 

 Factor XIII concentrate 

   PT  prothrombin time,  aPTT  activated partial thromboplastin time,  VKA  vitamin K antagonist,  FFP  fresh frozen plasma, 
 PCC  prothrombin complex concentrate  
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  Question 2.      Prior to performing the bone 
marrow biopsy and aspirate, the patient 
should receive 

    A.    No special pre-biopsy measures   
   B.    Recombinant factor VIIa   
   C.    Fresh frozen plasma   
   D.    Tranexamic acid   
   E.    Prothrombin complex concentrate    

    Expert Perspective     Bone marrow aspiration 
and biopsy have no absolute contraindications. 
Bleeding complications are very rare (<0.1 %, 
Bain  2006 ). Biopsies are usually taken from the 
iliac crest where any bleeding can easily be 
detected and stopped by compression, and pre- 
biopsy hemostatic therapy is rarely indicated. It 
is the personal experience of the authors that 
even patients with severe thrombocytopenia or 
receiving oral vitamin K antagonist therapy do 
not have signifi cant bleeding after this proce-
dure. The situation is different with biopsies at 
other sites that cannot be monitored or com-
pressed easily; for example, renal or liver 
biopsy.  

  Question 3.      How best to treat the coagulopa-
thy in this patient? 

    A.    Low dose corticosteroids   
   B.    Vitamin C   
   C.    Tranexamic acid   
   D.    Recombinant factor VIIa   
   E.    Combination chemotherapy    

    Expert Perspective     Because the coagulopathy is 
mediated by the AL amyloidosis, treatment is pri-
marily aimed at reducing the amyloid burden 
(Thompson et al.  2010 ). In our patient, combination 
chemotherapy resulted in a dramatic decrease in skin 
hemorrhages, and the prothrombin time returned to 
normal. In patients with severe bleeding due to very 
low levels of factor X, activated prothrombin com-
plex concentrates and activated recombinant factor 
VII (rVIIa) have been effective. Corticosteroids 
alone would be an inadequate treatment for the AL 
amyloidosis and might exacerbate skin bleeding. 
Vitamin C has little benefi t for persons replete with 
this vitamin. Tranexamic acid, an antifi brinolytic 
agent, might be benefi cial if excessive fi brinolysis 
was present, and recombinant factor VIIa would be 
indicated if the patient had a major hemorrhage. 
However, both of these agents are hazardous in 
elderly patients with risk factors for thrombosis; in 
this patient, the AL amyloidosis is a known risk fac-
tor for cardiac disease (restrictive cardiomyopathy 
and arrhythmias) (Falk  2005 ; Palladini et al.  2010 ).  

  Question 4.      The hematologist had recom-
mended treatment with melphalan, predni-
sone, and lenalidomide (Moreau et al.   2010  ) 
and advised that thromboprophylaxis be 
given. You suggest 

    A.    Aspirin   
   B.    Low molecular weight heparin   
   C.    Unfractionated heparin   
   D.    Vitamin K antagonist   
   E.    Avoid all anticoagulants    

   Fig. 1       

 

Rare Coagulation Factor Defi ciencies: Diagnosis and Management



276

    Expert Perspective     Lenalidomide, like other 
immunomodulatory drugs (thalidomide, 
pomalidomide), increases the risk for thrombo-
sis. Guidelines recommend thromboprophylaxis 
with a low molecular weight heparin or aspirin 
(Palumbo et al.  2008 ). Because heparins are 
excreted by the kidney and this patient had evi-
dence of renal failure, heparins might accumulate 
and exacerbate bleeding. A vitamin K antagonist 
is not appropriate for the brief period the patient 
will be exposed to the lenalidomide. Because 
treatment of the AL amyloidosis was anticipated 
to ameliorate the coagulopathy, aspirin was pre-
scribed and the patient was closely monitored. 
Not giving antithrombotic prophylaxis would 
have exposed this patient to a high risk for 
thrombosis.  

  Question 5      One year later, the patient devel-
oped atrial fi brillation. You recommend 

    A.    Aspirin, 325 mg twice daily   
   B.    Vitamin K antagonist, target INR 1.5   
   C.    Vitamin K antagonist, target INR 2.5   
   D.    Fondaparinux, 2.5 mg daily   
   E.    Avoid all anticoagulants    

    Expert Perspective     Anticoagulant therapy is 
recommended for all patients with atrial fi brilla-
tion unless clearly contraindicated. Vitamin K 
antagonists, with a goal INR of 2–3, are preferred 
over aspirin or lower INRs (Hart et al.  2007 ). 
Fondaparinux has a long half-life and is entirely 
excreted by the kidney and therefore would be 
inappropriate. Because this patient has a high 
CHADS 2  score (older age, cardiovascular dis-
ease), the benefi ts of antithrombotic therapy 
exceed the risks of bleeding.   

    Case 2 

  This 82 - year - old man of Jewish descent was well 
until age 42 when he had excessive bleeding after 
a wide surgical excision of a melanoma. 
Laboratory studies showed a factor XI  < 5  %  and 
he was given FFP with resolution of the bleeding. 
There was no family history of a bleeding 

 disorder. He was well for the next 20 years ,  but 
then developed hematuria and was again treated 
with FFP. However ,  the hematuria persisted and 
an inhibitor to factor XI was detected . 

  Question 6.      Which combination of PT and 
aPTT results would you anticipate in this 
patient ?

    A.    No prolongation of either PT or aPTT   
   B.    PT prolonged, aPTT normal   
   C.    aPTT prolonged, PT normal   
   D.    Both PT and aPTT prolonged   
   E.    Both PT and aPTT prolonged in a mixture of 

patient plasma and normal plasma    

    Expert Perspective     The aPTT is sensitive to the 
levels of all clotting factors except factor VII; 
therefore, it will be prolonged in this patient with 
factor XI <5 %. The PT is sensitive to levels of 
factors II (prothrombin), V, VII, and X, and there 
is nothing in the history or physical examination 
to suggest that he would be defi cient in these fac-
tors; therefore, the PT should be within the nor-
mal range. The inhibitor to factor XI prevents 
correction of the aPTT with normal plasma, but 
will not prolong the PT. 

  The hematuria eventually abated and he was 
well until age 75 ,  when he experienced angina. 
On examination ,  his blood pressure was 158 / 88 
and cardiomegaly was present. The factor XI 
level was 1  %  and the inhibitor was just detect-
able at 0.6 Bethesda Units. A coronary angio-
gram revealed severe multivessel coronary 
artery disease .  

  Question 7.      What do you recommend? 

    A.    Aspirin, 81 mg daily   
   B.    Vitamin K antagonist, target INR 2–3   
   C.    Low molecular weight heparin   
   D.    Antihypertensive agents, diuretics, and a 

statin   
   E.    Diet and exercise only    

    Expert Perspective     Aspirin, other nonsteroi-
dal anti-infl ammatory drugs, and anticoagu-
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lants should be avoided in patients with 
congenital bleeding disorders. In this particular 
patient with severe, symptomatic heart disease, 
a trial of low- dose aspirin, 81 mg daily, was ini-
tiated but was soon discontinued because of 
recurrent hematuria and a large hematoma after 
minor trauma. Following intensive treatment 
with antihypertensive agents, diuretics, and 
statins, his episodes of angina ceased and he 
has been asymptomatic for more than 7 years. 
The take-away message is that even though 
bleeding might be infrequent and there appears 
to be a strong indication for antiplatelet ther-
apy, these agents are poorly tolerated by 
patients with hemophilia and other clotting fac-
tor defi ciencies and should not be prescribed. 
Diet and exercise, while benefi cial, are inade-
quate treatment for symptomatic atheromatous 
disease. 

  Recently ,  the patient was found to have a 
potentially cancerous colonic polyp ,  and a polyp-
ectomy was strongly recommended .  

  Question 8.      How should he be prepared for 
surgery? 

    A.    No preoperative hemostatic therapy   
   B.    Tranexamic acid given intravenously   
   C.    Fresh frozen plasma   
   D.    Factor XI concentrate   
   E.    Recombinant factor VIIa and oral tranexamic 

acid    

    Expert Perspective     The plasma concentration 
of factor XI is poorly correlated with a hemor-
rhagic tendency, and even those with very low 
levels often have only minor bleeding (Peyvandi 
et al.  2012a ). A history of bleeding with previ-
ous surgery or trauma identifi es patients likely 
to have excessive blood loss, so preoperative 
hemostatic agents will be required. Because 
bleeding is most often from areas rich in fi bri-
nolytic activity such as the mouth or genitouri-
nary tract, antifi brinolytic agents such as 
tranexamic acid usually suffi ce for dental 
extractions, menorrhagia, or minor surgery 
(Peyvandi et al.  2012b ). For major surgery or 
extensive trauma, suffi cient fresh frozen plasma 

is given to achieve trough levels of 45 IU/dl 
(Bolton-Maggs  2009 ). However, exposure to 
plasma elicits inhibitors in a third of patients 
homozygous for the Type II mutation of the 
factor XI gene, the most severe form of factor 
XI defi ciency (Salomon et al.  2006 ). To dimin-
ish the frequency of inhibitor development, 
patients should be exposed to plasma only if 
there is a high risk of bleeding, and no effective 
alternatives are available. Patients with inhibi-
tors are refractory to factor XI replacement 
therapy but satisfactory hemostasis can be 
obtained with low doses (15 μg/kg) of recombi-
nant factor VIIa (rVIIa) combined with oral 
tranexamic acid (Livnat et al.  2009 ). The patient 
described in this vignette received rVIIa prior 
to the polypectomy and did not have bleeding 
or other complications.   

    Case 3 

  A 26 - year - old woman presents in her 12th week 
of pregnancy for evaluation of both thrombo-
philia and a prolonged PT . 

  Her fi rst pregnancy 2 years before had been 
uneventful. The patient denied a personal or fam-
ily history of bleeding. Tonsillectomy and laparo-
scopic lysis of adhesions had been uneventful. 
Her fi rst child ,  a boy ,  had no bleeding tendency. 
Her only medication was folic acid . 

  During the current pregnancy ,  she informed 
her obstetrician that her mother had been told of 
an increased risk of thrombosis during her preg-
nancy with the patient. However ,  her mother 
never had a thromboembolic event ,  and there was 
no family history of thrombosis . 

  The obstetrician ordered routine screening 
tests ,  including aPC resistance ,  protein S and 
protein C activity ,  fi brinogen ,  TT ,  PT ,  aPTT ,  AT 
III ,  and prothrombin gene mutation. Protein S 
activity was 45  % ( normal range 55 – 150  %).  The 
prothrombin time was 22 s  ( normal 12 – 15 s ,  INR 
1.6 )  and the factor VII 53  %;  other clotting fac-
tors were normal. Genetic analysis showed a 
homozygous polymorphism in the factor VII pro-
moter region  [ c1238G > A ,  p.Arg413Gln  ( Exon 
8 )],  a mutation associated with reduced factor 
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VII activity  (Hunault  1997 ).  The level of factor 
VII was 53  %  at week 12 ,  85  %  at week 22 ,  and 
117  %  at week 32 . 

 This woman presents with two hemostatic 
problems, a mildly decreased protein S activity, 
and a prolonged PT with reduced factor VII 
activity. 

  Question 9.      Which of the following is true 
about protein S ?

    A.    It increases during pregnancy.   
   B.    It is only active when bound to the C4B- 

binding protein.   
   C    Levels of 10–20 % of normal are associated 

with venous thromboembolism.   
   D.    The patient in the vignette should receive pro-

phylactic anticoagulation.   
   E.    It participates in the inactivation of factor Va.    

    Expert Perspective     Protein S activity declines 
during pregnancy, and this patient’s level is 
below the normal range for nonpregnant per-
sons but within the normal range for a fi rst tri-
mester pregnancy (Said et al.  2010 ; Szecsi et al. 
 2010 ). In the circulation, about two-thirds of 
protein S is bound to the C4B-binding protein 
and is inactive; only the free protein acts as a 
cofactor for activated protein C in the inactiva-
tion of factors Va and VIIIa. However, moder-
ately low levels of protein S (≥10 % of controls) 
do not identify patients or family members at 
risk for venous thrombosis (Lijfering et al. 
 2009 ; Pintao et al.  2013 ). Without a personal or 
a family history of thrombosis, the decreased 
protein S activity does not justify prophylactic 
anticoagulation.  

  Question 10.      Which of the following is appro-
priate for the management of delivery in a 
pregnant patient with factor VII defi ciency ?

    A.    An epidural catheter is usually selected for 
administering anesthesia.   

   B.    Cesarean section is preferred over vaginal 
delivery.   

   C.    Factor VII concentrate should always be 
infused during the third stage of labor.   

   D.    No special precautions if the factor VII 
increases to normal during pregnancy.   

   E.    The infant should be delivered by forceps or 
vacuum method.    

    Expert Perspective     Factor VII defi ciency is an 
autosomal recessive disorder, and homozygous 
patients with severe defi ciency (<10 % activity) 
are rare (prevalence 1:300–500,000) and have a 
high risk of bleeding (Mumford et al.  2014 ). The 
heterozygous condition is milder and the preva-
lence is 1:300–500; many patients are undetected 
until a mildly prolonged PT triggers further 
evaluation. 

 Regional anesthesia always carries a small 
but relevant risk of epidural vein injury and 
hematoma (“bloody tap”; Mhyre et al.  2009 ). 
Therefore, many anesthetists are hesitant to 
give epidural anesthesia to women with a 
coagulation abnormality. However, a recent 
study found that an epidural can be applied 
safely if the clotting defect has normalized 
during pregnancy (Chi et al.  2009 ) and was 
given to this patient without incident. Vaginal 
delivery is preferred over cesarean section; it 
avoids the risks of bleeding and infection asso-
ciated with surgery. Furthermore, venous 
thromboembolism has been reported in 3–4 % 
of patients with coagulation factor deficiencies 
undergoing cesarean section (Ruiz-Saez  2013 ). 
This procedure should only be performed for 
obstetrical indications, and thromboprophy-
laxis is indicated after surgery in patients with 
moderate but not severely reduced factor VII 
levels. 

 The hemorrhagic diathesis in patients with 
factor VII defi ciency can be highly variable and 
does not necessarily correlate with the level of 
factor VII activities (Di Minno et al.  2013 ; 
Kulkarni et al.  2006 ; Lapecorella et al.  2008 ). 
Although occasional patients with severe factor 
VII defi ciency might not bleed, others with het-
erozygous disease can be symptomatic. The 
lack of correlation between factor VII level and 
bleeding tendency provides a challenge in 
determining a patient’s risk of hemorrhage. The 
bleeding history may be helpful; the absence of 
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bleeding during a prior hemostatic challenge 
suggests a low future risk. During pregnancy, 
factor VII levels fail to increase in women with 
severe defi ciencies but rise in those with milder 
disease and protect against bleeding (Kulkarni 
et al.  2006 ; Baumann Kreuziger et al.  2013 ). In 
the case described, no special precautions are 
indicated for the labor and delivery. If factor 
VII levels remain low during pregnancy or 
there is untoward bleeding, factor VII concen-
trate can be given at the time of delivery 
(Mariani et al.  2013 ; Peyvandi et al.  2012b ). 
Forceps or vacuum extraction of the infant are 
avoided because they might provoke intracra-
nial hemorrhage in babies inheriting the clot-
ting factor mutations.   

    Case 4 

  This 20 - year - old woman has a lifelong history of 
easy bruising ,  epistaxis ,  and prolonged bleeding 
after dental procedures. Because of excessive 
bleeding ,  transfusions were required at men-
arche ,  and she has been hospitalized three times 
for severe menorrhagia. Her brother had consid-
erable bleeding after a dental extraction but is 
otherwise well ,  and physical examination of both 
patients is unremarkable. Coagulation studies 
showed that the aPTT and PT of both siblings are 
prolonged but are completely corrected in mix-
tures of patient and normal plasma. Platelet 
counts and fi brinogen levels are within the nor-
mal range . 

  Question 11.      Which of the following would 
explain the coagulation abnormalities ?

    A.    Factor VIII defi ciency alone   
   B.    Factor IX defi ciency alone   
   C.    Factor X defi ciency alone   
   D.    Defi ciency of von Willebrand factor   
   E.    Antiphospholipid antibody syndrome    

    Expert Perspective     Prolongation of both the 
aPTT and PT suggests defi ciency of one or 
more factors in the common coagulation pathway; 

these include factors V, X, prothrombin, and 
fi brinogen. A defi ciency of factor VIII, IX, XI, 
or XII alone would not account for the pro-
longed PT, and only the aPTT is prolonged in 
von Willebrand disease. In patients with the 
antiphospholipid antibody syndrome and a 
lupus anticoagulant, both the aPTT and PT can 
be prolonged, but fail to shorten with normal 
plasma. 

  Further study showed that the levels of pro-
thrombin and factors VII ,  IX ,  and X are decreased ; 
 other factors ,  including factor V ,  are normal. 
Following an oral dose of vitamin K   1  ,  the levels of 
the decreased clotting factors rose :  prothrombin 
increased from 20 to 80  %  and factor X activity 
from 20 to 76  %.  

  Question 12.      What additional studies would 
you order for this patient ?

    A.    Liver function tests   
   B.    Evaluation for celiac disease   
   C.    Serum warfarin level   
   D.    Factor X immunoassay   
   E.    D-dimer    

    Expert Perspective     All the clotting factors, 
with the exception of factor VIII, are decreased 
in liver disease; the normal level of factor V 
makes serious liver disease unlikely. Decreases 
in prothrombin and factors VII, IX, and X 
occur with vitamin K deficiency and warfarin 
therapy. Malabsorption due to celiac disease 
or other intestinal disorders is excluded by the 
response to an oral dose of vitamin K. Warfarin 
decreases prothrombin and factors VII, IX, 
and X; therefore, the possibility of surrepti-
tious ingestion of this anticoagulant should be 
considered. However, the fact that her brother 
has similar coagulation abnormalities makes 
this diagnosis unlikely. D-dimer is increased 
in patients with consumption coagulopathies; 
these individuals often have complex altera-
tions in coagulation, but invariably platelets 
and fibrinogen as well as other clotting factors 
are decreased, making this diagnosis 
untenable.  

Rare Coagulation Factor Defi ciencies: Diagnosis and Management



280

   

Vitamin K Cycle

Vitamin KH2 Vitamin K epoxide

Vitamin K

Glutamate
Residues

VCOR VCOR

carboxylase ¡-carboxylated
residues

  

   The synthesis of factors II, VII, IX, and X 
requires the carboxylation of γ-glutamic acid resi-
dues on the clotting proteins (see Figure). Vitamin 
K in its reduced state (vitamin KH 2 ) is the cofac-
tor for the carboxylase that performs this chemi-
cal synthesis, and vitamin K is reduced to KH 2  by 
the 2,3-epoxide reductase complex (VCOR). The 
response of the patient to vitamin K 1  suggests a 
defect in this pathway: either in the carboxylase or 
in VCOR. Without gamma carboxylation, the 
clotting factors of the prothrombin complex (pro-
thrombin and factors VII, IX, and X) are inactive. 
A discrepancy between clotting factor activity 
and clotting factor antigen is an important clue to 
the diagnosis. In this patient, the prothrombin 
activity was 20 % but the prothrombin antigen 
was 80 %; factor X activity was 20 % and factor X 
antigen was 85 % (Goldsmith et al.  1982 ), con-
fi rming the diagnosis of hereditary combined 
vitamin K-dependent clotting factors defi ciency. 
In addition to low levels of the prothrombin com-
plex factors, the anticoagulant proteins C, S, and 
Z are decreased, as are osteocalcin and bone 
matrix Gla protein; defi ciencies of these latter 
proteins may be associated with skeletal abnor-
malities (Napolitano et al.  2010 ). Most patients 
respond to treatment with oral or parenteral vita-
min K 1  (phytomenadione); in those who fail to 
respond, FFP can be given for acute bleeds 
(Bolton-Maggs et al.  2004 ).  

    Case 5 

  A young man is referred to you because of pro-
longed bleeding after a dental extraction. He has 
a history of excessive bleeding after minor 

trauma but is otherwise well. His parents are 
consanguineous  ( fi rst cousins ).  His aPTT is 70 s 
and his PT is 19 s ;  both shorten considerably 
after mixing with normal plasma . 

  Question 13.      Which of the following would 
account for both of his abnormal clotting 
tests ?

    A.    Factor VII defi ciency   
   B.    Von Willebrand disease   
   C.    Factor IX defi ciency   
   D.    Factor XI defi ciency   
   E.    Combined factor V and factor VIII defi ciency    

    Expert Perspective     Both the aPTT and PT are 
prolonged with decreases in fi brinogen and factor 
II, V, or X (the common pathway, see Figure). 
Combined defi ciencies of factors V and VIII or 
II, VII, IX, and X also prolong both tests. Heparin 
and direct inhibitors of factor X and thrombin, as 
well as the lupus anticoagulant, variably increase 
the aPTT and PT.  

   

XII

XI

IX

VII

PTaPTT
VIII

X + V

Prothrombin Thrombin

Fibrinogen Fibrin  

    His factor V was 5  %  and factor VIII was 4  %. 
 Genetic analysis showed a missense mutation in 
the multiple coagulation factor defi ciency 2  
( MCFD2 )  gene  (Chapin et al.  2012 ). 

  Question 14.      What treatment would you recom-
mend for major bleeding episodes or surgery ?

    A.    Desmopressin   
   B.    Fresh frozen plasma   
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   C.    Cryoprecipitate   
   D.    Factor VIII concentrate   
   E.    Fresh frozen plasma and factor VIII 

concentrate    

    Expert Perspective     Patients with this rare 
autosomal recessive bleeding disorder 
(1:1,000,000) have gingival bleeding and pro-
longed hemorrhage after surgery or trauma 
(Viswabandya et al.  2010 ). The genetic defect 
affects proteins that chaperone factors V and 
VIII from the endoplasmic reticulum to the 
Golgi apparatus; the lectin mannose-binding 
protein 1 (LMAN1) is mutated in 70 % of 
patients, mostly from the Middle East, and the 
MCFD2 mutation in persons from India and 
Europe (Zhang et al.  2006 ). Treatment with des-
mopressin has been effective in some patients 
although it does not increase factor V levels; the 
management of most serious bleeds requires a 
factor VIII concentrate as well as fresh frozen 
plasma to raise the levels of both factor V and 
factor VIII (Spreafi co and Peyvandi  2009 ). 
Suffi cient factor VIII should be infused to 
achieve concentrations of 50–70 IU/dl and 
repeated every 12 h; FFP is given in an initial 
dose of 15–20 ml/kg followed by smaller doses 
of 5 ml/kg every 12 h to maintain levels of 15 IU/
dl (Assselta and Peyvandi  2009 ).   

    Case 6 

  This 30 - year - old man has a history of infrequent 
joint bleeding as a child and repeated episodes of 
trauma - induced soft - tissue hematomas as an 
adult. At age 23 he had a spontaneous intracra-
nial hemorrhage with residual right - sided weak-
ness and had a second subarachnoid hemorrhage 
at age 27. He has no other medical problems and 
takes no medications. He has a healthy 6 - year - 
 old son and no other family members have a his-
tory of a bleeding disorder. Physical examination 
is normal and all joints are fully mobile. 
Laboratory studies show a hemoglobin of 
15.5 g / dl ,  WBC 5.6  ×  10   3  / μl ,  and platelets 
187  ×  10   3  / μl. The PTT is 31 s ,  PT 12 s ,  and factor 
XIII 2  %. 

  Question 15.      At this time ,  you would 
recommend 

    A.    Wearing a helmet at all times   
   B.    Fresh frozen plasma for future bleeding 

episodes   
   C.    Weekly prophylactic infusions of 

cryoprecipitate   
   D.    Monthly infusions of factor XIII concentrate   
   E.    Observation only    

    Expert Perspective     Congenital factor XIII defi -
ciency is a rare autosomal recessive disorder 
associated with soft-tissue hemorrhages, sponta-
neous abortions, and impaired wound healing 
(Schroeder and Kohler  2013 ). Severe or fatal 
intracranial bleeding often occurs unpredictably, 
as in the patient described here. Therefore, pro-
phylactic replacement therapy with a factor XIII 
concentrate is indicated (Bolton-Maggs et al. 
 2004 ); because the half-life of the factor is 
9–14 days, doses are needed only monthly. Two 
factor XIII concentrates are licensed in the USA; 
one is plasma-derived (Corifact, CSL Behring) 
and the other is a recombinant factor XIII 
(Tretten, Novo Nordisk). They are infused intra-
venously in doses of 35–40 IU/kg. A clinical trial 
of the recombinant factor XIII showed a nearly 
sevenfold decrease in the annual bleeding rate, as 
compared with historical controls (Inbal et al. 
 2012 ). Serious adverse effects such as hypersen-
sitivity reactions are rare, but occasional patients 
develop neutralizing antibodies to factor XIII 
(Kohler  2012 ).   

 Controversies in Rare Bleeding Disorders 

•     Should patients with rare bleeding  disorders 
receive surgical thromboprophylaxis?  

•   Are antiplatelet agents indicated for 
patients with rare bleeding disorders 
and atherosclerotic vascular disease?  

•   Is treatment with recombinant factor 
VIIa appropriate for most patients with 
rare congenital bleeding disorders?    

Rare Coagulation Factor Defi ciencies: Diagnosis and Management
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  Answer 

•     Question 1. C  
•   Question 2. A  
•   Question 3. E  
•   Question 4. A  
•   Question 5. C  
•   Question 6. C  
•   Question 7. D  
•   Question 8. E  
•   Question 9. E  
•   Question 10. D  
•   Question 11. C  
•   Question 12. D  
•   Question 13. E  
•   Question 14. E  
•   Question 15. D         
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      von Willebrand Disease: 
Differential Diagnosis 
and Diagnostic Approach 
to Specifi c Subtypes                      

     Margaret     V.     Ragni     

      The tools to make a diagnosis of VWD have 
 continued to improve over the last decade, with 
better bleeding assessment and automated 
 laboratory assays. For example, quantitative bleed-
ing assessment tools (BATs) based on large studies 
of affected populations now greatly facilitate 
VWD diagnosis (Federici  2014a ; Rydz and James 
 2012 ; Tosetto et al.  2006 ; Bowman et al.  2008 ). 
Laboratory assays assessing VWF activity also 
have improved, no longer requiring fresh platelets 
(Kraus et al.  2014 ) and utilizing automated ELISA, 
latex immunoassay (LIA), and chemiluminescent 
immunoassay (CLIA) technologies. To measure 
diverse VWF activities, the ristocetin cofactor 
activity assay detects VWF binding to platelets 
(Favaloro  2014a ; Federici  2014b ), the collagen-
binding assay detects VWF binding to subendo-
thelium (Flood  2014a ,  b ), the FVIII binding assay 
detects VWF binding to FVIII (Favaloro et al. 
 2009 ), the VWF propeptide assay detects VWF 
clearance (Haberichter et al.  2008 ), the ristocetin-
induced platelet agglutination (RIPA) assay 
detects VWF binding to platelets and platelet bind-
ing to VWF (Favaloro et al.  2009 ), and VWF mul-
timer electrophoretic analysis detects VWF 
structural defects (Favaloro  2014a ,  b ; Tiede et al. 

 2008 ). Activity-to-antigen ratios also help distin-
guish VWD subtypes. Thus, with improved bleed-
ing assessment tools, the fi ndings of 
genotype-phenotype studies (Goodeve et al.  2007 , 
 2014 ), automated laboratory assays, and activity-
to-antigen ratios, making a diagnosis of VWD 
continues to evolve as scientifi c advances evolve. 

    Case 1: Utility of a Bleeding Score 
in Diagnosing VWD 

 A 16-year-old high school student comes in for 
von Willebrand testing for heavy menses. Her 
VWF:RCo is 0.30 IU/dL. She has a bleeding 
score done as part of her VWD evaluation. 

  Question 1.      All but which statement is true 
about the bleeding score in this patient ?

    A.    The bleeding score is useful in confi rming a 
diagnosis of VWD.   

   B.    The bleeding score distinguishes VWD from 
other mucosal bleeding disorders.   

   C.    The bleeding score correlates inversely with 
VWF level below 0.30 IU/dL.   

   D.    The bleeding score is a good predictor of 
clinical outcomes and response to therapy.   

   E.    The bleeding score shows good correlation 
with VWD subtype.    

   Based on studies of Italian families with VWD, 
a bleeding score of 5 in women and 3 in men has 
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~69 % sensitivity for type 1 VWD, indicating it 
may  also  be typical of other mucosal bleeding 
disorders (Tosetto et al.  2006 ; Rodeghiero et al. 
 2005 ) and thus cannot distinguish VWD from 
other mucosal bleeding disorders. However, a 
bleeding score below 5 in women or below 3 in 
men has 99 % specifi city, essentially excluding 
VWD. The bleeding score correlates indirectly 
with VWF activity (VWF:RCo), below but not 
above 0.30 IU/dL, and the bleeding score corre-
lates with VWD subtype, with higher scores in 
type 3 VWD and intermediate scores in type 2 
disease (Tosetto et al.  2006 ; Rodeghiero et al. 
 2005 ; Bowman  2008 ). The bleeding score is also 
the best predictor of response to replacement 
therapy (Federici  2014a ).  

    Case 2: Screening and Laboratory 
Testing Algorithm 
in Suspected VWD 

 An 18-year-old male student attending a nearby 
university has been admitted with gastrointesti-
nal bleeding. He is an exchange student from 
South America and a member of a large von 
Willebrand disease kindred. You are consulted to 
confi rm his diagnosis and management. The 
screening tests, including CBC, APTT, and PT, 
are normal. 

  Question 2.      What is next best test to order in 
this patient with presumptive VWD ?

    A.    VWF:RCo   
   B.    VWF:Ag   
   C.    VIII:C   
   D.    Fibrinogen   
   E.    Closure time    

   A diagnosis of VWD is based on three main 
criteria: (1) personal bleeding history, (2) family 
bleeding history, and (3) reduced VWF 
(Rodeghiero  2014 ; Lillicrap  2013 ). The APTT 
may be normal in up to half with VWD, so, the 
absence of a prolonged APTT does not exclude 
VWD (Nichols et al.  2008 ). Thus, it is important 
to obtain a VWF ristocetin cofactor activity, 

VWF:RCo assay for defi nite VWD. A VWF 
level suffi cient to make a VWD diagnosis is 
 controversial, with some suggesting <0.30 IU/dL 
as  defi nite, 0.30–0.40 probable, and ≥0.40 nondi-
agnostic (Nichols et al.  2008 ; Sadler et al.  2006 ). 
However, the continuing recognition of genetic 
mutations in type 1 VWD (Johansson et al.  2011 ) 
suggests such cutoffs may be unhelpful in diag-
nosis and the management of symptomatic 
patients, no matter what their VWF level is.  

    Case 3: Clinical and Laboratory 
Diagnosis of Type 2A von 
Willebrand Disease 

 A 30-year-old woman presents to your clinic for 
evaluation of severe menorrhagia, mid-cycle pel-
vic pain “mittelschmerz,” and fatigue. She has a 
family history of von Willebrand disease, with an 
affected mother and aunt. She experienced exces-
sive bleeding after the birth of her fi rst child, 
requiring red cell transfusion and iron replace-
ment. She has had long-standing menorrhagia 
that began with her fi rst menses. The Pictorial 
Bleeding Assessment Chart (PBAC) is 120 (nor-
mal <100), confi rming menorrhagia, and the 
bleeding score is 5 (normal in women <5). 
Laboratory tests indicate she has type 2A von 
Willebrand disease. 

  Question 3.      What is the most likely coagula-
tion fi nding in this patient with type 2A VWD? 
    A diagnosis of VWD requires three elements: (1) 
a personal bleeding history, (2) family bleeding 
history, and (3) low VWF activity (Favaloro 
 2014a ,  b ; Federici  2014a ,  b ; Lillicrap  2013 ). In 
women with VWD, bruising or menorrhagia 
may be the fi rst symptom, but the diagnosis is 
often delayed until postoperative or postpartum 
bleeding occurs (Ragni et al.  1999 ; James  2009b , 
 2015 ; Kujovich  2005 ; Laffan  2004 ,  2014 ; 
Sramek  1995 ). A bleeding score of 5 has ~69 % 
sensitivity and ~99 % specifi city for a diagnosis 
of VWD in women (Tosetto et al.  2006 ; 
Rodeghiero et al.  2005 ). Absent or reduced 
HMW multimers is typical of types 2A and 2B 
disease, but in contrast to type 2A, those with 
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type 2B show enhanced ristocetin platelet 
 aggregation at half-strength ristocetin due to a 
gain-of- function mutation. Reduced binding of 
VWF to FVIII, with FVIII greatly reduced as 
compared with VWF, and a multimer pattern 
with all bands present, is typical of type 2N 
VWD. A reduced RCo:Ag ratio, <0.60, together 
with multimer bands present is typical of type 
2M VWD. In contrast to those with type 2 dis-
ease, those with type 1 VWD have quantitatively 
decreased multimers and a normal RCo:Ag ratio, 
while all bands are missing in type 3 VWD, with 
low to undetectable VWF activity and antigen 
(Favaloro  2014a ,  b ; Federici  2014a ,  b ; Nichols 
et al.  2008 ).  

    Case 4: Distinguishing Type 2M 
from Other Type 2 von Willebrand 
Diseases 

 A 17-year-old woman is referred to you by her 
pediatrician regarding suspected von Willebrand 
disease. There is a family history of VWD. She 
has a bleeding score of 7, and there is iron defi -
ciency anemia for which oral iron has been pre-
scribed. Her symptoms include bruising, 
epistaxis, and postoperative bleeding with wis-

dom teeth extraction and tonsillectomy. She has 
menorrhagia unresponsive to mid-dose estro-
gens. Her testing indicates type 2M VWD. 

  Question 4.      Which of the following fi ndings 
would suggest this patient has type 2M VWD? 
    The bleeding score is quite high, 7 (normal <5 in 
women), and indicates a more severe form of 
type 1 VWD or the clinically indistinguishable 
type 2M VWD. These disorders can be better dis-
tinguished by coagulation studies, in particular 
by the VWF:Ag ratio, with type 1 usually above 
0.7, and type 2M <0.6. A decreased VWF:Ag is 
typical of von Willebrand disease, and all but one 
of the fi ndings above are consistent with type 2 
VWD. The presence of a low RCo:Ag ratio is 
typical of all type 2 VWD, and the only type 2 
variant in which the multimers (M) are all present 
is type 2M VWD. The 2M defects are related to 
platelet GP1b binding, so there is a relative loss 
of VWF:RCo activity which is usually lower than 
the decreased VWF Ag (Favaloro  2014a ,  b ; 
Federici  2014a ,  b ). In type 2A disease, RCo:Ag 
and CB:Ag ratios are low with a normal RIPA, 
whereas in type 2B disease, RCo:Ag and CB:Ag 
ratios are low with an enhanced RIPA. In type 2N 
VWD, there is abnormal VWF binding to factor 
VIII and the VIII:Ag ratio is low. In typical type 

 VWF:RCo  VWF:Ag  VIII:C  RCo:Ag 

 ½ Strength 
ristocetin 
aggregation  Multimers 

 0.50−2.00 U/dL  0.50−2.00 U/dL  0.50−1.50 U/dL  >0.60  10−20 %  All bands present 

 A.  0.28  0.32  0.33  >0.60  10 %  All bands present 

 B.  0.28  0.46  0.12  <0.60  10 %  All bands present 

 C.  0.28  0.46  0.40  <0.60  10 %  Missing HMW 
bands 

 D.  0.28  0.46  0.40  <0.60  70 %  Missing HMW 
bands 

 E.  <0.10  <0.10  0.15  >0.60  <10 %  Missing HMW bands 

 VWF:Ag  RCo:Ag  CB:Ag  VIII:Ag  RIPA 

 A.  Low  Low  Normal  Normal  Normal 

 B.  Low  Low  Low  Normal  Normal 

 C.  Low  Low  Low  Low  Enhanced 

 D.  Low  Normal  Normal  Normal  Normal 

 E.  Low  Normal  Normal  Normal  Normal 

   CB  VWF collagen-binding assay,  RIPA  ristocetin-induced platelet aggregation  
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1 VWD, the ristocetin, collagen-binding, and 
VIII binding activities are low, but similar to 
VWF Ag, resulting in normal RCo:Ag and 
CB:Ag and VIII:Ag ratios are normal with nor-
mal RIPA (Favaloro  2014a ,  b ; Federici  2014a ,  b ).  

    Case 5: The Impact of Aging on von 
Willebrand Factor Levels 

 A 62-year-old woman with a past history of von 
Willebrand disease is distressed to fi nd her pre-
operative testing reveals she has no VWD. Her 
doctor states she does not need treatment before 
her upcoming knee arthroscopy, but she wants a 
second opinion. 

  Question 5.      Which of the following state-
ments is true about aging and VWF in this 
patient ?

    A.    VWF:Ag increases with age and bleeding 
risk decreases.   

   B.    VWF:Ag increases with age and bleeding 
risk remains unchanged.   

   C.    VWF:Ag increases with age and bleeding 
risk increases.   

   D.    VWF:Ag increases nonsignifi cantly with age 
and bleeding risk remains unchanged.   

   E.    VWF:Ag increases nonsignifi cantly with age 
and bleeding risk increases.    

   von Willebrand factor increases with age in 
patients with type 1 VWD, VWF:Ag at 3.5 U/dL 
per decade (Sanders et al.  2014 ). This is also true 
of factor VIII, at 7.1 U/dL. However, despite the 
increase, bleeding risk persists (Sanders et al. 
 2014 ). VWF parameters do not increase in 

patients with type 2 disease, and in the latter, 
bleeding may increase. The most common bleed-
ing symptom in those over 65 years of age was 
cutaneous bleeding, followed by dental extrac-
tion and postoperative bleeding.  

    Case 6: Differentiating Acquired 
VWD from Congenital VWD 

 A 62-year-old man is referred for routine preop-
erative evaluation before arthroscopy for a menis-
cal tear of the left knee. On exam, he has a harsh 
systolic murmur. Imaging studies reveal a bicus-
pid aortic valve and an ascending thoracic aortic 
aneurysm. The valve area is reduced and valve 
replacement with aneurysm repair is planned. 
Preoperative coagulation screening reveals a pro-
longed APTT. He has never had any bleeding 
symptoms but in the last year has noted nose-
bleeds. He has not taken aspirin, nonsteroidal 
anti-infl ammatory agents, or warfarin. 

  Question 6.      Which set of diagnostic fi ndings 
would be most likely in this patient with 
acquired VWD? 
    This patient has acquired von Willebrand disease 
(AVWS). In this patient, the cause of increased 
shear stress from a bicuspid valve triggers con-
formation changes in VWF that lead to increased 
VWF proteolysis (Loscalzo  2012 ; Hollestelle 
et al.  2011 ; Tiede et al.  2008 ,  2011 ). Other causes 
include Waldenstrom macroglobulinemia, 
myeloproliferative disorder, systemic lupus, 
Wilm’s tumor, and cardiac ventricular assist 
devices. It is important to recognize the differ-
ence between AVWS and VWD, as the approach 
to treatment is different. The family history is 

 Personal bleed 
history 

 Family bleeding 
history 

 VWF gene 
mutation 

 HMW VWF 
multimers 

 Response to VWF 
concentrate 

 A.  Present  Present  Present  Absent  Present 

 B  Absent  Absent  Present  Reduced  Present 

 C.  Absent  Absent  Absent  Reduced  Short-lived 

 D.  Absent  Present  Absent  Reduced  Short-lived 

 E.  Absent  Absent  Absent  Reduced  Short-lived 

   HMW  high molecular weight,  VWF  von Willebrand factor  
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usually negative in AVWS and the onset of bleed-
ing is usually mean age 60 years; it would be 
more likely to fi nd a family history that is usually 
present at early onset of bleeding in typical 
VWD. In AVWS, laboratory evaluation will 
show either an inhibitor to VWF or VWF binding 
antibodies. In contrast to VWD, there will be no 
VWF gene mutation. Those with AVWS usually 
have a short-lived response to VWF concentrate 
or DDAVP, and there may be remission following 
treatment of the underlying disorder, e.g., valve 
surgery, response of MGUS to IVIG, or removal 
of a cardiac ventricular assist device.  

    Case 7: Utility of Bleeding Scores 
and Screening Tests 
to Diagnose VWD 

 A 32-year-old nurse was found to have type 1 von 
Willebrand disease. She comes to you for a sec-
ond opinion. She does not believe she has the dis-
ease, as she has no bleeding. The laboratory tests 
are defi nitive for type 1 VWD. 

  Question 7.      Which of the following is the least 
likely coagulation fi nding in this patient ?

    A.    Prolonged bleeding time   
   B.    Prolonged closure time with epinephrine   
   C.    Reduced platelet aggregation with ristocetin   
   D.    Shortened clot euglobulin lysis time   
   E.    Normal APTT    

   Although antifi brinolytic therapy such as 
tranexamic acid and amicar may be used to 
inhibit natural thrombus dissolution in treatment 
of type 1 VWD, fi brinolysis measured in a clot 
euglobulin lysis time test is normal. Patients with 
type 1 VWD typically have a prolonged bleeding 
time or closure time, such as with the agonist epi-
nephrine (Favaloro  2014a ,  b ; Federici  2014b ; 
Nichols et al.  2008 ). Typically, patients with type 
1 VWD have reduced platelet aggregation with 
standard strength ristocetin. About half of all 
patients with type 1 VWD have a normal APTT 
which is associated with a normal factor VIII 
activity.  

    Case 8: Diagnostic Testing for Type 
2B von Willebrand Disease 

 A 28-year-old woman returns to see you because 
she had postpartum bleeding after the birth of her 
daughter 3 years ago. She is using an intrauterine 
device for contraception and would like to com-
plete the VWD workup before having a second 
child. Testing reveals VWF:RCo 0.15 IU/dL, 
VWF:Ag 0.39 IU/dL, VIII:C 0.30 IU/dL, and 
platelet count 100,000/μL. 

  Question 8.      What is the next best test in the 
diagnostic workup of this patient ?

    A.    VWF:CB (collagen-binding assay)   
   B.    VWFpp (propeptide assay   
   C.    VWF:VIIIB (VIII binding assay)   
   D.    RIPA (ristocetin-induced platelet agglutination)   
   E.    DDAVP (desmopressin) challenge test    

   Low VWF:RCo, VWF:Ag, and VIII, thrombo-
cytopenia, and increased platelet aggregation at 
low-strength ristocetin may be found in both type 
2B VWD and platelet-type VWD. To distinguish 
these subtypes, ristocetin-induced platelet agglu-
tination (RIPA) mixing studies should be per-
formed, using different concentrations of 
ristocetin and patient platelet-rich plasma (PRP) 
in an aggregometer. There is increased RIPA in 
patients with type 2B when normal platelet-rich 
plasma (PRP) is mixed with patient’s VWF, while, 
by contrast, increased RIPA occurs in patients 
with platelet-type VWD, when normal VWF is 
mixed with patient’s PRP (Federici  2014b ; 
Othman et al.  2013 ; Favaloro  2008 ; Sadler et al. 
 2006 ). VWF:CB assays are useful to distinguish 
type 2 VWD subtypes, which have low collagen 
binding, from type 1, which have normal collagen 
binding (Flood  2014a ,  b ; Flood et al.  2013 ). 
VWFpp assays are used to distinguish VWD type 
1 patients who have reduced VWF survival and 
low VWDpp, e.g., type 1 Vincenza (Eikenboom 
et al.  2013 ; Haberichter et al.  2008 ,  2006 ). VIIIB 
binding assays are performed in patients when 
VIII is lower than the VWF level and especially in 
the setting of  hemophilia-like symptoms, e.g., 
hemarthroses (Federici  2014a ; Lillicrap  2013 ; 
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Sadler  2006 ). Finally, DDAVP testing is per-
formed to determine therapeutic responsiveness 
after a diagnosis of VWD is established (Castaman 
et al.  2008 ; Federici et al.  2004 ). While it may 
also assist in diagnosis, it is generally considered 
contraindicated in patients with thrombocytope-
nia, as it increases VWF binding to platelet GP1b 
and worsens thrombocytopenia (Favaloro  2014a , 
 b ; Federici  2014b ). 

 Her 27-year-old brother has applied to join the 
Navy SEALs. This involves rigorous outdoor 
activity, so his naval physician refers him for 
evaluation regarding the safety for active duty, 
since he belongs to a large type 2B von Willebrand 
disease kindred. Testing confi rms he also has a 
diagnosis of 2B VWD. 

  Question 9.      All but which laboratory abnor-
malities would be found in this type 2B VWD 
patient ?

    A.    Decreased VWF HMW (high molecular 
weight) multimers   

   B.    Decreased ristocetin platelet aggregation   
   C.    Prolonged platelet closure time   
   D.    Platelet clumping on peripheral blood smear   
   E.    Decreased factor VIII clotting activity    

   Type 2B VWD is caused by defective VWF 
protein in which a gain-of-function mutation 
results in enhanced binding of VWF to glycopro-
tein 1b. This is detected by evidence of platelet 
aggregation even at low-strength ristocetin 
(Favaloro  2014a ,  b ; Federici  2014a ; Othman 
et al.  2013 ; Favaloro  2008 ). This results in 
decreased HMW multimers, low platelet count, 
and decreased platelet function as evidenced by 
prolonged closure time. There is also platelet 
clumping on the peripheral blood smear, and 
because VWF is the carrier protein for factor 
VIII, it decreased factor VIII clotting activity. 

  Question 10.      What is the reason this patient 
with type 2B VWD has thrombocytopenia ?

    A.    VWF binding to platelet GP1b is absent.   
   B.    VWF binding to platelet GP1B is defective.   
   C.    VWF binding to platelet GP1b is at rest.   

   D.    Platelet GP1b binding to VWF is defective.   
   E.    Platelet GP1b binding to VWF is at rest.    

   The defect in type 2B VWD is gain of func-
tion in VWF protein so that it binds to platelet 
GP1B without hemostatic activation, i.e., at rest 
(Answer C) (Tosetto  2015 ; Favaloro  2014a ,  b ; 
Federici  2014b ). Absent VWF binding to platelet 
GP1b typical of type 3 VWD, and defective VWF 
binding to platelet GP1b, is typical of type 2A or 
2B VWD, but does not account for thrombocyto-
penia (type 2B). Disorders in which there is 
defective binding of GP1b to VWF suggest 
platelet- associated VWD (Othman et al.  2013 ; 
Favaloro  2008 ,  2014a ,  b ; Nichols et al.  2008 ).  

    Case 9: The Role of Genetic Analysis 
in the Diagnosis of VWD 

 A 32-year-old woman has sought your help and 
your genetic counselor regarding her son. Does 
he have hemophilia A or does he have VWD? He 
was diagnosed at age 2 with hemophilia A after 
he had a hemarthrosis of his right knee, but when 
he started to have refractory epistaxis, additional 
testing revealed von Willebrand disease. His 
pediatrician is not sure. 

  Question 11.      Which type of VWD and muta-
tion location is most likely in this patient ?

 Type VWD  Mutation location 

 A. 2A  D2 

 B. 2N  D′D3 

 C. 2M  A1 

 D. 2A  A2 

 E. 2M  A3 

    This patient likely has the 2N variant, in which 
factor VIII activity is lower than VWF activity 
because of a defect in VWF binding to FVIII. It 
is often confused with hemophilia A, and genetic 
testing may be required to distinguish the two 
disorders. The 2N VWD mutation found in this 
patient is most commonly localized to the D′D3 
region of the VWF gene (Lillicrap  2013 ; Federici 
et al.  2004 ). The type 2A VWD mutation is most 
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commonly found in the A2 domain; the type 2 M 
VWD mutation is most commonly found in the 
A1 or A3 domains, and the type 2B VWD muta-
tion is most commonly found in the A1 domain 
(Lillicrap  2013 ; Federici et al.  2004 ). 

  Question 12.      Which of the coagulation fi nd-
ings is most likely in this patient ?

    A.    The FVIII is reduced to a greater degree than 
VWF activity.   

   B.    The RCo:Ag ratio is decreased below 0.6 
because of loss of HMW multimers.   

   C.    The RCo:Ag is decreased below 0.6 but the 
HMW multimers are normal.   

   D.    The platelet count is decreased.   
   E.    HMW (high-molecular-weight) multimers 

are decreased.    

   The factor VIII level is reduced to a greater 
degree than VWF activity in type 2N von Willebrand 
disease because of reduced binding of VWF to fac-
tor VIII, a defect in VWF that prevents proper bind-
ing of VWF to FVIII, leading to proteolysis and 
loss of plasma FVIII (Favaloro et al.  2009 ). The 
loss of HMW multimers in types 2A and 2B is 
identifi ed by a larger reduction in VWF:RCo than 
VWF:Ag, resulting in a RCo:Ag ratio of less than 
0.6–0.7 (Favaloro et al.  2009 ; Sadler et al.  2006 ). A 
reduced RCo:Ag ratio also occurs in type 2M, but it 
is due to VWF dysfunction, most commonly a 
platelet-binding defect, not associated with loss of 
HMW multimers (Favaloro  2014a ,  b ). Platelets are 
decreased in type 2B VWD due to hyperactive 
VWF which spontaneously binds to platelets in the 
absence of a hemostatic trigger, leading to loss of 
HMW multimers and mild thrombocytopenia 
(Favaloro  2014a ,  b ; Federici et al.  2014b ; Lillicrap 
 2013 ; Sadler et al.  2006 ).  

    Case 10: Understanding the Role 
of VWD Testing During Pregnancy 

 A 23-year-old woman with a family history of 
von Willebrand disease is 9 weeks pregnant and 
seeks your advice regarding testing and manage-
ment. She has never been tested for VWD. 

  Question 13.      All but which of these state-
ments is true of pregnant patients with type 1 
VWD ?

    A.    A VWF level drawn at this visit is unlikely to 
confi rm the diagnosis.   

   B.    A VWF level drawn in the 8th month of preg-
nancy may help guide delivery.   

   C.    VWF concentrate is preferred over DDAVP 
at delivery.   

   D.    Treatment at delivery achieves comparable 
VWF levels to those in women without VWD.   

   E.    The most likely cause of postpartum bleeding 
is uterine atony.    

   A VWF level drawn at this time is unlikely to 
confi rm the diagnosis, as pregnancy masks a 
diagnosis of VWD. That is because as estrogens 
increase in pregnancy, they increase VWF syn-
thesis, whether in pregnancy or with use of oral 
contraceptives. The VWF and VIII levels should 
be checked in the eighth month of pregnancy to 
help guide delivery (Al-Zirqi et al.  2008 ; James 
 2009a ; Kujovich  2005 ). VWF concentrate is pre-
ferred over DDAVP at delivery, because DDAVP 
may precipitate hyponatremia and seizures when 
fl uid replacement exceeds 1–2 l, typical in vagi-
nal delivery, or 2–3 l, typical in cesarean section 
delivery. Despite therapeutic dosing with VWF, 
VWF levels achieved at delivery in women with 
VWD do not reach levels observed in normal 
women at delivery (James et al.  2015 ). The most 
likely cause of uterine bleeding is uterine atony 
(Abdul-Kadir et al.  2014 ; James  2009a ,  b ). 

  Answers 

    Question 1. B  
  Question 2. A  
  Question 3. C  
  Question 4. A  
  Question 5. B  
  Question 6. E  
  Question 7. D  
  Question 8. D  
  Question 9. B  
  Question 10. C  
  Question 11. B  
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  Question 12. A  
  Question 13. D         
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      von Willebrand Disease: 
Prevention of Complications 
and Management of the Disease                      

     Peter     A.     Kouides     

         Introduction 

 Von Willebrand disease (VW) is a bleeding 
 disorder that the clinician must learn particularly 
well as it is relatively common (1:1000) (Bowman 
et al.  2005 ), and unlike hemophilia, it is in many 
ways a disorder of females due to the challenges 
of monthly menstruation and intermittent child-
birth (James  2009 ) as summarized in Table  1 . 
This accounts for the higher score in females 
reported using various bleeding scoring systems 
(Elbatarny et al.  2014 ). In childhood, irrespective 
of gender, bruising, prolonged bleeding from 
cuts, and epistaxis are common presenting symp-
toms. Epistaxis usually lessens in severity and 
frequency as the patients reach adulthood as fi rst 
observed in von Willebrand’s kindred of 23 
patients (von Willebrand  1926 ), but in the female, 
in >80 % of patients, young adulthood is invari-
ably complicated by heavy menses in terms of 
changing sanitary protection <2 h on the heaviest 
day, passing clots the size of a quarter necessitat-
ing oral contraceptive and/or iron therapy (James 
 2009 ). Besides heavy menses, the female VWD 
patient is challenged by childbirth as there is at 

least a twofold risk of postpartum hemorrhage 
(PPH) (Kadir et al.  2013 ). Both females and 
males are also at risk of postoperative hemor-
rhage and need for re-exploration and red cell 
transfusion if precautions are not taken.

   General principles on how I manage VWD are 
listed in Table  2 . Usually in type 1 patients, pro-
phylaxis for bleeding and for acute bleeding 
necessitates desmopressin (DDAVP) (Svensson 
et al.  2014 ) and/or antifi brinolytic therapy (with 
either tranexamic acid (TA) (Tengborn et al. 
 2014 ) or epsilon-aminocaproic acid (EACA); 
antifi brinolytic therapy as adjunct or “stand- 
alone” treatment for mucosal-based surgery). 
DDAVP increases von Willebrand factor (VWF) 
ristocetin cofactor activity (VWF:RCo), VWF 
antigen (VWF:Ag), and factor VIII coagulant 
activity (FVIIIc) ~two- to sixfold in the majority 
(90 %) of type 1 VWD patients (Mannucci et al. 
 1981 ; de laFuente et al.  1985 ; Lethagen et al. 
 1987 ) and variably increases VWF:RCo, 
VWF:Ag, and FVIIIc in type 2 (Casonato et al. 
 1990 ; Federici et al.  2004 ). DDAVP increases 
FVIIIc seven- to ninefold in type 2N (Mazurier 
et al.  1994 ). The clinician should also beware 
when baseline VWF levels are in the 10–20 % 
range consistent with type 1C; the initial excel-
lent response is short-lived (Castaman et al. 
 2009 ). Caution must also be exercised when 
using DDAVP due to a substantial risk of hypo-
natremia (Dunn and Cox  2010 ; Sharma and Stein 
 2014 ). In non-DDAVP responsive type 1 VWD 
and in type 2 and 3 patients, prophylaxis and 
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treatment usually necessitate a plasma-derived 
VWF-containing FVIII concentrate (VWF/
FVIII). There are several available VWF/FVIII 
concentrates with the choice dependent on the 
VWF/FVIII content of the respective concentrate 
(Table  3 ) (Neff and Sidonio 2014 ). A recombi-
nant VWF product is presently under FDA review 
(Mannucci et al.  2013 ). Table  4  summarizes 
treatment options vis-a-vis the VWD subtype. 
Table  5  summarizes expert perspective manage-
ment of specifi c non-gynecological situations 
like minor procedures like vaccination or circum-
cision, tonsillectomy and adenoidectomy (T&A), 
major surgery, dental extractions, epistaxis, 
childbirth, and sports injuries or lacerations.

          Case 1. Review of the Complications 
and Management of Type 1 VWD 

 A 14-year-old female presents to the emergency 
room with prolonged excessive bleeding after 
her fi rst menstrual period changing her sanitary 
pad every 90 min. She took eight to ten aspirin 
(ASA) the previous week. Her past medical his-
tory included “easy” bruising throughout child-
hood and emergency department visit for 
epistaxis requiring packing. Family history was 
unremarkable for any family members with a 
documented bleeding disorder. Screening labo-
ratory studies: WBC 7800/mcl, Hct 32 %, plate-
let count (PC) 240,000/mcl, PT 9.6 s (12.0 s), 

   Table 2    How I manage VWD   

 Strategy  Treatment 

 Endogenously raising VWF levels  DDAVP stimulating release of VWF and FVIII from storage sites 
into the circulation through “secondary messengers” 

 Interleukin-11 (presently not available in the USA) 

 Exogenously raising VWF level  Plasma-derived VWF factor VIII containing concentrates 

 Recombinant VWF (investigational) 

 Adjunctive treatment  Antifi brinolytic therapy 

 Hormonal measures for heavy menstrual bleeding 

   Table 3    Available plasma derived VWF concentrates   

 Product  Manufacturer 
 Method of viral 
inactivation  ? Heparin  SA 

 Viral safety 
studies 
humans? 

 FDA 
approved 

 Ratio VWF: 
FVIII 

 Alphanate  Grifols  AC, SD, dry heat  1.0  >5  Yes  Yes  0.4–1: 1 

 Humate  CSL Behring  Pasteurization  None  1–2  Yes  Yes  1.8–2.8:1 

 Koate  Talecris  SD, dry heat  None  9–22  Yes  No  Unknown 

 Wilate  Octapharma  SD, dry heat  None  >60  Yes  Yes  1:1 

  Courtesy of Marion Koerper 
  SD  solvent detergent  

   Table 1    Obstetrical and gynecological-related complications in females with VWD   

 Menstrual-related  Other menstrual issues  Childbirth-related 

 Majority with HMB  Increased prevalence of mid-cycle 
pain (mittelschmerz) and 
dysmenorrhea 

 Postpartum hemorrhage <24 h 

 Iron defi ciency anemia  Risk of hemoperitoneum  Postpartum hemorrhage >48 h 
up to 4 weeks 

 Increased rate of surgical interventions: 
D&C, hysterectomy 

 Probable increased incidence of 
endometriosis, polyps, fi broids 

 Vulvar hematoma 

 Decreased quality of life (increased time 
lost from school/work, probable 
increased anxiety/depression) 
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PTT 31.5 s (29.0 s), closure times – ADP-
collagen 13 s (60–110 s), epinephrine-collagen 
200 s (88–160 s). 

  Question 1.      What would be the next step in 
management ?

    A.     Trial of oral contraceptive    
   B.     Tranexamic acid  ( Lysteda   ™  )  1.3 g po tid 

fi rst 3 days of menses    
   C.     Stop ASA and just observe    
   D.     Further diagnostic testing     

    Expert Perspective     As opposed to semiempiric 
management in terms of choice a, b, or c, the next 
step should be testing for VWD. By pattern recog-
nition, heavy menstrual bleeding (HMB) at men-
arche should prompt testing for von Willebrand 
disease, as both are very common clinical situations 
(Fig.  1 ) (Gill et al.  1987 ; Vessey et al.  1992 ). An 
argument against semiempiric management with 
oral contraceptive is supported by a decision analy-
sis model that showed testing for VWD in adoles-
cents with HMB before the initiation of oral 
contraceptives is cost effective (Sidonio et al.  2010 ).

    The patient undergoes testing for VWD: 
Ristocetin cofactor (measures VWF activity) = 26 % 

(normal 40–120 %); VWF antigen (direct measure-
ment of VWF) = 25 % (normal 50–150 %) and 
FVIIIc level (indirect measurement of VWF as 
VWF carries FVIII in the plasma) = 47 % (normal 
50–150 %). VWF multimers are slightly reduced 
but in normal pattern. A presumptive diagnosis of 
type 1 VWD is made (defi nitive diagnosis when a 
second set of levels return subnormal). 

  Question 2.      All but which of the following are 
clinical manifestations / complications of VWD 
in females ?

    A.     Iron defi ciency anemia    
   B.     Increased rate of gynecological surgical 

interventions  ( dilatation and curettage , 
 hysterectomy )   

   C.     Decreased quality of life    
   D.     Anovulatory menstrual bleeding    
   E.     Postpartum vulvar hematoma     

    Expert Perspective     HMB and VWF defi ciency 
are two very common clinical situations that 
invariably overlap (Table  6 ). Women with VWD 
certainly have a very high relative risk of HMB 
compared to the general population, and often 
HMB will prompt the diagnosis of VWD. A sys-
tematic review by Shankar et al. ( 2004 ) summa-
rized the overall prevalence of the laboratory 
diagnosis of VWD in women presenting with 
HMB to be 13 % (confi dence intervals 11 % and 
15.6 %) of a total of 988 women in 11 studies 
(Fig.  1 ). In the adolescent population presenting 
with HMB, the prevalence of VWD may be up to 
33 % (Mikhail et al.  2007 ; Diaz et al.  2014 ). 
Lastly, in this case, the bleeding occurred at men-
arche. Beyond menarche, the menstrual cycle is 
usually ovulatory, i.e., regular as anovulatory 
HMB intuitively occurs on a hormonal basis as 
the cause. But, certainly, there can be overlap, 
and further research is needed in order to defi ne 
the prevalence of underlying VWD in females 
with anovulatory HMB.

    VWD women in comparison to a control 
group of non-VWD women show a higher preva-
lence of anemia and a much higher frequency of 

   Table 4    Specifi c treatment of VWD based on VWD 
subtype   

 Type 1  Desmopressin a  (VWF/FVIII 
concentrate) 

 Type 2A  VWF/FVIII concentrate 
(desmopressin a ) 

 Type 2B  VWF/FVIII concentrate 
(desmopressin a ; may require platelets) 

 Type 2M  Desmopressin a  (VWF/FVIII 
concentrate) 

 Type 2N  VWF/FVIII concentrate 
(desmopressin a ) 

 Type 3  VWF/FVIII concentrate 

 Platelet type  Platelets ± VWF/FVIII concentrate 

  Antifi brinolytic therapy (epsilon-aminocaproic acid or 
tranexamic is used as adjunctive therapy for mucosal- 
based bleeding/surgery) 
  a Desmopressin use should be based on trial dose; DDAVP 
is theoretically contraindicated in type 2B due to risk of 
worsening thrombocytopenia and risk of thrombosis, but 
it has been used in select cases  
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other mucocutaneous bleeding symptoms (Kadir 
et al.  1998a ; Kouides et al.  2000 ; Kirtava et al. 
 2003 ). Not surprisingly then, women with 
 unexplained HMB who test positive for VWD 
have a higher bleeding score based on the con-
densed European Union VWD bleeding ques-
tionnaire (Azzam et al.  2012 ). A general outline 
of the bleeding score is outlined in Table  7  with 
the basic principle that the score is higher the 
more the symptoms (rigorously defi ned) and the 

greater the degree of intervention. A recent anal-
ysis established a bleeding score of 0–5 in women 
of reproductive age (Elbatarny et al.  2014 ). This 
patient’s score would be 5 (1 point for bruising, 3 
points for epistaxis, 1 point for HMB changing 
pads/tampons every 2 or fewer hours) with the 
normal range in children being <2.

   Regarding psychosocial aspects, several stud-
ies comprising over 300 patients with VWD 
compared to non-VWD women have shown 
unequivocally that these women do have 
impaired quality of life (Kouides et al.  2000 ; 
Kirtava et al.  2003 ; Rae et al.  2012 ; Von 2011). 
Dysmenorrhea has been noted in approximately 
half (Kouides et al.  2000 ; Kadir et al.  1998b ; Von 
Mackensen  2011 ). A high rate of mid-cycle pain, 
termed “mittelschmerz,” has also been noted in 
women with VWD (Kouides et al.  2000 ), and 
these patients can develop an acute surgical 
abdomen from hemoperitoneum due to bleeding 
into the corpus luteum with subsequent rupture 
(Jarvis and Olsen  2002 ). A report from Sweden 
showed that nine of 136 women with VWD 
(6.8 %) experienced hemorrhagic ovarian cysts 
(Silwer  1973 ). There have also been reports of 
bleeding into the broad ligament with the patient 
presenting with a positive iliopsoas sign (Greer 
et al.  1991 ). 

 The patient and her parents are informed that 
there are numerous treatment options for manag-
ing her HMB. 

0 10 20 30 40 50

Prevalence(%) CI

European studies
Edlund (1996)

Krause (2000)

N. American studies

Kadir (1998)
Woo (2001)

Kouides (2000)

Dilley (2001)

Hambleton (2000)
G-Gruen (2001)

Philip (2003)

Baindur (2000)
Ekiaby (2002)

Other studies
Total

Total 18 %

10 %

Trasi (2005)

  Fig. 1    Prevalence of VWD 
in adult females presenting 
with HMB (Adapted from 
Shankar et al. ( 2004 ))       

   Table 6    The overlap of VWD defi ciency and heavy men-
strual bleeding   

 VWF defi ciency: scope 
of the problem 

 Heavy menstrual bleeding: 
scope of the problem 

 ~45 % population is 
blood type O 

 5 % of women seek medical 
attention for menorrhagia 

 Data for healthy blood 
donors indicate that 
VWF levels<50 % are 
expected in 14 % of 
type O subjects 

 In 50 % of women with 
menorrhagia, an underlying 
cause is not found 

 Once referred to a 
gynecologist, surgical 
intervention is highly likely 

 In the UK, 20 % of women 
will have a hysterectomy 
before age 60 

 In at least half of those 
undergoing hysterectomy, 
menorrhagia is the main 
presenting problem 

 In the USA, hysterectomy is 
the second most common 
surgical procedure in 
women after cesarean 
section 
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  Question 3.      What would you advise ?

    A.     Trial of intranasal desmopressin  
( IN - DDAVP )   

   B.     Tranexamic acid  ( Lysteda TM )  1.3 g po tid 
fi rst 3 days of menses    

   C.     Mirena IUD    
   D.     Estrogen - containing oral contraceptive  ( OC )   
   E.     Plasma - derived VWF-containing FVIII 

concentrate     

    Expert Perspective     There is no one superior 
option for HMB management, but before pre-
scribing treatment, a newly diagnosed type 1 
VWD patient should undergo a DDAVP trial, 
particularly if non-DDAVP options are chosen 
for HMB control. It should be documented 
whether the patient responds adequately to 
DDAVP, so this information is available prior to 
any invasive procedure, e.g., wisdom tooth 
extraction.  

   Table 7    Summary of 12 key bleeding items adapted from the EU bleeding score assessment (Tosetto et al.  2006 ) in 
terms of the varying signifi cance of each symptom with the most signifi cant symptom characteristic accorded a score of 
4 points (pts)   

 Bleeding symptom 
 When it is signifi cant 
(1 pt) 

 More signifi cant (2 
pts) 

 Even more signifi cant 
(3 pts) 

 Most signifi cant (4 
pts) 

 1. Epistaxis  >5 events or >10′  Consultation only  Packing or 
antifi brinolytic 
therapy (rx) 

 Transfusion a  or 
DDAVP 

 2. Bruising  >1 cm and 
atraumatic 

 Consultation only  –  – 

 3. Bleeding with 
trivial cuts 

 >5 events or >5′  Consultation only  Surgical hemostasis  Transfusion a  or 
DDAVP 

 4. Oral cavity 
bleeding 

 Referred at least 
once 

 Consultation only  Packing or 
antifi brinolytic rx 

 Transfusion a  or 
DDAVP 

 5. Gastrointestinal 
bleeding 

 In presence of ulcer, 
portal hypertension, 
angiodysplasia, or 
hemorrhoids 

 Consultation only  Packing or 
antifi brinolytic rx or 
transfusion or 
DDAVP 

 – 

 6. Dental extraction b   Referred in less than 
a quarter of cases 

 Referred in more 
than a quarter of 
cases 

 Re-suturing or 
packing 

 Transfusion a  or 
DDAVP 

 7. Surgical related 
bleeding b  

 Referred in less than 
a quarter of all 
surgeries 

 Referred in more 
than a quarter of 
procedures 

 Surgical hemostasis 
or antifi brinolytic rx 

 Transfusion a  or 
DDAVP 

 8. Menorrhagia  Consultation only  Pill use or 
antifi brinolytic rx 

 Dilatation and 
curettage or 
antifi brinolytic rx 

 Transfusion a  or 
DDAVP 

 9. Post-partum 
hemorrhage b  

 Consultation only  Dilatation and 
curettage or 
antifi brinolytic rx or 
iron rx 

 Transfusion* or 
DDAVP 

 Hysterectomy 

 10. Muscle hematoma  Traumatic, no rx  Spontaneous, no rx  Replacement rx or 
DDAVP (can be 
traumatic) 

 Surgical 
intervention or 
blood transfusion 

 11. Hemarthrosis  Traumatic, no rx  Spontaneous, no rx  Replacement or 
DDAVP (can be 
traumatic) 

 Surgical 
intervention or 
blood transfusion 

 12. Central nervous 
bleeding 

 –  –  Subdural  Intracerebral 

   a Transfusion unless specifi ed refers to red blood cell (RBC) or plasma-derived replacement therapy 

  b No bleeding with at least two dental extractions or two surgeries or two deliveries is accorded a minus one point  
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 Thereafter, if the patient is a DDAVP 
responder, i.e., at least a doubling of the VWF 
levels, then intranasal DDAVP (IN-DDAVP) is 
an additional option to antifi brinolytic therapy 
(tranexamic acid) or hormonal therapy (oral 
contraceptives, OC) or surgical management 
(endometrial ablation or hysterectomy). 
Figure  2  illustrates the “best” choice in relation 
to the patient’s stage in the reproductive lifes-
pan: in the menarchal patient, nonhormonal 
therapy is more likely prescribed than 
IN-DDAVP or tranexamic acid, unless the 
patient is sexually active. In the childbearing 
years, endometrial ablation (Huq et al.  2012a ) 
or hysterectomy (James et al.  2009 ) may be 
more likely prescribed.

   Since HMB is characterized by increased 
fi brinolysis of the menstrual fl uid, tranexamic 
acid (TA) has been a mainstay of treatment for 
decades for the general HMB population (Bonnar 
and Sheppard  1996 ). There is also a sustained 
release formulation of TA available in the USA, 
Lysteda™, approved for the general HMB popu-
lation dosed at two tablets of 650 mg/tablet three 
times a day for the fi rst 5 days of menses. 
Menstrual blood fl ow (MBL) was reduced 41 % 
compared to 8 % in the placebo arm accompanied 
by signifi cant improvements in numerous quality 
of life (QOL) parameters (Lukes et al.  2010 ). In 
our patient, however, tranexamic acid may not 
necessarily be the fi rst choice since it is recom-
mended for age >18 years of age. However, there 

is emerging data that it is safe and effective in the 
adolescent population (Srivaths et al.  2015 ). 

 Regarding desmopressin (DDAVP), in non- 
randomized cohort studies, DDAVP has been 
reported by patient self-assessment as 
“excellent”/“very effective” in approximately 
three-quarters of patients with subcutaneous or 
intranasal (IN) use (Leissinger et al.  2014 ). 
However, more objective measurements of 
effi cacy have not shown as great a benefi t of 
IN- DDAVP for VWD-related HMB compared 
to prior studies using subjective assessment as 
the endpoint of effi cacy. A relatively large mul-
ticenter US crossover trial of women with 
abnormal laboratory hemostasis (including 
VWD) comparing IN-DDAVP and TA using 
the PBAC for assessment of MBL and four pre-
viously validated QOL measures was carried 
out (Kouides et al.  2009 ). Both medications 
reduced menstrual fl ow and improved QOL 
among females with HMB and abnormal labo-
ratory hemostasis, but TA proved to be more 
effective than IN-DDAVP (Kouides et al. 
 2009 ). 

 Approximately 10–15 % of women with 
VWD do not respond to DDAVP due to a muta-
tion or the severity of their type 1 VWD or type 2 
or type 3 VWD. In those patients, for severe 
intractable HMB refractory to antifi brinolytic 
therapy and/or hormonal therapy or for prophy-
laxis before surgery, a plasma-derived von 
Willebrand factor-containing FVIII concentrate 

VWD-related heavy mesntrual bleeding

Intranasal DDAVP trial

Menarche Reproductive years Post-child bearing
years

1. Intranasal DDAVP

2. Intranasal DDAVP2. Antifibrinolytics

1. Intranasal DDAVP

2. Antifibrinolytics

3. Levonorgestrel intrauterine
 device

3. Antifibrinolytics3. Oral contraceptive

1. Oral contraceptive

4. Oral contraceptive

5. Endometrial ablation

6. Hysterectomy

  Fig. 2    Treatment 
approaches for VWD- 
related HMB numbered in 
order of potential 
preference in relation to 
stage of reproductive cycle       
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(VWF/FVIII) can be administered (Abshire et al. 
 2013 ). 

 An intranasal DDAVP trial was administered 
with adequate response observed

 Ristocetin 
cofactor (nl = 
40–120 %) 

 VWF 
antigen (nl = 
50–150 %) 

 Factor 8 
level (nl = 
50–150 %) 

 Pre-
intranasal 
DDAVP 

 20 %  27 %  52 % 

 Post-
intravenous 
DDAVP 
(90 min 
after) 

 93 %  99 %  115 % 

   The patient and parents were informed of the 
positive DDAVP response. The parents opted for 
IN-DDAVP over TA because of fewer treatment 
days, 3 versus 5 days, and parenteral ethical con-
cerns regarding OC at her age. The patient was 
instructed to use one puff to each nostril for fi rst 
3 days of menses. Follow-up PBAC score 
decreased from 320 to 60. 

 A year later, the pediatrician calls the hema-
tologist for advisement, as the patient is now 
pregnant. 

  Expert Perspective     As noted above, there is not 
one ideal agent for control of VWD-related 
HMB. One has to individualize in terms of whether 
the patient is soon planning pregnancy, wants to 
defer pregnancy, or is post-childbearing. In this 
case, the hematologist when offering the various 
treatment options did not obtain the social history 
that this adolescent was sexually active wherein OC 
use would be preferable given its additional benefi t 
beyond HMB control. OC and IN-DDAVP appear 
to have equivalent effi cacy (Amesse et al.  2005 ) in 
controlling adolescent VWD-related HMB.  

  Question 4.      In your advisement regarding 
pregnancy in this type 1 VWD patient ,  which 
of the following statements is correct ?

    A.     The bleeding score predicts the risk of 
postpartum hemorrhage  ( PPH ).   

   B.     The VWF levels can begin to fall 3 days 
postpartum placing the patient at risk of 
postpartum hemorrhage.    

   C.     DDAVP use in peripartum is 
contraindicated    

   D.     There is increased risk of miscarriage in 
type 1 VWD.     

    Question 5.      Patients with type 1 VWD usually 
should not be cleared for epidural analgesia , 
 true or false ?  

  Expert Perspective     Recent studies have shown 
that VWF levels fall by the third day postpartum 
(Huq et al.  2012b ; James et al.  2015 ), so the clini-
cian must be vigilant of the risk of PPH beyond 
day 3 postpartum (if the patient’s third trimester 
VWF levels are <50 %). On the other hand, there 
is no conclusive evidence that the rate of miscar-
riage is greater than the 12–13.5 % rate of miscar-
riage in the general population (James  2005 ).  

 Studies are still ongoing in type 1 VWD to 
determine whether a high antepartum bleeding 
score predicts higher risk of PPH. In general, 
immediate PPH is rare in type 1 VWD as in this 
patient near delivery, the VWF antigen and VWF 
ristocetin cofactor activity peak in the 225–250 % 
range (Clark et al.  1998 ). Incidentally, this data 
reminds the clinician that almost all type 1 VWD 
can be cleared for an epidural given the adequate 
rise in VWF levels >50 % in the third trimester 
(Chi et al.  2009 ). 

 Regarding PPH, in an analysis of the US 
Nationwide Inpatient Sample (NIS) of 4,067 
deliveries in women with VWD (1 in 4,000 deliv-
eries), James and Jamison observed that women 
with VWD were more likely to experience a 
postpartum hemorrhage (OR, 1.5; 95 % CI: 1.1, 
2.0) and require a transfusion (OR, 4.7; 95 % CI: 
3.2, 7.0) (James and Jamison  2007 ). In a recent 
analysis of the state of the Pennsylvania Health 
Care Cost Containment Council database, a simi-
lar risk of PPH was observed (Malec et al.  2015 ). 

 Regarding the use of peripartum DDAVP, for 
women whose VWF levels have not exceeded 
50 %, there have been theoretical concerns that it 
might decrease placental blood fl ow, induce 
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 premature labor, or cause neonatal hyponatremia. 
However, a systematic review of 30 studies of the 
use of DDAVP for treatment and prophylaxis of 
bleeding disorders in pregnancy further con-
fi rmed its effi cacy and safety (Trigg et al.  2012 ) 
but confi rming two cases of symptomatic hypo-
natremia postpartum in 172 pregnancies. 

  Expert Perspective     Despite the systematic 
review above, the risk of peripartum hyponatre-
mia with aggressive fl uid resuscitation, the risk of 
DDAVP tachyphylaxis, and the relative “under-
treatment” of women with VWD (James et al. 
 2015 ; Stoof et al.  2015 ), we advise VWF/FVIII 
concentrate every 12–24 h peripartum for 
3–7 days in those women with VWF levels <50 % 
in the third trimester. The need for a higher target 
than stipulated (Kouides  2015 ) is supported by 
recent studies showing a higher rate of PPH 
(OR = 2.7) in deliveries given no prophylactic 
treatment (Stoof et al.  2015 ) and the degree of 
PPH (615 mL vs. 448 mL) comparing nontreat-
ment to treatment targeting 50–100 % (James 
et al.  2015 ). Figure  3  depicts the options in pre-
venting and managing PPH in the setting of 
VWD.

    This patient’s brother, who is 10 years of age, 
is now scheduled for a T&A. This prompts testing 
for VWD and his levels are subnormal on two 
occasions in the same range as his sister’s. Also, 

he has an excellent response to DDAVP. DDAVP 
is prescribed at a dose of 0.3 microgram/kilogram 
(mcg/kg) IVSS in 50 cc normal saline (NS) over 
15–30 min preoperatively (preceded also by 
Amicar 1 g IVSS over 30 min.). 

  Question 6.      Choose the typical mild / moderate 
adverse reaction that is associated with a 
related severe adverse reaction of DDAVP :

 Common mild to 
moderate adverse 
reaction 

 Most likely severe adverse 
reaction 

 A.  Abdominal pain and 
cramping 

 Stroke 

 B.  Parathesias  Myocardial infarction 

 C.  Headache  Hyponatremia and seizure 

 D.  Nausea  Venous thrombosis 

 E.  Flushing  Renal failure 

     Expert Perspective     Side effects of DDAVP 
include fl ushing, tachycardia, nausea, headache, 
and seizures secondary to hyponatremia (if fl uids 
not restricted) (Dunn et al.  2000 ; Leissinger et al. 
 2014 ). Rarely, thrombosis has been noted. We cau-
tion the patient that the headache may be a reason to 
stop desmopressin (DDAVP) and that pretreating 
with acetaminophen may help. We also caution 
about the risk of hyponatremia (ten times greater 

Clinical peripartum scenario

Prophylaxis of PPH Treatment of PPH

Consider peripartum IVTA
and post discharge oral TA or
EACA if high bleeding score

If 3rd trimester VWF level
< 50 %, replace to >100–200 %

peripartum then minimum4–
7 days post-partum

(if prior robust responder to
DDAVP, could use DDAVP In

lieu of replacement)

1. Fundal massage
2. Crystalloid resuscitation and red
cells as indicated
3. Double uterotonics- e.g. oxytocin
and misoprotol
4. Continue VWF/FVIII replacement
and IVTAIVC
5. Continued obstetrical assesment
and possible intervention
6. Fibrinogen replacement for
superimposed DIC if falling fibrinogen
7. rVII a before hysterectomy

  Fig. 3    General 
management approach for 
prophylaxis and treatment 
of PPH in the VWD patient       
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with the IV than IN form (Leissinger et al.  2014 )) 
and the need to limit free water intake (see Table  8 ) 
particularly given that 47 % of T&A cases in a 
review by Dunn and Gill of 144 cases developed 
hyponatremia, 6 of whom developed hyponatremic 
seizures (Dunn and Cox  2010 ). A more recent 
report from Toledo Children’s Hospital in children 
with bleeding disorders undergoing various surger-
ies observed hyponatremia  < 130 meq/l in 11 % 
(11/107; 95 % CI 5 %,16 %) after a preoperative 
dose (Sharma and Stein  2014 ). The lack of suffi -
cient data in children under 2 years of age and con-
cerns regarding controlling free water precludes use 
of DDAVP in this group (Leissinger et al.  2014 ).

    The risk of venous thrombosis is considered to 
be exceedingly low, as thoroughly reviewed by 
Girolami et al. ( 2015 ). 

 The T&A is scheduled. 

  Question 7.      Prior to the surgery ,  all the fol-
lowing should be on the  “ checklist ”  except :

    A.     Arrange for overnight stay.    
   B.     Arrange for CBC ,  VWF levels, and basic 

metabolic panel for postoperative day 1.    
   C.     Arrange for infusion of VWF / FVIII con-

centrate 1 h preoperatively.    

   D.     Obtain insurance approval for post- 
discharge EACA for 10 – 14 days.     

    Expert Perspective     There has been a trend 
nationally to perform T&A on an outpatient basis 
or at least a 23 h stay, but patients with VWD 
should be admitted overnight for monitoring for 
bleeding given an approximate 7.5 % risk of hem-
orrhage within 24 h and another 7.5 % risk beyond 
24 h (Dunn and Cox  2010 ). Given the risk of hypo-
natremia as noted, a follow-up serum sodium the 
next AM along with repeat VWF level should be 
obtained to decide if additional dosing is needed. 
This patient was an excellent responder to DDAVP 
so we would not have used VWF/FVIII concen-
trate unless the procedure was associated with sig-
nifi cant blood loss (e.g., spinal fusion surgery, 
repair of cranial synostosis, arthroplasty) given the 
risk of tachyphylaxis after three doses of daily 
DDAVP and the risk of hyponatremia with fl uid 
resuscitation in major surgery. Regardless of the 
VWD subtype, the use of antifi brinolytic therapy 
should be used perioperatively and post-discharge 
for 10–14 days as an effective adjunctive measure 
(Dunn and Cox  2010 ). Around days 7–10, the 
eschar usually sheds and a dose of DDAVP should 
be given preemptively to this patient.  

 In preparing a VWD patient for T&A, as in 
this case, the standard dose of DDAVP is 
0.3 mcg/kg. In actuality, though, this specifi c 
dose was established based on fi ve healthy con-
trols receiving varying doses from 0.1 to 0.4 mg/
kg. A dose- response relationship was observed 
for FVIII:C up to 0.3 mg/kg and for VWF:Ag up 
to 0.2 mcg/kg (Mannucci et al.  1981 ). Recently 
this had led some to utilize lower dosing, 
0.15 mcg/kg, which may reduce potential 
adverse reactions like headache, hyponatremia, 
or thrombosis while still achieving a three- to 
fi vefold rise in the VWF levels. A lower dose of 
DDAVP may be worth considering in the patient 
undergoing surgery who has additional pro-
thrombotic risks like morbid obesity and under-
going, for example, abdominal- pelvic surgery 
(Akin  2013 ; Siew et al.  2014 ).  

   Table 8    Weight-based fl uid restriction post-DDAVP 
(courtesy of Ann Neff MD)   

 Weight 
(lbs) 

 Weight 
(kg) 

 Maximum fl uid 
in fi rst 12 h 
(ounces) 

 Maximum fl uid 
in next 12 h 
(ounces) 

 Hours 12–24 
after DDAVP 

 22  10  11  16 

 44  20  16  24 

 66  30  19  28 

 88  40  21  32 

 110  50  24  36 

 132  60  27  40 

 154  70  29  44 

 176  80  32  48 

 198  90  35  52 

 220  100  37  56 
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    Case 2 and 3. Review 
of the Complications 
and Management of Non-DDAVP 
Responsive VWD 

 A 42-year-old male with type 2B is undergoing a 
laparoscopic cholecystectomy. He is a nonre-
sponder to DDAVP. His baseline VWF levels are 
VWF:RCo of 9 % (50–120 %) and VWF:Ag of 
46 % (60–200 %); platelet count is 147,000/mcl. 

  Question 8.      How would you dose the 
VWF / FVIII concentrate ?

    A.     VWF level to 50  %  immediately preop and 
then 25  %  postoperatively for 5 – 7 days    

   B.     VWF level to 100  %  immediately preop 
and then 75 – 100  %  for 24 – 48 h postopera-
tively followed by 50  %  for 5 – 7 days total    

   C.     VWF level to 100  %  immediately preop 
and then 75 – 100  %  for 24 – 48 h postopera-
tively followed by 50  %  for 10 – 14 days total    

   D.     VWF level to 200  %  immediately preop 
and then 100 – 200  %  for 24 – 48 h postopera-
tively followed by 100  %  for 5 – 7 days total    

   E.     VWF level to 200  %  immediately preop 
and then 100 – 200  %  for 24 – 48 h postopera-
tively followed by 100  %  for 10 – 14 days 
total     

    Expert Perspective     In general for tooth extrac-
tions and injections, we advise a target of 50 % 
(20–40 ristocetin units/kg dependent on base-
line VWF level) for one dose (plus antifi brinol-
ytics for oral cavity surgery, bleeds, and tooth 
extractions). In general for minor surgery and 
bleeds (e.g., joint bleed), we advise 50–75 % 
and then maintain above 40–50 % for 1–3 days, 
depending on the procedure. For major bleeds/
major surgery like this cholecystectomy, we 
advise 100 % initial level (40–60 ristocetin 
units/kg dependent on baseline VWF level) and 
then maintain VWF levels for 7–14 days, 
depending on the type of surgery (Nichols et al. 
 2008 ). This type of surgery is associated with 
adequate healing in 7 days, so we would treat 
not beyond that unless the case necessitated an 

open incision and liver resection, for example. 
The cost of factor and the potential risk of 
thrombosis (Coppola et al.  2012 ) justify obtain-
ing a peak FVIIIc level and VWF:RCo level 
immediately post-infusion and then infuse addi-
tional factor if below the target. While hospital-
ized, we also obtain daily levels with the intent 
of being cost effective and with the intent of 
theoretically reducing the risk of thrombosis.  

 While guidelines advise a target of 100 % for 
major surgery (Nichols et al.  2008 ; Laffan et al. 
 2014 ), its still not clear if specifi cally the 
VWF:RCo level or the FVIIIc level is the most 
important to target at 100 %. Intuitively, the 
VWF:RCo level may be more important for 
mucosal-based surgeries like a T&A and the 
FVIIIc level more important for “deep tissue” 
surgeries like arthroplasty (Biggs and Matthews 
 1963 ).  

    Case 3 

 A 28-year-old female has type 3 VWD. Both of 
her older siblings are affected. Her oldest sibling 
expired from HIV due to transmission from cryo-
precipitate while she and her remaining sibling 
are HIV negative but HCV positive. Her 
FibroSure score is consistent with cirrhosis, and 
her platelet count is in the 70,000/ml range con-
sistent with hypersplenism from portal venous 
hypertension. She did not tolerate a course of 
interferon in the past. Her menstrual periods are 
heavy. She has intermittent severe epistaxis last-
ing 20–30 min. She is anemic with a hemoglobin 
of 10 g/dl (12–15 g/dl) with a ferritin of 2 ng/ml 
(40–200 ng/mL). She also has severe right elbow 
pain due to chronic arthropathy. 

  Question 9.      This patient would benefi t from 
all but which of the following measures :

    A.     VWF / FVIII concentrate prophylaxis TIW    
   B.     Course of ledipasvir - sofosbuvir    
   C.     Digital capsule endoscopy    
   D.     Total elbow arthroplasty    
   E.     Mirena IUD     
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    Expert Perspective     This patient illustrates the 
lifelong challenges of living with type 3 VWD 
due to a myriad of complications, both disease- 
related (arthropathy, epistaxis, and heavy men-
ses (Metjian et al.  2009 )) and treatment-related 
(HCV infection). HCV infection is less preva-
lent in those with VWD than in those with 
hemophilia but in one registry has been reported 
in 40 % (Federici et al.  2006 ). Her iron defi -
ciency may not only refl ect nasal and menstrual 
blood loss but also occult GI bleeding from vari-

ces and/or arteriovenous malformations (AVMs) 
(Makris et al.  2015 ). AVMs may be associated 
with VWD as intact VWF has antiangiogenic 
properties and its absence can lead to vascular 
proliferation (Starke et al.  2011 ). Regarding 
total elbow replacement, reports are emerging 
but it has not yet supplanted an arthroscopic 
synovectomy (Kotela et al.  2014 ; Vochteloo 
et al.  2015 ).  

 In an analysis of 150 type 3 VWD patients 
enrolled in the US Center for Disease Control 
registry, all but 3 patients had reported bleed-
ing episodes (98 %) and 92 % required blood 
and/or factor treatment. Oral bleeding was the 
fi rst site of bleeding (in 54 %) but subsequent 
muscle bleeding (28 %) and joint bleeding 
(45 %) were noted. Intracranial hemorrhage 
was reported in 8 % (Metjian et al.  2009 ). The 
development of arthropathy has prompted the 
use of prophylaxis to reduce the morbidity of 
joint disease. Prophylaxis has also been 
reported to reduce the frequency or epistaxis, 
HMB, and GI bleeding (Abshire et al.  2013 , 
 2015 ). A recent retrospective study of 61 sub-
jects with severe VWD showed a signifi cant 
reduction in annualized bleeding rates within 
individuals (during prophylaxis – before pro-
phylaxis) and were signifi cant for the total 
group ( P  < 0.0001) and for those with primary 
indications of epistaxis ( P  = 0.0005), joint 
bleeding ( P  = 0.002), and GI bleeding 
( P  = 0.001) (Abshire et al.  2013 ). 

 The patient recently underwent treatment of 
her HCV with ledipasvir-sofosbuvir with prompt 
clearing of the viremia in just 2 weeks. She states 
she feels great. She is feeling so well she would 
like to undergo elbow surgery. 

  Question 10.      She is scheduled to undergo 
radial resection of the ulna. All of the follow-
ing preoperative tests should be drawn except :

    A.     Protime    
   B.     Fibrinogen    
   C.     CBC    
   D.     Inhibitor screen    
   E.     Iron panel     

 Questions/Controversies in VWD 

Complications and Management 

•     Can lower doses of DDAVP be used?  
•   Is antifi brinolytic therapy as effective in 

adolescent HMB as in adult patients 
with VWD-related HMB?  

•   Should the peripartum VWF target level 
be similar to that achieved physiologi-
cally in normal pregnancies in the 200 % 
range as opposed to guidelines advising 
50–100 % target level (Kouides  2015 )?  

•   Is there clinical benefi t in genotyping 
type 2 patients (Federici et al.  2009 ) and 
suspected type 1c patients (Castaman 
et al.  2009 ) given emerging data for a 
correlation between genotype and phe-
notypic expression in terms of DDAVP 
response and PPH risk (Castaman et al. 
 2010 )?  

•   Which is more important to target for 
major surgery, the VWF:RCo level 
 > 100 % or the FVIIIc level  > 100 %?  

•   Should type 3 patients be encouraged to 
begin prophylaxis sooner than later akin 
to what advised in the severe 
hemophiliac?  

•   Could aggressive use of antifi brinolytic 
therapy reduce the frequency and 
amount of VWF/FVIII concentrate in 
type 2 and 3 patients undergoing sur-
gery or possibly spare its use in minor 
invasive procedures such as dental 
extraction or colonoscopic biopsies in 
type 2 and 3 patients (Davis et al.  2013 )?    
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    Expert Perspective     Her HCV-related chronic 
liver disease justifi es preoperative coagulation 
screening for CLD-related coagulopathy. 
Assuming her various causes of bleeding are not 
brisk and the Mirena IUD can control her HMB 
(Chi et al.  2011 ), restoring her iron stores should 
improve her hematocrit and in turn give her a 
greater margin of safety for surgery as well as 
improve platelet function given the inverse rela-
tionship of platelet function and circulating red 
cell mass (Hellem et al.  1961 ). For this patient, 
unlike those with hemophilia, the risk of an 
inhibitor is quite low and does not necessitate 
screening before surgery. Furthermore, there are 
no available reliable tests to screen for an inhibi-
tor as conventional mixing tests or ELISA-based 
assays have not been validated. If an inhibitor is 
suspected, an in vivo and recovery study should 
be done (Laffan et al.  2014 ).  

   Answers 

    Question 1. D  
  Question 2. D  
  Question 3. A  
  Question 4. B  
  Question 5. False  
  Question 6. C  
  Question 7. C  
  Question 8. B  
  Question 9. D  
  Question 10. D         
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      Antifi brinolytics: Indications 
and Precautions                      

     Munjid     Al     Harthy      and     Peter     Kouides    

         Introduction 

 A very important regulator of hemostasis is the 
fi brinolytic pathway, which is activated concur-
rently with platelet aggregation, with thrombin 
production, and ultimately with fi brin generation. 
Fibrinolysis is infl uenced by many factors includ-
ing clot burden, the concentration of coagulation 
factors, and the local environment. In certain 
nonphysiological conditions, such as trauma and 
surgery, there is an increased propensity toward 
fi brinolysis related to the release of tissue plas-
minogen activator (tPA) at the site of injury 
which may result in increased bleeding (Bluth 
and Kashuk  2011 ; Cardenas et al.  2014 ). Patients 
with hereditary bleeding disorders such as Von 
Willebrand disease (VWD) and hemophilia also 
have a tendency to bleed that is partly infl uenced 
by increased activity of the fi brinolytic pathway 
(Matsumoto et al.  2013 ). 

 Fibrinolysis is responsible for clot resorption 
after fi brin formation results in the control of 
bleeding. It is initiated by tPA that in turn  generates 

the proteolytic enzyme plasmin from plasmino-
gen. Plasmin cleaves the polymerized fi brin stands 
into fi brin degradation products (FDP), whose car-
boxyterminal lysine residues prompt continued 
clot lysis through binding and activation of tPA 
and plasminogen (Silva et al.  2012 ). Multiple 
feedback mechanisms exist to ensure this clot 
elimination process is regulated to prevent excess 
or insuffi cient clot lysis. One such pathway occurs 
via activation of the thrombin activatable fi brino-
lysis inhibitor (TAFI) by the thrombin thrombo-
modulin complex. TAFI is a proenzyme form of 
carboxypeptidase-B that cleaves carboxyterminal 
lysine residues of fi brin, thereby reducing clot 
lysis (Binette et al.  2007 ). Other inhibitors of fi bri-
nolysis include plasminogen activator inhibitors 
(PAIs) which inactivate plasmin through inhibition 
of tPA and alpha-2 antiplasmin (Thelwell and 
Longstaff  2007 ; Simpson et al.  2011 ). 

 Given the increasing recognition of complica-
tions of blood transfusion such as transfusion 
reactions and infections (Moor et al.  1999 ; 
Vamvakas and Blajchman  2009 ), there has been 
an increasing demand for hemostatic agents to 
reduce the need for allogeneic blood transfusions 
during trauma and surgery. This review will focus 
on the common antifi brinolytic agents and evi-
dence supporting their effi cacy, indications, dos-
ing, and adverse effects. 

  Question 1.     A 63-year-old man presents to the 
emergency room after a mechanical fall and com-
plains of left hip pain. He is found to have a left 
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intertrochanteric fracture and is scheduled to go 
to the operating room for an open reduction and 
internal fi xation. His past medical history is sig-
nifi cant for hypertension, stage 2 chronic kidney 
disease, and a history of transfusion-related lung 
injury. On admission, he is noted to have acute on 
chronic kidney injury, with an increase in creati-
nine from a baseline of 1.3 to 1.8 mg/dl. 

  Which antifi brinolytic agent would be the 
most appropriate to decrease surgery-related 
blood loss? 

    A.    Aprotinin   
   B.    Tranexamic acid   
   C.    ε-Aminocaproic acid (EACA)   
   D.    Textilinin    

   The use of antifi brinolytic agents can be 
divided into two broad categories based on clini-
cal setting: surgical and nonsurgical. Surgeries 
associated with large amounts of blood loss 
arguably benefi t the most from the use of sys-
temic antifi brinolytic agents. Clinical trials sup-
porting the effi cacy of antifi brinolytic drugs in 
surgery and trauma investigated these agents pri-
marily in cardiac and orthopedic surgeries, as 
well as in smaller trials of vascular, thoracic, 
hepatic, gynecologic, and maxillofacial surger-
ies. Local hemostatic agents are also commonly 
used for the control of bleeding at the site of 
injury, such as during dental extractions in 
patients on anticoagulation (Patatanian and 
Fugate  2006 ). 

 Antifi brinolytic agents are divided into two 
major categories: the lysine analogues and the 
protease inhibitors. The lysine analogues, 
ε-aminocaproic acid (EACA), and tranexamic 
acid are negatively charged and work by revers-
ibly binding to the positively charged lysine sites 
on plasminogen, thereby preventing its incorpo-
ration into fi brin polymers and subsequent con-
version to plasmin. EACA, discovered a decade 
before tranexamic acid, is approximately tenfold 
less potent, therefore requiring much higher 
doses to achieve a similar effect (Mannucci 
 1998 ). The recommended dosages for the most 
frequently used antifi brinolytic agents are shown 
in Table  1 .

   The effi cacy of EACA as a hemostatic agent 
has been widely studied in patients undergoing 
major surgery. In a 2011 Cochrane systematic 
review, EACA was noted to reduce the need for 
allogeneic blood transfusion by 19 % compared 
to placebo (RR 0.81; 95 % CI 0.67–0.99) or an 
absolute risk reduction of 10 %, with no increase 
in mortality or increase in the risk of myocardial 
infarction, stroke, deep vein thrombosis (DVT), 
pulmonary embolism (PE), or renal failure 
(Henry et al.  2011 ). 

   Table 1    Intravenous dosing regimens of common 
 systemic antifi brinolytic agents based on clinical trials 
investigating their use in patients undergoing major 
 surgery (primarily cardiac and orthopedic surgery)   

 Agent  Dosage 

 ε-aminocaproic 
acid 

 Loading dose of 75–150 mg/kg/h 
(commonly 5–10 g/h) followed by 
an infusion of 10–15 mg/kg/h 
(commonly 1–2 g/h, with an 
optional 2–2.5 g/L added to the 
priming solution) (Fergusson 
et al.  2008 ) 

 Tranexamic acid  Dosing regimens vary 
signifi cantly. A common 
perioperative dosing is 15 mg/kg 
IV over 30 min 1 h pre-op 
followed by 10 mg/kg IV three 
times daily post-op. Loading 
doses of 2.5–100 mg/kg, followed 
by maintenance doses of 
0.25–4 mg/kg/h, have been 
reported (Henry et al.  2011 ) 

 Aprotinin  High dose (full Hammersmith 
regimen): initial loading dose of 
2 million kallikrein inactivator 
units (KIU) intravenously at 
induction of anesthesia, followed 
by an infusion of 500,000 KIU/h 
for the duration of the surgery 
 Low dose (half Hammersmith 
regimen): initial loading dose of 1 
million KIU at induction of 
anesthesia, followed by an 
infusion of 250 KIU/h for the 
duration of the surgery, with an 
additional optional priming dose 
of 1 million KIU of aprotinin 
added to the pump prime (Bayer 
Health Care  2006 ) 
 Little difference in effect has been 
show between the two dosing 
regimens 
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 Available in both intravenous (IV) and oral 
formulations, the drug is eliminated unchanged 
(65 %) through the kidneys, compared to 95 % for 
tranexamic acid. Due to this reason, EACA 
(Choice C) is preferred over TA (Choice B) for 
the control of bleeding in patients with renal 
insuffi ciency. 

 Contraindications to its use include active 
thrombosis and disseminated intravascular coag-
ulation (DIC) (Clover Pharmaceuticals Corp. 
 2012 ). Case reports of glomerular capillary 
thrombosis in patients with hematuria have 
prompted the recommendation that EACA be 
avoided in patients with hematuria of an upper 
urinary tract origin (Tubbs et al.  1979 ). Although 
several cases of myopathy and rhabdomyolysis 
due to EACA (brand name Amicar ™ ) have also 
been reported (Van Renterghem et al.  1984 ), the 
drug is generally well tolerated. The most com-
mon side effects are nausea and gastrointestinal 
intolerance. 

 Tranexamic acid (trans-4-aminomethyl cyclo-
hexanecarboxylic acid, Cyklokapron ™ ) is avail-
able in both IV and oral formulations. When 
given intravenously, peak levels are typically 
achieved within 1 h of administration, with a bio-
logic half-life of 80 min. Since it is primarily 
excreted by the kidneys, dose adjustment is 
required in patients with a creatinine >1.4 mg/dl, 
but no hepatic adjustment is necessary (Eriksson 
et al.  1974 ). 

 In major surgery, tranexamic acid reduces the 
need for allogeneic blood transfusion by 39 % 
(RR 0.61; 95 % CI 0.53–0.70) and reduces intra-
operative blood loss, but does not reduce the risk 
of reoperation due to bleeding (Henry et al. 
 2011 ). A prospective randomized study by 
Horrow et al. analyzed the effect of tranexamic 
acid dose on the degree of operative bleeding in 
cardiopulmonary bypass (CABG) surgery. They 
assessed varying loading doses (2.5–40 mg/kg) 
and maintenance doses at one-tenth of the dose 
for 12 h and found a threshold loading dose of 
10 mg/kg was required to produce a signifi cant 
reduction in bleeding. Higher doses did not pro-
vide additional benefi t (Horrow et al.  1995 ). 

 The use of tranexamic acid has been espe-
cially useful in the control of spontaneous and 

surgical-related bleeding in patients with heredi-
tary bleeding disorders such as VWD, hemo-
philia, and thrombocytopathies such as 
Bernard-Soulier syndrome and Glanzmann 
thrombasthenia and as an adjunct to factor con-
centrates (Seligsohn  2012 ; Davis et al.  2013 ). It 
can be reconstituted as an aqueous solution and 
used as a mouthwash in those undergoing dental 
procedures (Federici et al.  2000 ) or applied topi-
cally for the control of nosebleeds. 

 Aprotinin (Choice A) is a reversible serine 
protease inhibitor that works by directly inhibit-
ing plasmin as well as other important enzymes 
including trypsin, chymotrypsin, and tissue and 
plasma kallikrein (Mannucci  1998 ). In 2007, 
aprotinin was withdrawn from the market after 
preliminary data from the Blood Conservation 
Using Antifi brinolytics Trial (BART) suggested 
an increased risk of death in patients who received 
the drug. The BART trial was a multicenter ran-
domized blinded study that assigned 2331 high- 
risk cardiac surgical patients into groups using 
aprotinin, tranexamic acid, and EACA. At 
30 days postoperatively, all-cause mortality in 
patients treated with aprotinin was 1.53 times 
higher than those treated with tranexamic acid or 
EACA (Fergusson et al.  2008 ). Additional obser-
vational studies have also suggested that patients 
who receive aprotinin are at an increased risk of 
renal failure requiring dialysis, stroke, encepha-
lopathy, myocardial infarction, and heart failure 
as compared with those receiving tranexamic 
acid or EACA (Mangano et al.  2006 ). Following 
these publications, several advisory panels 
including Health Canada and the European 
Medicines Agency independently reviewed the 
data presented by the BART trial and the other 
observational studies and concluded that there 
were signifi cant limitations related to sample 
size, statistical analysis, and treatment allocation, 
leading to a reversal of the ban in Canada (Health 
Canada  2011 ). 

 Contrary to the studies presented above, a 
recent mixed treatment meta-analysis (Howell 
et al.  2013 ) and a Cochrane systematic review that 
examined randomized controlled trials of apro-
tinin concluded that it was not associated with an 
increased mortality or increased risk of myocar-
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dial infarction, stroke, DVT, or pulmonary embo-
lism. Despite a trend toward increased rates of 
renal failure when used for cardiac surgery, the 
use of aprotinin did not statistically increase the 
rates of renal dysfunction (Fergusson et al.  2008 ). 

 Aprotinin (Trasylol ™ ) is approved in the USA 
only for investigational use in patients who are at an 
increased of bleeding and adverse effects of transfu-
sions undergoing CABG surgery, where alternative 
agents are unacceptable. Due to their favorable 
safety and effi cacy profi le, the lysine analogues 
have essentially replaced protease inhibitors and 
would be the appropriate choice in the above patient. 

 Textilinin (Choice D) is a serine protease inhib-
itor in the experimental stages of development that 
is derived from the Australian snake venom 
 Pseudonaja textilis . Unlike aprotinin, it does not 
inhibit tPA, urokinase, activated protein C, and 
elastase (Millers et al.  2013 ). This narrower spec-
trum of inhibition could possibly decrease some of 
the adverse effects associated with aprotinin, mak-
ing textilinin a promising agent in need of further 
investigation (Flight et al.  2005 ). 

  Question 2.     A 23-year-old woman is evaluated 
in the clinic for heavy menstrual bleeding. She 
has menorrhagia since menarche and expresses 
concern that her symptoms are signifi cantly 
impacting her quality of life. She has also been 
trying to conceive for the past 2 months. Her past 
medical history is signifi cant for gastritis for 
which she is on a proton pump inhibitor. Her fam-
ily history is signifi cant for a father with moderate 
hemophilia. She has tried desmopressin and com-
bination oral contraceptives without a signifi cant 
improvement in her menstrual bleeding. 

  What would be a reasonable next agent to 
use in the management of her condition? 

    A.    Tranexamic acid   
   B.    Hysterectomy   
   C.    Low-dose progestin-only oral contraceptive   
   D.    Naproxen    

   Tranexamic acid has been proven effective in 
the treatment of heavy menstrual bleeding, a sig-
nifi cant cause of morbidity in conditions such as 
VWD. A randomized control trial by Lukes et al. 

in women with HMB examined the effi cacy of a 
sustained-release formulation of tranexamic acid 
(Lysteda ™ ) in reducing menstrual blood loss com-
pared with placebo and analyzed quality-of- life 
measures. Women who received tranexamic acid 
had signifi cantly greater reductions in blood loss 
compared with placebo (40.4 % vs. 8.2 %, respec-
tively) and experienced signifi cant improvements 
in their quality of life and self- perceived menstrual 
blood loss (Lukes et al.  2010 ). It may also be more 
effective than desmopressin (Kouides et al.  2009 ) 
and controls heavy menstrual bleeding better than 
medroxyprogesterone acetate (Kriplani et al. 
 2006 ). Lysteda, which is FDA approved for the 
treatment of menorrhagia, is given at a dose of 
3,900 mg/day in three divided doses for up to the 
fi rst 5 days of menses. The licensure study 
excluded adolescents so data are needed to con-
fi rm its safety and effi cacy in this age group. 

 Only high-dose progestin oral contraceptives 
have been shown to be effective in reducing 
abnormal uterine bleeding, and therefore (Choice 
C), low-dose progestin-only oral contraceptive is 
incorrect. Advantages of using tranexamic acid 
over naproxen (Choice D) in this patient include 
her history of gastric ulcers and her wish to con-
ceive, for which the use of nonsteroidal anti- 
infl ammatory drugs (NSAIDs) is a relative 
contraindication. While hysterectomy (Choice B) 
is potentially curable, it is typically reserved for 
patients who have failed medical management, 
especially in women of child-bearing age. 

  Question 3.     The patient described in Question 2 
is prescribed tranexamic acid 1.3 g orally three 
times daily for 5 days of bleeding during each 
menstrual cycle. You review the side effects with 
her prior to starting therapy. 

  Which of these most-likely and least-likely 
combination answers is correct? 

 Most likely  Least likely 

 A.  Visual changes  Abdominal cramping 

 B.  Abdominal cramping  Venous 
thromboembolism 

 C.  Venous 
thromboembolism 

 Abdominal cramping 

 D.  Paresthesias  Conjunctivitis 
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    Tranexamic acid is generally well tolerated, 
although common mild reactions may include 
headache, sinus congestion, abdominal, back, 
and muscle pains. Tranexamic acid does not 
reduce mortality and does not increase the risk of 
myocardial infarction, stroke, DVT, pulmonary 
embolism, or renal failure (Berntorp et al.  2001 ). 
Patients who receive tranexamic acid at doses 
above 100 mg/kg are at risk for developing gen-
eralized convulsive seizures, which is thought to 
be due to dose-dependent CNS hyperexcitability. 
For this reason it is recommended the total dose 
of tranexamic acid in patients >50 years of age 
should not exceed 100 mg/kg over 24 h (Menkis 
et al.  2012 ). 

 Contraindications to the use of tranexamic 
acid include active thromboembolic disease, a 
history of hypercoagulability including venous or 
arterial thrombosis, concomitant oral contracep-
tive use, and subarachnoid hemorrhage. Caution 
should also be taken in patients receiving other 
treatments that may lead to an increased risk of 
thrombosis, such as those on all-trans retinoic 
acid for the treatment of leukemia, or patients 
receiving factor IX or anti-inhibitor coagulant 
concentrates (Ferring Pharmaceuticals  2013 ). 
(See Table  2  for a summary of the safety profi les 
of the most commonly used systemic antifi brino-
lytic agents.)

   While robust evidence regarding the utility of 
tranexamic acid in the management of postpar-
tum hemorrhage is still lacking, a few random-
ized controlled trials suggest it may be useful in 
the management of this highly morbid  condition. 

A randomized controlled trial by Gungorduk 
et al. compared intravenous tranexamic acid vs. 
placebo in 660 women prior to cesarean section. 
Postoperative blood loss was signifi cantly lower 
in the cohort of women who received tranexamic 
acid compared with placebo, and there was a 
reduced use of additional uterotonic agents, but 
no difference in maternal or neonatal outcomes 
(Gungorduk et al.  2011 ). In a subsequent study, 
adding tranexamic acid to standard management 
in women undergoing vaginal delivery signifi -
cantly reduced blood loss as compared to pla-
cebo. Thromboembolic events were not 
increased in either trial (Gungorduk et al.  2013 ). 

 An international randomized double-blind, 
placebo-controlled trial to reduce postpartum 
bleeding, termed the World Maternal 
Antifi brinolytic (WOMAN) study, is currently 
underway with a target accrual of 15,000 
patients. Such a large trial should be adequately 
powered not only for effi cacy but also to assess 
severe maternal morbidity (hysterectomy and 
VTE) and maternal death (Shakur et al.  2010a ). 
Another area of active investigation is the utility 
of tranexamic acid to reduce blood loss in 
trauma patients. The CRASH-2 trial showed a 
signifi cant reduction in all-cause mortality and 
reduced mortality due to bleeding in trauma 
patients who received tranexamic acid within 
8 h of injury compared with placebo (RR 0.91; 
95 % CI 0.85–0.97) (Shakur et al.  2010b ). Other 
trials including the PATCH trial will examine 
TA in a modern trauma care setting (Mitra et al. 
 2014 ), and the CRASH-3 trial will examine the 

   Table 2    Safety profi les of the most commonly used systemic antifi brinolytic agents   

 Agent 

 Adverse effect 

 Gastrointestinal  Nephrotoxicity  Thrombosis  Other 

 ε-Aminocaproic acid  ++  −  −  Rhabdomyolysis (rare) 

 Tranexamic acid  +  −  −  Changes in color vision 
(rare); seizures at very 
high doses 

 Aprotinin  −  +  −  Possible increase in 
mortality; 
hypersensitivity 
reactions 

  Adapted from: Fraser et al. ( 2008 ) 

 Frequency of adverse effects: − indicates none, + indicates low, ++ indicates high  
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utility of TA in traumatic brain injury (Dewan 
et al.  2012 ). 

 With the overwhelming evidence suggesting a 
benefi t of the lysine analogues in reducing clini-
cally signifi cant bleeding, coupled with their 
favorable side-effect profi le, the possibilities for 
its use in various clinical conditions are promis-
ing. Larger patient pools are still needed to reli-
ably ascertain any possible adverse effects and to 
determine patient groups that will benefi t the 
most from its use. Nonetheless, these medica-
tions are likely to be used more frequently in the 
coming years, and a basic understanding of its 
indications and contraindications will become 
more pertinent to the general physician. 

  Answers 

    Question 1. C  
  Question 2. A  
  Question 3. B         
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      Gene Therapy for Bleeding 
Disorders                      

     Paul     E.     Monahan      and     Yasmina     L.     Abajas   

         Introduction 

 Gene therapy refers to any therapy in which the 
therapeutic entity is a nucleic acid. Gene therapy 
most commonly delivers a DNA sequence, the 
transcription of which produces a protein to per-
form a therapeutic function. Other approaches 
have delivered RNA, short interfering RNA 
(siRNA), RNA aptamers, nucleases (e.g., to knock 
out host cell genes or to facilitate “editing” of 
genomic DNA), or sequences to express antigens 
that produce specifi c immunization. Considered 
most broadly, there are two approaches to intro-
duce therapeutic genes. The fi rst is to directly 
introduce the nucleic acid sequences of interest 
into the target tissue in vivo. Transfer of the 
nucleic acid may or may not employ a delivery 
vehicle, referred to as a vector. Naked DNA or 
RNA transfer is in general  ineffi cient unless medi-
ated by a virus or other vector. In nature, viruses 
have evolved mechanisms to enter cells and 
deliver their viral DNA (or RNA) to the nucleus of 

cells, where they hijack the host cell’s machinery 
to transcribe and translate the virus’ genetic pay-
load. Dozens of viruses have been investigated as 
potential gene delivery vectors. The second 
approach is to introduce the gene of interest 
ex vivo into cells (whether allogeneic or autolo-
gous) in culture, expand if desired the cells that 
express the gene effi ciently, and then introduce 
the cells with their transgenic payload into the 
host. The goal of correcting hemophilia, the most 
common severe bleeding disorder, has been 
approached using multiple variations of in vivo 
vectors and ex vivo cell- based strategies over the 
last quarter century, ultimately leading to partial 
correction of hemophilia B in a human clinical 
trial (St. Louis and Verma  1988 ; Palmer et al. 
 1989 ; Nathwani et al.  2011 ).  

    Delivering Gene and Cell Therapy 

  Question 1.     A 30-year-old man with severe 
hemophilia A resulting from a three nucleotide 
deletion in the C1-coding region of the  F8  gene 
has questions about the prospect of gene therapy. 
He has been infusing prophylactic factor VIII 
(FVIII) two to three times per week since the age 
15 after having developed a history of 12–16 
hemorrhages per year (6–9 into joints) while 
treating only episodically. He has no personal or 
family history of a FVIII inhibitor and is hepatitis 
B surface antigen negative and hepatitis C anti-
body negative. After discussing risks and benefi ts 
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of potential gene therapy strategies, the patient 
and his wife state that they wish to start a family 
soon. They have particular worries about any 
approach that might lead to gene therapy vector 
distributing into semen or sperm. 

  Which of the following strategies to deliver 
the   F8   gene would have the least risk of gene 
therapy vector distributing into gonads, 
sperm, or semen? 

    A.     In vivo viral vector therapy based upon 
Epstein-Barr virus vector delivered 
intravenously   

   B.     Catheter-directed hepatic artery instillation 
of adeno-associated virus serotype 2 vector   

   C.     Ex vivo delivery of the gene to autologous 
bone marrow-derived pluripotent hematopoi-
etic cells, expansion of the gene-transduced 
cells, and reinfusion   

   D.     In vivo and ex vivo approaches are equiva-
lent in terms of off-target biodistribution of 
transgenic sequences    

    Question 2.      Which is an essential element in 
the construction of a gene delivery vector? 

    A.     3′ (Carboxy-terminal) regulatory element 
including a promoter   

   B.     Rev (reverse transcriptase) gene   
   C.     Therapeutic transgene sequence   
   D.     All of the above    

    Expert Perspective     Several components are 
necessary for an effective gene therapy expres-
sion cassette. Most obvious are the potentially 
therapeutic transgene sequences that must be 
delivered and transcribed. The transgene cassette 
begins with the 5′ regulatory elements that will 
control transcription, which must include a pro-
moter upstream of the start site. Gene expression 
may also be boosted by the incorporation of 
tissue- specifi c or nonspecifi c enhancer elements. 
To increase the effi ciency of gene delivery, the 
therapeutic gene is likely to be a cDNA rather 
than whole gene sequence. However, at least one 
intron or splice donor/acceptor site is often 
included which may increase mRNA stability. 
Finally, the sequence 3′ to the gene must include 

a polyadenylation signal to stabilize the mRNA 
and avoid nonsense-mediated decay.  

  Question 3.      You are designing a gene therapy 
strategy. Your target cell type does not divide 
rapidly; nevertheless, you want to make cer-
tain that your therapeutic gene is integrated 
into the target cell genomic DNA. Which of the 
following gene delivery strategies is likely to 
most effi ciently accomplish your goals? 

    A.     Gamma-retrovirus vector   
   B.     Adenovirus vector   
   C.     Adeno-associated virus vector   
   D.     Lentivirus vector   
   E.     Plasmid DNA    

    Expert Perspective     Viral vectors engineered for 
gene therapy may be distinguished as integrating 
and nonintegrating vectors. Integrating vectors, 
such as gamma-retroviral and lentiviral vectors, 
insert their DNA into the host cell’s genome. 
Gamma-retroviral vectors cannot traverse the 
nuclear membrane to deliver genes unless the host 
cell is undergoing cell division, while lentiviruses 
can transduce both dividing and nondividing 
cells. Recombinant adenoviral (Ad) and adeno-
associated virus (AAV) vectors are nonintegrating 
vectors, and following the “uncoating” of the 
virus, the genes exist as extrachromosomal 
genetic elements (episomes) (Sheridan  2011 ). 
Viral vectors are further described in Table  1 .

    Nonviral delivery of naked plasmid DNA, chemi-
cally conjugated DNA, or nanoparticle encapsu-
lated DNA generally requires some disruption of 
the cell surface integrity and is generally accom-
plished more effi ciently in vitro than in vivo 
(Wolff et al.  1990 ; Scherer et al.  2002 ). Strategies 
proposed to disrupt target cell and encourage 
plasmid DNA entry in vivo include plasmid 
delivery in conjunction with large volume hydro-
dynamic pressure, electrical current, and ultra-
sound. The effi ciency and safety of applying any 
of these strategies to human scale, however, are 
perceived to be limiting in gene therapy for 
bleeding disorders (Liu et al.  2007 ; Miao et al. 
 2005 ; Keravala et al.  2011 ).  
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    Hemophilia Gene Therapy: 
Characteristics of Factor VIII 
and IX That Affect Strategies 
for Gene Therapy 

 Attempts to correct coagulation factor VIII defi -
ciency (hemophilia A) and factor IX defi ciency 
(hemophilia B) have contributed greatly to the 
general knowledge and experience of therapeutic 
gene transfer. Hemophilia has been considered a 
model condition for correction with gene therapy 
for a number of reasons. Gene therapy for either 
hemophilia A or B requires addition or correction 
of a single gene, and these genes and their protein 
products are well characterized. Complete cor-
rection of the defi ciency is not necessary. 
Correction to above 1–2 % of normal activity 
converts severe hemophilia to a moderate form. 
Correction to above 5 % would result in mild dis-
ease with the expectation for drastic reduction in 
the need for exogenous clotting factor infusion. 
Correction above ~15 % of normal circulating 
factor activity should eliminate essentially all 
spontaneous bleeding and greatly protect from 
traumatic bleeding (Den Uijl et al.  2011 ). Both 
small (mouse, rat) and large (dog, sheep, pig) ani-
mal models that closely recapitulate the human 
disease are available for the preclinical evalua-
tion of potential gene therapy strategies, and suc-
cessful correction is easily monitored using blood 
plasma assays that have had decades of clinical 
validation (Sabatino et al.  2012 ). Key features for 
both FVIII and FIX gene therapy approaches and 
their differences are listed in Table  2 .

    Question 4.      Which of the following gene 
delivery strategies has led to persistent partial 
correction of factor IX defi ciency in a human 
clinical trial? 

    A.     Direct intramuscular injection of AAV sero-
type 2 to direct expression of factor IX   

   B.     Systemic administration of lentiviral vector 
to direct expression of factor IX   

   C.     Direct intrahepatic infusion of AAV serotype 
2 to direct expression of factor IX   

   D.     Systemic administration of AAV serotype 8 
to direct expression of factor IX   

   E.     Delivery of a DNA nuclease to create a DNA 
strand break and “edit” the underlying factor 
IX gene defect by inserting correct factor IX 
gene sequence at the F9 locus on the X 
chromosome    

    Expert Perspective      Hemophilia B Gene 
Therapy  

 Hemophilia B gene therapy has advanced earlier 
than hemophilia A gene therapy, with the fi rst 
success in a hemophilia clinical trial reported in 
2011. The viral vector approach described in that 
trial is the only success in hemophilia gene ther-
apy to date. Hence, this paradigm for clinical 
gene therapy is discussed in detail.   

    Adeno-Associated Virus Vectors 
for Factor IX Gene Transfer 

 Because existing factor IX and factor VIII clotting 
factor concentrates are effective and safe, potential 
gene therapy strategies face high expectations to 
present minimal risk. With respect to safety, the 
adeno-associated virus (AAV) is an attractive can-
didate for factor IX gene delivery (Hastie and 
Samulski  2015 ). The wild-type (wt) AAV is a 
small single-stranded DNA virus that has never 
been associated with human disease and is replica-
tion defective. Most individuals are exposed to 
wtAAV in childhood, remain asymptomatic, but 
mount a humoral immune response. The resultant 
anti-AAV antibodies may or may not persist into 
adulthood at titers suffi cient to neutralize subse-
quent infection by wtAAV and by recombinant 
AAV vectors (Boutin et al.  2010 ; Calcedo et al. 
 2011 ; Li et al.  2012 ). The safety of recombinant 
AAV (rAAV) gene therapy vectors is increased by 
the deletion of all viral coding sequences from the 
virus 4680 nt genome during generation of the 
therapeutic vector. Following transduction of the 
target cell, the rAAV therapeutic gene sequences 
are retained primarily as extrachromosomal epi-
somes and uncommonly integrate into the host 
genomic DNA. rAAV transduce a variety of both 
dividing and  nondividing cell types, although with 
rapid cell  turnover, the episomal therapeutic genes 
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are not expected to be maintained. Application of 
rAAV for hemophilia rapidly focused on the skel-
etal muscle and liver as the two sites of relatively 
end- differentiated, nondividing (or slowly divid-
ing) tissues (Herzog et al.  1997 ; Monahan et al. 
 1998 ). A phase 1/2 clinical trial of AAV serotype 2 
given as direct intramuscular therapy was con-
ducted, and while there were no safety concerns, 
there was also no persistent plasma factor IX activ-
ity achieved. Among the limitations of this 
approach were the signifi cant extracellular binding 
of the transgenic factor IX, limiting access to the 
circulation, and the lower effi ciency of expression 
and posttranslational modifi cation of factor IX 
produced in the muscle compared to liver (Arruda 
et al.  2001 ; Manno et al.  2003 ; Buchlis et al.  2012 ). 
The pioneering AAV liver-directed, dose escala-
tion gene therapy trial used AAV serotype 2 to 

deliver a single-strand (ss) factor IX cDNA, with 
the expression driven by promoter and enhancer 
elements that are active in the liver but not in other 
tissues. Although one subject at the highest vector 
dose used in this trial (2 × 10 12   vector genomes 
(vg)/kg) initially produced greater than 11 % fac-
tor IX, an apparent vector dose- dependent cellular 
immune response eliminated the AAV-transduced 
liver cells and factor IX expression (Manno et al. 
 2006 ). 

  Question 5.      Initial vectors designed for clini-
cal factor IX gene delivery to the liver were 
based upon the wild-type AAV2 virus, which is 
a single-strand (ss) DNA virus for which 
humans are the natural host. Which of the fol-
lowing are potential limitations for ssAAV2 
gene delivery to the liver? 

   Table 2    Factor VIII and factor IX: comparison of features that affect approaches to hemophilia gene therapy   

 Characteristic relevant 
to gene therapy  Factor IX  Consideration  Factor VIII  Consideration 

 Size of gene to be 
transferred 

 Small: cDNA 
1.4 kb 

 Small size suitable for 
wide variety of gene 
delivery approaches 

 Large: cDNA 
7.1 kb (BDD 
cDNA ~4.4 kb) 

 B-domain not 
required for 
coagulation and 
deleted in most 
gene therapy 
approaches 
 Large cDNA 
presents 
challenges for 
packaging in 
AAV 

 Natural site of 
production 

 Hepatocytes  Requires extensive 
posttranslational 
modifi cations 
(carboxylation of GLA 
domain and additional 
glycosylation and 
sulfation) 

 Liver sinusoidal 
endothelial cells 
(LSECS) 

 Subject to highly 
regulated but 
ineffi cient 
intracellular 
chaperone and 
secretion 
pathways 

 Degree of 
immunogenicity 

 Low, 2–4 % risk of 
inhibitor 
development 

 Large, 25–30 % 
risk of inhibitor 
development 

 Size and normal 
concentration of 
circulating protein 
in plasma 

 415-amino acid 
protein 
 5 mcg/ml 

 Extra-circulatory 
binding to extravascular 
matrix proteins, 
especially collagen IV 

 2351-amino acid 
protein 
 200 ng/ml 

 Survival depends 
on binding to von 
Willebrand factor 

 Vectors used for gene 
therapy delivery in 
human trials 

 Adeno-associated 
virus 

 Adenovirus 
 Retrovirus 
 Fibroblasts 
(following ex vivo 
transduction with 
plasmid DNA) 
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    A.    Systemically delivered ssAAV2 demonstrates 
biodistribution into a wide variety of tissues 
and transduction in the liver is typically lim-
ited to less than 10 % of hepatocytes.   

   B.    AAV2 infection causes a constellation of 
symptoms including rash, upper airway con-
gestion, cough, and occasional pyuria.   

   C.    Circulating antibodies that neutralize AAV2 
infection have been found in 35–55 % of 
adults in several studies.   

   D.    A and C.   
   E.    All of the above.    

    Expert Perspective     In response to the apparent 
immune-mediated loss of factor IX expression, 
changes were made to the vector approach that 
illustrates adaptations that are possible with viral 
vector technology. Specifi cally, changes were 
made to the vector capsid, to the genomic form of 
the delivered transgene, and to the gene sequence 
(while conserving the wild-type amino acid 
sequence). Other potential areas for modifi cation 
include changing the promoter and other tran-
scriptional regulatory elements and changing the 
gene sequence with intentional mutation of the 
amino acid sequence, as will be discussed below. 
Virus that have been adapted as gene therapy vec-
tors, including AAV and LV, may have multiple 
naturally occurring serotypes which may differ in 
cellular tropism, cellular receptors, and other 
properties. These viruses may serve as the basis 
of engineering novel vector capsids. The sero-
type was changed from AAV2 to AAV8, which 
has specifi c tropism for liver and a lower instance 
of preexisting immunity among humans, because 
macaques are the natural host for AAV8 (Li et al. 
 2012 ). AAV is a single-strand DNA virus; how-
ever, if two complementary copies of the factor 
IX gene sequence are engineered in the vector 
(the so-called self-complimentary AAV, scAAV), 
then a rate-limiting step in AAV transduction is 
overcome because the two copies can fold upon 
each other and immediately serve as a “double- 
strand- like” template for transcription (McCarty 
et al.  2001 ; Nathwani et al.  2006 ). Additional 
vector effi ciency was achieved via codon optimi-
zation of the factor IX expression cassette, incor-
porating nucleotide changes to substitute codons 
frequently employed in the most highly expressed 

mammalian genes and making other changes that 
conserve the factor IX amino acid sequence but 
improve mRNA translation (Wu et al.  2008 ).  

 These modifi cations resulted in the fi rst 
clinical trial of hemophilia gene therapy to 
demonstrate persistent clotting factor expres-
sion using a scAAV8.FIX codon-optimized 
vector administered via peripheral vein. The 
trial was sponsored by St. Jude Children’s 
Research Hospital and the University College 
London (SJCRH/UCL) (Nathwani et al.  2011 , 
 2014 ). Ten subjects treated using this vector 
are expressing circulating factor IX activity 
persisting for years and with a mean activity of 
>5 % for the six subjects treated at the highest 
dose (2 × 10 12  vg/kg). Nevertheless, four of six 
subjects treated at the highest dose had cell-
mediated immune responses against the AAV-
transduced cells that prompted 8–12 weeks of 
corticosteroid therapy to maintain factor IX 
expression. Ongoing efforts seek to decrease 
the risk of vector-associated immune responses 
by further increasing the effi ciency of the vec-
tor. One approach being tested in human clini-
cal trials is to employ point mutations or other 
sequence variations that generate a clotting 
factor protein with greater activity or more 
favorable pharmacokinetics than the wild-type 
protein, such as the substitution of leucine for 
arginine at factor IX amino acid 338 
(FIXR338L, factor IX Padua) (Suwanmanee 
et al.  2014 ; Monahan et al.  2015 ). Another 
approach is exemplifi ed by a recently reported 
computational strategy to derive hepatocyte- 
specifi c transcriptional cis-regulatory modules 
(CRMs) which has achieved 11–15-fold 
enhancement of liver-specifi c promoter/
enhancer-driven factor IX expression in hemo-
philic mice (Nair et al.  2014 ). Bioengineering 
of recombinant chimeric or modifi ed viral vec-
tor capsids to enhance target tissue-specifi c 
tropism and/or to evade vector-neutralizing 
antibodies is another area of active research 
(Tse et al.  2015 ). It is likely that combinations 
of these strategies will increasingly be evalu-
ated in human trials with the goal of achieving 
more normal factor IX levels while diminish-
ing vector-targeted host immune responses.  
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    Lentivirus Vectors for Liver Gene 
Therapy: Preclinical Development 

 Although hepatocytes are relatively end- 
differentiated, lentiviruses transduce hepatocytes 
along with multiple cells of the liver environment, 
including antigen-presenting cells. A major task 
for adapting lentiviruses for hemophilia gene ther-
apy has been to avoid immune responses to the 
potentially neoantigenic factor IX and factor 
VIII. In regard to factor IX, restricting gene expres-
sion to the liver with the use of liver- specifi c pro-
moters and opposing gene expression in APCs 
via the incorporation of hematopoietic- specifi c 
microRNA target sequence (miR142-3p) achieved 
factor IX expression in and secretion from the liver 
in both mouse and dog models of hemophilia B 
(Brown et al.  2007 ; Annoni et al.  2013 ; Chuah 
et al.  2013 ; Cantore et al.  2015 ). An additional 
uncertainty among lentivirus investigators is the 
risk of insertional mutagenesis that can potentially 
cause oncogenic transformation in transduced 
cells, which has complicated gene transfer with 
the related gamma-retroviral vectors (Hacein-Bey-
Abina et al.  2008 ). The risk of insertional onco-
genesis appears to be considerably lower using LV 
when compared to RV (Cantore et al.  2015 ). 
Nevertheless, investigators have developed “inte-
gration-defective” LV (IDLV) vectors and demon-
strated correction of the bleeding phenotype in 
hemophilia B mice following incorporation of the 
gain-of-function FIXR338L transgene and codon 
optimization using these vectors; persistence of 
expression from IDLV in larger animals has yet to 
be demonstrated (Suwanmanee et al.  2014 ).  

    In Vivo Gene Editing 

 An alternative approach to AAV-mediated gene 
addition and episomal clotting factor expression is 
gene editing that takes advantage of the rapidly 
developing nuclease systems, including zinc fi nger 
nucleases, TALENS, and CRISP/Cas9 systems. 
Nucleases direct cleavage to open host cell genomic 
DNA, with the stretches of DNA that fl ank the 
nuclease designed to have specifi c homology to tar-
get the DNA strand break to a desired locus in the 
host cell genome; the systems differ in their 

 effi ciency and in their off-target cleavage rates 
(Corrigan-Curay et al.  2015 ). Co-delivered correc-
tive sequences of Factor VIII or factor IX cDNA 
can be incorporated at the site of nuclease-induced 
dsDNA strand breaks via homologous recombina-
tion. Because the clotting factor gene will then per-
sist in the genome, gene expression should persist 
indefi nitely in the cell and its progeny (Anguela 
et al.  2013 ). The current technology for in vivo 
gene editing remains dependent upon recombinant 
AAV or some other gene delivery system. Given 
inherent ineffi ciency and the need for separate vec-
tors for nuclease and therapeutic sequence, the total 
load of AAV particles that have been used in pre-
clinical studies is greater than the load associated 
with toxicity in the AAV clinical trials. Recent 
efforts to insert the factor IX and VIII genes down-
stream of the albumin promoter or other strong 
native constitutively active promoters may over-
come this ineffi ciency (Barzel et al.  2015 ).  

    Hemophilia B Gene Therapy Using 
Ex Vivo-Transduced Cells 

 Multiple cell-based approaches to treat hemo-
philia B have been explored in the preclinical set-
ting (Chen et al.  2014 ). Given the clinical 
progress demonstrated by viral vector approaches 
for factor IX delivery, there is less momentum at 
the current time for applying cell-based 
approaches to hemophilia B gene therapy when 
compared to hemophilia A gene therapy. 
Therefore, the cell-based approaches are consid-
ered together under hemophilia A (See below).  

    Hemophilia A Gene Therapy 

  Question 6.      Which of the following gene 
delivery strategies have led to persistent par-
tial correction of factor VIII defi ciency in a 
human clinical trial? 

    A.    Factor VIII gene transfection of autologous 
fi broblasts followed by expansion and reim-
plantation of FVIII-expressing cells   

   B.    Systemic infusion of retroviral vector 
expressing factor VIII   
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   C.    “Gutless” adenovirus delivery of therapeutic 
factor VIII transgene   

   D.    Adeno-associated virus serotype 8 delivery of 
codon-optimized factor VIII transgene   

   E.    None of the above    

    Expert Perspective 

  The new millennium and early clinical trials for 
hemophilia a gene therapy  

 Although hemophilia A is more prevalent than 
hemophilia B, clinical success has not been 
achieved with factor VIII gene delivery. Several 
human clinical trials for hemophilia A gene and 
cell therapy were performed ~15 years ago without 
persistently measurable circulating FVIII expres-
sion in any trial. A cell-based strategy for hemo-
philia A was evaluated in an open-label, phase I 
trial that used autologous fi broblasts from skin 
biopsies transfected ex vivo with a plasmid encod-
ing human BDD FVIII, expanded ex vivo, and 
reimplanted into the abdominal omentum (Roth 
et al.  2001 ). The trial demonstrated the diffi culty of 
predicting with confi dence the required FVIII-
expressing cell numbers to be transplanted and the 
environmental factors required for cell persistence. 
The fi rst in vivo gene therapy trial for hemophilia A 
involved I.V. delivery of a retroviral vector express-
ing a BDD human FVIII gene (Powell et al.  2003 ). 
Most subjects had measurable FVIII activity at 
more than one observation, but not in a persistent 
pattern. The apparent low effi ciency of RV trans-
duction of self-renewing cells did not justify per-
ceived risks, e.g., insertional oncogenesis. A second 
in vivo clinical trial administered I.V. high-capacity 
(HC), helper- dependent (HD) adenoviral (ad) vec-
tor (White  2001 ). A strong innate immune response 
to the HC-Ad vector was observed immediately, 
characterized by fever, transaminitis, and thrombo-
cytopenia. No effi cacy was observed and the trial 
was halted after a single subject.  

    AAV for Factor VIII Gene Transfer 

 The successful clinical application of AAV for 
the correction of factor IX has encouraged new 

efforts to adapt AAV to deliver factor VIII. The 
B-domain-deleted (BDD) factor VIII cDNA is 
4.4 kilobases (kb), which means that a BDD 
FVIII expression cassette having even minimal 
transcriptional regulatory elements (e.g., pro-
moter, polyadenylation site, etc.) along with the 
two 145 nucleotide AAV inverted terminal 
repeats (required for packaging the therapeutic 
gene sequences) exceeds the normal packaging 
constraints of wild-type AAV (genome 4.7 kb). 
Incremental increases in the size of the therapeu-
tic sequences beyond approximately 5.2 kb have 
been associated with diminished yields of recom-
binant AAV vector, with the packaging of partial 
(truncated) genomes, and with decreased effi -
ciency of transgene expression (Monahan et al. 
 2010 ). Delivery of the FVIII light chain-encoding 
sequences in one AAV vector and the FVIII 
heavy-chain sequences in a second vector for 
 co- expression in the same cell has been shown to 
result in synthesis and secretion of complete 
FVIII protein by doubly transduced cells. The 
ineffi ciency of dual transduction has not repre-
sented as a diffi cult limitation as a tendency to 
“chain imbalance” with a relative abundance of 
light chain and defi cit of heavy chain destabiliz-
ing the ultimate FVIII production (Wang et al. 
 2014 ). 

 Physiologic and even supraphysiologic circu-
lating factor VIII activity levels in hemophilic 
mice, adequate to protect from induced hemor-
rhage, have recently been reported by the UCL/
SJCRH investigators using AAV dosed at 
2 × 10 12  vg/kg (equivalent to the highest dose 
used in the UCL/SJCRH hemophilia B trial). 
Their strategy uses AAV8 to express codon- 
optimized BDD FVIII transgenes driven by small 
liver-specifi c promoters. A short sequence 
derived from juxtaposed B-domain elements, 
resulting in the expression of BDD FVIII with a 
17-amino acid peptide encoding 6 glycosylation 
triplets (v3 sequence), has been incorporated 
with the goal of improving secretion of factor 
VIII. Furthermore, stable factor VIII expression 
of 15 % was observed in a nonhuman primate. It 
is currently anticipated that this FVIII expression 
cassette will be used in two human clinical trials 
using the AAV8 serotype and the AAV5 serotype, 
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respectively; a third trial is likely to examine 
expression using AAV serotype 8 and a factor 
VIII gene that codes for the wild-type BDD FVIII 
sequence (i.e., without the v3 or other nonnative 
sequence).  

    Lentivirus Vectors and Cell-Based 
Therapies: Direct In Vivo Factor VIII 
Gene Delivery and Ex Vivo Gene 
Transfer in Cell-Based Therapy 
for Correction of Hemophilia A 

 In developing LV for hemophilia B therapy, the 
incorporation of liver-specifi c promoters and of 
microRNA sequences to eliminate transgene 
expression in hematopoietic antigen-presenting 
cells proved adequate to circumvent factor IX 
inhibitor development (see Above). Despite this, 
specifi c pseudotyping of the LV vector envelope 
combined with transient macrophage depletion 
was required to achieve meaningful factor VIII 
expression in hemophilia A mice (Matsui et al. 
 2011 ). The Telethon Institute for Gene Therapy 
(TIGET)/Biogen partnership report that their 
program will use LV to target hepatocytes; how-
ever, the timeline for clinical translation is not 
clear. 

 One strategy in late preclinical development 
uses lentivirus to deliver the gene for a chimeric 
factor VIII protein to CD34+ hematopoietic stem 
cells (HSCs) following autologous collection 
from mobilized peripheral blood. The factor VIII 
protein has >90 % human sequence along with 
selected sequences of porcine factor VIII that 
increase factor VIII expression (Doering and 
Spencer  2014 ). Following ex vivo transduction 
with the chimeric FVIII gene and expansion of 
the high-expressing multipotent hematopoietic 
cells, they are reinfused to serve as a self- 
renewing population of cells capable of restoring 
hemostatic potential. 

 Several groups of investigators have also 
advanced the strategy of targeting clotting factor 
expression specifi cally to self-renewing mega-
karyocyte precursors and to megakaryocytes and 
platelets (Du et al.  2013 ; Greene et al.  2014 ). 
This approach relies on using lentivirus to deliver 

an expression cassette encoding human 
B-domain-deleted factor VIII under the control 
of platelet-specifi c integrin GPIIb promoter (the 
promoter for  ITGA2B  gene) to express FVIII 
ectopically during megakaryopoiesis. Cytokine- 
mobilized autologous peripheral blood- or bone 
marrow-derived CD34+ stem cells with multilin-
eage potential are transduced ex vivo by the len-
tivirus, with gene expression restricted by the 
promoter to the megakaryocyte lineage. No clot-
ting factor circulates; however, hemostatic plate-
let surface thrombin generation is supported by 
the transgenic clotting factor at sites of injury. 
The approach has been used to correct the bleed-
ing phenotype in hemophilia A mice and hemo-
philia A dogs, and it has also been adapted for the 
expression of factor IX and phenotypic correc-
tion of hemophilia B mice (Chen et al.  2014 ). 
Additionally, hemostasis has been demonstrated 
in hemophilic animals with factor VIII inhibitors, 
a phenomenon that appears to depend upon plate-
let granule co-secretion of von Willebrand factor 
(VWF) by the platelet granules (Shi et al.  2015 ). 

 For either of these strategies relying on ex vivo 
gene transfer, the transduced hematopoietic cells 
carry no survival advantage within the host bone 
marrow. The cells will be transplanted into 
patients after a non-myeloablative conditioning 
regimen (e.g., a busulfan-containing regimen) to 
generate a niche for engraftment and expansion. 
Alternatively, direct intraosseous cell delivery 
without preconditioning has been reported to 
restore hemostasis in factor VIII-defi cient mice 
utilizing an otherwise similar strategy (ex vivo 
transduction of HSCs with LV delivering a plate-
let integrin  GPIBA  promoter-driven FVIII gene). 
Whether or not this less invasive approach can be 
translated to a larger host remains to be estab-
lished (Wang et al.  2015 ). 

 Ultimately, the potential for truly pluripotent 
self-renewing cells to be manipulated for hemo-
philia gene therapy may be realized. Recent 
proof-of-concept studies suggest that underlying 
gene defects, e.g., the common F8 intron 22 
inversion mutation, can be corrected in inducible 
pluripotent stem cells (iPSCs) ex vivo using 
nuclease technology (e.g., transcription activator- 
like effector nuclease (TALEN), CRISP/Cas9, or 
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others). The pluripotency of the cells appears to 
be maintained, so that they can subsequently be 
differentiated along hepatocyte, hematopoietic, 
or other lineages as desired (Park et al.  2014 ; 
Menon et al.  2015 ). The enormous fl exibility of 
iPSC technology is attractive; however, safety 
and effi cacy data are less mature than other 
approaches described herein.  

    Hemophilia with Inhibitors: Gene 
Therapy to Restore Hemostasis 
and Induce Immune Tolerance 

 The development of inhibitors to factor VIII (in 
25–30 % of patients) and to factor IX (in 2–4 % 
of patients) remains the greatest complication of 
clotting factor concentrate therapy. The history 
of a factor VIII or IX inhibitor has been exclu-
sionary for enrollment in any hemophilia gene 
therapy trial. As mentioned above, hemophilia A 
mice treated with LV-transduced hematopoietic 
progenitors expressing factor VIII (along with 
VWF) demonstrated hemostatic protection even 
in the presence of inhibitors, raising the possibil-
ity that individuals with factor VIII inhibitors 
might be eligible for gene therapy to correct the 
bleeding phenotype (Kuether et al.  2012 ). The 
constitutive expression of activated factor VII 
following AAV gene transfer has also been 
explored to provide hemostatic potential in the 
face of inhibitors (Margaritis et al.  2011 ). 
Potentially more intriguing is the possibility that 
clotting factor expression via gene therapy could 
be used to promote immune tolerance of clotting 
factor, given that individuals with inhibitors are 
not adequately treated with existing therapies. 
Multiple small and large animal studies have 
demonstrated that steady-state endogenous fac-
tor IX expression via gene therapy may promote 
tolerance via the induction of factor-specifi c 
regulatory T cells (e.g., platelet-targeted gene 
expression) or even eradicate preexisting factor 
IX inhibitors (as has been demonstrated via 
hepatic expression following AAV or lentivirus 
factor IX gene delivery) (Annoni et al.  2013 ; 
Chen et al.  2014 ; Markusic et al.  2013 ; Crudele 
et al.  2015 ). Caution may be needed in the 

approach to preexisting FIX inhibitors that are 
clinically associated with hypersensitivity or 
anaphylaxis; the deliberate attempt to reverse a 
factor IX inhibitor by constitutively expressing 
factor IX using an expression cassette that can-
not be silenced involves some risk of triggering 
hypersensitivity that cannot be controlled. Factor 
VIII inhibitors are a more common clinical com-
plication and are only very rarely associated 
with hypersensitivity. Sustained hepatic expres-
sion of factor VIII following AAV gene transfer 
has also led to eradication of preexisting factor 
VIII inhibitors in hemophilia A dogs, apparently 
via the induction of CD4+, CD25+, and FOXP3+ 
regulatory T cells (Annoni et al.  2009 ; Finn et al. 
 2010 ).   

    Gene Therapy for von Willebrand 
Disease 

  Question 7.      Which of the following state-
ments in regard to gene therapy for von 
Willebrand disease is correct? 

    A.    Of the subtypes of von Willebrand disease 
(VWD type I, II, or III), type I VWD is the 
most obvious application for gene therapy, 
because type I VWD is the most prevalent.   

   B.    The development of gene therapy for VWD 
has fewer obstacles than gene therapy for 
hemophilia A, because the size of the VWF 
gene is more amenable to packaging in viral 
vectors.   

   C.    Restricting expression of transgenic VWF to 
the liver using liver-specifi c promoters dimin-
ishes the long-term expression of systemi-
cally delivered VWF gene sequences.   

   D.    None of the above.   
   E.    All of the above.    

    Expert Perspective     Although low VWF and 
type I VWD are highly prevalent in comparison 
to other bleeding disorders, the phenotypic 
expression of type I VWD is highly variable and 
generally mild. Recombinant VWF is under 
review for licensure and is likely to add to the 
existing treatment options (e.g., plasma-derived 
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FVIII/VWF concentrates and desmopressin 
[DDAVP]) available to treat or prevent hemor-
rhage in VWD. Even partial correction to provide 
circulating VWF levels would provide an alterna-
tive to repeated infusion of clotting factor con-
centrates for patients with the most severe form 
of VWD, type III. The rarity of type III VWD and 
the large size of the VWF cDNA (8.4 kb) are the 
main challenges for the development of VWD 
gene therapy. Strategies that have been pursued 
(roughly in order of increasing effi cacy in vivo) 
include segmental pre-mRNA trans-splicing with 
dual AAV8 vectors, each carrying half of the 
VWF cDNA, lentivirus delivery of VWF to self- 
renewing blood outgrowth endothelial cells, 
lentivirus- directed VWF gene delivery to the 
neonatal liver, and naked plasmid DNA delivered 
using hydrodynamic injection (de Meyer et al. 
 2006 ,  2008 ; Wang et al.  2012 ). Proof of some 
general concepts has been demonstrated, includ-
ing the relative value of using tissue-specifi c pro-
moters (e.g., liver-specifi c elements) and the 
ability of the liver to produce transgenic VWF 
that participates in both platelet plug formation 
and FVIII carrier function. Nevertheless, human 
clinical application is currently a relatively 
remote possibility.   

    Gene Therapy for Severe 
Congenital Platelet Function 
Defects (Glanzmann 
Thrombasthenia and 
Bernard- Soulier Disease) 

  Question 8.      Which of the following state-
ments regarding current approaches to 
Glanzmann thrombasthenia (GT) and 
Bernard-Soulier syndrome (BSS) is correct? 

    A.    Successful correction of platelets in GT and 
BSS requires that the  ITGA2B  and  ITGB3  
genes be expressed using  ITGA2B  and  ITGB3  
promoters, whereas correction of BSS 
requires expression of  GPIBA  from the 
 GPIBA  promoter.   

   B.    AAV8 vectors have led to phenotypic correc-
tion GT and BSS in human clinical trials.   

   C.     Following ex vivo ITGA2B gene delivery to 
CD34+ HSCs, bone marrow conditioning is 
required prior to autologous cell transplant.   

   D.     The main indication for gene therapy in GT 
is to eliminate pre-formed anti-α IIb β 3  
alloantibodies.   

   E.     None of the above.    

   GT and BSS are two rare autosomal recessive 
defects of platelet function. GT results from a 
variety of distinct mutations in the genes  ITGA2B  
and  ITGB3 , resulting in quantitative or qualita-
tive defects in the α IIb β 3  integrin interaction with 
natural agonists including fi brinogen. BSS gene 
defects (at the  GPIBA ,  GPIBB ,  GP9  loci) result 
in defi cient expression of platelet glycoprotein 
(GP) Ib-IX-V complex, leading to lack of 
 adhesion to VWF and abnormal response to 
thrombin (French and Coller  1997 ; Grimaldi 
et al.  1998 ; Nurden and Nurden  2015 ; Sandrock-
lang et al.  2015 ). These disorders have a wide 
variability in the phenotypic expression of bleed-
ing, which can be very severe in some individu-
als. Platelet replacement therapy is cumbersome 
and frequently complicated by platelet alloim-
munization, whether against the congenitally 
defi cient integrin or unrelated platelet surface 
constituents and immune-mediated destruction 
of healthy platelets. Early experimental successes 
demonstrated targeted expression of the integrin 
β3 subunit in megakaryocyte progeny of trans-
duced human CD34 +  hematopoietic cells by 
expressing the gene from the human αIIb pro-
moter delivered by retroviral murine leukemia 
virus (MuLV) vector (Wilcox et al.  1999 ). This 
approach has been extended to mouse and dog 
models of Glanzmann thrombasthenia, substitut-
ing lentivirus for the MuLV to increase effi cacy 
and safety. A β3 subunit- defi cient murine model 
that exhibits a similar phenotype to human GT 
underwent conditioning with myeloablation and 
total body irradiation in preparation to receive 
autologous bone marrow that was transduced 
with lentivirus expressing human  ITGB3  cassette 
from the human  ITGA2B  promoter (Fang et al. 
 2005 ). As a result, platelets of mice that achieved 
~10 % of normal receptor density of the hybrid 
murine αIIb human B3 integrin complex 
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 demonstrated aggregation in response to normal 
agonists in the presence of fi brinogen, as well as 
partial protection in a bleeding challenge. The 
approach was subsequently extended to success-
ful correction of α IIb  −/−  dogs. These dogs received 
one variety of non-myeloablative bone marrow 
conditioning regimens prior to infusion of autol-
ogous CD34+ hematopoietic cells transduced 
ex vivo with lentivirus to direct megakaryocyte 
transcription of human I TGA2B  driven by a 
 ITGA2B  promoter. The expression of <10 % nor-
mal receptor density on 10 % of platelets restored 
platelet fi brinogen adherence and fi brin clot 
retraction and decreased bleeding during a 5-year 
follow-up (Fang et al.  2011 ). An analogous strat-
egy has been used to address BSS, wherein allo-
geneic CD34+ HC from GPIbα null  mice were 
transduced using a lentiviral vector encoding 
 GP1BA  under the control of an  ITGA2B  promoter 
and then infused into GPIbα null  littermates, fol-
lowing preconditioning with lethal irradiation. 
Improvement of the platelet morphology and 
function and the bleeding phenotype were dem-
onstrated in the transplanted mice and in second-
ary bone marrow recipients of the gene-corrected 
mice (Kanaji et al.  2012 ). Ex vivo proof-of-con-
cept experiments include nuclease-mediated 
homologous recombination (in this case, medi-
ated by zinc fi nger nuclease) leading to repair of 
the mutant  ITGA2B  gene iPSC from GT patients, 
which were subsequently differentiated into 
hematopoietic cells including megakaryocytes, 
creating another potential approach to self-
renewing functional platelet correction (Sullivan 
et al.  2014 ). 

 In each of the studies in animal models, gene 
expression has led in some animals to immune 
recognition of the transgenic integrin and anti-
body formation. Interpretation of the phenome-
non in some cases is made diffi cult by the 
expression of a human gene, so that the therapeu-
tic protein is a xenoprotein. Nevertheless, given 
the natural history of alloantibodies as a compli-
cation of GT and BSS, it is highly possible that 
antibodies could complicate gene correction. In 
this respect, it is somewhat reassuring that 
immune tolerance was achieved in these animals 

following either observation only or pharmaco-
logic treatment (e.g., intravenous immunoglobu-
lin (Fang et al.  2011 ; Kanaji et al.  2012 ). Whether 
continuous gene expression following gene 
replacement might overcome preexisting 
integrin- specifi c alloimmunization is unknown.  

 Controversies 

•     Widespread uptake of gene therapy will 
be limited by its high cost and restricted 
access to a limited number of centers 
with clinical expertise in the manage-
ment of severe bleeding disorders and 
demanding surveillance for immuno-
logic complications  

•   Large-scale manufacture of clinical 
grade recombinant viral vectors, 
although improving, remains challeng-
ing, in particular, at the scales required 
for phase 3 trials of systemically admin-
istered vectors. While ex vivo cell trans-
duction requires smaller amounts of 
clinical grade vectors, the demands of 
autologous cell collection and gene 
delivery, followed by characterization of 
transgene expression and expansion of 
cells, remain burdensome.  

•   At the current time, the only gene ther-
apy for hemophilia that has achieved 
clinical success uses adeno-associated 
virus to deliver the clotting factor gene 
to the liver; however, only a minority of 
individuals with hemophilia can qualify. 
Excluded are individuals:
 –    With history of inhibitors (up to 35 % 

of severe HA)  
 –   With underlying liver disease  
 –   With mild/moderately severe 

hemophilia  
 –   With active hepatitis B or C as defi ned 

by HBsAg or HCV RNA positivity  
 –   With preexisting neutralizing anti-

bodies to AAV (up to 25–35 % with 
NAb to AAV8 and even more with 
NAb to AAV2, which may cross- 
neutralize other serotypes)     
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  Answers 

    Question 1. C  
  Question 2. C  
  Question 3. D  
  Question 4. D  
  Question 5. D  

  Question 6. E  
  Question 7. D  
  Question 8. D         
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      Disseminated Intravascular 
Coagulation                      

     Molly     W.     Mandernach       and     Craig     S.     Kitchens    

         Introduction 

 Over the past century, disseminated intravascular 
coagulation (DIC) has increasingly become 
regarded not as being a specifi c disease resulting 
from any of several initiating causes but actually 
representing the pathophysiologic fi nal common 
pathway of the coagulation system which has gone 
awry. This single unifying concept collapses the 
nearly infi nite list of causes of DIC into an under-
standable and manageable disorder. Recognizing 
the underlying and initiating cause of DIC and 
directing therapy toward control of that cause is key 
to the patient’s survival. The central role of tissue 
factor (TF) and various cytokines in the initiation 
and continuation of coagulation up to and including 
DIC is now widely accepted. Once begun, the 
course of DIC is determined by extinguishing the 
source of TF by arrest of the pathophysiological 
process generating the TF and the ability of the host 
to grapple with correcting perturbations. 

  Objective for Case I: (Questions 1–3)     Review 
diagnostic criteria to support a diagnosis of DIC as 
well as clinical features to approach treatment.   

    Case 1 

 You are called to labor and delivery by an 
 anxious obstetrician to help in the case of a 
22-year- old woman with a 32-week intrauterine 
pregnancy who is “bleeding everywhere” 
 especially from her vagina. Ultrasound confi rms 
that the fetus is alive, but there appears to be a 
 potentially avulsed placenta with a large amount 
of blood between the uterine wall and the pla-
centa. PT, PTT, and platelet count are all 
severely abnormal. Packed red blood cells and 
fresh frozen plasma (FFP) are being ordered 
from the blood bank. She was involved in a 
“fender bender” car accident 4 days ago and this 
 morning noted the onset of vaginal bleeding. 
The patient claims to otherwise be very healthy 
and her fi rst delivery 2 years ago was 
uncomplicated. 

  Question 1.      Which statement determines the 
clinical manifestations, tempo, and duration 
of DIC? 

    A.    The rate and duration of thrombin production   
   B.    The clinical disorder serving as the trigger for 

DIC   
   C.    The ability of the patient to correct the hemo-

static challenges   
   D.    Status of the natural inhibitors of coagulation, 

such as antithrombin III (ATIII), protein C, 
and protein S   

   E.    All of the above    
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    Answer     E  

  Expert Perspective     The impact of DIC is enor-
mous with resultant stresses on all organ systems 
of the patient. The liver is a prime “corrector” of 
DIC through reticuloendothelial system (RES) 
(to neutralize activated clotting factors as well as 
clear microbial invaders) and synthetic function 
(to replenish declining coagulation factors). 
Patients with cirrhosis are extremely susceptible 
to DIC from microorganisms such as  Vibrio  spe-
cies, which is well known. Patients with congeni-
tal defi ciencies of any of the natural coagulation 
inhibitors are more susceptible to poor 
outcomes.  

  Question 2.      What is the common trigger 
between the different causes of DIC? 

    A.    Hypotension   
   B.    Hyperthermia   
   C.    Need for blood products   
   D.    Unopposed thrombin and plasmin generation    

    Answer     D  

  Expert Perspective     All four categories of DIC 
(i) obstetrical catastrophes (such as abruptio 
 placentae, eclampsia, and placenta previa), (ii) 
septicemia, (iii) cancer, and (iv) severe trauma 
are the result of increase production of thrombin 
in quantities suffi cient to initiate and sustain 
pathophysiologic activation of the coagulation 
system at a rate that overcomes physiologic 
mechanisms of hemostatic control to the point 
that free, unbound, uninhibited thrombin and 
plasmin circulate. Coagulation is initiated by 
interruption of the endothelial lining of the vas-
cular system or by entry of tissue factor (TF) into 
the blood. With the former mechanism, the intrin-
sic clotting system may be activated by interac-
tion of blood with subendothelial tissue and 
collagen; with the latter, TF, which is within all 
or most cells (with the exception of unperturbed 
endothelial and peripheral blood cells), is 
released with cellular disruption (Semeraro and 
Collucci  1997 ) causing activation of the TF 
(extrinsic) clotting system, the predominant force 

in hemostasis. If the impetus is durable or pro-
tracted enough, thrombin will be generated. 
Should thrombin evade antithrombin III (ATIII) 
as well as endothelial-bound thrombomodulin 
(TM), it will convert fi brinogen to fi brin. When a 
breach in the circulatory system has been 
 corrected, any remaining procoagulants, but 
especially thrombin, are neutralized by physio-
logic inhibitors. One could argue that events that 
could lead to DIC occur every day, but DIC does 
not routinely happen because these are tightly 
regulated events. 

 What separates the pathophysiologic process of 
DIC from physiologic clotting is the combination 
of nonphysiologic, sustained, and excessive initia-
tion of coagulation (such as with obstetric catas-
trophes, sepsis, cancer, or trauma) and the eventual 
inability to neutralize circulating activated prod-
ucts of coagulation. If the stimulus is massive, sus-
tained, and/or not neutralized, the resultant 
procoagulant wave soon inundates physiologic 
inhibitors, resulting in free, circulating, unopposed 
thrombin and plasmin, the two key agents respon-
sible for DIC. Thrombin will result in the patho-
logic intravascular clotting of fi brinogen, 
especially in the microcirculation, and activation 
of platelets as well as consumption of coagulation 
factors; plasmin degrades fi brinogen, fi brin, and 
factors V, VIII, and XIII, thus generating FDPs 
and D-dimer characteristic of DIC. Under physio-
logic conditions, excess plasmin is neutralized by 
its inhibitor, α 2 -plasmin inhibitor (α 2 -PI) 

 DIC may be characterized along three differ-
ent axes, representing tempo, extent, and clini-
cal manifestation (Table  1 ). This simplistic 
approach may represent some degree of over-
lap; however, it offers a glimpse into the multi-
ple and varied ways that DIC can manifest. The 
tempo axis distinguishes DIC as either acute or 
chronic. Acute DIC includes most of the sepsis 
syndromes, DIC secondary to trauma, and car-
diopulmonary collapse. Chronic DIC is repre-
sented by the retained dead fetus syndrome, 
large abdominal aortic aneurysms (AAA), and 
Trousseau syndrome. Regarding extent, local-
ized causes of DIC include AAA (Jelenska et al. 
 2004 ; Oba et al.  1995 ) an empyema or necrotic 
gallbladder, or blunt head trauma with brain 
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injury (Goodnight  1974 ; Van der Sande et al. 
 1981 ; Selladurai et al.  1997 ; Saggar et al.  2009 ). 
Systemic causes include most leukemias and 
lymphomas, carcinomatosis, sepsis, heatstroke, 
and burns. The third axis for consideration is 
clinical manifestation, which can be thrombotic, 
hemorrhagic, or, occasionally, both. An exam-
ple of the thrombotic arm is Trousseau syn-
drome, whereas examples of almost pure 
hemorrhagic DIC would include abruptio pla-
centae or hemolytic transfusion reaction.

     Question 3.      What is the most effective method 
to interrupt the process of DIC? 

    A.    Determine the ATIII level.   
   B.    Ascertain whether prolongation of PT and 

PTT correct with 1:1 dilution with normal 
plasma.   

   C.    Recognize and address the underlying cause.   
   D.    Serially follow the platelet count.    

    Answer     C  

  Expert Perspective     DIC is typically caused by 
a severe disease process or injury that is blatantly 
obvious (e.g., burns, trauma, cardiopulmonary 
collapse, carcinomatosis, sepsis), yet occasion-
ally DIC serves as part of the original diagnosis. 
Early recognition of underlying cause is impor-
tant for best outcomes. 

 Table  2  lists several processes that may 
induce DIC; all are characteristically associated 
with tissue damage suffi cient to initiate coagu-
lation and, if not curtailed, escalate into DIC.

     Objective for Case 2 (Questions 4 and 5)     The 
role of standard coagulation tests in DIC is sup-
portive. Results of tests to support a clinical diag-
nosis of DIC must be in the context of a patient 
with a clinical picture consistent with DIC.   

    Case 2 

 A 32-year-old construction worker with acute 
granulocytic leukemia fi nished induction chemo-
therapy 14 days ago. His WBC is 700/mm 3  with 
an ANC of 60/mm 3 . Early this morning, he had a 
severe chill followed by rigors, epistaxis, pur-
pura, hypotention, and tachypnea. Blood cultures 
were obtained and broad-spectrum antibiotics 
administered. Coagulation tests have been 
submitted. 

  Question 4.      Laboratory diagnosis of DIC is pri-
marily based upon which of the following tests: 

    A.    Abnormal PT, PTT   
   B.    High D-dimer level   

   Table 1    The three axes of disseminated intravascular 
coagulation with clinical examples   

 Axis  Example 

  Tempo  

  Acute  Meningococcemia 

  Chronic  Retained dead fetus syndrome 

  Extent  

  Localized  Abdominal aortic aneurysm 

  Systemic  Acute promyelocytic leukemia 

  Manifestation  

  Hemorrhagic  Abruptio placentae 

  Thrombotic  Trousseau syndrome 

   Table 2    Processes that may initiate disseminated intra-
vascular coagulation   

  Tissue damage  
  Trauma 
  Crush injuries 
   Central nervous system 

injuries 
  Heatstroke 
  Burns 
   Hemolytic transfusion 

reaction 
  Acute transplant rejection 
  Intravenous lines 
  Neoplasia  
  Solid tumors 
  Leukemias 
  Chemotherapy 
  Miscellaneous  
  Shock 
  Cardiac arrest 
   Near drowning, 

especially in fresh water 
  Fat embolism 
  Aortic aneurysm 
  Giant hemangiomas 
   Snake bites (certain 

venoms) 

  Infection  
   Gram-positive 

bacteria 
   Gram-negative 

bacteria 
  Spirochetes 
  Rickettsiae 
  Protozoa 
  Fungi 
  Viruses 
  Obstetric conditions  
  Abruptio placentae 
   Placenta previa, 

accreta, and percreta 
   Retained dead fetus 

syndrome 
  Uterine atony 
  Therapeutic abortion 
   Toxemia of 

pregnancy 
   Amniotic fl uid 

embolism 
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   C.    Thrombocytopenia   
   D.    All of the above    

    Answer     D  

  Expert Perspective     The DIC is a clinical diag-
nosis (Mant and King  1979 ). The most common 
clinical manifestations are bleeding and throm-
bosis with resultant organ dysfunction. 
Occasionally, thrombosis is the fi rst clinical 
observation. This can occur in the form of ecchy-
moses, which may rapidly progress to purpura 
fulminans, a cold pulseless limb, or sudden loss 
of vision or some other neurologic catastrophe 
resulting from thrombosis.  

 The PT and PTT, in acute clinically severe and 
life-threatening DIC, are prolonged in approxi-
mately 50–75 % of cases by virtue of consump-
tion of many coagulation factors. TT is 
signifi cantly prolonged in approximately 
70–80 % of cases because levels of fi brinogen 
may be low, whereas D-dimer may be high, both 
of which serve to prolong the TT. The platelet 
count is moderately reduced about 80–90 % of 
the time. However, the initial platelet count typi-
cally is not lower than 30,000–40,000/
μL. Examination of the blood smear confi rms 
thrombocytopenia and reveals schistocytes, a 
feature of microangiopathic hemolytic anemia in 
about one half of cases. 

 Some have written extensively on more 
detailed laboratory evaluations of DIC. Because 
various factors are consumed, measurement of 
any of the coagulation factors may reveal reduced 
levels, as well as reduced levels of ATIII, plas-
minogen, and α 2 -PI. The diffi culties associated 
with a pure laboratory approach are several and 
are described in Table  3 . More sophisticated tests 
require a considerable amount of time, laboratory 
expertise, and expense and, in the authors’ opin-
ion, are unlikely to yield more clinically useful 
information.

   The International Society of Thrombosis and 
Haemostasis (ISTH) Subcommittee on DIC pub-
lished a scoring grid in 2001 in order to facilitate 
laboratory diagnosis of DIC based on readily 
available tests (platelet count, PT/INR, D-dimer, 

and fi brinogen) and validated the utility of this 
simplifi ed approach in 2007 (Toh et al.  2007 ). 
The British Committee for Standards in 
Haematology also recently published guidelines 
for the diagnosis and management of DIC which 
support the use of the ISTH scoring system as an 
objective measurement of DIC (Levi et al.  2009 ). 

  Question 5.      What best predicts mortality 
associated with DIC? 

    A.    The degree of PT or PTT prolongation   
   B.    The severity and chronicity of the underlying 

disease process and development of 
 multiorgan dysfunction syndrome (MODS) 
and acute respiratory syndrome (ARDS)   

   C.    The presence of schistocytes on the  peripheral 
blood smear   

   D.    The presence of underlying malignancy    

    Answer     B  

  Expert Perspective     The dreaded complication 
of DIC is MODS. At autopsy, most or all target 
organs are found to be damaged or rendered inef-
fective by thromboses and hemorrhage. Both 
events tend to occur more often at the microcir-
culatory level than at the macrocirculatory level. 
The heart and kidneys fail, while liver function 
test results deteriorate at an alarming rate. 
Cardiogenic shock with circulatory collapse 
additionally causes shock liver. It is impossible to 
accurately predict lethality of DIC for two rea-
sons. DIC may include a range of patients, from 
those who will have no immediate mortality 

   Table 3    Why laboratory fi ndings are of secondary 
importance in the diagnosis of disseminated intravascular 
coagulation   

 There is always an underlying problem that presents 
its own varied perturbations of many tests 

 Tests represent static snapshots of a highly dynamic 
situation 

 Special tests frequently are esoteric, and results arrive 
long after the dynamic situation has changed 

 Diagnostic test results rarely direct or redirect therapy 
and might confuse the clinical picture 
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(those with liver disease presenting with labora-
tory data mimicking DIC) to those who have 
long-range mortality (those with AAA or chronic 
DIC from neoplasia), to those with a relatively 
high acute mortality (those with acute leukemias, 
crush injuries, and shock), and fi nally to those 
with exceedingly high mortality (those with sep-
tic shock or meningococcemia). Mant and King 
( 1979 ) over 35 years ago showed that 85 % of 
patients with acute, severe DIC expired and most 
expired, in their opinion, from the underlying 
disease and not from DIC itself. As DIC, MODS, 
or ARDS develops, one may predict at least 
25–50 % mortality rate Mant and King ( 1979 ).  

  Objective for Case 3     Nearly identical coagula-
tion test results as well as platelet counts might 
be supportive of a wide range of clinical scenar-
ios ranging from classic DIC to chronic ambula-
tory chronic liver disease.   

    Case 3 

 The intern in surgical intensive care unit (SICU) 
places emergent hematology consult “62-year- 
old woman with DIC with PT 18 s, INR 1.7, PTT 
72 s, fi brinogen 108 mg/dL, platelets 80,000/
mm 3 , and high D-dimer.” You respond immedi-
ately and on your way to the ICU you ponder on 
the differential diagnosis. 

  Question 6.      Match one of three diagnostic 
possibilities with three clinical scenarios 
described below: 

    A.    Dilutional coagulopathy   
   B.    DIC   
   C.     C hronic stable cirrhosis    

    Clinical Scenario 1     This 62-year-old woman 
underwent a laparoscopic cholecystectomy last 
night. She had no preoperative coagulation tests. 
No abnormal hemostasis was noted intraopera-
tively, but during the evening, she intermittently 
became hypotensive and tachycardic, receiving a 
total of 4-l normal saline, 2-l lactated Ringer’s 

solution, and two units of FFP during the night. 
This morning’s exam showed no petechiae, 
ecchymoses, or epistaxis, yet her abdomen was 
adjudged to be tender and distended. An abdomi-
nal CT scan showed a large fl uid collection, and 
urgent arteriography showed a bright blush 
squirting from a branch of the gallbladder artery. 
She received 2 more liters of saline following 
which the above coagulation results were 
obtained.  

  Answer     A  

  Clinical Scenario 2     This 62-year-old woman 
had a history of an upper respiratory tract infec-
tion for several days. Her primary care physician 
(PCP) found a left pleural effusion and prescribed 
an oral antibiotic, but she admitted she had not 
yet fi lled the prescription. Subsequently, she 
developed rigor with sweats, epistaxis, and some 
confusion. Her PCP now suspected pneumonia 
with an empyema and sent her to the hospital for 
a diagnostic pleurocentesis which was completed 
just as the results of her “preoperative coagula-
tion tests” returned.  

  Answer     B  

  Clinical Scenario 3     This 62-year-old woman 
has chronic severe alcoholism and clinical his-
tory of cirrhosis. She is mildly jaundiced and 
emaciated appearing, with ascites and a palpable 
spleen yet reports that she feels fi ne. She has 
scattered ecchymoses but no petechiae. She also 
has palmar erythema. She was admitted through 
the ICU to undergo a biopsy of a suspicious 
breast mass, when these preoperative lab tests 
returned.  

  Answer     C  

  Expert Perspective     Several situations should 
be considered in the differential diagnosis of 
DIC because clinical manifestations or labora-
tory abnormalities of other disorders may 
mimic DIC. Most common among these are 
dilutional coagulopathy and severe hepatic 
cirrhosis.  
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  Dilutional coagulopathy  is the result of blood, 
blood products, or crystalloid fl uids infused 
within a 24-h period to a volume equal to the 
patient’s native total blood volume. Because 
packed red cells, platelet concentrates, plasma, 
and crystalloid fl uids, separately or together, are 
not equal to native blood in any respect, tests 
such as platelet count, fi brinogen level, PT, or 
PTT are adversely affected by massive dilution. 
In patients with  hepatic cirrhosis , decreased lev-
els of hemostatic factors, including fi brinogen, 
ATIII, protein C, protein S, and plasminogen, are 
due to impaired hepatic production and not 
enhanced activation, as would be found in DIC 
(Ben-Ari et al.  1999 ). Because the liver clears the 
small naturally occurring quantity of D-dimer, 
decreased clearance with hepatic disease results 
in an accumulation of D-dimers. Portal hyperten-
sion with hypersplenism causes thrombocytope-
nia. Diffi culty arises when one tries to make 
clinical decisions that are based on the results of 
static tests in the midst of emergency, using tests 
that were neither designed nor able to do this 
(Kitchens  2005 ). Results of such basic coagula-
tion tests cannot be alone without the patient’s 
clinical context which help the clinician to dis-
criminate between DIC, dilutional coagulopathy, 
and severe hepatic failure. 

  Objective for Case 4     If the cause for a patient’s 
DIC is diagnosed, it must be corrected as rapidly 
and completely as possible to secure the best 
outcome.   

    Case 4 

 A 25-year-old college engineering student has 
been healthy. He now suffers week-long febrile 
illness with shaking chills, production of yellow-
ish blood-tinged sputum, pleuritic right chest 
pain, and delirium. His roommate brought him 
into the ER when he became obtunded and devel-
oped epistaxis and purpura. His PT was found to 
be 18 s and PTT 48 s with high D-dimer levels. 
He also had WBC count of 21,000/mm 3 , a hema-
tocrit of 47 %, and platelet count of 40,000/mm 3 . 
Chest x-ray revealed a large right-sided effusion 

and a diagnostic pleural tap revealed pus with 
many diplococci. Diagnosis of complicated 
pneumococcal pneumonia is established. While 
appropriate antibiotic therapy is being ordered, 
efforts to get CT surgery to place a chest tube in 
order to drain the empyema are thwarted by the 
surgeons’ request to fi rst “correct the 
coagulopathy.” 

  Question 7.      Your best response is: 

    A.    Defer chest tube placement for 24 h while 
allowing the antibiotics to become effective.   

   B.    Administer four units of FFP and a platelet 
transfusion, followed by the chest tube 
insertion.   

   C.    Administer recombinant factor VIIa, 90 mcg/
kg, and then proceed with chest tube 
placement.   

   D.    Explain to the surgeons that the cause of the 
sepsis and the DIC is the presence of the 
empyema itself and that prompt drainage 
affords the best chance to interrupt the patho-
physiology, correct the coagulopathy, and 
decrease the patient’s morbidity and 
mortality.    

    Answer     D  

  Expert Perspective     The best approach is to 
urgently address the underlying DIC causative 
problem in addition to resuscitation of the 
patient’s circulatory system. It would be diffi cult 
to overestimate the value of the liver in neutral-
izing activated coagulation products and recon-
stituting normal procoagulant and inhibitory 
proteins. Hepatic circulation will not be maxi-
mal, and hence correction of blood abnormalities 
will not be maximal until hepatic perfusion is 
normalized.  

  Question 8.     Older treatises and reviews discuss-
ing DIC often stated that blood product adminis-
tration should be avoided as it would be futile and 
expensive and that such aggressive use of blood 
products was like “throwing gasoline on a fi re in 
order to extinguish it.” Others now opine that use 
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of some blood products seems rational in attempts 
to support a minimum hemostatic target yet no 
more than that minimum. 

  Select one best answer which favors trans-
fusion to support hemostasis in DIC. 

    A.    Maintain platelet counts above 100,000/μL.   
   B.    Maintain fi brinogen levels above 150 mg/dL.   
   C.    Maintain factor VIII levels in 100–200 % 

range.   
   D.    Maintain hematocrit levels in 28–34 % range.    

    Answer     D  

  Expert Perspective     For the thrombocytopenia to 
be a key potentiator of hemorrhage in patients, the 
platelet count is usually substantially below 
50,000/μL. Similarly, for depletion of fi brinogen 
and other coagulation factors to be clinically sig-
nifi cant, levels must be below approximately 
50–60 mg/dL and below 25 % of normal levels, 
respectively. Otherwise, administration of fi brino-
gen, FFP, or platelet transfusions is not indicated 
because these perturbations are the result of DIC 
and not the cause of bleeding. However, if the 
patient is hemorrhaging and the platelet count is 
less than 50,000/μL, transfusing platelets to main-
tain the platelet count in the range of 50,000–
75,000/μL seem reasonable (Sanz et al.  2009 ; 
Tallman et al.  2007 ). Equally, if a patient who is 
bleeding with a fi brinogen concentration of less 
than 50–60 mg/dL, fi brinogen may be infused in 
the form of FFP or, preferably, cryoprecipitate in 
amounts needed to raise the fi brinogen level to that 
minimal level. Usually ten “units” of cryoprecipi-
tate (each containing about 200 mg of fi brinogen) 
will suffi ce in adult patients. Rarely are other 
blood coagulation factor levels lower than 25 % of 
normal; accordingly, FFP is rarely recommended 
for the replacement of other coagulation factors.  

  Question 9.      Which of the following newer 
approaches have shown some promise for 
treatment of DIC? 

    A.    Recombinant activated factor VII 
(NovoSeven®)   

   B.    Infusion of antithrombin III concentrate   
   C.    Aggressive use of FFP, platelets, and RBC 

transfusion   
   D.    Infusion of activated Protein C (Xygris®)   
   E.    Solubilized thrombomodulin    

    Answer     E  

  Expert Perspective     If ATIII is considered to be 
the primary inhibitor of circulating thrombin, it 
would seem that infusion of preparations of ATIII 
would be effi cacious in treating DIC. ATIII is 
available in FFP and also as a purifi ed concen-
trate. In experimental models, ATIII infusions 
blunt lethality and DIC in response to infusion of 
lethal amounts of  E. coli . Earlier studies 
(Minnema et al.  2000 ; Baudo et al.  1998 ) have 
proved the safety and effi cacy of ATIII concen-
trates, particularly in septic shock syndromes and 
in patients whose liver insuffi ciency is such that 
an acquired ATIII defi ciency state exists. ATIII 
may be administered in amounts suffi cient to 
support the ATIII level in the range of 100 % of 
normal. At this time, infusion of ATIII concen-
trates generally is not recommended (Wheeler 
and Bernard  1999 ).  

 Activated protein C infusion had shown some 
initial success in decreasing mortality in patients 
with severe sepsis (Bernard et al.  2001 ); however, 
it was withdrawn from the market in October 
2011 based upon updated data from the 
PROWESS-SHOCK trial in which a statistically 
signifi cant reduction in 28-day all-cause mortal-
ity was not shown. 

 Direct thrombin inhibitors such as hirudin 
have the theoretical advantage of neutralizing 
thrombin, a key participant in DIC, while not act-
ing as a direct anticoagulant. In preliminary 
human DIC studies, several laboratory markers 
improved, but overall survival was uncertain 
when this evolving treatment modality was used 
(Saito et al.  1995 ). 

 Heparin therapy remains extremely controver-
sial. In some studies, the infusion of heparin has 
seemed to increase not only death, but particu-
larly, hemorrhagic death (Mant and King  1979 ). It 
is intellectually attractive to administer heparin to 
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decrease ongoing thrombotic events; its use may 
be even more reasonable when the clinical axis of 
thrombosis versus hemorrhage is more toward the 
thrombotic end. Accordingly, its use in Trousseau 
syndrome has been established as not only ratio-
nal but lifesaving (Bell et al.  1985 ). It may also be 
useful in purpura fulminans, APL, and AAA, 
each of which represents a subacute thrombotic 
form of DIC. When heparin is used in situations 
in which coagulation test results are abnormal, 
one cannot monitor it with the usual coagulation 
tests, so it must be given empirically. One com-
monly recommended method is to administer 
approximately 8–10 U/kg of standard heparin per 
hour by constant intravenous infusion. 

 Antifi brinolytic inhibitors such as epsilon ami-
nocaproic acid (EACA) are occasionally advocated 
for patients who are on the extreme hemorrhagic 
end of the thrombotic-hemorrhagic axis. EACA 
should not be administered unless heparin has pre-
viously been infused to block the prothrombotic 
arm of DIC before the antifi brinolytic arm is 
blocked. A 4-g intravenous loading dose followed 
by 1 g every 2 h intravenously for 24 h may be tried 
or alternatively tranexamic acid 1 g every 8 h (Levi 
et al.  2009 ). If bleeding does not decrease within 
24 h, it is unlikely to do so later. 

 Recombinant factor VIIa has been used in 
select cases of DIC associated with obstetric 
emergencies, malignancies, and cerebral injuries. 
The reported effi cacy of factor VIIa in reported 
cases seems impressive, yet thrombosis remains a 
feared and probably underreported complication. 

 Thrombomodulin physiologically resides on 
the endothelial cell surface where it binds to and 
removes circulating thrombin. In patients with 
sepsis, TM expression on vascular endothelial 
cells is downregulated. Recombinant human 
thrombomodulin (rhTM) is a soluble protein that 
activates protein C. In a phase III randomized 
control trial, Saito et al. ( 2007 ) noted DIC reso-
lution rates of 66.1 % and 49.9 % with the use of 
rhTM compared to unfractionated heparin 
(UFH) ( p  < 0.05) in patients with hematologic 
malignancy or infection. Moreover, the 28-day 
mortality among patients with infection was 
28 % in the rhTM group and 34.6 % in the UFH 
group (−24.6 % –11.3 %). Retrospective sub-
group analysis of patients with DIC secondary to 

infection confi rmed increased rate of resolution 
and improved 28-day mortality in the rhTM 
group (Aikawa et al.  2011 ). A subsequent multi-
national phase 2 trial was performed in which 
patients were randomized to receive rhTM or 
placebo, and the low prevalence of bleeding 
events in the treatment group (5.1 %) compared 
with previously published data regarding antico-
agulants was notable (Vincent et al.  2013 ). 
Recombinant human TM has been extensively 
utilized in Japan since 2008, and the ISTH 
Guidance Statement published in 2013 recog-
nizes rhTM as a potentially recommended treat-
ment (Wada et al.  2013 ). 

  Objective for Case 5: Prognosis     Once one’s 
treatment plan has been initiated, the overall out-
come depends on the ability of the patient to cor-
rect the overall pathologic insult and not to 
collapse into MODS.   

    Case 5 

 A patient with leukemia diagnosed with acute 
DIC due to gram-negative sepsis has severe 
abnormalities of her coagulation tests, hypoten-
sion, hypothermia, acidosis, and multiple pete-
chial and ecchymotic skin lesions. 

  Question 10.      What is the evidence that patient 
is actually improving with acute DIC? 

    A.    The degree of elevation of her PT and PTT is 
now roughly half of what they have been.   

   B.    Her petechiae and ecchymoses have stopped 
progressing and may have somewhat 
resolved.   

   C.    She has been successfully weaned off of 
vasopressors and is extubated, and her acido-
sis has resolved.   

   D.    Her antithrombin III level, originally 62 % of 
normal at the time of her diagnosis of DIC, 
has now improved to 87 % of normal.    

    Answer     C  

  Expert Perspective     Approximately half of 
one’s DIC patients will improve and many of 
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those survive yet this is most diffi cult to predict. 
In our opinion, the changes in laboratory results 
are not as reliable as forecasting outcome as the 
patient’s overall gestalt to include not only gen-
eral improvement but the cessation of progres-
sive failure of systems culminating in MODS.       
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 Controversies in DIC 

•     It remains unproven that results of any 
laboratory tests improve diagnostic cer-
tainty superior to the PT, aPTT, D-dimer, 
fi brinogen, and platelet count.  

•   Fear of hemorrhage should not deter an 
invasive procedure if it is expected that 
the procedure will treat, in part, the 
patient’s DIC.    
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      Coagulopathy in Critically Ill 
Subjects                      

     Marcel     Levi     

          Introduction 

 Coagulation abnormalities are commonly found in 
critically ill patients (Levi and Sivapalaratnam 
 2015 ). Intensive care unit (ICU) patients with 
hemostatic defects have a four- to fi vefold higher 
risk for bleeding compared to patients with normal 
coagulation (Vanderschueren et al.  2000 ). The risk 
of intracranial hemorrhage in critically ill patients 
during ICU admission is relatively low (0.3–0.5 %), 
but almost 90 % of patients with this complication 
have thrombocytopenia below 100 × 10 9 /l. 
Moreover, a decrease in platelet count may indicate 
ongoing coagulation activation, which plays a role 
in microvascular thrombosis and ensuing multiple 
organ failure (Levi and Schultz  2010 ). Rapid iden-
tifi cation of these patients is important to provide 
adequate supportive therapeutic strategies (Ahmed 
et al.  2009 ; Schultz  2009 ). A myriad of altered 
coagulation parameters are often detectable, such 
as thrombocytopenia, prolonged global coagula-
tion times, reduced levels of coagulation inhibitors, 
or high levels of fi brin split products. Each of these 
derangements in clotting may derive from a variety 
of different pathophysiological mechanisms. A 

proper identifi cation of the underlying cause for 
these coagulation abnormalities is required, since 
various coagulation disorders may necessitate dif-
ferent diagnostic and therapeutic management 
strategies. This chapter reviews the most frequently 
occurring coagulation abnormalities in critically ill 
patients with emphasis on the differential diagno-
sis, the underlying pathogenetic pathways, and the 
appropriate management strategy.  

    Case 1 

 A 59-year-old man is admitted to the ICU with 
cholangiosepsis due to obstruction of the com-
mon bile duct caused by pancreatic carcinoma. 
He is hemodynamically unstable and requires 
mechanical ventilation. Furthermore, he devel-
ops acute renal failure. Laboratory screen reveals 
a platelet count of 75 × 10 9 /l, a prothrombin time 
of 20 s ( n  < 12.5 s), aPTT 50 s ( n  < 35 s), and a 
D-dimer of 7.0 ug/l ( n  < 0.5 ug/l) 

  Question 1.      How common are these coagula-
tion abnormalities in critically ill patients and 
are they relevant? 

    A.    Not very common (<10 % of consecutive ICU 
cases).   

   B.    They occur quite common but are usually not 
relevant.   

   C.    They occur quite common and may be of 
relevance.    
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    Expert Perspective     In surgical and trauma 
patients, the incidence of thrombocytopenia is 
35–41 % of patients having less than 100 × 10 9 /l 
platelets (Hanes et al.  1997 ; Stephan et al. 
 1999 ). Typically, the platelet count decreases 
during the fi rst 4 days on the intensive care unit 
(Akca et al.  2002 ). This is higher than the inci-
dence of thrombocytopenia (platelet count 
<150 × 10 9 /l) in critically ill medical patients, 
which is 35–44 % (Baughman et al.  1993 ; 
Strauss et al.  2002 ; Vanderschueren et al. 
 2000 ). Overall, a platelet count of <100 × 10 9 /l 
is seen in 20–25 % of patients, whereas 
12–15 % of patients have a platelet count 
<50 × 10 9 /l. The primary clinical relevance of 
thrombocytopenia in critically ill patients is 
related to an increased risk of bleeding. Indeed, 
severely thrombocytopenic patients with plate-
let counts of <50 × 10 9 /l have a four- to fi vefold 
higher risk for bleeding compared to patients 
with higher platelet counts (Strauss et al.  2002 ; 
Vanderschueren et al.  2000 ) The risk of intra-
cerebral bleeding in critically ill patients dur-
ing intensive care admission is relatively low 
(0.3–0.5 %), but in 88 % of patients with this 
complication, the platelet count is less than 
100 × 10 9 /l (Oppenheim-Eden et al.  1999 ). 
Moreover, a decrease in platelet count may 
indicate ongoing coagulation activation, which 
contributes to microvascular failure and organ 
dysfunction. Regardless of the cause, thrombo-
cytopenia is an independent predictor of ICU 

mortality in multivariate analyses with a rela-
tive risk of 1.9–4.2 in various studies (Stephan 
et al.  1999 ; Strauss et al.  2002 ; Vanderschueren 
et al.  2000 ). Figure  1  shows that the number of 
platelets in critically ill patients is inversely 
related to survival. In particular, sustained 
thrombocytopenia over more than 4 days after 
ICU admission or a drop in platelet count of 
>50 % during ICU stay is related to a four- to 
sixfold increase in mortality (Akca et al.  2002 ; 
Vanderschueren et al.  2000 ). The platelet count 
was shown to be a stronger independent pre-
dictor for ICU mortality than composite scor-
ing systems, such as the Acute Physiology and 
Chronic Health Evaluation (APACHE) II score 
or the Multiple Organ Dysfunction Score 
(MODS). A platelet count of <100 × 10 9 /l is 
also related to a longer ICU stay but not the 
total duration of hospital admission (Strauss 
et al.  2002 ).

    A prolonged global coagulation time (such as 
the prothrombin time [PT] or the activated partial 
thromboplastin time [aPTT]) occurs in 14–28 % 
of intensive care patients (Chakraverty et al. 
 1996 ; MacLeod et al.  2003 ). In particular, trauma 
patients seem to have a high incidence of coagu-
lation time prolongation. A PT or aPTT ratio 
>1.5 was found to predict excessive bleeding 
(Chakraverty et al.  1996 ) In a prospective study 
of trauma patients, a prolonged PT and aPTT 
were strong and independent predictors of mor-
tality (MacLeod et al.  2003 ). 
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  Fig. 1    Distribution of nadir 
platelet count ( black bars ) and 
survival ( striped bars ) in a 
pooled analysis of four 
clinical studies of consecutive 
groups of patients admitted to 
the ICU (Lowenberg et al. 
 2010 ; Vanderschueren et al. 
 2000 )       
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 Other coagulation test abnormalities fre-
quently observed in ICU patients include elevated 
fi brin split products and reduced levels of coagu-
lation inhibitors. Fibrin split products are detect-
able in 42 % of a consecutive series of intensive 
care patients, in 80 % of trauma patients, and in 
99 % of patients with sepsis (Bernard et al.  2001 ; 
Owings et al.  2001 ; Shorr et al.  2002 ). Low levels 
of coagulation inhibitors, such as antithrombin 
and protein C, are found in 40–60 % of trauma 
patients and 90 % of sepsis patients (Bernard 
et al.  2001 ; Gando et al.  1998 ). 

  Question 2.      What is the less likely cause 
of thrombocytopenia? 

    A.    Sepsis   
   B.    Disseminated intravascular coagulation   
   C.    Heparin-induced thrombocytopenia    

    Expert Perspective     There are many causes for 
thrombocytopenia in critically ill patients 
(Table  1 ). Table  2  summarizes the most fre-
quently occurring diagnoses recognized in inten-
sive care patients with thrombocytopenia. The 
relative incidence of each of these disorders in 
ICU patients is provided along with the differen-
tial diagnostic approach to distinguish each of 
these entities.

     Sepsis is a clear risk factor for thrombocyto-
penia in critically ill patients, and the severity 
of sepsis correlates with the decrease in plate-
let count (Mavrommatis et al.  2000 ). The prin-
cipal factors that contribute to thrombocytopenia 
in patients with sepsis are impaired platelet 
production, increased consumption or destruc-
tion, or sequestration platelets in the spleen or 
along the endothelial surface. Impaired pro-
duction of platelets from within the bone 

   Table 1    Differential diagnosis of thrombocytopenia in the ICU   

 Differential diagnosis  Relative incidence (%)  Additional diagnostic clues 

 Sepsis  52.4  Positive (blood) cultures, positive sepsis 
criteria, hematophagocytosis in bone 
marrow aspirate 

 DIC a   25.3  Prolonged aPTT and PT, increased fi brin 
split products, low levels of physiological 
anticoagulant factors (antithrombin, 
protein C) 

 Massive blood loss  7.5  Major bleeding, low hemoglobin, 
prolonged aPTT and PT 

 Thrombotic microangiopathy  0.7  Schistocytes in blood smear, Coombs- 
negative hemolysis, fever, neurologic 
symptoms, renal insuffi ciency 

 Heparin-induced thrombocytopenia  1.2  Use of heparin, venous or arterial 
thrombosis, positive HIT test (usually 
ELISA for heparin-platelet factor IV 
antibodies), rebound of platelets after 
cessation of heparin 

 Immune thrombocytopenia  3.4  Antiplatelet antibodies, normal or 
increased number of megakaryocytes in 
bone marrow aspirate, thrombopoietin 
(TPO) decreased 

 Drug-induced thrombocytopenia  9.5  Decreased number of megakaryocytes in 
bone marrow aspirate or detection of 
drug-induced antiplatelet antibodies, 
rebound of platelet count after cessation 
of drug 

  Seven major causes of thrombocytopenia (platelet count <150 × 10 9 /l) are listed. Relative incidences are based on two 
studies in consecutive ICU patients. Patients with hematological malignancies were excluded 
  a Patients with sepsis and DIC are classifi ed as DIC  
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 marrow may seem contradictory to the high 
levels of platelet production- stimulating pro-
infl ammatory cytokines, such as tumor necro-
sis factor (TNF)-α and interleukin (IL)-6, and 
high concentration of circulating thrombopoi-
etin in patients with sepsis. These cytokines 
and growth factors should theoretically stimu-
late megakaryopoiesis in the bone marrow 
(Folman et al.  2000 ). However, in a substantial 
number of patients with sepsis, marked hemo-
phagocytosis may occur (Fig.  2 ). This patho-
logic process consists of active phagocytosis of 
megakaryocytes and other hematopoietic cells 
by monocytes and macrophages, hypotheti-
cally due to stimulation with high levels of 
macrophage colony-stimulating factor 
(M-CSF) in sepsis (Francois et al.  1997 ). 
Platelet consumption probably also plays an 
important role in patients with sepsis, due to 
ongoing generation of thrombin (which is  the 
most potent activator of platelets in vivo), in   its 
most fulminant form known as disseminated 
intravascular coagulation. Platelet activation, 
consumption, and destruction may also occur 
at the endothelial site as a result of the exten-
sive endothelial cell- platelet interaction in 

 sepsis, which may vary between different 
 vascular beds in various organs (Lowenberg 
et al.  2010 ).

   In patients with disseminated intravascular 
coagulation (DIC), the platelet count is invariably 
low or rapidly decreasing (Levi and ten Cate 
 1999 ). DIC is the most extreme form of systemic 
coagulation activation, which may complicate a 
variety of underlying disease processes, includ-
ing sepsis, trauma, and cancer, or obstetrical 
calamities, such as placental abruption, and will 
be discussed in a separate chapter (chapter 
“  Prevention of Venous Thromboembolism    ”). 

 Heparin-induced thrombocytopenia (HIT) is 
caused by a heparin-induced antibody that binds 
to the heparin-platelet factor IV complex on the 
platelet surface (Warkentin et al.  2003 ). This may 
result in massive platelet activation and as a con-
sequence a consumptive thrombocytopenia and 
arterial and venous thrombosis occurs. This syn-
drome is discussed in more detail in chapter 
“  Prevention and Treatment of Arterial 
Thromboembolism    .” The incidence of HIT may 
be as high as 5 % of patients receiving heparin 
and is dependent on the type and dose of heparin 
and the duration of its administration (especially 
when given more than 4 days). A consecutive 
series of critically ill ICU patients who received 
heparin revealed an incidence of 1 % in this set-
ting (Verma et al.  2003 ). Unfractionated heparin 
carries a higher risk of HIT than low-molecular- 
weight (LMW) heparin. Thrombosis may occur 
in 25–50 % of patients with HIT (with fatal 
thrombosis in 4–5 %) and may also become man-
ifest after discontinuation of heparin (Warkentin 
 2003 ). The diagnosis of HIT is based on the 
detection of HIT antibodies in combination with 
the occurrence of thrombocytopenia in a patient 
receiving heparin, with or without concomitant 
arterial or venous thrombosis. It should be men-
tioned that the commonly used ELISA for HIT 
antibodies has a high negative predictive value 
(100 %) but a very low positive predictive value 
(10 %) (Verma et al.  2003 ). A more precise diag-
nosis may be made with a 14C-serotonin release 
assay, but this test is not routinely available in 
most settings (Thiele et al.  2013 ). Normalization 
in the number of platelets in 1–3 days after 

    Table 2    Differential diagnosis of prolonged global clot-
ting times in critically ill patients   

 Test result  Cause 

 PT prolonged, 
aPTT normal 

 Factor VII defi ciency 
 Mild vitamin K defi ciency 
 Mild liver insuffi ciency 
 Low doses of vitamin K 
antagonists 

 PT normal, aPTT 
prolonged 

 Factor VIII, IX, or XI defi ciency 
(hemophilia) 
 Use of unfractionated heparin 
 Inhibiting antibody and/or 
antiphospholipid antibody 
 Factor XII or prekallikrein 
defi ciency (no relevance for 
in vivo coagulation) 

 Both PT and 
aPTT prolonged 

 Factor X, V, or II or fi brinogen 
defi ciency 
 Severe vitamin K defi ciency 
 Use of vitamin K antagonists 
 Global clotting factor defi ciency 
   Synthesis: liver failure 
   Loss: massive bleeding 
   Consumption: DIC 
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discontinuation of heparin may further support 
the diagnosis of HIT. 

 The group of thrombotic microangiopathies 
encompasses syndromes such as thrombotic 
thrombocytopenic purpura, hemolytic-uremic 
syndrome, severe malignant hypertension, 
chemotherapy- induced microangiopathic hemo-
lytic anemia, and the HELLP syndrome (Moake 
 2002 ) (see also chapter “  Antifi brinolytics: 
Indications and Precautions    ”). A common patho-
genetic feature of these clinical entities appears to 
be endothelial damage, causing platelet adhesion 
and aggregation, thrombin formation, and an 
impaired fi brinolysis. The multiple clinical conse-
quences of this extensive endothelial dysfunction 
include thrombocytopenia, mechanical fragmen-
tation of red cells with hemolytic anemia, and 
obstruction of the microvasculature of various 
organs, such as the kidney and brain (leading to 
renal failure and neurologic dysfunction, respec-
tively). Despite this common fi nal pathway, the 
various thrombotic microangiopathies have dif-
ferent underlying etiologies. Thrombotic throm-
bocytopenic purpura is caused by defi ciency of 
von Willebrand factor-cleaving protease 
(ADAMTS-13), resulting in endothelial cell-
attached ultra-large von Willebrand multimers, 
that readily bind to platelet surface glycoprotein 
Ib and cause platelet adhesion and aggregation 
(Tsai  2003 ). In hemolytic-uremic syndrome, a 
cytotoxin released upon infection with a specifi c 

serogroup of Gram-negative microorganisms 
(usually  E. coli  serotype O157:H7) is responsible 
for endothelial cell and platelet activation. In case 
of malignant hypertension or chemotherapy-
induced thrombotic microangiopathy, presumably 
direct mechanical or chemical damage to the 
endothelium is responsible for the enhanced 
endothelial cell-platelet interaction, respectively. 
A diagnosis of thrombotic microangiopathy relies 
upon the combination of thrombocytopenia, 
Coombs-negative hemolytic anemia, and the 
presence of schistocytes in the blood smear. 
Additional information can be achieved by mea-
surement of ADAMTS-13 and autoantibodies 
toward this metalloprotease and culture (usually 
from the stool or urine) of microorganisms capa-
ble of cytotoxin production. 

 Drug-induced thrombocytopenia is another 
frequent cause of thrombocytopenia in the inten-
sive care unit setting (Stephan et al.  1999 ). 
Thrombocytopenia may be caused by drug- 
induced myelosuppression, such as caused by 
cytostatic agents, or by immune-mediated mecha-
nisms. A large number of agents may cause 
thrombocytopenia by similar mechanisms, includ-
ing medications that are frequently used in criti-
cally ill patients such as antibiotics (including 
cephalosporins or trimethoprim- 
sulfamethoxazole), benzodiazepines, or nonste-
roidal anti-infl ammatory agents (NSAIDs). Novel 
inhibitors of platelet aggregation, such as glyco-

  Fig. 2    Typical example of hematophagocytosis of bone marrow cells by a macrophage. The bone marrow was obtained 
from a patient with severe sepsis (May-Grunwald-Giemsa staining, ×1000)       
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protein IIb/IIIa antagonists (e.g., abciximab) or 
thienopyridine derivatives (clopidogrel), are 
increasingly used in the management of patients 
with acute coronary syndromes and may also 
cause severe thrombocytopenia (Makoni  2001 ). 
Drug-induced thrombocytopenia is a diffi cult 
diagnosis in the ICU setting as these patients are 
often exposed to multiple agents and have numer-
ous other potential reasons for platelet depletion. 
Drug-induced thrombocytopenia is often diag-
nosed based upon the timing of initiation of a new 
agent in relationship to the development of throm-
bocytopenia, after exclusion of other causes of 
thrombocytopenia. The observation of rapid res-
toration of the platelet count after discontinuation 
of the suspected agent is highly suggestive of 
drug-induced thrombocytopenia. In some cases, 
specifi c drug-dependent antiplatelet antibodies 
can be detected. 

  Question 3.      What is the most likely cause  
of the prolonged PT and aPTT in this setting? 

    A.    Vitamin K defi ciency   
   B.    Disseminated intravascular coagulation   
   C.    Hemophilia A    

    Expert Perspective     It is important to emphasize 
that global coagulation tests, such as the pro-
thrombin time (PT) and the activated partial 
thromboplastin time (aPTT), poorly refl ect 
in vivo hemostasis. However, these tests are a 
convenient method to quickly estimate the con-
centration of one or at times multiple coagulation 
factors for which each test is sensitive (Table  2 ) 
(Greaves and Preston  2001 ).  

 In general, coagulation tests will prolong if 
the levels of coagulation factors are below 50 %. 
This is relevant since the levels of coagulation 
factors, that are needed for adequate hemostasis, 
are somewhere between 25 and 50 % (Edmunds 
 2001 ). The normal values and the sensitivity of 
these tests for defi ciencies of coagulation factors 
may vary markedly between tests, dependent on 
the reagents used. Therefore, an increasing num-

ber of laboratories use the international normal-
ized ratio (INR) instead of the prothrombin time. 
While this may carry the advantage of increased 
standardization between centers, it should be 
mentioned that the INR has only been validated 
for control of the intensity of vitamin K antago-
nist therapy and has never been developed for the 
use as a screening test for coagulation abnormali-
ties (Kitchen and Preston  1999 ). 

 A prolongation of global coagulation tests 
may be due to a defi ciency of one or more 
coagulation factors. In addition, the presence 
of an inhibiting antibody, which can have 
major in vivo relevance (such as in acquired 
hemophilia) but can also be a clinically insig-
nifi cant laboratory phenomenon, should be 
considered. The presence of such inhibiting 
antibody can be confi rmed by a simple mixing 
experiment. As a general rule, if a prolongation 
of a global coagulation test cannot be corrected 
by mixing 50 % of patient plasma with 50 % of 
normal plasma, then an inhibiting antibody is 
likely to be present. 

 In the vast majority of critically ill patients, 
defi ciencies of coagulation factors are acquired, 
and we will not discuss the various congenital 
coagulation defects here. In general, defi ciencies 
in coagulation factors may be due to impaired 
synthesis, massive loss, or increased turnover 
(consumption). Impaired synthesis is often due to 
liver insuffi ciency or vitamin K defi ciency. The 
prothrombin time is most sensitive to both condi-
tions, since this test is highly dependent on the 
plasma levels of factor VII (a vitamin K-dependent 
coagulation factor with a shortest half-life of the 
clotting factors). Liver failure may be differenti-
ated from vitamin K defi ciency by measuring fac-
tor V, which is not vitamin K dependent. In fact, 
factor V plays an important role in various scoring 
systems for severe acute liver failure (Bailey et al. 
 2003 ). Uncompensated loss of coagulation factors 
may occur after massive bleeding, for example, in 
trauma patients or patients undergoing major sur-
gical procedures. This is particularly common in 
patients with major blood loss where intravascu-
lar volume is rapidly replaced with crystalloids, 
colloids, and red cells without simultaneous 
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administration of coagulation factors. This result-
ing depletional form of coagulopathy may persist 
and exacerbate the bleeding. In hypothermic 
patients (e.g., trauma patients), measurement of 
the global coagulation tests may underestimate 
coagulation in vivo, since in the laboratory test-
tube assays are standardized and performed at 
37 °C to mimic normal body temperature. 
Consumption of coagulation factors may occur in 
the framework of disseminated intravascular 
coagulation. In complicated cases, various causes 
for a prolongation of global coagulation times 
may be present simultaneously, and the cause 
may also change over time. For example, multi-
trauma patients will often present with a loss of 
coagulation factors due to severe bleeding but can 
later develop a consumption coagulopathy due to 
DIC as a consequence of a systemic infl ammatory 
response. Coagulopathy may subsequently ensue 
from trauma-induced liver injury and acute 
hepatic failure with resultant impaired coagula-
tion factor synthesis. 

 Some anticoagulant agents will also prolong 
global coagulation times. Unfractionated heparin 
prolongs the aPTT, but confusingly low- 
molecular- weight heparins do not (or only very 
modestly) have such an effect. Warfarin or other 
vitamin K antagonists cause a reduction in vita-
min K-dependent coagulation factors, resulting 
in an initial prolongation of the PT followed by 
elevations of both the PT and aPTT. 

  Question 4.      A diagnosis of DIC secondary to 
sepsis is thought to be most likely. Indeed, DIC 
may complicate sepsis in case of: 

    A.    All types of severe infection and systemic 
infl ammation   

   B.    Gram-negative septicemia only   
   C.    Gram-positive septicemia only    

    Expert Perspective     Disseminated intravascular 
coagulation (DIC) occurs in a substantial propor-
tion of consecutive intensive care patients. DIC is 
a syndrome caused by systemic intravascular acti-
vation of coagulation that may be secondary to 

various underlying conditions (Table  3 ) (Levi and 
ten Cate  1999 ). Formation of microvascular 
thrombi, in concert with infl ammatory activation, 
may cause failure of the microvasculature and 
thereby contribute to organ dysfunction (Levi et al. 
 2012 ). Ongoing and insuffi ciently compensated 
consumption of platelets and coagulation factors 
may pose a risk factor for bleeding, especially in 
perioperative patients or patients that need to 
undergo invasive procedures. The trigger for the 
activation of the coagulation system is nearly 
always mediated by several of the pro- 
infl ammatory cytokines, expressed and released 
by mononuclear cells and endothelial cells. 
Bacterial infection, in particular septicemia, is 
commonly associated with DIC (Wheeler and 
Bernard  1999 ). There is no difference in the inci-
dence of DIC in patients with Gram-negative or 
Gram-positive sepsis (Bone  1994 ). In addition, 
systemic infections with other microorganisms, 
such as viruses and parasites, may lead to DIC as 
well. Factors involved in the development of DIC 
in patients with infections may be specifi c cell 
membrane components of the microorganism 
(lipopolysaccharide or endotoxin) or bacterial 

    Table 3    Underlying causes known to be associated 
with DIC   

 Sepsis/severe infection (any microorganism) 

 Trauma (e.g., polytrauma, neurotrauma, fat embolism) 

 Organ destruction (e.g., severe pancreatitis) 

 Malignancy 

   Solid tumors 

   Myeloproliferative/lymphoproliferative 
malignancies 

 Obstetrical calamities 

   Amniotic fl uid embolism 

   Abruptio placentae 

 Vascular abnormalities 

   Kasabach-Merritt syndrome 

   Large vascular aneurysms 

 Severe hepatic failure 

 Severe toxic or immunologic reactions 

   Snake bites 

   Recreational drugs 

   Transfusion reactions 

   Transplant rejection 
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exotoxins (e.g., staphylococcal alpha-toxin). 
These components cause a generalized infl amma-
tory response, characterized by the systemic 
occurrence of pro-infl ammatory cytokines (Levi 
et al.  1997 ).

    Thrombin generation proceeds via the (extrin-
sic) tissue factor/factor VIIa route concomitant 
with depression of inhibitory mechanisms of 
thrombin generation, such as antithrombin III and 
the protein C and S system. Impaired fi brin degra-
dation, due to high circulating levels of PAI-1, 
further enhances intravascular fi brin deposition. 

 Patients with DIC have a low or rapidly 
decreasing platelet count, prolonged global coag-
ulation tests, low plasma levels of coagulation 
factors and inhibitors, and increased markers of 
fi brin formation and/or degradation, such as 
D-dimer or fi brin degradation products (FDPs) 
(Levi and Meijers  2011 ). Coagulation proteins 
with a marked acute-phase behavior, such as fac-
tor VIII or fi brinogen, are usually not decreased 
or may even increase. One of the often advocated 
laboratory tests for the diagnosis of DIC, fi brino-
gen, is therefore not a very good marker for DIC, 
except in very severe cases, and although sequen-
tial measurements can give some insight (Levi 
 2004 ). There is no single laboratory test with suf-
fi cient accuracy for the diagnosis of 
DIC. However, a diagnosis of DIC may be made 
using a simple scoring system based on a combi-
nation of routinely available coagulation tests 
(Table  3 ) (Taylor et al.  2001 ; Wada et al.  2010 ). 
In a prospective validation study, the sensitivity 
and specifi city of this DIC score were found to be 
93 % and 98 %, respectively. Furthermore, this 
DIC score was found to be a strong and indepen-
dent predictor of mortality in a large series of 
patients with severe sepsis (Dhainaut et al.  2004 ). 

  Question 5.      Does this patient need a platelet 
transfusion? 

    A.    No, I would only do this if the platelet count 
is <50 × 109/l and the patient is bleeding.   

   B.    Yes, there is a high bleeding risk.   
   C.    No, I would only do this if the platelet count 

is <10 × 109/l.    

    Expert Perspective     It is evident that the pri-
mary focus of attention in the treatment of a 
clinically relevant coagulopathy should be 
directed toward the adequate management of 
the underlying condition. This emphasizes the 
critical importance of making a correct diagno-
sis that underlies the acquired coagulopathy. 
Despite proper treatment for the underlying 
disorder, nevertheless, further supportive mea-
sures for the coagulation defects are often 
required.  

 Most guidelines advocate a platelet transfu-
sion in patients with a platelet count of 
 <30–50 × 10 9 /l accompanied with bleeding or 
at high risk for bleeding and in patients with a 
platelet count of <10 × 10 9 /l, regardless of the 
presence or absence of bleeding. Platelet con-
centrates usually contain a mixture of the 
platelets from a blood donation from five to 
six donors (equals 5–6 units). After platelet 
transfusion, the platelet count should rise with 
at least 5 × 10 9 /l per unit of platelets trans-
fused. A lesser response may be present in 
patients with high fever, DIC, or splenomegaly 
or may indicate alloimmunization of the 
patient after repeated transfusion. Platelet 
transfusion is particularly effective in patients 
with a thrombocytopenia due to impaired 
platelet production or increased consumption, 
whereas disorders of enhanced platelet 
destruction (e.g. immune thrombocytopenia) 
may necessitate alternative therapies, such as 
steroids or human immunoglobulin. Some 
causes of thrombocytopenia may require 
specific measures. Thrombocytopenia due to 
HIT requires immediate cessation of heparin 
and, if needed,  institution of alternative anti-
coagulant treatment, e.g., with danaparoid   
or hirudin (Hirsh et al.  2004 ). Vitamin K 
antagonists should be avoided in the initial 
treatment of HIT, since these agents may cause 
skin necrosis. In patients with a classic throm-
botic microangiopathy due to low levels 
of von Willebrand-cleaving protease 
(ADAMTS-13), plasmapheresis and immuno-
suppressive treatment should be initiated 
(Moake  2002 ). 
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  Question 6.      Would you treat this patient with 
fresh frozen plasma or coagulation factor 
concentrate? 

    A.    No, unless the patient needs to undergo an 
invasive procedure.   

   B.    Yes, I would give fi brinogen concentrate.   
   C.    Yes, I would give 3–4 U of FFP.    

    Expert Perspective     Fresh or frozen plasma con-
tains all coagulation factors and may be used to 
replenish congenital or acquired defi ciencies of 
these clotting factors. Current practice guidelines 
in most centers use solvent or detergent- treated 
plasma (SDP or ESDP), which may provide better 
protection against transmission of blood-borne 
infections but may also have a lower recovery of 
coagulation factors (Hellstern et al.  2002 ). Most 
consensus guidelines indicate that plasma should 
only be transfused in case of bleeding or in a situ-
ation with a high risk of bleeding and not based on 
laboratory abnormalities alone. For more specifi c 
therapy or if the transfusion of large volumes of 
plasma is not desirable, fractionated plasma of 
purifi ed coagulation factor concentrate is avail-
able. Prothrombin complex concentrates (PCCs) 
contain the vitamin K-dependent coagulation fac-
tors II, VII, IX, and X. Hence, these concentrates 
may be used if immediate reversal of vitamin K 
antagonist treatment is required. Also, PCCs may 
be used if global replenishment of coagulation 
factors is necessary, and large volumes of plasma 
may not be tolerated. One should realize, how-
ever, that only selected elements of coagulation 
factors are administered in such cases and that 
important clotting factor defi ciencies may remain 
(i.e., factor V or fi brinogen). In some cases, 
administration of purifi ed coagulation factor con-
centrates, such as fi brinogen concentrate or cryo-
precipitate, may be helpful.  

  Question 7.      What type of supportive treat-
ment should be considered? 

    A.    Activated protein C   
   B.    Heparin prophylaxis   
   C.    Antithrombin concentrate    

    Expert Perspective     Supportive treatment of 
the coagulopathy associated with DIC is a com-
plicated issue (Levi and ten Cate  1999 ,  2009 ). 
Administration of anticoagulants may theoreti-
cally be benefi cial, but its effi cacy has never 
been proven in clinical trials. Restoration of 
dysfunctional physiological anticoagulant path-
ways by administration of antithrombin concen-
trate or (activated) protein C has benefi cial 
effects on laboratory parameters, but the effi -
cacy of this approach for clinically relevant out-
come parameters remains unclear. Interestingly, 
the relative effi cacy of both activated protein C 
and antithrombin in the subgroup of patients 
with DIC is higher than in those without DIC, 
and patients treated with activated protein C had 
a more rapid resolution of DIC than placebo-
treated patients (Dhainaut et al.  2004 ). 
Nevertheless, since the major trials with these 
agents did not show any survival benefi t, these 
adjunctive treatments cannot be advocated 
(Ranieri et al.  2012 ). Heparin is often advocated 
to abrogate the activation of coagulation. 
Uncontrolled case series in patients with DIC 
have claimed to be successful. However, a ben-
efi cial effect of heparin on clinically important 
outcome events in patients with DIC has never 
been demonstrated in controlled clinical trials 
(Feinstein  1982 ). Also, the safety of heparin 
treatment is debatable in DIC patients who are 
prone to bleeding. Therapeutic doses of heparin 
are indicated in patients with clinically overt 
thromboembolism or extensive fi brin deposi-
tion, like purpura fulminans or acral ischemia. 
Patients with DIC may benefi t from prophylaxis 
to prevent venous thromboembolism, which 
will not be achieved with standard low-dose 
subcutaneous heparin (Dorffl er-Melly et al. 
 2002 ). A randomized controlled trial suggested 
that heparin might be a useful adjunctive treat-
ment in patients with sepsis, in particular to pre-
vent thrombotic complications, and also indicated 
that heparin prophylaxis should not be discontin-
ued in critically ill patients (Levi et al.  2007 ). 
Lastly, recent studies with recombinant soluble 
thrombomodulin show promising results (Levi 
and van der Poll  2013 ; Yamakawa et al.  2015 ).   
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  Answers 

    Question 1. C  
  Question 2. C  
  Question 3. B  
  Question 4. A  
  Question 5. A  
  Question 6. A  
  Question 7. B         
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      Trauma-Associated Coagulopathy                      

     John     R.     Hess    

         Introduction 

 The risk of death following severe injury is four 
times higher in those with trauma-associated 
coagulopathy (Brohi et al.  2003 ; MacLeod et al. 
 2003 ; Hess et al.  2009 ). Trauma-associated coag-
ulopathy is caused by blood loss and dilution, 
hypothermia and acidosis, and factor consump-
tion and fi brinolysis (Armand and Hess  2003 ; 
Hess et al.  2008 ) and is proportional to injury 
severity (Brohi et al.  2003 ) and shock (Brohi et al. 
 2007 ). Early recognition and prompt treatment 
are critical because the median time to death of 
such patients is 2 h after admission to a level 1 
trauma center (Dutton et al.  2010 ) and the require-
ment for early correction of coagulopathy requires 
immediate availability and administration of 
blood components (Holcomb et al.  2015a ,  b ). 

 Transfusion triggers for actively hemorrhag-
ing patients following trauma have not been rig-
orously defi ned. It is known that early is better 
than late and that the more severe the injury, the 
greater the impact of small changes in coagula-
tion function on mortality (Hess et al.  2009 ). 
Resuscitation of such patients generally needs 

to start before laboratory tests are available 
(Johansson et al.  2014 ). 

 Modern blood components, red cells in addi-
tive solution, anticoagulated plasma, platelet 
concentrates, and pooled cryoprecipitate were 
designed to optimize storage and handling (Hess 
 2006 ). Understanding blood product composition 
allows their rational administration to massively 
bleeding patient (Armand and Hess  2003 ). The 
general guideline to avoid crystalloid fl uids and 
resuscitate with a 1:1:1 ratio of plasma/platelet 
units/red cells comes from that analysis (Malone 
et al.  2006 ). This damage control resuscitation 
has been validated in large consecutive series 
(Holcomb et al.  2008 ; Johansson and Stensballe 
 2009 ; Inaba et al.  2010 ; Cotton et al.  2011 ; 
Kautza et al.  2012 ; Holcomb et al.  2013 ) and a 
randomized trial (Holcomb et al.  2015a ,  b ).  

    Case 1: Early Recognition of Severe 
Injury and Trauma-Associated 
Acute Coagulopathy 

 A 22-year-old woman involved in a head-on 
motor vehicle collision is brought to a level 1 
trauma center following a diffi cult extraction. 
She has multiple contusions and visible fractures 
in her right clavicle, forearm, and ankle, but no 
obvious penetrating injury. Her pulse is 130 per 
minute; blood pressure (BP) is 80/40 with normal 
bilateral breath sounds. A focused abdominal 
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sonography for trauma (FAST) exam reveals free 
fl uid in her upper abdomen, and her pelvis is 
unstable. 

  Question 1.      Appropriate initial resuscitation 
efforts include: 

    A.    Placing an IV line and observing   
   B.    Placing an IV line and giving a 500 cc NS 

fl uid challenge   
   C.    Placing two large bore peripheral IV lines (14 

gage catheters) and giving 2 L of crystalloid 
fl uid, preferably neutral Ringer’s acetate   

   D.    Placing a large bore central catheter and initi-
ating resuscitation with universal donor blood 
products through a blood warmer    

    Expert Perspective     This young woman was 
involved in a high-energy collision and has an 
assessment of blood consumption (ABC) score 
of 3 from the pulse greater than 110, systolic 
blood pressure less than 90, and a positive FAST 
exam (Nunez et al.  2009 ). She is only lacking a 
penetrating mechanism for the full four points. 
She has a 70 % chance of going on to require 
more than ten units (U) of red blood cells (RBCs) 
in the next 24 h. The combination of stage III–IV 
shock, probable bleeding in her abdomen, an 
unstable pelvic fracture, and multiple extremity 
injuries also predicts the acute coagulopathy of 
trauma. Initiation of a massive transfusion proto-
col giving a balanced ratio of blood products 
(Table  1 ), a type and screen to convert her from 
universal donor blood products to type specifi c 
ones as soon as possible, an acute hemorrhage 
panel to look for especially severe aspects of 
coagulopathy, and prompt movement to the oper-
ating room for an emergency laparotomy for 
hemorrhage control are all indicated. Do not wait 
for laboratory results to begin hemorrhage con-
trol resuscitation as there is no discrete transfu-
sion trigger for plasma in severely and profoundly 
injured patients (Fig.  1 ).

     As she is wheeled out of the emergency room, 
word comes that her pH is 7.1, hematocrit (Hct) 
14 %, platelets 140,000/mcL, prothrombin time 

(PT) = 33 s (nl = 12 sec), and fi brinogen 100 mg/dL 
(nl = 200–400). 

  Question 2.      What is the signifi cance of her 
admission platelet count of 140,000/mcL? 

    A.    It is almost normal.   
   B.    It is greater than 50,000/mcL, so she should 

be fi ne in general abdominal surgery.   
   C.    It is greater than 100,000/mcL, so she should 

be fi ne in trauma surgery.   
   D.    It is likely to drop by 100,000/mcL in the fi rst 

hour after admission and if allowed to fall to 
less than 50,000/mcL carries a very high risk 
of mortality.    

    Expert Perspective     Severely injured trauma 
patients typically drop their platelet count by at 
least 100,000/mcL in the fi rst hour after admis-
sion, and mortality is highly correlated with the 
admission and resulting platelet counts (Stansbury 
et al.  2013 ). Adding platelets to the resuscitation 
of severely injured trauma patients appears to 
improve outcome substantially (Holcomb et al. 
 2011 ; Brasel et al.  2011 ).  

 In the operating room, the patient’s abdomen 
contained 2 L of blood and a deep laceration 
across the right lobe of the liver was found with 
pulsatile bleeding from the right hepatic artery. 
The artery was ligated and the liver packed to 
control hemorrhage. Then, behind the liver, an 
expanding right retroperitoneal hematoma was 
visualized and when opened revealed an avulsed 
right kidney and an inferior vena caval tear. The 
kidney was removed, the vascular stumps tied, 
and the caval tear repaired. In the course of her 
surgery, the patient received 61 units of RBCs, 50 
units of plasma, 6 units of apheresis platelets, and 
three 6-unit pools of cryoprecipitate. At 2 h after 
admission, her platelet count was 20,000/mcL 
but rose to 70,000/mcL by 5 h after admission 
along with correction of all her other markers of 
the acute coagulopathy of trauma. The patient 
was discharged on the 28th hospital day, walking 
out of the hospital with her family. 
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  Question 3.      What is the mortality rate of grade 
V liver injury according to best reported series? 

    A.    50 %   
   B.    25 %   
   C.    12 %   
   D.    6 %    

   About 30 years ago, a grade V liver injury had 
a 74 % mortality in a collection of eight series 
from academic trauma centers. A recent series 
from the University of Texas at Houston (Shrestha 
et al.  2015 ) describes 94 % survival among patients 
with grade IV and V liver injuries. High- quality 
hemorrhage control resuscitation allowed 74 % of 
these injuries to be managed nonsurgically.  

    Case 2: Utilization of Conventional 
Blood Components in Resuscitation 
of Infants 

 A 6-month-old infant was evacuated from a 
regional disaster with a large actively bleeding 
scalp laceration overlying a right occipitopari-
etal skull fracture. Admission laboratory values 
included a Hct of 11 %, platelets of 300,000/
mcL, prothrombin time of 29 s (nl = 12) and a 
partial thromboplastin time of 88 s (nl = 30), 
and a  fi brinogen concentration of 50 mg/dL 
(nl = 200 to 400 mg/dL). The child appears to 
have both profound anemia and the acute coagu-
lopathy of trauma. 

   Table 1    Composition of administered blood when components made by the platelet-rich plasma method are given in 
fi xed ratios   

 Administered blood component 
ratio plasma/WBDPlt/RBC 

 Plasma as a % of 
administered 
extracellular fl uid (%) 

 Plasma clotting 
time measured as 
INR and PTT a  (s) 

 Platelet count 
corrected for 
usual 70 % 
recovery 

 Hematocrit in 
administered fl uid 
(%) 

 1:1:1  65  1.31/42  62,000  29 

 1:1:2  52  1.55/50  41,000  38 

  A WBDPlt is a whole-blood-derived platelet unit, typically containing 55+ billion platelets in 40 ml of plasma and 
10 mL of anticoagulant and equivalent to 1/6th of an apheresis platelet unit containing 300+ billion platelets in 300 mL 
of plasma and anticoagulant 

  a INR and PTT data from Kornblith et al.  2014   
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  Fig. 1    Admission INR and mechanism of injury as pre-
dictors of in-hospital mortality in trauma patients admit-
ted directly from the scene of injury and with severe or 
profound injury indicated by an injury severity score >15 

as observed at the University of Maryland Cowley Shock 
Trauma Center in calendar years 2000–2006 ( N  = 5,605). 
There was no plasma INR that was a minimum discrimi-
nant transfusion trigger (Hess et al.  2009 )       
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  Question 4.      What is the correct method of 
resuscitation in an infant? 

    A.    Follow the pediatrician’s orders.   
   B.    Follow the surgeon’s orders.   
   C.    Follow the anesthesiologist’s orders.   
   D.    Have a well-thought-out and practiced pedi-

atric massive transfusion protocol agreed 
upon by all parties in advance.    

    Expert Perspective     Newborn infants have a 
blood volume smaller than a unit of red cells. 
Attempting to resuscitate such an infant with a unit 
of RBC would result in polycythemia and pro-
found dilution of coagulation factors and platelets. 
A balanced weigh-based algorithm is needed to 
insure the delivery of appropriate amounts of all 
the necessary products and the immediate avail-
ability of all necessary equipment to perform such 
a complex transfusion. Newborns have a blood 
volume of about 85 mL/kg, which decreases to 
about 70 mL/kg at puberty. This means that giving 
boluses of 10 mL/kg is approximately equivalent 
to giving whole units to adults, and a balanced 
transfusion can be given by giving alternate 
10 mL/kg infusions of RBC and plasma and fol-
lowed to effect, remembering that infants are nor-
mally tachycardiac and therefore highly volume 
dependent for ventricular fi lling and should appro-
priately “pink up” when normal volume is restored.  

 The infant described in the scenario responded 
with prompt restoration of his Hct to >20 %, and 
correction of his plasma coagulation times and 
his resuscitation was switched to RBC only. His 
initial head CT showed an extracranial hema-
toma, but no intracerebral bleeding. However, 2 h 
after admission, his platelet count had fallen to 
122,000/mcL and a repeat head CT at this time 
did show intracranial bleeding and progression of 
extracranial bleeding. 

  Question 5.      What is the appropriate transfu-
sion trigger for platelets in an infant? 

    A.    Platelets in infants work less well than 
in adults and should be maintained above 
50 K/mcL   

   B.    Infants at increased risk for head bleeding 
should be kept above 100 K/mcL.   

   C.    New data suggest that the critical platelet 
transfusion threshold in head injury may be 
75 K/mcL.   

   D.    In this infant who bled as his platelet count 
fell from 300,000/mcL to 122 K/mcL, one can 
imagine that some count higher than 122,000/
mcL might be the appropriate trigger.    

   It is important to treat the patient rather than 
the number (Schnüriger et al.  2010 ). However, a 
problem occurs in trying to give high doses of 
platelets in balanced transfusion schemes. The 
platelets in apheresis platelet units typically num-
ber a little higher than 3 × 10 11  as required by FDA 
regulation and are present in about 300 mL of 
plasma or additive solution and plasma. This 
means that they are present at a concentration of 
about 1 million/mcL. However, diluting that 
platelet concentrate 11.5:1 as occurs when a 
325 mL unit of RBC and a 250 mL unit of FFP are 
mixed with a 50 mL whole-blood derived unit of 
platelets results in a platelet count of 80,000/mcL 
in the total volume of the administered blood 
products and effectively 56,000/mcL because typ-
ically only 70 % of administered platelets circu-
late. This problem can be avoided by resuscitating 
injured infants with a 1:1 mix of red cells in addi-
tive solution and apheresis platelets in plasma as 
soon as a suitable unit can be identifi ed. The 
plasma concentration in apheresis platelets is 
90–93 % because they are collected in double 
strength citrate rather than the 80 % plasma con-
centration in FFP, and the resulting million/mcL 
platelet concentration is diluted to 500,000/mcL 
in the 1:1 mix and to an effective concentration of 
350,000/mcL because of the effective 70 % recov-
ery. This allows rapid restoration to values greater 
than the 175,000/mcL deemed critical to prevent 
progression of  neurologic injury (Schnüriger 
et al.  2010 ). Others have suggested lower thresh-
olds for platelet transfusion. Adults with trau-
matic brain injury (TBI) have an increased risk of 
progression of intracranial hemorrhage on repeat 
head CT scan when their admission platelet count 
is less than 100 k/mcL (Joseph et al.  2014a ). In 
adults taking aspirin or clopidogrel who subse-
quently suffer brain injury, platelet counts less than 
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135,000/mcL were associated with progression of 
intracranial hemorrhage on repeat head CT scan 
(Joseph et al.  2014b ). Where appropriate transfu-
sion triggers may be in infants whose platelet func-
tion is known to be less vigorous than adults is not 
known. However, our patient’s course suggests that 
maintaining a platelet count greater than 122,000/
mcL might have prevented his hemorrhage.  

    Case 3: Prehospital Use of Blood 
Products and Urgency of Treatment 

 A 57-year-old transport worker in a small remote 
city was crushed at waist level between a forklift 
and a concrete loading dock. He was released and 
fell but rapidly evolved from agitated to poorly 
arousable to unconscious. Emergency medical 
technicians (EMTs) moved him to a body board 
but thought his pelvis and thighs were unstable 
and noted increasing shock. He was placed 
supine in a pelvic binder and head down. In the 
helicopter he was given two units of O-negative 
RBCs and two units of group A low-titer B liquid 
plasma and arrived at the regional trauma center 
with a BP of 70/40 mmHg. 

  Question 6.      Prehospital administration of 
blood products by paramedics is: 

    A.    Of unproven value   
   B.    Highly wasteful of rare universal donor 

components   
   C.    Delays required care   
   D.    Lifesaving    

    Expert Perspective     Following experience with 
blood in helicopters in the Gulf Wars, the Mayo 
Clinic, the University of Texas at Houston, and the 
University of Washington’s Lifefl ight Northwest 
in Seattle now have blood in their helicopters. 
Blood is used in 15 % of emergency transfers, 
appears to be lifesaving in 5 %, and is associated 
with minimal blood wastage (Holcomb et al. 
 2015a ). Improving tissue perfusion and reducing 
the depth of shock early appear to be important 
ways to control and prevent bad outcomes associ-
ated with the acute coagulopathy of trauma.  

 In the emergency room hemostatic, resuscita-
tion was continued for moderate hypotension. An 
acute hemorrhage panel showed a hematocrit of 
29 %, a platelet count of 180,000/mcL, a PT of 
20 s ( = 12), and a fi brinogen of 180 mg/dL 
(nl = 200–400). A computerized tomographic (CT) 
angiogram revealed a complex pelvic fracture, an 
isolated right common iliac artery tear with free 
bleeding, and bilateral femoral fractures. 

  Question 7.      Appropriate treatment includes: 

    A.    Pelvic packing   
   B.    Resuscitative endovascular balloon occlusion 

of the aorta (REBOA).   
   C.    Prompt repair or bypassing of the right iliac 

artery tear   
   D.    Right iliac artery embolization proximal to 

the bleed    

    Expert Perspective     In this man with a known 
single major bleeding source, prompt exposure 
and proximal clamping will control hemor-
rhage and prevent the wider blood fl ow reduc-
tion with packing or REBOA (Brenner et al. 
 2013 ). Prompt repair of the iliac artery will 
return physiologic blood fl ow to the leg and 
reduce or eliminate the approximately 30 % 
chance of loss of the leg associated with iliac 
artery disruption.  

 That evening, following right iliac artery 
repair and orthopedic external fi xation of his pel-
vic and femoral fractures, his blood pressure is 
normal, his hemorrhage panel shows his hemato-
crit and platelet count unchanged and his plasma 
coagulation factors improved, and he has strong 
pulses in both feet. Orthopedics asks your opin-
ion for timing of defi nitive repair of his pelvic 
and femoral fractures. 

  Question 8.      Appropriate timing for his frac-
ture repair is: 

    A.    Now   
   B.    In 5 days   
   C.    In 2 days   
   D.    In 4 weeks    
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    Expert Perspective     As this patient moves from 
the hypo- to the hypercoagulable phases fol-
lowing trauma, the sooner he is repaired, the 
sooner he can be placed on appropriate antico-
agulation and mobilization. The speed with 
which the coagulation system changes with 
hemorrhage control and correction of shock can 
be startling.   

  Answers 

    Question 1. D  
  Question 2. D  
  Question 3. D  
  Question 4. D  
  Question 5. D  
  Question 6. D  
  Question 7. C  
  Question 8. A         
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      Coagulation-Related Issues 
in Malignant Hematology: 
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         Introduction 

 The detection and management of thrombotic 
and hemostatic complications in patients with 
hematological malignancies are integral to their 
care and impact their disease and treatment out-
comes. Population-based studies have demon-
strated that the incidence of these complications 
is increased severalfold in patients with cancer. 
This risk is further compounded by the adminis-
tration of chemotherapeutic agents that impact 
thrombotic and hemostatic proteins (e.g., 
L-asparaginase), the frequent immobilization 
associated with the disease and its treatment, and 
importantly the use of indwelling intravascular 
catheters for venous access. Thrombotic and 
hemorrhagic events negatively impact overall 
survival in patients with cancer in many ways. 
Mortality can occur directly as a result of the 
event (e.g., massive pulmonary embolism or a 
massive intracranial bleed) or can occur second-
ary to related issues such as treatment delays and 
interruptions and chemotherapy dose omissions, 

all resulting in early disease relapses/recurrences. 
Increased hospital admissions, greater length of 
hospital stays, and increased health-care costs 
further compound the matter. 

 Hematologists are frequently confronted with 
anticoagulation issues and must balance the man-
agement of thrombosis or hemorrhage with the 
continued treatment of active disease. Extensive 
practice experience is crucial, and decisions must 
be guided by an understanding of the underlying 
pathophysiologic mechanisms combined with 
evidence-based medicine. This review attempts 
to provide an overview of the diagnosis and man-
agement of thrombotic and hemostatic issues 
encountered in patients with hematological 
malignancies. 

  Clinical Vignette 1     Acute promyelocytic leuke-
mia (APL)-associated coagulopathy   

    Case 1 

 A 52-year-old female is admitted to the hospital 
with a persistent nosebleed. Initial laboratory 
results reveal a hemoglobin (HB) of 6.2 g/dL, 
white blood count (WBC) = 1.3 × 10 9 /L, and a 
platelet count of 7.0 × 10 9 /L. Further studies show 
the following abnormalities: fi brinogen = 77 mg/
dL, prothrombin time (PT) = 27.9 s, activated 
partial thromboplastin time (aPTT) = 64 s, and 
D-dimer = 5721 ng/ml. The liver enzymes and 
serum albumin levels are normal. A peripheral 
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blood smear demonstrates immature myeloid 
cells with prominent Auer rods. 

  Question 1.      What hemostatic complication 
has most likely occurred in this patient? 

    A.    Thrombotic thrombocytopenia purpura   
   B.    APL-associated disseminated intravascular 

coagulation (DIC) [APL-associated 
coagulopathy]   

   C.    Fulminant hepatic failure   
   D.    Immune-mediated thrombocytopenia    

    Expert Perspective     APL is an acute myeloid 
leukemia (AML) subtype (~10 %) characterized 
by a unique, balanced, reciprocal translocation 
between chromosomes 15 and 17, giving rise to 
the  PML - RARA  fusion oncogene (Tallman and 
Altman  2009 ). DIC is a consumptive coagulopa-
thy, with both thrombotic and hemorrhagic 
 features that results from diffuse endothelial 
 activation and microvascular clot formation, and 
is a common manifestation in APL (~70 %). 
Thrombosis (2–15 %) has been directly attributed 
to the release of one or more potent procoagu-
lants by abnormal promyelocytes and the 
 subsequent reactive infl ammatory process 
(Falanga and Barbui  2001 ). Additionally 
 neoplastic promyelocytes secrete multiple pro-
teins that promote plasminogen activators and 
elastases contributing to a bleeding diathesis sec-
ondary to hyper-fi brinolysis. Bleeding manifesta-
tions are more prominent in the microgranular 
variant of APL (M3V) (Rovelli et al.  1992 ). 

 Marked reduction in all inhibitors of coagu-
lation including protein C, tissue factor-path-
way inhibitor, and antithrombin is seen in DIC 
from non-APL causes, and these markers are 
often within the normal range in APL. Some 
investigators have described an alternative 
pathway for fi brinolysis activation involving 
annexin mediation (Falanga and Barbui  2001 ). 
Annexins are a group of proteins present in 
human tissue that have anticoagulant and phos-
pholipase-A2 activity with high upregulation 
and expression in cells from patients with APL 
(Menell et al.  1999 ).  

  Question 2.      What is the   most appropriate   next 
step in the management of the patient? 

    A.    Immediate administration of unfractionated 
heparin.   

   B.    Immediate administration of all-trans- retinoic 
acid (ATRA).   

   C.    Administration of cryoprecipitate, fresh fro-
zen plasma, and platelets.   

   D.    No immediate intervention; schedule a rou-
tine bone marrow biopsy.    

    Expert Perspective     The immediate treatment of 
APL is essential in managing the associated coagu-
lopathy. ATRA promotes the terminal differentia-
tion of promyelocytes while exerting signifi cant 
anticoagulant and antifi brinolytic effects on cells, 
resulting in a rapid correction of coagulation abnor-
malities (Tallman et al.  2004 ; Chen et al.  1991 ). 
This reversal is in part attributed to ATRA blocking 
some of the actions of tumor necrosis factor alpha 
(TNF-α) on human endothelial cells including the 
downregulation of the thrombomodulin gene and 
upregulation of the tissue factor gene. Additionally, 
ATRA reduces the annexin expression in circulat-
ing APL cells (Menell et al.  1999 ). 

 Close monitoring is a must during induction 
therapy as acute cell lysis following chemother-
apy may induce or amplify the release of both 
procoagulant and fi brinogenolytic molecules. 
Early hemorrhagic death, either at presentation or 
within a few days of chemotherapy administra-
tion, was reportedly higher than 50 % before the 
introduction of ATRA (Dombret et al.  1993 ). 
More recent literature utilizing ATRA demon-
strates the rate of fatal bleeding to be lower (~10–
15 %) (Fenaux et al.  1993 ; Sanz et al.  2004 ). 

 Blood component therapy should be utilized 
to control decompensated DIC and to manage 
bleeding events. The use of unfractionated hepa-
rin remains a controversial therapy for 
 management of DIC in the setting of APL, and 
its routine use is currently not recommended. A 
retrospective analysis of 268 patients diagnosed 
with APL failed to demonstrate any benefi t with 
the use of unfractionated heparin (Goldberg 
et al.  1987 ).  
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  Question 3.      What is the correct paring of labo-
ratory parameters and target values for replace-
ment in current APL consensus guidelines? 

    A.    Platelets >30 × 10 9 /L, fi brinogen >100 mg/dL   
   B.    Antithrombin activity >100 %, platelets 

>100 × 10 9 /L, INR <1.5   
   C.    Ferritin <336 mcg/L, platelets >75 × 10 9 /L, 

HB >8.0 g/dL   
   D.    INR <1.0, thrombomodulin <10 g/dl, HB 

>7.0 g/dL    

    Expert Perspective     The clinical state of the 
patient and risk assessment for thrombohemor-
rhagic complications should guide blood compo-
nent therapy in APL. Risk factors for hemorrhage 
include elevated WBC or peripheral blast counts, 
hypofi brinogenemia, elevated D-dimer in combi-
nation with prolonged PT or aPTT, elevated 
serum creatinine, and poor performance status 
(Sanz et al.  2009 ). 

 Altered hemostatic parameters increase the 
risk of bleeding, and administration of blood 
component therapy is strongly recommended. 
Platelet transfusions and cryoprecipitate should 
be administered to maintain a platelet count and 
fi brinogen concentration above 30–50 × 10 9 /L 
and 100–150 mg/dL, respectively (Sanz et al. 
 2009 ). Replacement can continue through APL 
induction treatment until complete resolution of 
coagulopathy is demonstrated.  

  Question 4.     On day 5 of ATRA therapy, our 
patient develops shortness of breath and hypoxia. 
A chest X-ray demonstrates diffuse bilateral pul-
monary infi ltrates. Pertinent laboratory values 
include a temperature of 39.4 °C, WBC of 40.5, 
and serum creatinine of 3.5. Her bleeding param-
eters demonstrate worsening with prolonged ooz-
ing from venipuncture sites. 

  What is the most appropriate diagnosis of 
the current patient scenario? 

    A.    Tumor lysis syndrome   
   B.    Hemophagocytic lymphohistiocytosis   
   C.    ATRA-induced differentiation syndrome   
   D.    Diffuse alveolar hemorrhage    

    Expert Perspective     The differentiation syn-
drome (DS) is a potentially fatal complication 
related to ATRA and arsenic trioxide use in 
induction chemotherapy for patients with 
APL. While the exact pathogenesis of DS 
remains incompletely understood, reported inci-
dence and mortality rates range between 2–31 % 
and 1–33 % respectively (Avvisati et al.  1996 ; 
Fenaux et al.  1999 ; Frankel et al.  1992 ; Tallman 
et al.  2000 ). Studies have shown that administra-
tion of corticosteroids at early onset can reduce 
the mortality associated with DS (Ades et al. 
 2006 ; de Botton et al.  2003 ; De Botton et al. 
 1998 ; Kelaidi et al.  2009 ; Wiley and Firkin 
 1995 ). The leukocytosis associated with DS can 
worsen the consumptive coagulopathy, resulting 
in worsening hemostatic laboratory parameters 
and clinical bleeding events.  

  Clinical Vignette 2     Thrombotic complications 
during L-asparaginase therapy   

    Case 2 

 A 28-year-old female presents with a 2-month 
history of fevers, night sweats, and a 10 lb 
weight loss. Bone marrow biopsy demonstrates 
Philadelphia chromosome negative B-cell 
acute lymphoblastic leukemia (ALL), and the 
patient gets admitted to the hospital to begin a 
combination chemotherapy regimen includ-
ing prednisone, daunorubicin, vincristine, 
pegylated L-asparaginase, and intrathecal 
methotrexate. 

  Question 5.      What is the incidence range of 
thrombosis in adults receiving L-asparaginase 
as part of their combination chemotherapy? 

    A.    Less than 2 %   
   B.    Two percent to 40 %   
   C.    Forty-one percent to 65 %   
   D.    Greater than 65 %    

    Expert Perspective     Venous thromboembolism 
(VTE) is a well-recognized complication during 
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adult ALL treatment (Payne and Vora  2007 ). 
L-asparaginase capitalizes on a lack of aspara-
gine synthase in human lymphoblasts and the 
reliance on exogenous asparagine (Haley et al. 
 1961 ). Systemic depletion of asparagine leads to 
a decrease in antithrombin (AT) and fi brinogen 
levels with potential for thrombotic and bleeding 
complications (Mitchell et al.  1994a ,  b ). The 
rates of coagulation abnormalities including 
thrombosis and hemorrhage range between 2 and 
40 % (Table  1 ). The newly formulated pegylated 
asparaginase requires less frequent dosing and 
has exhibited equivalent effi cacy when compared 
to L-asparaginase. Whether the prolonged half- 
life of pegylated asparaginase coupled with the 
more intensive dosing strategies in contemporary 
protocols will have a more pronounced effect on 
hemostatic proteins is currently unknown 
(Barreto et al.  2013 ).

     Question 6.      Which thromboprophylaxis 
strategy is recommended by current consen-
sus guidelines when choosing to administer 
thromboprophylaxis during L-asparaginase 
therapy? 

    A.    Low-molecular-weight heparin and 
antithrombin   

   B.    Antithrombin alone   
   C.    Low-molecular-weight heparin alone   
   D.    All of the above    

    Expert Perspective     Preemptive replacement of 
AT and fi brinogen has no prospective evidentiary 
support, though numerous small retrospective 
cohort studies have seen in vitro improvement in 
coagulation parameters. Unfortunately, small 
sample size and variability in replacement param-
eters have limited generalizability, particularly 
with peg-asparaginase (Gugliotta et al.  1990 ; 
Hunault-Berger et al.  2008 ). Elliott et al. demon-
strated a statistically signifi cant reduction in 
thromboembolic complications when utilizing 
AT replacement compared to no replacement 
(Elliott et al.  2004 ). Barreto et al. demonstrated a 
small incidence of non-line-related thrombotic 
events; however, the incidence of line related 
events in this study was comparable to patients 

not receiving AT replacement in other studies 
(Barreto et al.  2013 ; Lim et al.  2013 ; Grace et al. 
 2011 ; Gugliotta et al.  1992 ). Studies investigat-
ing the use of fresh frozen plasma, cryoprecipi-
tate, AT concentrates, low-molecular-weight 
heparin, and low-molecular-weight heparin in 
combination with antithrombin have all sug-
gested potential benefi t (Hunault-Berger et al. 
 2008 ; Elliott et al.  2004 ; Lauw et al.  2013 ). 
Other research has either concluded that replace-
ment strategies may be unwarranted or has left 
many questions unanswered (Abbott et al.  2009 ; 
Couban et al.  2005 ; Verso et al.  2005 ).  

  Question 7.      Which is the correct pairing of 
and threshold values for replacement of anti-
thrombin and fi brinogen recommended by 
current consensus guidelines? 

    A.    Antithrombin activity <80 % and fi brinogen 
<150 mg/dL   

   B.    Antithrombin activity <40 % and fi brinogen 
<100 mg/dL   

   C.    Antithrombin activity <60 % and fi brinogen 
<50 mg/dL   

   D.    Antithrombin activity <100 % and fi brinogen 
<200 mg/dL    

    Expert Perspective     Normal plasma levels of 
AT range from 112 to 140 μg/mL. The presence 
of laboratory variations between institutions 
necessitates that most laboratories express AT 
antigen and activity levels in percentages (nor-
mal- 80–120 %). Normalization of AT activity 
levels through AT supplementation has been 
shown to decrease the likelihood of thrombosis in 
patients receiving L-asparaginase (Hunault- 
Berger et al.  2008 ). Fibrinogen is a hepatically 
synthesized glycoprotein with normal reported 
levels ranging from 2.0 to 4.5 g/L (Levy and 
Goodnough  2015 ). Hypofi brinogenemia follows 
asparaginase administration, and studies have 
demonstrated inconsistent results surrounding 
replacement with fi brinogen and the incidence of 
hemorrhage (Hunault-Berger et al.  2008 ; Beinart 
and Damon  2004 ). Current consensus guidelines 
recommend replacement with AT if AT activity is 
<60 % and replacement with cryoprecipitate if 
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the fi brinogen is <50 mg/dL, acknowledging the 
limitations based on current evidence.  

  Clinical Vignette 3     Myeloproliferative neo-
plasms. Identifi cation, thrombotic risk, and man-
agement of abnormal laboratory parameters   

    Case 3 

 A 68-year-old nonsmoking female with well- 
controlled hypertension presents to the emer-
gency room. Physical examination is signifi cant 
for facial rubor and an upper motor neuron left 
facial palsy with decreased visual acuity. There is 
no hepatosplenomegaly. Home medications 
include lisinopril and metoprolol. Complete 
blood count reveals HB of 17.0 g/dL, hematocrit 
53 %, WBC 13.0 × 10 9 /L, and platelets of 
385 × 10 9 /L. An MRI of the brain with diffusion 
studies is normal. Within 6 h all neurological 
fi ndings improve and a diagnosis of a transient 
ischemic attack (TIA) is made. 

  Question 8.      The   next test   to be performed for 
the evaluation of her erythrocytosis is: 

    A.     JAK2 V617F mutation analysis   
   B.    Bone marrow aspiration and biopsy   
   C.    Serum erythropoietin level   
   D.    HB electrophoresis   
   E.    Both A and C    

    Expert Perspective     Myeloproliferative neo-
plasms (MPN) include polycythemia vera (PV), 
essential thrombocytosis (ET), and primary 
myelofi brosis (PMF) (Tefferi and Barbui  2015 ). 
PV, in particular, is characterized by an increased 
red cell mass, resulting in elevated HB and hema-
tocrit levels. The presence of the  JAK2 V617F 
mutation occurs in almost all patients with PV 
(96 % exon 14  JAK2 V617F and 3 % exon 12 
 JAK2 ). Discordant  JAK2  mutation test results can 
be resolved through concomitant quantifi cation 
of a serum erythropoietin (EPO) level. Serum 
EPO will typically be suppressed in a majority of 
patients with PV. Low serum EPO with absent 
 JAK2 V617F mutation warrants  JAK2  exon 12 

mutational testing (usually seen in patients with 
pure erythrocytosis).  

  Question 9.      Her EPO level is suppressed and 
she has the   JAK2  V61F mutation. A diagnosis 
of PV is made. The most appropriate manage-
ment to reduce the risk of recurrent thrombo-
sis in this patient is: 

    A.    Phlebotomy alone   
   B.    Phlebotomy and aspirin   
   C.    Phlebotomy and cytoreduction with busulfan   
   D.    Phlebotomy, aspirin, and cytoreduction with 

hydroxyurea    

    Expert Perspective     Risk stratifi cation is neces-
sary for the optimal management of patients with 
PV. Older age (age >60 years) and/or a prior 
thrombotic event place the patient at high risk for 
recurrent thrombosis (De Stefano et al.  2008 ). 
Guidelines recommend that patients with PV at 
high risk for recurrent thromboses receive treat-
ment with phlebotomy, low-dose aspirin, and 
hydroxyurea (Barbui et al.  2011 ). 

 All patients with PV should receive phlebot-
omy with a goal of decreasing the hematocrit to 
below 45 %. A recent, large, multicenter trial of 
adults with PV compared the effi cacy of conven-
tional therapy (phlebotomy, hydroxyurea, or 
both) at preventing thrombosis by random assign-
ment to a more intense target hematocrit of <45 % 
or a less intense target hematocrit of 45–50 % 
(Marchioli et al.  2013 ). The lower incidence of 
the primary composite endpoints of death from 
cardiovascular causes or major thrombotic events 
in the more intensive treatment arm established 
the practice of maintaining a hematocrit <45 % in 
these patients (Marchioli et al.  2013 ; Pearson and 
Wetherley-Mein  1978 ). 

 Low-dose aspirin has demonstrated anti-
thrombotic effi cacy and safety in double-blind, 
randomized controlled trials and is recommended 
as treatment among all PV risk categories. 
Aspirin also alleviates microvascular distur-
bances associated with PV and ET. Hydroxyurea 
is recommended for cytoreduction in high-risk 
patients (Fruchtman et al.  1997 ).   
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    Case 4 

 A 35-year-old otherwise healthy male with sus-
pected essential thrombocythemia is referred to 
you for management. Laboratory results from a 
draw this morning show a HB of 14 g/dL, WBC 
6.8 × 10 9 /L, and platelets of 1600 × 10 9 /L. He has 
developed spontaneous bruising and had oral 
bleeding this morning while brushing his teeth. 
Further analysis reveals that he carries the  CALR  
exon 9 mutation (50 base pair deletion). 

  Question 10.      This patient should NOT receive 
which of the following :

    A.    Aspirin   
   B.    Cytoreduction therapy with hydroxyurea   
   C.    Cytoreduction therapy with Interferon   
   D.    Cytoreduction therapy with anagrelide    

    Expert Perspective     Therapy for the manage-
ment of ET is focused on minimizing the risk of 
thrombosis. Patients are stratifi ed according to 
risk based on previous thrombotic event and age 
(age >60 years) [low risk 0 factors, high risk one 
or more factors] (Tefferi and Barbui  2015 ). 
Platelet counts >1000 × 10 9 /L (extreme throm-
bocytosis) paradoxically can be associated with 
bleeding complications, as these patients 
develop an acquired von Willebrand’s syndrome 
(AvWS), and the administration of antiplatelet 
therapy can result in life-threatening hemor-
rhage (Castaman et al.  1995 ; van Genderen 
et al.  1997 ; Harrison et al.  2005 ; Alvarez-Larran 
et al.  2010 ). Bleeding diathesis in ET or PV is 
currently believed to be multifactorial in etiol-
ogy (Elliott and Tefferi  2005 ). Laboratory evi-
dence of AvWS occurs in the majority of patients 
with ET or PV and is characterized by the loss 
of large von Willebrand’s factor multimers, 
linked to their increased proteolysis by the 
ADAMTS13 cleaving protease. This results in a 
functionally more relevant defect that may not 
be apparent when measuring VWF:Ag and 
FVIII levels alone and requires the use of assays 
that assess VWF function (e.g., ristocetin cofac-
tor activity; VWF:RCoA and VWF activity). 
Other causes of platelet dysfunction in ET or 

PV include acquired storage pool  defi ciency, 
increased platelet activation, decreased adrener-
gic receptor expression, impaired response to 
epinephrine, and decreased platelet membrane 
glycoprotein receptor  expression (Elliott and 
Tefferi  2005 ). 

 Based on the above, the use of aspirin in both 
PV and ET requires caution, especially in the 
presence of extreme thrombocytosis; however, 
clinically relevant AvWS can occur even when 
the platelet count is well below 1000 × 109/L, and 
laboratory evaluation of AvWS must be per-
formed in the presence of a clinical bleeding his-
tory. In the setting of extreme thrombocytosis, if 
the ristocetin cofactor activity is <30 and/or if 
there is evidence for clinical mucocutaneous 
bleeding, antiplatelet therapy should be avoided. 
In these patients the bleeding defect often 
improves with lowering of the platelet counts 
with cytoreductive therapy.  

  Answers 

    Question 1. B  
  Question 2. B  
  Question 3. A  
  Question 4. C  
  Question 5. B  
  Question 6. D  
  Question 7. C  
  Question 8. E  
  Question 9. D  
  Question 10. A         

  Disclosure   JNB has received an honorarium for partici-
pation in an advisory board for Grifols Worldwide Inc. 
outside of the submitted work. 
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      Unmet Clinical Needs 
of Antithrombotic Treatment 
in BCR/ABL-Negative 
Myeloproliferative Neoplasms                      

     Bianca     Rocca       and     Valerio     De Stefano     

         Aspirin and Essential 
Thrombocythemia: How Much 
and for Which Level of Risk? 

  Case 1     A 25-year-old woman presents to your 
clinic with an established diagnosis of essential 
thrombocytosis. She has a platelet count 
<1000 × 10 9 /L,  reports no bleeding or history of 
venous thrombosis, is not taking contraceptives 
and has no additional risk factors for thrombosis.  

  Question 1.      What is true regarding the use of 
low-dose aspirin therapy in this patient? 

    A.    She must be on aspirin.   
   B.    It is a physician-dependent decision on the 

basis of Physician preference and values 
associated with the still-inconclusive avail-
able evidence.   

   C.    It might be important to know the results of 
JAK-2 mutation status.   

   D.    All of the above.    

    Expert Perspective     Low-dose aspirin prevents 
major vascular events by approximately 25 % in 
patients without myeloproliferative neoplasm 
(MPN) at high risk for a previous vascular event 
and increases major gastrointestinal bleeding by 
approximately 1.5–2.0-folds (Patrono et al. 
 2013 ). The net clinical benefi t favours aspirin in 
secondary prevention, while the balance in pri-
mary prevention remains debated (Baigent et al. 
 2009 ). Cardiovascular risk stratifi cation is well 
established and therapeutically validated in pop-
ulations without essential thrombocythaemia 
(ET), while risk stratifi cation is more heteroge-
neous in ET (Table  1 ), has changed over time 
and lacks prospective therapeutic validation 
regarding antiplatelet agents. Beyond previous 
thrombosis, the other criteria defi ning high car-
diovascular risk differ among studies or guide-
lines as to thresholds of age and/or platelet count, 
JAK2V617F or CALR mutations, inclusion of 
different traditional risk factors (obesity, hyper-
tension, hypercholesterolaemia, diabetes, smok-
ing, contraceptives), leukocytosis, inherited 
thrombophilia, minor vascular events like tran-
sient ischaemic attack (TIA), migraine and/or 
erythromelalgia. The IPSET-thrombosis has 
attempted to score some risk factors and validate 
this score in retrospective cohorts (Barbui et al. 
 2012 ). Beyond the limitation of retrospective 
cohorts, aspirin use was heterogeneous among 
‘high-risk’ patients, and external validations 
were unable to distinguish intermediate from 
high-risk patients (Barbui et al.  2012 ), partially 
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confi rmatory of the degree of risk of JAK2V617F 
mutation (Fu et al.  2014 ), or not confi rmatory 
(Angona et al.  2014 ).

    Aspirin risk/benefi t profi le has never been tested 
in trials on ET patients with different risk levels. 
While the indication of once-daily, low-dose 
aspirin is unanimously accepted for ET patients 
with a previous major vascular event, as in non-
 ET populations, low-dose aspirin in primary 
prevention remains debated. One large ongoing 
trial is testing low-dose aspirin versus placebo 
in low- risk ET (  https://clinicaltrials.gov/ct2/
show/NCT00175838    ). Retrospective data in 
low-risk patients showed an overall similar inci-
dence of thrombosis with or without once-daily 
low-dose aspirin; however, a higher incidence 

of venous thrombosis was recorded among the 
untreated JAK2V617F-positive patients 
(Alvarez-Larran et al.  2010 ). In non-MPN 
patients, 75–150 mg aspirin once-daily appears 
as effective as higher doses, with lower gastro-
intestinal toxicity (Baigent et al.  2009 ). Recent 
pharmacological proof-of-concept studies 
ex vivo showed that an intensive, twice-daily 
aspirin regimen is superior to once-daily admin-
istration in inhibiting ET platelets, due to higher 
platelet turnover (Pascale et al.  2012 ; Dillinger 
et al.  2012 ). Twice-daily, low-dose aspirin has 
been endorsed in recent guidelines (Tefferi and 
Barbui  2015 ); however, prospective evaluation 
is lacking. The strength of current evidence of 
thrombosis prophylaxis in ET is resumed in 
Table  2 .

    Table 2    Management of cardiovascular prophylaxis in different types of ET patients   

 Recommendation  Class  Level 

 Use low-dose aspirin once daily if a previous major arterial or venous event has occurred, 
irrespective of any other clinical or haematological feature 

 I  C 

 Use of once-daily, low-dose aspirin in patients aged ≥60 years irrespective of any other clinical 
or haematological feature 

 I  C 

 Lower platelet count to normal range to avoid both bleeding and thrombotic complications  I  B 

 Use of twice-daily aspirin in subjects with a previous thrombosis  IIb  C 

 Use of aspirin in patients aged <60 years, without thrombosis and  with at least one  traditional 
cardiovascular risk factor (hypertension, diabetes, obesity, hypercholesterolaemia, smoking, 
glucose intolerance) 

 IIb  C 

 Use of aspirin in patients aged <60 years, without thrombosis and without any traditional 
cardiovascular risk factor 

 IIb  C 

 Use of aspirin for JAK2V617F positivity, irrespective of any other clinical or haematological 
feature 

 IIb  C 

 Use of twice-daily low-dose aspirin in patients aged ≥70  III  C 

 Use of clopidogrel instead of aspirin  No 
data 

 No 
data 

 Contraindication of aspirin if platelets are between 1000 and 1500 × 10 9 /L  IIb  C 

 Contraindication of aspirin if platelets are >1500 × 10 9 /L  IIa  C 

  Defi nition of Classes of Recommendations and Levels of Evidence 
 Class I: Evidence and/or general agreement that a given diagnostic procedure/treatment is benefi cial, useful and 
effective 
 Class II: Confl icting evidence and/or a divergence of opinion about the usefulness/effi cacy of the treatment or 
procedure 
   IIa: Weight of evidence/opinion is in favour of usefulness/effi cacy 
   IIb: Usefulness/effi cacy is less established by evidence/opinion 
 Class III: Evidence or general agreement that the treatment or procedure is not useful/effective and, in some cases, may 
be harmful 
 Level of evidence 
   A: Data derived from multiple randomised clinical trials or meta-analyses 
   B: Data derived from a single randomised clinical trial or large non-randomised studies 
   C: Consensus opinion of the experts and/or small studies retrospective studies, registries  

B. Rocca and V. De Stefano
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       Role of Aspirin Therapy in Essential 
and Platelet Count ≥1000 × 10 9 /L 

  Case 2     A 35-year-old male with low-risk essential 
thrombocythaemia and platelet count ≥1000 × 10 9 /L 
presents to your offi ce for second opinion.  

  Queston 2.      Should this patient be on aspirin 
therapy? 

    A.    No   
   B.    Check ristocetin cofactor activity   
   C.    Reduce platelet count ≤1000 × 10 9 /L as soon 

as possible and start aspirin if deemed neces-
sary based on clinical or haematological 
considerations    

    Expert Perspective     Major bleeding complica-
tions are rare in ET (<1 %/year), inconsistently 
associated with extreme thrombocytosis (Patrono 
et al.  2013 ), with some studies lacking to fi nd 
more bleeding in patients with higher platelets, 
even on aspirin (Patrono et al.  2013 ). A consensus 
and prospective validation on a ‘threshold’ of 
platelet count predicting bleeding (1000 or 
1500 × 10 9 /L) are lacking. In the primary throm-
bocythaemia (PT)-1 trial, platelet count at diagno-
sis did not prospectively predict bleeding, while 
during the disease, a ‘U-shaped’, continuous 
rather than dichotomic association was observed: 
the least bleeding occurred within normal platelet 
counts, most of bleeding occurred below normal 
range, while the rest at platelets >450 × 10 9 /L 
(Campbell et al.  2012 ). In contrast, in a cohort of 
low-risk patients, thrombocytosis >800/10 9 /L was 
independently associated with increased bleeding, 
with the major limitation of a retrospective analy-
sis (Alvarez-Larran et al.  2010 ). Extreme throm-
bocytosis has been also associated with acquired 
von Willebrand factor (VWF) modifi cations in 
old studies, on few patients, different MPNs and 
outdated diagnoses (Budde et al.  1993 ), with dif-
ferent thresholds of platelet counts associated 
with VWF modifi cations. Therefore, based on 
two separate observations of a biochemical asso-
ciation of a modifi ed VWF with higher platelet 
counts and clinical association between bleeding 
and high platelets, an acquired VW disease has 

been hypothesised in ET with extreme thrombo-
cytosis, accounting for bleeding (Federici  2006 ). 
Recent recommendations suggest to assess risto-
cetin cofactor activity (VWF:RCof) in patients 
with platelet counts >1000 × 10 9 /L, withholding 
aspirin for VWF:RCof <30 % (Tefferi and Barbui 
 2015 ), without any prospective validation of this 
approach. A recent work from our group showed 
that VWF activity is lowered at platelet counts 
well below 1000 × 10 9 /L (Lancellotti et al.  2015 ), 
with a continuous pattern reminiscent of the clini-
cal bleeding pattern of the PT-1. Therefore, 
assessing VWF:RCof with a 30 % threshold if 
platelets exceed 1000 × 10 9 /L as guidance for anti-
platelet treatment appears unsupported by current 
evidence.  

 Given data from observational studies, trials and 
biochemical investigations, it seems reasonable 
to lower platelet counts close to values within the 
normal range as much as possible. However, 
aspirin can be initiated regardless of the initial 
platelet count, providing that cytoreduction is in 
place and patient has no bleeding history 
(Table  2 ).  

    Long-Term Treatment of Deep Vein 
Thrombosis and Pulmonary 
Embolism in MPN: Oral 
Anticoagulants or Aspirin Forever? 

  Case 3     A 45-year-old male with polycythemia 
vera presents with fi rst episode of unprovoked 
deep vein thrombosis. He has no family history 
of venous or arterial thrombosis.  

  Question 3.      Which statement is true? 

    A.    The incidence of venous thromboembolism 
(VTE) is between 10 and 20 % per year.   

   B.    The duration of anticoagulation therapy is 
uncertain.   

   C.    The risk of bleeding with anticoagulation is 
not increased in PV.   

   D.    Aspirin alone should be suffi cient if patient 
was not already on it.    

Unmet Clinical Needs of Antithrombotic Treatment in BCR/ABL-Negative Myeloproliferative Neoplasms
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   The incidence of venous thromboembolism 
(VTE) is between 0.3 and 1.5 %/year in PV and 
0.2–1.5 %/year in ET (Patrono et al.  2013 ). By 
comparison, in the general population, the inci-
dence of VTE ranges between 0.1 and 0.2 % 
inhabitants/year (Goldhaber  2012 ). As for the 
general population, the main risk factors for a 
fi rst thrombotic event in patients with MPN are 
age >60 years and history of previous thrombo-
sis (Patrono et al.  2013 ). In patients without 
MPN, the cumulative probability of recurrent 
VTE reaches 40 % after 10 years from the fi rst 
event (Prandoni et al.  2007 ). For patients with 
unprovoked fi rst VTE or for those with perma-
nent risk factors such as cancer, oral anticoagu-
lation of undefi ned duration is recommended 
(Kearon et al.  2012 ). This recommendation 
remains uncertain for MPN patients with VTE, 
because data are scarce and derived from small 
studies (Ruggeri et al.  2002 ; Bachleitner-
Hofmann et al.  2003 ). Moreover, in MPN 
patients, the risk of re- thrombosis is diffi cult to 
estimate because the published cohorts include 
patients with and without a previous event 

(Patrono et al.  2013 ). Only one retrospective 
study specifi cally investigated the incidence of 
recurrent thrombosis in 235 PV and 259 ET 
patients, where 166 patients (33.6 %) experi-
enced at least one recurrence, corresponding to 
5.6 %/year (De Stefano et al.  2008 ). By multi-
variate analysis, cytoreduction signifi cantly 
reduced the risk in the entire cohort (hazard 
ratio [HR] 0.53, 95 % confi dence interval [CI] 
0.38–0.73). In the 160 patients with a fi rst VTE, 
both antiplatelet drugs (largely low-dose aspi-
rin) and vitamin K antagonists (VKA) signifi -
cantly lowered the risk of recurrence (HR 
0.42 %, 95 % CI 0.22–0.77 and 0.32 %, 95 % CI 
0.15–0.64, respectively) (Table  3 ) (De Stefano 
et al.  2008 ). After excluding patients with a fi rst 
cerebral or splanchnic thrombosis, VKA were 
slightly more effective than antiplatelet agents 
at preventing recurrence in the remaining 114 
patients (HR 0.31 %, 95 % CI 0.13–0.69, and 
HR 0.53 %, 95 % CI 0.27–1.03, respectively) 
(De Stefano et al.  2008 ). The incidence of 
major bleeding was 0.8 % patient/year for 
 antiplatelet agents, 0.9 % for VKA, 2.8 % for 

   Table 3    Risk factors for fi rst recurrent thrombosis of ET patients with arterial or venous index thrombosis according 
to the baseline characteristics (multivariable analysis)   

 First arterial thrombosis ( n  = 341)  First venous thrombosis ( n  = 160) 

 Hazard ratio (95 % CI)   P   Hazard ratio (95 % CI)   P  

 Sex (male vs. female)  1.02 (0.68–1.51)  0.89  1.21 (0.67–2.16)  0.51 

 Diagnosis (PV vs. ET)  1.33 (0.77–2.27)  0.29  0.91 (0.48–1.69)  0.78 

 Age at thrombosis (>60 years 
vs. <60 years) 

 1.34 (0.88–2.02)  0.15   2.26 (1.30–3.91)    0.003  

 One or more vascular risk 
factors (presence vs. absence) a  

 0.99 (0.80–1.21)  0.93  0.91 (0.52–1.58)  0.76 

 History of thrombosis prior 
to diagnosis of PV or ET 
(presence vs. absence) b  

 1.14 (0.64–2.02)  0.65  0.72 (0.28–1.84)  0.49 

 Treatment after the index 
thrombotic event 

   Antiplatelet agents  0.67 (0.41–1.08)  0.10   0.42 (0.22–0.77)    0.006  

   Long-term VKA treatment  1.01 (0.93–1.09)  0.73   0.32 (0.15–0.64)    0.001  

   Phlebotomy  0.76 (0.43–1.31)  0.33  0.72 (0.35–1.47)  0.38 

   Any pharmacological 
cytoreductive treatment c  

  0.47 (0.31–0.70)    0.0003   0.66 (0.38–1.13)  0.14 

  Modifi ed from De Stefano et al. ( 2008 ) 
  ET  essential thrombocythaemia,  PV  polycythemia vera,  VKA  vitamin K antagonists 
  a Smoke, hypertension, hypercholesterolaemia, diabetes mellitus, chronic atrial fi brillation 
  b History of thrombosis prior to 2 years before diagnosis of PV or ET 
  c Cytoreductive treatment includes hydroxyurea, pipobroman, busulfan, interferon and anagrelide  
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aspirin plus VKA and 1.2 % without antithrom-
botic treatment (De Stefano et al.  2008 ). 
Notably, a recent meta-analysis of two large tri-
als (WARFASA and ASPIRE) pooled data on 
the effi cacy and safety of low-dose aspirin 
(100 mg daily) in non-MPN patients with 
unprovoked VTE after the initial period of stan-
dard VKA (Simes et al.  2014 ). Aspirin was 
associated with a 32 % relative reduction of 
recurrent VTE versus placebo (HR 0.68, 95 % 
CI 0.51–0.90) (Simes et al.  2014 ).

   In summary, the substantial equivalence in 
effi cacy and safety of secondary antithrombotic 
prophylaxis with either aspirin or VKA in MPN 
patients with VTE makes indefi nite aspirin 
administration an acceptable strategy after a con-
ventional short-term period of VKA. However, 
additional risk factors for thrombosis such as the 
presence of JAK2V617F mutation and/or inher-
ited thrombophilia should favour conventional 
treatment with VKA recommended for VTE at 
high risk of recurrence (De Stefano et al.  2009 , 
 2010 ). Prospective randomised trials specifi cally 
designed to investigate the optimal treatment are 
needed to validate this strategy. The net clinical 
benefi t of a comparable effi cacy and decreased 
bleeding of direct oral anticoagulants (DOAC) 
versus VKA in VTE patients (van Es et al.  2014 ) 
can be anticipated also in MPN, but no data are 
available so far.  

    Optimal Long-Term Treatment 
of Splanchnic Vein Thrombosis 
in MPN: Oral Anticoagulants, 
Aspirin or Both? 

 In general, VKA treatment is suggested for a 
minimum of 3–6 months for extra-hepatic portal 
vein obstruction (EHPVO) and life-long for 
Budd-Chiari syndrome (BCS). Patients with 
EHPVO should receive life-long anticoagulation 
in the presence of permanent risk factors for 
thrombosis (Janssen et al.  2003 ; Sarin et al.  2006 ; 
DeLeve et al.  2009 ). In MPN patients with previ-
ous thrombosis, cytoreduction is warranted 
(Barbui et al.  2011 ). This recommendation 
derives from data on MPN patients with previous 

VTE (Barbui et al.  2011 ), but data specifi cally on 
MPN and splanchnic vein thrombosis (SVT) 
remain anecdotic. In a small retrospective cohort 
of 17 MPN patients with BCS who underwent 
orthotopic liver transplantation and treated with 
hydroxyurea and aspirin, only one recurrent 
EHPVO was recorded (Chinnakotla et al.  2011 ). 
In another small series of 18 patients, the rate of 
recurrence was 22 % (4 out of 18), and none of 
these patients had received cytoreductive treat-
ment (Oldakowska-Jedynak et al.  2014 ). Specifi c 
data on the optimal antithrombotic prophylaxis in 
MPN-associated SVT are scarce. In a series of 
SVT patients, recurrent thromboses occurred in 
39 % of MPN and in 3.9 % of non-MPN patients 
in all cases without anticoagulation (Amitrano 
et al.  2007 ). 

 In a retrospective cohort of 44 patients with 
EHPVO and MPN (median follow-up, 5.8 years; 
range, 0.4–21), 21 (48 %) received long-term 
therapy: nine with VKA, six with VKA plus 
aspirin and six with aspirin. In addition, cytore-
duction with hydroxyurea was initiated in 21 
cases (48 %). Other interventions were phleboto-
mies ( n  = 10), alpha-interferon ( n  = 8), busulfan 
( n  = 3) and anagrelide ( n  = 1) (Hoekstra et al. 
 2011 ). Recurrent thrombosis occurred in 12 
patients (27 %), 9 without antithrombotic pro-
phylaxis and 3 on VKA. Patients treated with 
aspirin (with or without VKA) had no recur-
rency, at variance with those receiving VKA 
alone or no antithrombotic therapy (Hoekstra 
et al.  2011 ). However, the evaluation of such 
data is diffi cult, due to the absence of details on 
the association(s) of cytoreductive and anti-
thrombotic treatment. During follow-up, 17 
patients (39 %) experienced at least one episode 
of gastrointestinal bleeding and 17 patients 
(39 %) died. Death was directly related to end-
stage MPN in eight patients (47 %) and to a new 
thrombosis in three patients (18 %). No patient 
died from gastrointestinal bleeding. A weak effi -
cacy of VKA has been reported also in a series of 
36 BCS patients with recurrent thrombosis after 
orthotopic liver transplantation in 42 % of cases 
(15 out of 36). The mean INR was similar 
between patients who developed thrombosis and 
patients who did not (2.73 vs. 2.70, respectively, 

Unmet Clinical Needs of Antithrombotic Treatment in BCR/ABL-Negative Myeloproliferative Neoplasms



386

 p  = 0.47) (Westbrook et al.  2012 ). The use of the 
direct oral anti-Xa inhibitor rivaroxaban has 
been reported in a single PV case with BCS 
(Jones et al.  2014 ). 

 In conclusion, the optimal long-term regimen 
of antithrombotic prophylaxis beyond 6 months 
of VKA remains to be defi ned (VKA, aspirin or 
both). In the absence of hard data supporting the 
use of long-term low-dose aspirin in this setting, 
VKA should be favoured as fi rst-line long-term 
prophylaxis, according to current guidelines (van 
Es et al.  2014 ; Janssen et al.  2003 ; Sarin et al. 
 2006 ) and to the evidence of an increased bleed-
ing in patients receiving combined treatment 
with both VKA and aspirin (De Stefano et al. 
 2008 ).  

    MPN Patients with an Acute, Non- 
surgical Major Unprovoked 
Bleeding: When to Restart Aspirin? 

 Major bleeding complication may require tempo-
rary or even permanent aspirin interruption. For 
re-initiation of aspirin, no studies have investi-
gated such specifi c scenarios, both in MPN and 
non-MPN populations. The timing of restarting 
antiplatelet therapy after a major bleeding must 
be individualised by weighing the patient’s bleed-
ing risk and site of bleeding versus the risk of a 
new thrombotic event following prolonged anti-
platelet cessation. In general, when the trigger for 
bleeding is resolved and/or the risk for subse-
quent bleeding appears low, aspirin should be 
resumed as soon as possible. Otherwise, when a 
continued and relevant bleeding risk in case of 
re-initiation can be assumed, reasonable regi-
mens in ET patients should keep platelet count 
closer to the normal range, considering that in 
PT-1 a close-to-normal platelet count was associ-
ated with the least bleeding (Campbell et al. 
 2012 ). In non-MPN patients, it is recommended 
to restart antiplatelet therapy as soon as possible 
(Abraham et al.  2010 ; Barkun et al.  2010 ) when 
the risk of cardiovascular complications likely 
outweighs bleeding risk. Two meta-analyses sup-
port this conduct. One included 50,279 patients 
on aspirin for secondary prevention and found 

that aspirin non-adherence or withdrawal was 
associated with a threefold higher risk of major 
adverse cardiovascular events (MACE) occurring 
on average 10–11 days following aspirin inter-
ruption (Biondi-Zoccai et al.  2006 ). In another 
meta-analysis of patients who interrupted aspirin 
perioperatively, the mean time to coronary events 
averaged 8.5 ± 3.6 days after withholding aspirin 
(Burger et al.  2005 ). A small placebo-controlled 
trial evaluated the effect of early reintroduction 
of aspirin after gastrointestinal bleeding, showing 
recurrent bleeding within 30 days in 10.3 % of 
aspirin- and 5.4 % of placebo-treated patients 
( p  = 0.25), and a signifi cantly increased all-cause 
mortality, mainly for recurrent cardiovascular 
events, on placebo (1.3 % aspirin vs. 10.3 % pla-
cebo,  p  = 0.005) (Sung et al.  2010 ). 

 Based on these data, it seems reasonable for 
MPN patients at intermediate to high risk to rein-
stitute aspirin as soon as possible, preferably 
within 5 days.  

    MPN Patients Undergoing Elective 
Surgery: When to Stop and Restart 
Aspirin? 

 For MPN patients on aspirin undergoing elective 
surgery, the best, albeit limited, available evi-
dence comes from the perioperative care of non- 
MPN patients on antiplatelets, with few clinical 
trials, meta-analyses (Table  4 ) and recent guide-
lines (Douketis et al.  2012 ; Fleisher et al.  2014 ). 
The thrombotic versus bleeding risk both of the 
individual patient and the procedure should be 
considered. Moreover, surgery (especially vascu-
lar surgery) enhances thrombotic risk (Gerstein 
et al.  2015 ). Limited data in MPN patients under-
going surgery indicate an increased post- 
operative thrombotic and bleeding risk, mainly 
within 15 days post-procedure (Ruggeri et al. 
 2008 ).

   Usually, aspirin is stopped 7–10 days before 
surgery in non-MPN patients (Douketis et al. 
 2012 ), based on platelet half-life and pharmaco-
logical considerations, without evidence from 
randomised trials. Given the increased platelet 
turnover, a shorter interval might be needed in 
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ET, e.g. 3–4 days, although this hypothesis lacks 
clinical validation. Aspirin should be restarted 
post-operatively as soon as possible, within 24 h 
(Darvish-Kazem et al.  2013 ), compatibly with 
bleeding risk or complications. When resuming 
aspirin, a loading dose can be used to inhibit the 
entire platelet population within a few hours and 
then continue with standard low doses (Douketis 
et al.  2012 ). No platelet assays can predict bleed-
ing or thrombosis, including platelet aggregation 
or bleeding time. 

 Dental, dermatologic or cataract surgery has 
<1 % of major bleeding, even in aspirin-treated 
patients. High bleeding risk (>1 %) surgery 
includes urologic, kidney, liver, spleen, cardiac, 
intracranial, spinal surgery, intestine resections 
and surgery with extensive tissue injury such as 
cancer, orthopaedic and reconstructive surgery 
(Douketis et al.  2012 ). Aspirin interruption is 
consistently not recommended for low-risk sur-
gery, because re-thrombosis outweighs bleeding 
risk (Douketis et al.  2012 ; Fleisher et al.  2014 ). 
For intermediate to high bleeding risk proce-
dures, low-risk patients, including MPN on pri-
mary prevention, might stop aspirin before 
procedures (Douketis et al.  2012 ). Consistently 
with non-MPN, high-risk MPN patients on aspi-
rin for secondary prevention might continue aspi-
rin for noncardiac surgery at intermediate to high 
risk (Douketis et al.  2012 ; Gerstein et al.  2015 ; 
Darvish-Kazem et al.  2013 ), because thrombotic 
recurrence appears higher than bleeding risk, 
with the possible exception of close-space (intra-
cranial, intramedullary, intraocular, middle ear) 
and prostate surgery (Gerstein et al.  2015 ; 
Darvish-Kazem et al.  2013 ), where bleeding 
seems to exceed thrombotic risk. In high-risk 
patients, bridging with low molecular weight 
heparin (LMWH) can be considered if aspirin is 
discontinued (Darvish-Kazem et al.  2013 ), 
although the level of the evidence of a superiority 
of LMWH versus aspirin in preventing VTE, 
after major orthopaedic surgery, for instance, is 
low (Falck-Ytter et al.  2013 ). Effi cacy of bridg-
ing with DOAC is unknown. Data on MPN 
patients considered at ‘high risk’ but with no pre-
vious thrombosis are lacking. In spite of limited 
evidence, it seems important in MPN to reduce 

pre-procedural platelet count to nearly normal, 
which seems to reduce bleeding and thrombosis, 
especially for vascular surgery (Natelson  2012 ). 
For urgent surgery, therapeutic plateletpheresis 
can be considered (Natelson  2012 ).  

    Ageing, Frailty and MPN: How 
to Balance Bleeding 
and Thrombotic Risk? 

 Ageing is an independent risk factor for both 
thrombosis and bleeding, included in major bleed-
ing score, with antithrombotic drugs further 
amplifying age-related bleeding risk (Andreotti 
et al.  2015 ). However, patients ≥75 years are 
poorly represented in randomised trials; thus, the 
benefi t/risk balance of antiplatelets comes from 
registries, subgroup or meta-analyses, with intrin-
sic limitations. Evidence for elderly MPN patients 
is even fewer. The most comprehensive informa-
tion on the benefi ts and risks of low-dose aspirin 
in non-MPN, elderly patients is a meta- analysis of 
individual participant data on subjects at low or 
high risk, comparing long-term aspirin versus 
control (Baigent et al.  2009 ). Subjects >70 years 
are underrepresented, despite being the prevailing 
group at elevated risk (Baigent et al.  2009 ). In pri-
mary prevention, aspirin yielded similar propor-
tional reductions of MACE in subjects below or 
above 65 years (13 % vs. 12 % reduction, respec-
tively). Because of the higher vascular event rate 
in the older versus younger population (1.53 % vs. 
0.40 %/year), the absolute benefi t of antiplatelet 
prophylaxis was about threefold larger in the 
elderly. The recent Japanese Primary Prevention 
Project randomised 14,464 individuals aged 
60–85 years with hypertension, dyslipidaemia or 
diabetes to aspirin 100 mg od or no aspirin (Ikeda 
et al.  2015 ). It was stopped for futility; MACE 
occurred in 2.77 % of patients with aspirin versus 
2.96 % without aspirin (HR 0.94 %, 95 % CI 0.77–
1.15;  p  = 0.54). The ongoing study ‘Aspirin in 
Reducing Events in the Elderly’ will provide fur-
ther information on the benefi t/risk of low-dose 
aspirin in subjects >70 years in primary preven-
tion (  https://www.clinicaltrial.gov/ct2/show/NCT
01259856?term=PEGASYS+trial&rank=2    ). For 
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secondary prevention, the proportional reduction 
in vascular events by aspirin is similar to that for 
primary prevention, but the absolute benefi t is an 
order of magnitude greater in both younger and 
older non-MPN patients (Baigent et al.  2009 ). 
Consistently, observational data in MPN show 
increased benefi t of once-daily low-dose aspirin 
for patients aged >60 years versus younger ones 
(Alvarez-Larran et al.  2013 ). Age is also a risk 
factor for haemorrhagic stroke and major extra-
cranial bleeding. Consequently, the absolute 
bleeding hazard of low-dose aspirin is two- to 
threefold larger in older than younger people. 
Pharmacological data suggest that age in MPN 
and non-MPN patients is an independent and 
inverse predictor of poor aspirin responsiveness 
(Pascale et al.  2012 ; Rocca et al.  2012 ). Thus, 
older patients appear more sensitive to aspirin. 
Therefore, bid aspirin in elderly MPN patients, 
even if at high risk (Tefferi and Barbui  2015 ), 
should be cautiously considered.  

    Pregnancy, Puerperium and MPN: 
Which Prophylaxis for Thrombotic 
or Obstetric Complications? 

 A high rate of obstetric complications occurs 
in ET women, with a high risk of early foetal 
loss and a ~60 % probability of live births 
(Griesshammer et al.  2008 ; Gangat et al.  2009 ; 
Valera et al.  2011 ). The rate of maternal throm-
bosis appears as high as 3 % versus the 
~1/1000 incidence of pregnancy-related VTE 
in  non-MPN pregnant women (Griesshammer 
et al.  2008 ). 

 A variety of risk-adapted therapeutic strate-
gies has been proposed in ET women. Pregnancy 
has been defi ned at low risk in case of no history 
of previous thrombosis or obstetric complica-
tions, absence of hereditary thrombophilia, age 
<35 years and platelets <1000 or 1500 × 10 9 /L 
(Griesshammer et al.  2008 ; Valera et al.  2011 ; 
Finazzi  2012 ). Moreover, the JAK2V617 muta-
tion has been reported as predicting pregnancy 
complications and possible therapeutic driver 
(Passamonti et al.  2007 ,  2010 ; Melillo et al. 
 2009 ). Other well-established risk factors for 

pregnancy-related thrombosis identifi ed by cur-
rent guidelines (e.g. obesity, varicose veins, 
major illness, immobilisation) should be consid-
ered in planning antepartum prophylaxis (Royal 
College of Obstetricians and Gynecologists 
 2015 ). 

 The postpartum relative risk is fi vefold higher 
than antepartum. A systematic review of risk of 
postpartum VTE reported 21–84-fold higher risk 
than the baseline nonpregnant, nonpostpartum 
status (Jackson et al.  2011 ). Consequently, post-
partum prophylaxis with LMWH is warranted in 
ET independently of the risk score (Griesshammer 
et al.  2008 ; Finazzi  2012 ) (Table  5 ).

   Antepartum prophylaxis can be based on 
aspirin alone in low-risk patients, adding 
LMWH in high-risk patients (Table  5 ). 
Cytoreduction is rarely needed, because plate-
let counts physiologically decline during preg-
nancy (Valera et al.  2011 ). Interferon-alpha 
does not cross the placenta and may be consid-
ered as agent of choice for reducing platelets if 
needed. Both non- pegylated and pegylated 
interferon-alpha are listed by the FDA as preg-
nancy category C, being the safety for foetus 
uncertain. However, interferon- alpha has not 
been associated with in vitro mutagenic effects, 
teratogenic effects in animals, foetal malforma-
tions, adverse fertility or clinical effect and is 
largely used during human pregnancy 
(Griesshammer et al.  2008 ; Valera et al.  2011 ; 
Finazzi  2012 ; Melillo et al.  2009 ). Moreover, 
interferon-alpha treatment during pregnancy 
seems associated with a better outcome than 
management without interferon (Melillo et al. 
 2009 ). Additional concern refers to polyethyl-
ene glycol, thus the non-pegylated interferon 
should be preferred. 

 A multivariate analysis of 62 pregnancies of 
38 ET patients, including as covariates age 
>35 years, JAK2V617 mutation, antepartum 
aspirin, LMWH and interferon-alpha, showed a 
signifi cant association of aspirin with a better 
outcome (odds ratio for complications 0.28, 95 % 
CI 0.10–0.80,  p  = 0.01), with 71 % obstetric com-
plications among untreated pregnancies (Betti 
et al.  2015 ). No thrombosis occurred during the 
antepartum or puerperium in mothers treated 
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with LMWH; VTE occurred in 17 % of untreated 
puerperium periods (Passamonti et al.  2010 ). 

 In conclusion, aspirin is the reference drug in 
pregnant ET women and seems to overcome the 
negative impact of JAK2V617F mutation on 
pregnancy outcome. Indeed, a careful evaluation 
of other inherited or acquired risk factors should 
prompt to administer LMWH antepartum, as 
indicated by the guidelines (Royal College of 
Obstetricians and Gynecologists  2015 ; De 
Stefano and Rossi  2013 ). LMWH after delivery 
is mandatory given the high thrombotic risk dur-
ing puerperium, resuming low-dose aspirin after 
6 weeks if needed. In women with previous 
thrombosis on long-term aspirin, LMWH plus 
aspirin can be considered during puerperium, 
continuing aspirin alone 6 weeks after delivery. 
Women on long-term treatment with VKA can 
resume VKA alone soon after delivery (Table  5 ). 

 In comparison with ET, pregnancy in PV is 
more rare due to the prevalence of males and the 
older mean age at diagnosis (60 years, 15 % of 
patients aged <40 years at onset). Obstetric com-
plications are comparable to ET, but maternal 
morbidity is as high as 44 % (Griesshammer et al. 
 2008 ). Therefore, pregnancy in PV is always 
considered at high risk, and LMWH plus aspirin 
is warranted during both ante- and postpartum 
(Griesshammer et al.  2008 ). 

  Answers 

    Question 1. B  
  Question 2. C  
  Question 3. B         
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      Bleeding and Thrombosis 
in a Cancer Patient                      

     Annemarie     E.     Fogerty       and     Jean     M.     Connors     

         Introduction 

 Patients with cancer have an increased risk of 
developing venous thromboembolism (VTE) that 
is well documented, due to a variety of factors 
including tumor-induced hypercoagulability that 
varies by tumor type, stasis and vascular compres-
sion by tumor, and therapies used to treat the 
underlying malignancy. Advances in cancer 
detection and treatment have improved survival, 
even if patients are not cured. Thus, cancer in 
many patients can be viewed as a chronic disease 
where they live longer, but also have more oppor-
tunity to encounter complications. In addition to 
VTE, these complications can include an 
increased bleeding risk related to both tumor and 
treatments. Managing the competing risks of 
thrombosis and bleeding can be diffi cult in any 
patient and even more so in the cancer patient. 
Data regarding specifi c management is not always 
available, as each patient can present a unique 
combination of bleeding and thrombotic risks, 

and treatment must often be  tailored to accommo-
date these individual risks. In the cases below, we 
review common clinical situations and discuss 
management strategies, with data to support these 
strategies when available.  

    Case 1: Management of VTE 
in Patients with Bleeding Risk 

 A 58-year-old man with IgG kappa multiple 
myeloma is diagnosed with a symptomatic segmen-
tal pulmonary embolism on day 15 of autologous 
stem cell transplant. Bilateral leg ultrasounds are 
negative for deep vein thrombosis (DVT). He has 
mild to moderate right-sided chest pain and dys-
pnea on exertion. His EKG is normal. His heart rate 
is 102 bpm, blood pressure is 132/78, and oxygen 
saturation is 91 % on room air. Renal and hepatic 
function is normal. His platelet count is 11,000/uL. 

  Question 1.      You decide to treat with: 

    A.    Thrombolysis with tPA   
   B.    No anticoagulation and placement of an IVC 

fi lter   
   C.    Rivaroxaban 15 mg po bid   
   D.    Therapeutic low molecular weight heparin   
   E.    Platelet transfusion and therapeutic low 

molecular weight heparin    

   Data support a higher all-cause mortality at 
6 months in cancer patients with VTE who are not 
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anticoagulated (46 %) compared to those who are 
anticoagulated (30 %) ( van der Hulle ). The likeli-
hood of a fatal PE within 3 months of a fi rst 
treated VTE in a cancer patient is 2.6 % (Monreal 
and Investigators  2006 ). Thus, particularly in this 
symptomatic patient, anticoagulation is indicated. 
There are limited data that support a specifi c 
platelet threshold for use of therapeutic anticoag-
ulation in cancer patients. In a study of 200 
patients, Monreal and colleagues treated acute 
VTE in cancer patients with weight- adjusted 
doses of dalteparin for 7 days, followed by fi xed 
dose dalteparin at 10,000 units sc qd. Patients 
with transient thrombocytopenia received 5,000 U 
qd if platelets were less than 50 K or 2,500 U qd 
if less than 10 K. In this study, there was a 5.4 % 
risk of major bleeding (6 fatal) and an 8.9 % rate 
of recurrent VTE (2 fatal) (Monreal  2004 ). This 
data suggests that decreasing anticoagulation 
intensity based on platelet count may result in 
insuffi cient VTE treatment for some without spar-
ing bleeding complications in others. A nine-
hematologist expert consensus panel using the 
RAND/UCLA Appropriateness Method (RAM) 
suggested full therapeutic anticoagulation in can-
cer patients with VTE and a platelet count of 
50–100 K, decreasing this dose to 50 % intensity 
with a platelet count of 30–50 K and holding anti-
coagulation entirely with a platelet count <30 K 
(Giorgia Saccullo et al.  2013 ). Society guidelines 
vary regarding recommended platelet thresholds 
for anticoagulation in thrombocytopenic patients. 
ASCO identifi es a platelet <20 K as an absolute 
contraindication to therapeutic anticoagulation; 
NCCN proposes no absolute platelet threshold, 
but suggests <50 K serve as a relative contraindi-
cation; ISTH suggests transfusion of platelets to 
target a platelet count of >50 K in order to provide 
therapeutic anticoagulation safely. 

 Combining limited data and expert consensus, 
you opt to transfuse platelets for a target platelet 
count of 30 K and treat with therapeutic 
LMWH. Given he is only 11 days post- autologous 
transplant, the thrombocytopenia is expected to be 
of short duration. 

 Without documented lower extremity DVT, an 
IVC fi lter is not indicated. The use of an IVC fi lter 
potentially offers short-term benefi t in reducing 
the risk of pulmonary embolus as a result of a 
lower extremity DVT, although data to support 

this is limited. In the largest study of IVC fi lter use, 
patients were also treated with full intensity anti-
coagulation. However, long-term IVC fi lters are 
associated with increased risk of lower extremity 
DVT, with no data demonstrating survival advan-
tage in cancer patients. Although temporary IVC 
fi lters are usually inserted today, they are often not 
retrieved and subject to other complications such 
as penetration of the IVC and surrounding struc-
tures, as well as breakage and fracture of struts. 

 A recent meta-analysis compared use of throm-
bolytics to anticoagulation alone in over 1,200 
patients presenting with moderate pulmonary 
embolism (Chen and Ren  2014 ). This demon-
strated that compared with anticoagulation alone, 
thrombolytic therapy was associated with a sig-
nifi cant reduction in recurrent pulmonary embo-
lism or death (1.94 % vs. 5.87 %), a nonsignifi cant 
increase in major bleeding (3.57 % vs. 2.67 %), but 
a signifi cant increase in nonmajor bleeding 
(12.78 % vs. 3.65 %). This study did not include 
patients with severe thrombocytopenia as seen in 
this case. At a platelet count of 11 K, use of throm-
bolytics would be expected to carry a signifi cant 
risk for bleeding and would not be used. 
Additionally, the patient is hemodynamically sta-
ble with a normal blood pressure and EKG. 

 Rivaroxaban, a direct factor X inhibitor, is 
approved for treatment of acute VTE. However, 
the oral direct factor inhibitors have not been 
studied extensively in cancer patients. While the 
trials leading to FDA approval of rivaroxaban, 
apixaban, edoxaban, and dabigatran included 
small populations of cancer patients (3–6 %), the 
defi nition of cancer included any cancer or 
cancer- directed therapies within 5 years of 
VTE. A meta-analysis examining 19,832 patients 
treated with rivaroxaban, dabigatran, or apixaban 
found 1,197 patients who were classifi ed as can-
cer associated (Sardar  2015 ). Although there was 
no signifi cant difference in effi cacy or safety 
between cancer and noncancer groups, the 
cancer- related group was only 6 % of the total 
patients studied, and in some studies patient who 
were considered candidates for LMWH therapy 
were excluded, as were patients with limited 
lifespan or increased bleeding risk. Thus, at this 
time, there is not suffi cient safety or effi cacy data 
in patients with active cancer or in this case 
 post- autologous HSCT to recommend the use of 
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direct factor inhibitors for anticoagulation. In 
addition, the lack of universally available anti-
dote in this thrombocytopenic patient is of con-
cern if rapid reversal of anticoagulation were 
needed. Note that the FDA approved idaruci-
zumab for reversal of dabigatran in 2015 and 
andexanet for reversal of factor X inhibitors is 
currently under clinical investigation. 

 The patient is anticoagulated for a total of 
6 months with LMWH for a provoked event. His 
respiratory symptoms resolve. He required plate-
let transfusions for 10 days until the platelet 
count rebound to 46,000/ul. Despite maintenance 
therapy with Revlimid, he relapses and proceeds 
to allogeneic stem cell transplant. His course is 
complicated by fungal sinusitis, for which is on 
voriconazole. On day 47 post-allogeneic HSCT, 
he presents to his local emergency department 
with left leg pain and swelling. He is diagnosed 
with a DVT and prescribed rivaroxaban. He con-
tacts you to ask if this is appropriate treatment. 

  Question 2.      Which of the following medica-
tions are contraindicated (or relatively contra-
indicated) with the use of direct factor 
inhibitor anticoagulants: 

    A.    Trimethoprim-sulfamethoxazole   
   B.    Voriconazole   

   C.    Tacrolimus   
   D.    All of the above   
   E.    Voriconazole and tacrolimus    

   Drugs with a strong effect on p-glycoprotein 
transporter and/or CYP3A4 are not recom-
mended in combination with direct oral antico-
agulants as there can be signifi cant effects on 
plasma levels of anticoagulants. Antifungals and 
immunosuppressive drugs with strong effects on 
p-glycoprotein activity and CYP3A4 are com-
monly used in patients following transplant. 
LMWH or warfarin is the recommended antico-
agulant in this patient population (Fig.  35.1 ).

       Case 2: Evaluation and Management 
of Splanchnic Vein Thrombosis 

 A 45-year-old male presents with abdominal pain 
and low-grade fever for 48 hours. He has no sig-
nifi cant past medical history and takes no medi-
cations. He is a nonsmoker, drinks 14–20 beers/
week, and denies illicit drug use. There is no 
family history of cancers or thrombosis. His 
father has hypertension and diabetes. On 
 presentation, he has tenderness in the abdomen 
with palpation of the RUQ and LLQ. His heart 
rate is 92 bpm, blood pressure 128/78, and respi-

Inhibitors

Ketoconazole Ritonavir Cyclosporine Clarithromycin

ConivaptanTacrolimusLopinavir/ritonavir

Indinavir/ritonavir

ltraconazole

Voriconazole

Posaconazole

Fluconazole

Phenytoin Rifampin

Carbamazepine St. John’s wort

Inducers

Azole antifungals

Anti-epileptic drugs

Protease inhibitors Immunosuppressive drugsa Other

Other

  Fig. 35.1    List is compiled from U.S. Food and Drug 
Administration and European Medicine Agency approved 
package leafl ets. The European Medicine Agency 
 recommends against concomitant use of dabigatran with 

cyclosporine and tacrolimus, which are strong 
P-glyoprotein inhibitors. There are no published recom-
mendations against use of rivaroxaban or apixaban with 
this class of drugs       
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ratory rate 18/min. His temperature is 100.4 F. His 
WBC is 12.3 with 86 % neutrophils, HCT is 42.3, 
and platelets are 368 K. His liver enzymes and 
basic metabolic panel are normal. An abdominal 
CT is performed and reveals a portal vein throm-
bosis with hepatic edema and bowel wall thick-
ening of the distal intestine with a focal abscess. 
There is no evidence of cirrhosis, splenomegaly, 
or abdominal lymphadenopathy. 

  Question 3.      In addition to starting antibiotics, 
you recommend the following treatment 
course for his PVT: 

    A.    No anticoagulation as the age of the portal 
vein thrombosis cannot be determined.   

   B.    Start therapeutic anticoagulation.   
   C.    Order EGD to ensure absence of esophageal 

varices before starting anticoagulation.   
   D.    Recommend EGD/colonoscopy to screen for 

malignancy prior to initiation of anticoagulation.   
   E.    Perform thrombophilia testing and plan to 

anticoagulate only for a positive fi nding.    

   Splanchnic vein thromboses (SVT) include por-
tal vein thrombosis (PVT), mesenteric vein 
thrombosis (MVT), splenic vein thrombosis 
(SpVT), and the Budd-Chiari syndrome (BCS). 
Patients with SVT have risk for short- and long- 
term consequences, including portal hyperten-
sion in patients with PVT. A patient presenting 
with relatively acute onset of RUQ pain suggests 
an acute PVT. In a patient with an acute PVT, 
anticoagulation is recommended, especially with 
symptoms of hepatic congestion – either RUQ 
pain and tenderness on exam or edema on imag-
ing. The American Association for the Study of 
Liver Diseases recommends anticoagulation for 
all patients with acute PVT and BCS (DeLeve 
et al.  2009 ). The American College of Chest 
Physicians (ACCP) guidelines also recommend 
anticoagulation for all symptomatic SVT. For 
incidentally detected SVT, however, the ACCP 
guidelines recommend  anticoagulation only 
when there is an associated cancer  diagnosis, evi-
dence of thrombus progression, or if the throm-
bosis is extensive (Kearon and Physicians  2012 ). 

In this case, although not associated with malig-
nancy, the patient presented with RUQ pain and 
thus would be classifi ed as symptomatic. 

 Given the normal platelet count and lack of 
evidence of cirrhosis on imaging, the overall risk 
for bleeding would be considered low. Thus, it is 
not mandatory to exonerate esophageal varices 
prior to initiating anticoagulation. Liver cirrhosis 
and solid cancers of the abdomen are present in 
more than 50 % of cases of PVT and MVT 
(Thatipelli et al.  2010 ). However, the imaging 
and recent history do not support either process. 
Pursuit of age-appropriate cancer screening is 
always reasonable in patients presenting with 
unexplained thrombosis, but this would not 
include a colonoscopy at his age of 45 and with-
out a family history. In addition, with docu-
mented intestinal infl ammation with abscess, a 
colonoscopy would be best postponed given 
increased risk for intestinal perforation in the 
current setting. 

 A more diffi cult clinical situation occurs when 
imaging reveals a splanchnic vessel thrombosis 
believed to be old or chronic, such as portal vein 
thrombosis with cavernous transformation in a 
patient with cirrhosis, coagulopathy, and mild 
thrombocytopenia. In this situation, analyzing 
the risks and benefi ts of anticoagulation would 
include assessing for esophageal or gastric vari-
ces with an EGD. If there is partial recanalization 
or good fl ow through collateral vessels and no 
evidence of acute edema of the liver or other 
organs, anticoagulation is not indicated. 

  Question 4.      You start anticoagulation with 
LMWH with a plan to bridge to warfarin with 
a target INR range of 2.0–3.0. You plan to pur-
sue testing for primary thrombophilia. This 
testing should include: 

    A.    Antiphospholipid antibodies only given a 
negative family history for VTE   

   B.    Antiphospholipid antibodies, inherited 
thrombophilia panel, and JAK2 mutation   

   C.    Antiphospholipid antibodies and inherited 
thrombophilia panel now; a JAK2 mutation if 
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he shows elevated blood counts on his follow-
 up CBC   

   D.    Antiphospholipid antibodies, inherited 
thrombophilia panel, JAK2 mutation, and 
paroxysmal nocturnal hemoglobinuria (PNH) 
screening   

   E.    Antiphospholipid antibodies and MTHFR 
mutation    

   Risk factors for SVT include many of the tra-
ditional VTE risk factors, including primary 
thrombophilia (both inherited and the antiphos-
pholipid antibody syndrome), pregnancy/estro-
gen therapies, malignancy, and surgery. In 
addition, cirrhosis, infl ammatory bowel disease, 
pancreatitis, abdominal infections, leukemia/
lymphoma, and connective tissue disease merit 
consideration in cases of SVT. Imaging studies 
have ruled out many of these processes in this 
patient. It is important to assess for myeloprolif-
erative neoplasms (MPN), such as polycythemia 
vera and essential thrombocytosis, especially in 
patients with unprovoked splanchnic vein throm-
bosis. In the last decades, MPNs have emerged as 
the leading systemic cause of SVT, diagnosed in 
half of patients presenting with Budd-Chiari syn-
drome and one-third of cases of extrahepatic 
PVT (Condat and Valla  2006 ). These patients 
may have normal complete blood counts, possi-
bly attributed to splenic sequestration in cases 
with associated splenomegaly. PNH can present 
with any SVT, but as this patient has no evidence 
of hemolysis, testing for PNH is not currently 
indicated. While controversy exists regarding 
whom to test for inherited thrombophilia, testing 
in this patient is warranted as he is young with the 
moderate provoking factor of bowel wall abscess. 
There is no role for MTHFR testing as MTHFR 
has been shown not to contribute to the develop-
ment of venous thrombosis (Naess  2008  
May;141(4)); Bezemer  2007  Mar 12;167(5)). 

 The evaluation for primary thrombophilia 
reveals heterozygous factor V Leiden mutation. 
All other test results are negative, including JAK2 
mutation, antiphospholipid antibodies, and other 
inherited thrombophilias. He was treated with 
2 weeks of antibiotics with some clinical improve-

ment, but imaging revealed an increasing size of 
the abscess. He was referred to surgery and under-
went surgical drainage. Two weeks later, follow-
up imaging revealed complete resolution of the 
abscess and bowel thickening and partial recanali-
zation of the portal vein with resolution of hepatic 
edema. His LFTs remain normal, his fevers have 
resolved, and he is tolerating a full diet. 

  Question 5.      You recommend the following 
duration of anticoagulation: 

    A.    3–6 months for a provoked event.   
   B.    Indefi nite anticoagulation for an unprovoked 

event.   
   C.    Continue anticoagulation until q6-month 

imaging reveals complete recanalization of 
the portal vein.   

   D.    Therapeutic anticoagulation for 3–6 months, 
followed by prophylactic dose anticoagula-
tion until imaging reveals complete recanali-
zation of the portal vein.   

   E.    Therapeutic anticoagulation for 3–6 months, 
followed by prophylactic dose anticoagula-
tion indefi nitely.    

   In this case, a PVT was diagnosed at the same 
time of an abdominal infection. Imaging, labora-
tory data, and history do not support any other 
cause of thrombosis. The infection has been 
defi nitively treated surgically with no evidence of 
ongoing infection. Thus, the PVT can be classi-
fi ed as provoked and a fi nite course of anticoagu-
lation is appropriate. The presence of the FVL 
mutation may have lowered the threshold for 
developing thrombosis, but does not mandate 
indefi nite anticoagulation. Three to 6 months is 
suffi cient for a provoked event (Kearon and 
Investigators  2004 ; Campbell  2007 ). As it is not 
common to achieve complete recanalization of 
the portal vein despite early anticoagulation, 
recanalization is not a criteria for determining the 
appropriate anticoagulation course. One prospec-
tive cohort study of patients with PVT found a 
rate of recanalization of 38 % in the fi rst year, 
with 90 % of patients receiving anticoagulation 
(Plessier et al.  2010 ).  
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    Case 3: Management of Thrombosis 
in Cancer 

 A 58-year-old female with ovarian cancer pres-
ents 10 days after initial surgical debulking ther-
apy for ovarian cancer with abdominal pain, 
fever, and anorexia. Her incision sites appear 
clean and are without drainage or fl uctuance. Her 
temperature is 100.9 F, BP 142/86, HR 105 bpm, 
RR 18/min, and O2 saturation 97 % on room air. 
Her labs reveal a WBC of 18.9 (77 % PMNs, 5 % 
bands, 10 % lymphocyte, 5 % monocyte, 1 % 
eosinophil, 2 % basophil), HCT of 30.4 %, and 
platelets of 78 K. Her PT is 16.9, PTT is 48.6, 
and fi brinogen is 589 mg/dl. D-dimer is 1,340 ng/
mL. She has no evidence for bleeding. She has no 
shortness of breath, pleurisy, or leg edema. 
Abdominal imaging reveals a fl uid collection 
around the surgical bed. 

  Question 6.      In addition to appropriate antibi-
otic therapy, you recommend the following: 

    A.    Lower extremity ultrasound   
   B.    Prophylactic heparin therapy   
   C.    Therapeutic anticoagulation therapy   
   D.    FFP transfusion to correct prolonged PT/PTT   
   E.    Use of antifi brinolytic agents    

   This patient has laboratory evidence of dis-
seminated intravascular coagulopathy (DIC), a 
pathophysiologic process secondary to an under-
lying disorder, such as sepsis or malignancy. The 
cornerstone of DIC management is treatment of 
the underlying condition, which in this case is 
antibiotics for presumed infection. While cancer 
patients with recent surgery have increased risk 
for VTE, this patient shows no signs of VTE cur-
rently and thus routine screening ultrasounds 
would not be indicated. 

 Cancer-related DIC can manifest as a pro-
thrombotic or bleeding presentation due to either 
excess thrombin generation or a predominance of 
the fi brinolytic system, respectively. Individual 
patients may have a predominant presentation of 
bleeding versus clotting or can share aspects of 
both processes. Data have shown that low serum 
fi brinogen is the most common hemostatic 

 abnormality in hyperfi brinolytic (i.e., bleeding) 
DIC (Levi and Meijers  2011 ; Dally and Hoffman 
 2005 ). This bleeding phenotype is commonly 
approached with transfusion support with clot-
ting factors, fi brinogen (to achieve serum levels 
of >150 mg/dL), and platelets. Antifi brinolytic 
agents could be considered on a case-by-case 
basis if bleeding persists despite transfusion ther-
apy, but routine use in hyperfi brinolytic DIC is 
not recommended and may introduce clotting 
risk. One study found a trend toward higher 
thrombotic events when systemic tranexamic 
acid prophylaxis was used with induction chemo-
therapy, without a statistically signifi cant 
decrease in the rate of hemorrhagic events (de la 
Serna and Montesinos  2008 ). In this patient with 
elevated fi brinogen and no evidence for bleeding, 
there is insuffi cient evidence for hyperfi brinoly-
sis to warrant transfusion therapy or antifi brinol-
ytic agents. 

 Therapeutic doses of heparin should be con-
sidered in cases of DIC when there is evidence of 
thrombosis. Presently, there is no such evidence, 
so therapeutic range heparin is not indicated. 
However, this patient is at high risk for VTE and 
merits prophylaxis. The Khorana score has been 
validated as a mechanism for identifying cancer 
patients at high risk for thrombosis (Khorana 
 2008 ; Ay and Dunkler  2010 ). The Khorana score 
used site of malignancy, platelet count >350 K, 
Hb <10 g/dL, or use of erythropoietin- stimulating 
agents, WBC >11, and advanced BMI (>35) as 
predictors of VTE in cancer patients. This patient 
would have a risk score of >3, which is associ-
ated with the highest risk and therefore benefi ts 
from VTE prophylaxis. 

 A small randomized clinical trial comparing 
LMWH to UFH in treatment of DIC showed 
LMWH to be superior; thus, LMWH is preferred 
(Sakuragawa and Hasegawa  1993 ). A large trial 
of patients with severe sepsis showed a nonsig-
nifi cant benefi t of low-dose heparin on the 28-day 
mortality and supported the practice of continu-
ing heparin treatment in patients with DIC despite 
abnormal coagulation parameters (Levi et al. 
 2007 ). 

 Broad-spectrum antibiotics are initiated with 
resolution of fever, abdominal pain, and 
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 leukocytosis. PT/PTT trend toward normal. 
Lovenox 40 mg sc daily is continued for VTE 
prophylaxis. Renal function and liver function 
remain normal. The patient has minimal appetite 
and remains weak and fatigued. She is in the pro-
cess of being screened for admission to a reha-
bilitation center while antibiotics are continued. 
WBC trends down to 3.7, HCT to 27.5 %, and 
platelets to 64 K. Her pancytopenia is attributed 
to bone marrow suppression from broad-spec-
trum antibiotics. On the day of intended transfer 
to a rehabilitation center, asymmetric left leg 
swelling and pain are appreciated. An ultrasound 
reveals femoral vein DVT. 

  Question 7.      The optimal treatment of her 
acute DVT is: 

    A.    No anticoagulation given thrombocytopenia; 
place an IVC fi lter until platelets recover to 
>100 K.   

   B.    Therapeutic heparin intravenously, target 
PTT, 60–80.   

   C.    Therapeutic low molecular weight heparin.   
   D.    Warfarin, target INR, 2.0–3.0.   
   E.    Rivaroxaban 20 mg po qd.    

   LMWH remains the standard of care for treat-
ment of cancer-associated VTE. This recommen-
dation is largely based on the results of a single, 
large trial (Lee et al.  2003 ). More recently, the 
CATCH trial (Comparison of Acute Treatments 
in Cancer Hemostasis) compared tinzaparin for 
6 months versus tinzaparin bridged to dose- 
adjusted warfarin for INR 2–3 in 900 randomized 
patients with active cancer (Lee et al.  2015 ). 
Recurrent VTE occurred in 7.2 % versus 10.5 % 
in the tinzaparin vs. warfarin arms, respectively 
( p  = 0.07). There are no differences in major 
bleeding or overall mortality between treatment 
groups. However, a statistically signifi cant reduc-
tion ( p  = 0.004) in clinically relevant nonmajor 
bleeding was observed with treatment with tinza-
parin (10 %) vs. warfarin (15 %). While warfarin 
could be considered in select cancer patients who 
are not candidates for LMWH – such as patient 
refusal or diffi cult dosing due to renal dysfunc-
tion – this patient has normal renal function and 

should be started on LMWH for acute treatment. 
Her intermittent and variable oral intake may 
prove challenging in achieving and maintaining a 
therapeutic INR. 

 There is no reason to hold anticoagulation for 
this level of thrombocytopenia, which is overall 
mild. The sole indication for placement of an 
IVC fi lter would be inability to anticoagulate 
therapeutically, not present in this case. LMWH 
is more reliable in achieving therapeutic range 
anticoagulation over intravenous heparin where 
need for dose monitoring according to PTT mea-
surement risks having time intervals where the 
PTT is outside of the target therapeutic range. 
Intravenous heparin also requires ongoing PTT 
assessment, which can be a source of discomfort 
for patients. 

  Answers 

    Question 1. E  
  Question 2. E  
  Question 3. B  
  Question 4. B  
  Question 5. A  
  Question 6. B  
  Question 7. C         
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      Management of the Surgical 
Patient with Thrombotic 
and Bleeding Diathesis                      

     Rajiv     K.     Pruthi     

         Introduction 

 An increasing number of patients are being 
treated with anticoagulants; heparin and vitamin 
K antagonists, e.g., warfarin, are still the most 
commonly prescribed agents. Common indica-
tions for anticoagulation include atrial fi brilla-
tion, venous thromboembolism, and mechanical 
heart valves. Advances in therapeutics have led to 
the availability of direct-acting anticoagulants 
such as the direct factor Xa inhibitors and direct 
thrombin inhibitors. Physicians are often faced 
with perioperative management of patients on 
anticoagulants, an “acquired” bleeding tendency, 
or management of patients who have had compli-
cations of anticoagulants, e.g., heparin-induced 
thrombocytopenia, and, although rare, may be 
faced with perioperative management of patients 
with congenital bleeding disorders. 

 Critical decision points in perioperative man-
agement of patients on anticoagulants include 
deciding on whether the anticoagulant needs to 
be interrupted and, if so, whether any bridging 
(short acting) anticoagulants are required and 
when to resume the anticoagulants in the postop-

erative setting. On the other hand, decision points 
in perioperative management of congenital bleed-
ing disorders consist mainly of choice of factor 
replacement therapy and dose and duration of 
replacement therapy and the need to consider 
postoperative venous thromboprophylaxis. 

 There is a dearth of clinical studies that 
address each aspect of the above issues, preclud-
ing development of evidence-based guidelines; 
however, recent studies provide guidance for spe-
cifi c situations (Douketis et al.  2015 ). Thus, man-
agement approaches are mainly based on 
consensus guidelines based on expert opinion.  

    Case 1: Periprocedure Management 
of Oral Anticoagulants (Warfarin 
and Direct-Acting Anticoagulants) 

 A 75-year-old male with a history of atrial fi bril-
lation and hypertension, on warfarin for prophy-
laxis of stroke (CHADS 2  score 2), had a 
colonoscopy 6 months ago when a large polyp 
was found. Since he had not discontinued his war-
farin at that time and his INR was 2.7, it was 
elected to defer the polypectomy. He now pres-
ents to his caregiver’s offi ce for periprocedure 
management of this warfarin. He is on a statin but 
on no antiplatelet agents. He has not had previous 
strokes, congestive heart failure, diabetes melli-
tus, or venous thromboembolism. In addition to 
interrupting his warfarin, what is the best approach 
to management in the periprocedural period? 
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  Question 1.        A.    No bridging required   
   B.    Bridge with unfractionated heparin   
   C.    Bridge with low-molecular-weight heparin   
   D.    Bridge with rivaroxaban      

  Expert Perspective     In this section, periproce-
dure anticoagulant (warfarin and direct-acting 
anticoagulants) management will be discussed. 
Initial discussion will focus on a stepwise 
approach to general aspects of management 
which will be followed by management aspects 
of the three broad indications for anticoagulation 
(atrial fi brillation, mechanical heart valves, and 
venous thromboembolism).  

    Should Anticoagulation 
Be Interrupted for the Invasive 
Procedure? 

 The decision on periprocedure interruption of 
chronic oral anticoagulation (either warfarin or 
the newer direct-acting anticoagulants) is based 
on the balance of procedure-specifi c bleeding 
risk and the short-term thrombotic risk of the 
underlying indication for which the patient is on 
anticoagulants (Douketis et al.  2012 ; Spyropoulos 
and Douketis  2012 ). The initial step is to decide 
on the need for periprocedure interruption of oral 
anticoagulants; this is based on the risk of hemor-
rhage associated with the procedure. This risk 
has traditionally been categorized into two tiers: 
high and low risk based on perceived or evidence- 
based risk of hemorrhage (Baron et al.  2013 ; 
Douketis et al.  2012 ). For low-risk (aka non-high 
risk) procedures where the estimated bleeding 
risk is 0–2 % (Carrier et al.  2010 ), anticoagula-
tion may be safely continued, except perhaps to 
effect a slight dose reduction to achieve an INR 
of around 2.0 especially for those who have a 
higher target therapeutic INR, e.g., 2.5–3.5 
(Baron et al.  2013 ) (Table  1 ). Note that this rec-
ommendation is confi ned to warfarin anticoagu-
lation; there are no data nor much in the way of 
published experience with patients who are on 
the direct-acting anticoagulants. In addition, 

good communication with the proceduralist is 
critical to ensure safe outcomes.

   In general, for patients undergoing high 
bleeding- risk procedures (aka non-low-risk proce-
dures) where the estimated bleeding risk is 2–4 % 
(Carrier et al.  2010 ), warfarin therapy should be 
interrupted long enough to let the INR drift into a 
range that is acceptable for the procedure; note that 
normalization of the INR is not always necessary. 
Specialty societies have developed guidelines on 
acceptable procedure-specifi c INRs; thus, a discus-
sion with the individual performing the procedure 
is important to ensure safe outcomes (Fig.  1 ).

   For this patient, the risk of hemorrhage is felt 
to be high enough to warrant interruption of anti-
coagulants warfarin (in this case) and direct- 
acting anticoagulants such as dabigatran, 
rivaroxaban, apixaban, or edoxaban (in general).  

    When Should You Discontinue 
Anticoagulants in Relationship 
to the Procedure? 

 Rather than telling the patient when to “stop war-
farin,” provide them with a calendar with specifi c 
instructions and more specifi c instruction on 
when the last dose should be taken. With day 0 
being the date of procedure, the last dose of war-
farin should be taken by the patient on day minus 
6. On day minus 5, the patient would not take 
warfarin. An INR should always be obtained on 
the morning of the procedure (day 0) and a desig-
nated individual needs to follow-up on the result 
prior to the procedure. Patients on home INR 
monitoring may self-test and inform their provid-
ers of the result (Table  2 ).

   Based on pharmacokinetic data, recommenda-
tions on timing of discontinuation of the direct- 
acting anticoagulants have been published. 
However, lack of randomized trials specifi cally 
addressing this question and lack of large num-
bers of patients undergoing major surgical proce-
dures preclude fi rm evidence-based guidelines. 
Package inserts contain recommendations on 
periprocedure interruption of the direct-acting 
agents which are based primarily on the known 
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   Table 1    List of procedures with low risk of procedure- related hemorrhagic complications   

 Subspeciality  Low, <2 % risk of bleeding 

 Anesthesiology/pain 
medicine 

 Endotracheal intubation, sacroiliac injections, lumbar facet injections, or peripheral 
joint procedures 

 Cardiovascular  Diagnostic coronary angiography, radiofrequency ablation, right ventricular biopsy, 
angioplasty, electrophysiology 

 Oral maxillofacial  Dental extraction, endodontic procedures 

 Dermatology  Minor skin procedures 

 Gastroenterology  Diagnostic endoscopy, ERCP without sphincterotomy, endoscopic ultrasound, 
nonthermal (cold) snare removal of small polyps, metal stent placements, and 
enteroscopy, capsule endoscopy 

 General surgery  Suture of superfi cial wounds 

 Gynecologic surgery  Diagnostic colposcopy, hysteroscopy, dilatation and curettage, endometrial biopsy, 
insertion of intrauterine device 

 Hematology/Oncology  Bone marrow biopsy 

 Interventional radiology  Catheter exchange, thoracentesis, paracentesis, peripherally inserted catheter 
(PICC) line placement, temporary dialysis catheter placement 

 Ophthalmology  Cataract surgery 

 Orthopedic  Arthrocentesis 

 Injections: lumbar facet joint, sacroiliac joint, peripheral joint 

 Otolaryngology  Diagnostic fi beroptic endoscopy 

 Pulmonary  Diagnostic bronchoscopy with or without bronchoalveolar lavage 

 Rheumatology  Arthrocentesis 

 Urology  Circumcision, cystoscopy without biopsy 

Assess procedure specific bleeding risk

Low Non-low

Continue warfarin or
slightly decrease dose

Interrupt warfarin

Assess risk of
thromboembolism

Low Non-low

Bridging
not

required

Consider
bridging

  Fig. 1    Outline of a typical approach to periprocedure management of warfarin       
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pharmacokinetics. The risk of hemorrhage is 
generally felt to be higher than the risk of throm-
bosis; thus, currently, at our institution, peripro-
cedure management is conservative and places a 
higher value on reducing the hemorrhagic com-
plications. The last dose of dabigatran, rivaroxa-
ban, and apixaban varies with renal function. For 
calculated creatinine clearance, (CrCl) >50 ml/
min, day minus 6, and CrCl 30–49 ml/min, day 
minus 7–8. For CrCl <30: the drugs should be 
withheld for longer than 7 days, and an individu-
alized assessment is pursued with the perfor-
mance of the thrombin time to assess for residual 
dabigatran effect and an anti-Xa assay to assess 
for residual direct Xa inhibitor effect. An impor-
tant issue we tend to forget is the type of anesthe-
sia to be used in timing the discontinuation of 
anticoagulants; for regional anesthesia, given the 
bleeding risk, most anesthesiologists would dis-
continue the novel agent at least 5-day pre- 
procedure for rivaroxaban, apixaban, and 
edoxaban and for 7 days or longer for those with 
impaired renal function on dabigatran.  

    Should the Patient Receive Bridging 
Heparin Therapy? 

 The next step is to determine whether the period 
of time of subtherapeutic INR poses a suffi ciently 
high risk for initial or recurrent thrombosis and 
whether bridging heparin (unfractionated, UFH, 
or low molecular weight, LMWH) is necessary. 
The risk of thrombosis has traditionally been 
characterized into three tiers (high, intermediate, 

and low) upon which the decision to bridge with 
low molecular or unfractionated heparin has been 
based. However, the utility of a three-tier 
approach is debatable. In general, for low throm-
botic risk procedures, heparin bridging is not 
necessary; however, for those at intermediate or 
high risk (together termed non-low risk), bridg-
ing with heparin should be considered unless the 
bleeding risk of bridging heparin is felt to be high 
(Fig.  1 ). The risk of thrombosis varies with indi-
cation for anticoagulation; the most common 
indications for anticoagulation include mechani-
cal heart valves, atrial fi brillation, and history of 
venous thromboembolism (VTE). There are a 
limited number of randomized trials upon which 
management recommendations are based 
(Douketis et al.  2015 ); thus the current recom-
mendations are based on cohort studies and 
expert opinions (Douketis et al.  2012 ). This 
patient, with a CHADS 2  score 2, has a low risk of 
thrombosis; thus not providing bridging heparin 
is reasonable. In general, in low thrombotic risk 
patients (bileafl et aortic valve prosthesis with no 
atrial fi brillation or stroke, CHADS2 score of 0–3 
with no prior TIA or stroke, or patients with 
venous thrombosis >3 months ago and no active 
cancer), heparin bridging could be avoided. For 
all other patients, heparin bridging should be 
considered. In a report from one center, outcomes 
of periprocedure management of VTE patients 
on warfarin were recently published (McBane 
et al.  2010 ). In this cohort, the management strat-
egy resulted in a 3-month cumulative incidence 
of thromboembolism (1.8 %), major hemorrhage 
(1.8 %), and mortality (1.7 %) and did not differ 

   Table 2    Typical periprocedure patient instruction calendar for management of warfarin   

 Date 

 Day  Day 6  Day 5  Day 4  Day 3  Day 2  Day 1 

 Day 0 

 Day of 
procedure 

 Drug: warfarin  Take last 
dose of 
warfarin 

 No 
warfarin 

 No 
warfarin 

 No 
warfarin 

 No 
warfarin 

 No 
warfarin 

 No 
warfarin 

 Low-molecular- 
weight heparin 

 Other 
instructions 

 Check INR 

   INR  international normalized ratio  
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by management strategy. Active cancer was the 
only independent predictor of VTE recurrence, 
hemorrhage, and mortality.  

    When Should Anticoagulation 
Be Resumed Postoperatively? 

 Postoperatively, the timing of resumption of anti-
coagulants will be dictated by the procedural risk 
of bleeding and risk of thrombosis during the 
period off anticoagulation. For low-risk proce-
dures, where anticoagulation was not discontin-
ued or the dose was slightly lowered, resumption 
of therapeutic doses within 24 h is reasonable. If 
the anticoagulants were withheld, for low throm-
bosis risk clinical circumstances, resumption of 
oral anticoagulants within 24 h (without bridging 
heparin) is reasonable. For moderate/high throm-
bosis risk patients, for whom bridging heparin is 
advised, a judgment on the risk of procedure- 
associated hemorrhage will need to be taken into 
consideration; thus close communication with the 
proceduralist is critical. For procedures with high 
risk of bleeding and thrombosis, in addition to 
mechanical VTE prophylaxis, either no heparin or 
initiation of prophylactic doses of heparin (with 
transition to therapeutic heparin) or therapeutic 
doses of heparin is needed. Resumption of oral 
anticoagulants by 24–48 h is typical. For patients 
who were on dabigatran, rivaroxaban, apixaban, 
or edoxaban, undergoing high bleeding- risk pro-
cedures, as an alternative to reinitiating the direct-
acting agent (given the lack of available reversal 
agents), temporary anticoagulation with low-
molecular-weight heparin, with eventual conver-
sion to the direct-acting agent, is an option.   

    Case 2: Periprocedure Management 
of the Patient with Heparin-Induced 
Thrombocytopenia 

 A 68-year-old female requires an elective coro-
nary artery bypass grafting procedure (CABG) 
for severe coronary artery disease. Five years 
ago, she underwent aortic valve replacement 
(porcine tissue valve), which was complicated 
by the development of postoperative heparin- 

induced thrombocytopenia (HIT) but no throm-
bosis. Currently, her complete blood count is 
normal and no antibodies against heparin/platelet 
factor 4 (PF4) are detected by ELISA assay. 
What is the most optimal anticoagulant manage-
ment strategy for the cardiac bypass? 

  Question 2.        A.    Bivalirudin   
   B.    Unfractionated heparin   
   C.    Low-molecular-weight heparin   
   D.    Desirudin      

  Expert Perspective     Unfractionated heparin 
causes immune-mediated heparin-induced 
thrombocytopenia (HIT) with a frequency of less 
than 1 % in the medical inpatient population, up 
to 5 % of the general surgical population and 
orthopedic population. The incidence with low- 
molecular- weight heparin is lower. The clinico-
pathologic syndrome consists development of 
thrombocytopenia (≥50 % from baseline platelet 
count) between 5 and 14 days of exposure to hep-
arin in previously unexposed patients; in patients 
exposed to heparin within the preceding 
3 months, the syndrome may develop within 
5 days of reexposure to heparin. Up to 50 % of 
patients undergoing cardiac bypass procedures 
may develop the heparin/PF4 antibody; however 
less than 3 % of patients develop clinical HIT 
syndrome. The clinical criteria for noncardiac 
bypass and cardiac bypass operations have been 
published (Tables  3  and  4 ) (Lillo-Le Louet et al. 
 2004 ; Warkentin  2004 ). Patients with isolated 
thrombocytopenia are at high risk (up to 50 %) of 
developing thrombosis (venous and/or arterial) 
within 30 days; thus thrombosis prophylaxis with 
an IV direct thrombin inhibitor (DTI) should be 
strongly considered, and in fact current guide-
lines recommend empiric initiation of a non- 
heparin anticoagulant such as a direct thrombin 
inhibitor (DTI). Empiric anticoagulation with a 
DTI, in patients at high risk of bleeding, e.g., 
postoperative patients, poses a management chal-
lenge; hence the optimal approach will need to 
be individualized. For those that develop throm-
bosis, therapeutic anticoagulation is typically 
initiated unless there are major contraindica-
tions; again, optimal approach will need to be 
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individualized, and a detailed discussion on the 
risk and benefi ts of anticoagulation versus, for 
example, placement of an inferior vena cava fi lter 
for VTE, will be required. Principles of manage-
ment of HIT include removal of the immunogen 
(discontinuation of all heparin) and interrupting 
thrombin generation (use of direct thrombin 
inhibitors). Selected “dos” and “don’ts” of HIT 
are shown in Table  5 . After initiation of the DTI 
and transition to warfarin, there are no data 
addressing the duration of warfarin anticoagula-
tion, which may be continued for up to 3 months. 
The role of the newer direct-acting anticoagu-
lants is evolving.

         How to Manage Coronary Bypass 
Surgery Which Requires Signifi cant 
Anticoagulation in Patients 
with a History of or Active HIT? 

 Surgery in patients with a history of HIT can be a 
challenge, and management approach will vary 
with the interval between HIT development and 
the need for potential reexposure of heparin 
(Warkentin and Greinacher  2004 ). The typical sce-
nario is as described above, patients needing car-
diac bypass whether for CABG or cardiac valve 

   Table 3    Clinical criteria for heparin-induced thrombocytopenia based on the 4Ts system   

 Criteria 

 Score  0  1  2  Score 

 Platelet count  Nadir <10 k or <30 % decline  Nadir 10–19 k, or 
30–50 % decline 

 Nadir 20–100 k 
or >50 % decline 

 Timing of 
thrombocytopenia 

 ≤1 day (no recent heparin)  >Day 10 or timing 
unclear (but fi ts 
with HIT) 

 Days 5–10, or 
≤day 1 with 
recent heparin 

 Presence or absence of 
thrombosis 

 None  New or progressive 
thrombosis, 
erythematous skin 
lesions 

 Exclude other etiologies 
of thrombocytopenia 

 Probably alternative explanation: 
recent surgery, sepsis, 
chemotherapy/radiation, DIC, 
post-transfusion purpura, other 
drugs 

 Possible alternative 
explanation: e.g., 
possible sepsis, 
other drugs 

 No evident, 
alternative 
explanation 

  Scoring: 0–3, low probability of HIT; 4–5, moderate probability of HIT; 6–8, high probability of HIT 
  HIT  heparin-induced thrombocytopenia,  DIC  disseminated intravascular coagulation  

   Table 4    Clinical Lillo-Le Louet criteria for heparin- 
induced thrombocytopenia (HIT) occurring after cardiac 
bypass surgery   

 Variable  Clinical scenario  Points 

 Platelet count time course  Pattern A  2 

 Pattern B  1 

 Time from CPB to index 
date 

 ≥5 days  2 

 <5 days  0 

 CPB duration  ≤118 min  1 

 >118 min  0 

  Pattern A, initial recovery and then decline >4 days post 
CPB; pattern B, immediate/persistent thrombocytopenia 
>days without recovery;  CPB  cardiopulmonary bypass, 
 min  minutes. Scoring: ≥2 points high probability of HIT, 
<2 points low probability of HIT  

   Table 5    Key issues in the management of heparin- 
induced thrombocytopenia   

 Dos  Don’ts 

 Discontinue all heparin 
products 

 Increase dose of 
heparin 

 Consider risks and benefi ts of 
alternative non-heparin 
anticoagulants to prevent 
thrombosis 

 Switch to low-
molecular-weight 
heparin 

 Start alternative non-heparin 
anticoagulant if documented 
thrombosis 

 Initiate warfarin 
without overlapping 
with non-heparin 
anticoagulant 

 Initiate warfarin once platelet 
count has recovered 

 Start loading doses 
of warfarin 

 Ensure overlap between 
non-heparin anticoagulant and 
warfarin 
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repair/replacement. Previous studies have reported 
on options for this situation which may include off-
pump surgery or use of direct thrombin inhibitors 
(Dyke et al.  2007 ; Koster et al.  2007 ). Such 
approaches should only be pursued in experienced 
centers, however, as the use of direct thrombin 
inhibitors has resulted in signifi cant hemorrhage 
and increased use of blood products. For those 
patients whose HIT occurred in the remote past 
(>6 months to 1 year), documentation of a negative 
serological test for HIT and, if negative, short-term 
exposure, e.g., during cardiac bypass, is reasonable 
(Warkentin and Kelton  2001 ). If HIT occurred in 
the more recent time frame, postponement of sur-
gery is ideal but, however, may not always be pos-
sible. For all situations, a preoperative HIT 
antibody assay should be checked and if negative, 
reexposure to heparin may be considered. Patients 
with a positive serology pose a challenge to man-
agement of urgent/emergent procedures. Case 
reports of preoperative plasma exchange, for short-
term removal of the antibody, have been successful 
(Jaben et al.  2011 ; Warkentin et al.  2015 ).   

    Case 3: Periprocedure Management 
of the Patient with Congenital 
Bleeding Disorder(s) 

 A 45-year-old male with a history of severe con-
genital hemophilia A (factor VIII activity 
(FVIII:C) <1 % of normal) has experienced life-
long history of recurrent hemarthrosis, especially 
in his right knee, which is his target joint. He has 
no other chronic medical conditions and has never 
developed a factor VIII inhibitor. He continues to 
treat his bleeds with recombinant factor VIII (on-
demand), and apart from analgesics, he is on no 
other chronic medications. The orthopedic sur-
geon recommends right total knee arthroplasty 
and is asking you to manage his hemophilia. 

  Question 3.      What is the most optimal method 
of managing the patient’s perioperative 
hemostasis? 

    A.    Daily bolus infusions of factor VIII 
concentrates   

   B.    Daily desmopressin infusions   
   C.    Daily cryoprecipitate infusions   
   D.    Bolus followed by continuous infusion of 

factor VIII concentrates   
   E.    Daily bolus infusions of recombinant acti-

vated factor VII (rFVIIa)    

    Expert Perspective     In this section, we will 
review perioperative management considerations 
of bleeding disorders in general and cover specif-
ics under each disease.  

    What Are Some General 
Considerations in the 
Perioperative Management 
of Bleeding Disorders? 

 It is important to have a team experienced with 
bleeding disorders; this includes an experienced 
surgeon, anesthesiologist, pharmacy, coagula-
tion laboratory, and nursing members which are 
typically available in a comprehensive hemo-
philia center. Communication with the phar-
macy, coagulation laboratory, and/or blood bank 
is important to ensure adequate availability of 
appropriate factor concentrates, short assay turn-
around time, and/or blood components, respec-
tively. The surgery should be scheduled for 
earlier in the week and be scheduled as a second 
or later case on the surgical schedule, to ensure 
optimal availability of support personnel and 
suffi cient time for post- infusion factor assay 
analysis. 

 Preoperative laboratory testing consists of 
obtaining baseline factor assays and excluding 
inhibitors (especially in hemophilia of all 
 severities and type 3 von Willebrand disease). 
Inhibitor assays for von Willebrand factor 
(VWF) are not well standardized; thus 
 assessment of post- infusion pharmacokinetics 
may provide equally useful information. 
Intraoperative aspects are individualized based 
on type and severity of bleeding disorder, type 
of factor concentrate used, and data on a previ-
ous documented response to desmopressin 
(DDAVP).  
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    Management of Hemophilia A and B 
and Von Willebrand Disease 

 Hemophilias A and B are classifi ed into severe 
(FVIII:C <1 %), moderate (FVIII:C 1–6 %), and 
mild (FVIII:C >6 %). All patients with mild 
hemophilia A (and type 1 von Willebrand dis-
ease, VWD) should undergo a therapeutic trial 
with desmopressin (DDAVP). Intravenous infu-
sion (IV) of 0.3 μg/kg body weight of DDAVP 
or, alternatively, intranasal administration of 
Stimate® (CSL Behring, King of Prussia, PA) is 
followed by monitoring of FVIII:C (and von 
Willebrand factor (VWF) levels for VWD) at 1, 
4–6, and 12–24 h post DDAVP infusion. A third 
alternative is subcutaneous administration 
(Leissinger et al.  2014 ). In aggregate, for man-
agement of major surgery and hemorrhage, IV 
administration is recommended (Mannucci 
 1997 ). We would consider an adequate labora-
tory response if the rise in FVIII:C and/or VWF 
levels >80 % is normal. Repeated DDAVP dos-
ing leads to tachyphylaxis and hyponatremia. 
Our practice is to avoid administration more 
often than once every 48 h. In addition, patients 
should be encouraged to consume water for 
thirst only.  

    What Are the Options 
for Perioperative Coagulation Factors 
and Dosing Guidelines? 

 A discussion on detailed management of indi-
vidual procedures is beyond the scope of this 
article; however general principles are dis-
cussed. Patients with mild hemophilia A and 
congenital type 1 VWD who have had a docu-
mented response should receive one preopera-
tive dose of desmopressin. Patients with 
moderate/severe hemophilia A and hemophilia 
B patients should receive factor VIII and factor 
IX concentrates, respectively, and patients with 
(sub)type 2 and 3 VWD should receive VWF 
concentrates. The preoperative bolus dose 
should be calculated to achieve 100 % of nor-

mal factor levels; ideally one should be able to 
measure factor levels prior to proceeding with 
major surgery for which there is a high risk of 
bleeding. For minor procedures, e.g., dental 
extraction and dermatologic biopsies, targeting 
a lower factor levels, e.g., 50 % of normal, may 
be adequate. In addition, for selected proce-
dures, e.g., cataract surgery, no replacement 
therapy (for patients with mild bleeding disor-
ders) may be necessary; however this should be 
discussed with the surgeon. Adjunctive thera-
pies such as antifi brinolytic agents (epsilon 
aminocaproic acid or tranexamic acid) should 
be considered. Management options for other 
congenital bleeding disorders are shown in 
Table  7 . 

 Cost-effective dosing of FVIII and FIX 
should be calculated based on baseline and tar-
get factor levels. Simple dosing calculations are 
based on the principle that each unit per kg of 
FVIII would result in a 2 % rise in plasma FVIII 
and each unit per kg of FIX typically results in a 
1 % rise in plasma FIX:C. Thus for a patient 
with severe hemophilia A and B, dosing calcu-
lations are shown in Table  6 . The divisors are 
the expected rise in factor levels for each unit/kg 
infused. The bolus infusion of respective factor 
concentrate should be followed by initiation of a 
continuous infusion (C.I.); our practice is to ini-
tiate the C.I. at 4 units/kg per hour (for both 
FVIII and FIX concentrates) with C.I. dose 
adjustments based on daily morning factor 
 levels. Successful administration of concen-
trates by C.I. requires an experienced pharmacy 
and nursing team, if such an option is not 
 feasible; intermittent/daily bolus infusions of 
FVIII/IX concentrates has been successfully 
used for many years in management of major 
surgery; the advantage of continuous infusion 
has been shown to result in a lower utilization of 
the FVIII/FIX concentrate (Srivastava et al. 
 2013 ). 

 Given the infectious complications associated 
with use of plasma products, e.g.,  cryoprecipitate, 
its use should be avoided except in cases of 
emergent surgery when FVIII or VWF concen-
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trates are not available; cryoprecipitate and 
plasma do not contain suffi cient FIX to permit 
adequate factor IX replacement in concentrated 
volumes. Use of recombinant activated factor 
VII is reserved for use in patients with severe 
hemophilia who have developed inhibitors 
against factor FVIII and IX. 

 Available plasma-derived von Willebrand fac-
tor concentrates include Humate-P®, CSL 
Behring; Alphanate®, Grifols; Koate-DVI®, 
Kedrion; Biostate®, CSL Biotherapies; Factor 
8Y®, Bio Products Laboratory; Immunate®, 
Baxter; Wilate®, Octapharma, and Wilfactin®, 
LFB; recombinant VWF concentrates are in clin-
ical trials. They are administered by bolus infu-
sions. The initial dosing is calculated based on 
patient’s baseline levels of ristocetin cofactor 
activity or factor VIII activity (varies by FDA- 
required product labeling). Simple dosing calcu-
lations are similar to factor VIII dosing (Tables  6 , 
and  7 ). Subsequent dosing of factor concentrates 
should be based on daily morning levels of the 
respective factor.

        How Long Should the Factor 
Concentrates Be Administered? 

 After dosing factor concentrates to achieve a tar-
get factor level of 100 % for the fi rst 48 h, for the 
following 5 days, we continue bolus dosing to 
target a trough level of 50 %; thereafter, for 
severe bleeding disorders, we administer a pro-
phylactic dose just prior to physical therapy for 
another week until wound healing has been 
achieved.  

    Should Patients Receive 
Postoperative Venous 
Thromboembolism Prophylaxis? 

 Administration of factor concentrates for surgery 
should “normalize” the patient’s hemostatic sys-
tem, in theory, putting them at risk for VTE as in 
the general population. However, the use of phar-
macologic VTE prophylaxis is controversial 
(Perez Botero et al.  2015 ; Pradhan et al.  2009 ). 

    Table 7    Options for coagulation factor replacement in various congenital bleeding disorders   

 Congenital Bleeding disorder  Options for replacement therapy 

 Factor VIII defi ciency (hemophilia A)  Plasma derived or recombinant factor VIII 

 Factor IX defi ciency (hemophilia B)  Plasma derived or recombinant factor IX 

 Factor VII  Recombinant activated factor VII 

 Factor XI  Fresh frozen plasma or plasma derived factor X concentrate 

 Factor X  Fresh frozen plasma (factor X concentrates in clinical trials) 

 Factor II, V  Fresh frozen plasma 

 Glanzmann’s thrombasthenia  Recombinant activated factor VII/single-donor apheresis platelets 

 Other congenital platelet disorders  Single-donor apheresis platelets 

 Dysfi brinogenemia/hypofi brinogenemia  Cryoprecipitate or fresh frozen plasma or fi brinogen concentrates 

 Factor XIII defi ciency  Factor XIII concentrate or cryoprecipitate 

 Target factor 
level (%) 

 Baseline factor 
level (%)  Divisor  Final dose (units per kg) 

 Hemophilia A  100 a   0  2  (100–0)/2 = 50 

 Hemophilia B  100 b   0  1  (100–0)/1 = 100 

 Von Willebrand 
disease 

 100 c   20  2  (100–20)/2 = 40 

   a Factor VIII activity 
  b Factor IX activity 
  c Von Willebrand factor ristocetin cofactor activity  

   Table 6    Dosing 
calculation for factor 
concentrates  
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Our practice is to provide mechanical VTE pro-
phylaxis to all patients and to consider pharmaco-
logical VTE prophylaxis to those at high risk, 
e.g., obese, anticipated prolonged immobiliza-
tion, orthopedic surgery, malignancy, etc. (Perez 
Botero et al.  2015 ).  

  Answers 

    Question 1. A  
  Question 2. B  
  Question 3. D          
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of Arterial Thromboembolism                      
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         Introduction 

 Arterial thromboembolism leads to debilitating 
diseases such as cerebrovascular injury and car-
diac infarction. In many instances, pharmaco-
logic anticoagulation is the primary means of 
prevention. The CHADS 2  and CHA 2 DS 2 -VASc 
predictive tools (defi ned below; Tables  1 ,  2 , and 
 3 ) allow for risk stratifying patients with atrial 
fi brillation (AF) who may require anticoagula-
tion. Patients with high CHADS 2  scores but 
without anticoagulation can have up to 18.2 % 
risk for thromboembolic disease (Gage et al. 
 2001 ). These individuals benefi t from a 62 % 
risk reduction when started on therapeutic 
anticoagulation.

     Depending on the concurrent comorbid condi-
tions, patients with congestive heart failure, partic-
ularly those with AF, will often also benefi t from 
thromboprophylaxis (Fent et al.  2009 ; Andrade 
et al.  2011 ; Hunt et al.  2005 ). Further risk stratifi ca-
tion tools, including the Instituto de Pesquisa 
Clínica Evandro Chagas/Oswaldo Cruz Foundation 
(IPEC/FIOCRUZ) score, have been developed to 
determine the need for anticoagulation in these 
populations with AF. This risk stratifi cation tool 
will be discussed below (Sousa et al.  2008 ). 

 Anticoagulation (AC) therapy is often required 
in patients with prosthetic heart valves, but those 
undergoing surgical procedure require special 
consideration. High-risk patients require bridging 
therapy, whereas low-risk patients are recom-
mended to withhold warfarin 5 days prior to sur-
gery. Features of heart valves necessitating 
high-risk classifi cation include both positional and 
mechanical characteristics (Douketis et al.  2012 ). 

 As with all medical decision-making, conclu-
sions are best drawn from evidenced-based 
guidelines that are interpreted in a risk/benefi t 
discussion with the patient, keeping in mind their 
personal attributes. The above topics as well as 
cases of anticoagulation in stroke, pregnancy, 
perioperative management, and duration of anti-
platelet therapy after coronary stent placement 
are in this chapter.  
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    Case 1: Primary Prevention 
of Arterial Thrombosis in Atrial 
Fibrillation, Heart Failure, Cardiac 
Amyloidosis, and Chagas Disease 
with Heart Involvement 

 A 62-year-old man with a history of AF, hyper-
tension, and type II diabetes mellitus underwent 
AF ablation a month ago. On 12-lead electrocar-

diogram, he is noted to be in normal sinus rhythm. 
He denies having recent palpitations, dyspnea, or 
chest pain. 

  Question 1.      Is pharmacologic anticoagulation 
for prevention of arterial thrombosis indicated 
for this patient? 

    A.    No, he underwent ablation for AF and is cur-
rently in sinus rhythm.   

   B.    No, his CHADS 2  score is 1, and he should 
only be on aspirin therapy.   

   C.    Yes, his CHADS 2  score is 2, and he should 
remain on full-dose anticoagulation indefi -
nitely even after successful AF.   

   D.    Yes, AF ablation does not improve the risk of 
thromboembolic disease.    

    Expert Perspective     The decision to anticoagu-
late patients with AF is based largely on the 
CHADS 2  and CHA 2 DS 2 -VASc (defi ned below) 
risk scoring systems. Primary prevention of 
embolic stroke is necessary in patients with AF as 
they have an annual incidence of thromboembolic 
stroke ranging from 2 to 10 % without anticoagu-
lation, dependent on underlying comorbidities. 
Patients on AC benefi t from a relative risk reduc-
tion ranging from 62 % (warfarin) to 22 % (aspi-
rin) (Gage et al.  2001 ). The CHADS 2  schema 
incorporates the following risk factors: congestive 
heart failure, hypertension, age ≥75 years, history 
of diabetes mellitus, previous stroke, or transient 
ischemic attack (TIA). Each risk factor is assigned 
a single point, whereas stroke or TIA is assigned 
a score of 2. The data for this model was collected 
from the National Registry of AF (NRAF) data-
base which included 1733 patients aged 
65–95 years who had nonrheumatic AF and were 
not prescribed warfarin. Table  1  demonstrates the 
risk of thromboembolic stroke in patients without 
anticoagulation. We recommend that patients 
with CHADS 2  score of 0–1 remain without anti-
coagulation or start low- dose aspirin therapy. 
Patients with scores ≥2 will likely benefi t from 
therapeutic anticoagulation, with international 
normalized ratio (INR) in the range of 2–3. In the 
United States and most European and Asian 
countries, approved alternative oral agents for 
anticoagulation include dabigatran, apixaban, 

     Table 1    Risk of thromboembolic event per year based on 
CHADS 2  score   

 CHADS 2  score 
 Risk of event per year without 
anticoagulation (%) 

 0  1.9 

 1  2.8 

 2  4.0 

 3  5.9 

 4  8.5 

 5  12.5 

 6  18.2 

  Adapted from Gage et al. ( 2001 )  

    Table 2    Point assignment for the CHA 2 DS 2 -VASc schema   

 Risk factor  Points 

 Congestive heart failure  1 

 Hypertension  1 

 Age ≥75  2 

 Diabetes mellitus  1 

 Stroke/TIA  2 

 Vascular disease  1 

 Ages 65–74  1 

 Female gender  1 

  Adapted from Lip et al. ( 2010 )  

    Table 3    Risk of thromboembolic event per year based on 
CHA 2 DS 2 -VASc score   

 CHA 2 DS 2 -VASc 
score 

 Risk of event per year without 
anticoagulation (%) 

 0  0.78 

 1  2.0 

 2  3.7 

 3  5.9 

 4  9.3 

 5  15.3 

 6  19.7 

 7  21.5 

 8  22.4 

 9  23.6 

  Adapted from Camm et al. ( 2012 )  
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rivaroxaban, and edoxaban. Table  1  reports the 
risk of thromboembolic event per year based on 
the CHADS 2  score, in patients with AF not on 
anticoagulation.  

 Patients undergoing AF ablation are required to 
be on pharmacologic anticoagulation during the 
periprocedural and post-procedural periods, even 
if the CHADS 2  or CHA 2 DS 2 -VASc scores are low. 
The ablation procedure is associated with a high 
risk of arterial thromboembolism given the con-
version from AF to sinus rhythm. Long-standing 
AF leads to remodeling within the left atrium, 
allowing for continued stasis of blood even during 
sinus rhythm. Furthermore, the patient may still be 
at high risk for developing runs of paroxysmal 
atrial fi brillation for weeks following the proce-
dure. Most cardiac electrophysiologists now rec-
ommend that patients remain on anticoagulation 
for at least 4 weeks following ablation. Thus, AF 
ablation, even if successful, does not completely 
abolish the risk of thromboembolism and stroke 
(Calkins et al.  2007 ). 

 The 2006 American College of Cardiology/
American Heart Association/European Society 
of Cardiology (ACC/AHA/ESC) guidelines for 
the management of patients with AF specify that 
patients undergoing AF ablation have up to a 5 % 
risk of embolic stroke post-ablation (Fuster et al. 
 2006 ). Ultimately, the long-term safety of 
 terminating AC after AF ablation procedures is 
unknown. However, in low-risk (CHADS 2  score 
0–1) cases, AC can probably be stopped 2 months 
post procedure. The Heart Rhythm Society 
(HRS) has defi ned recommendations for cessa-
tion of anticoagulation. Warfarin is recommended 
for at least 2 months following the procedure, 
after which time the decision to terminate antico-
agulation should be determined in a risk and ben-
efi t conversation that involves the patient’s 
personal risk factors (Calkins et al.  2007 ). 
Patients with a CHADS 2  score ≥2 should main-
tain lifelong anticoagulation despite ablation. 

 In 2009, the CHADS 2  risk stratifi cation tool 
was revised during the Euro Heart Survey and a 
novel schema (Lip et al.  2010 ) was developed 
which demonstrated improved predictive value. 
The CHA 2 DS 2 -VASc acronym was devised. It 
was risk factor based and improved the predictive 
value of thromboembolic events by reclassifying 

a small group of low-risk patients as intermediate 
risk (Lip et al.  2010 ). Table  2  delineates point 
assignment based on risk factor. Table  3  reports 
the risk of thromboembolic event per year based 
on the CHA 2 DS 2 -VASc score, in patients with AF 
not on anticoagulation. 

 The same decision-making process should be 
employed when risk stratifying a patient with the 
CHA 2 DS 2 -VASc schema. Patients with scores of 
0 or 1 can remain without anticoagulation or start 
low-dose aspirin therapy. Patients with scores ≥2 
will benefi t from full-dose AC. The 2014 ACC/
AHA Task Force on Practice Guidelines and the 
HRS guidelines now recommend the use of the 
CHA 2 DS 2 -VASc score over CHADS 2  (January 
et al.  2014 ). 

 The decision to use combined oral AC and 
antiplatelet therapy is controversial and depen-
dent on individual risk factors. Patients with 
recent acute coronary syndromes, coronary artery 
stents, bypass grafts, or mechanical heart valves 
may benefi t from combined aspirin and oral AC 
therapy. Dentali et al. ( 2007 ) showed in a meta- 
analysis of randomized trials evaluating the use 
of aspirin combined with oral AC versus oral AC 
alone that the combined groups had marginal 
benefi ts in the reduction of thromboembolic 
events (OR, 0.66; 95 % CI, 0.52–0.84) but suf-
fered increased rates of major bleeding (OR, 
1.43; 95 % CI, 1.00–2.02). 

  Question 2.      A 65 - year - old Caucasian woman 
with type II diabetes mellitus ,  hypertension , 
 and hyperlipidemia comes to your offi ce after 
her neighbor had a  “ stroke. ”  She is concerned 
and wants to know what she can do to reduce 
her risk of cerebrovascular accident  ( CVA ).

    A.    She is high risk for CVA and should start 
daily clopidogrel.   

   B.    She is high risk for CVA and should start 
daily aspirin.   

   C.    She is high risk for CVA and should start 
combination daily of aspirin and clopidogrel.   

   D.    She is low risk for and her risk of major bleed-
ing is greater than her risk for ischemic CVA.    

    Expert Perspective     In 2013, the AHA pub-
lished a 10-year cardiovascular risk calculator to 
assess the need for prophylactic pharmacotherapy 
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in patients at high risk for coronary and/or cere-
brovascular disease. The calculator can be 
accessed online at   http://my.americanheart.org/
cvriskcalculator    . The use of aspirin is recom-
mended for primary prevention of stroke in 
patients with a 10-year risk >10 %, based on the 
calculator results (Class IIa, Level A) (Meschia 
et al.  2014 ). Individuals with chronic kidney dis-
ease and other risk factors for ischemic CVA 
should also consider the use of aspirin for pri-
mary prevention. Cilostazol is recommended for 
ischemic CVA prevention in patients with known 
peripheral artery disease (Class IIb, Level B). For 
those in the low-risk category, the use of daily 
aspirin for primary prevention is not recom-
mended as the risks of bleeding outweigh the 
benefi ts (Class III, Level A). Other antiplatelet 
regimens (i.e., clopidogrel) are not recommended 
for primary prevention of an ischemic CVA, as 
there is limited data from clinical trials to support 
their use (Class III, Level C) (Meschia et al. 
 2014 ). Of note, the US Preventive Services Task 
Force recommends the use of aspirin in women 
aged 55–79 years old who have vascular risk fac-
tors that outweigh the risk of gastrointestinal 
bleeding. However, this recommendation does 
not stand for men (Meschia et al.  2014 ).  

 Patients who have had previous ischemic CVA 
or TIAs should be placed on antiplatelet agents to 
prevent recurrent episodes. Options for secondary 
prophylaxis range from aspirin monotherapy 
(Class I, Level A), combination of aspirin 25 mg 
and dipyridamole 200 mg twice daily (Class I, 
Level B), or clopidogrel 75 mg alone (Class IIa, 
Level B) (Kernan et al.  2014 ). Patients with isch-
emic CVA or TIA should be continued on aspirin 
and clopidogrel if within 24 h of onset and contin-
ued for 21 days (Class IIb, Level B). Use of aspi-
rin 75 mg and clopidogrel after this time period is 
generally not recommended and can even increase 
the risk of major bleeding. Despite the risks of 
bleeding, the 2014 AHA recommendations 
acknowledge the potential benefi t of utilizing dual 
antiplatelet therapy (DAPT) and vitamin K antag-
onists together in patients who have a history of 
CVA/TIA and coronary artery stents and/or unsta-
ble angina (Kernan et al.  2014 ). 

  Question 3.     A 61-year-old man with a medical 
history of hyperlipidemia, severe systolic heart 
failure with left ventricular ejection fraction of 
23 %, and osteoarthritis presents to your offi ce 
with new-onset palpitations. He is currently tak-
ing lisinopril, carvedilol, furosemide, and simvas-
tatin. Twelve-lead electrocardiogram is abnormal 
and shows AF with a ventricular rate of about 82 
beats per minute. 

  What is the next best step for this patient? 

    A.    Add a calcium channel blocker.   
   B.    Start low-dose aspirin as his CHADS 2  score 

is 1.   
   C.    Start warfarin therapy as he has both AF and 

severe left ventricular dysfunction.   
   D.    Obtain a 24-h Holter monitor evaluation.    

    Expert Perspective     This patient has both severe 
left ventricular function and paroxysmal atrial 
fi brillation (pAF). Despite his CHADS 2  score 
placing him at intermediate risk suggesting that 
aspirin alone would be benefi cial, the combina-
tion of pAF and low ejection fraction suggests 
that this patient should be placed on full-dose 
AC. The Stroke Prevention in Atrial Fibrillation 
(SPAF I) Trial evaluated 568 patients with non-
rheumatic AF over the course of 1.3 years and 
found that congestive heart failure (CHF), hyper-
tension, and previous arterial thromboembolism 
were each independent risk factors for thrombo-
embolism in patients with AF (SPAF I  1992 ). 
Patients in this study were found to have a 
 thromboembolism rate of 7.2 % per year. This 
study combined with other smaller studies led to 
the recommendations of the ACC/AHA 2005 
Guideline Update for the Diagnosis and 
Management of Chronic Heart Failure in the 
Adult (Hunt et al.  2005 ). The guidelines recom-
mended full-dose anticoagulation (AC) in 
patients with both HF and paroxysmal or persis-
tent AF or a previous ischemic CVA or TIA 
(Class Ia) (Hunt et al.  2005 ). However, in CHF 
patients without these risk factors, the recom-
mendation is against the use of AC (Class IIb) 
(Hunt et al.  2005 ).  

 Given that heart failure is a low-fl ow state, 
there exists concern that patients with severely 
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reduced ventricular function may be at risk of 
stasis and thrombus formation, even while in 
sinus rhythm. The Warfarin Versus Aspirin in 
Reduced Cardiac Ejection Fraction (WARCEF) 
Trial evaluated the use of primary pharmacologic 
prevention for thromboembolism in patients with 
severely reduced left ventricular function while 
in sinus rhythm (Homma et al.  2012 ). A total of 
2305 patients were followed for 6 years with the 
primary outcome being time to fi rst ischemic 
CVA, intracranial hemorrhage, or death from any 
cause. Patients in the study population received 
either aspirin or warfarin. Ultimately, warfarin 
was associated with a signifi cant reduction (0.72 
events per 100 patient-years versus 1.36 events 
per 100 patient-years; hazard ratio, 0.52; 
 P  = 0.005; CI 0.33–0.82) in ischemic stroke 
events, but the rate of major hemorrhage was 
higher in the warfarin group as compared with 
aspirin group (1.78 events per 100 patient-years 
in the warfarin group as compared with 0.87 in 
the aspirin group;  P  < 0.001; CI 1.36–3.12). Thus, 
the benefi t of anticoagulation was overshadowed 
by the risk of bleeding. 

 Despite the WARCEF results, the benefi t of 
non-vitamin K antagonist therapy in primary pre-
vention of thromboembolism in CHF remained 
open to discussion. The Warfarin and Antiplatelet 
Therapy in Chronic Heart Failure (WATCH) Trial 
evaluated the use of aspirin, clopidogrel, and war-
farin in the setting of chronic heart failure patients 
in sinus rhythm. In a prospective randomized open-
label trial, 1587 patients were assigned to receive a 
single anticoagulant or antiplatelet therapy (Massie 
et al.  2009 ). The results suggested that warfarin use 
was associated with fewer ischemic CVAs than 
aspirin ( P  = 0.01; CI not reported) or clopidogrel 
( P  = 0.0009; CI not reported), but similar to the 
WARCEF trial, it was found to increase the rate of 
major bleeding. Major bleeding was more common 
in the warfarin group when compared with clopi-
dogrel ( P  < 0.001; CI not reported) but not when 
compared with aspirin ( P  = 0.22; CI not reported). 
The investigation did not provide any data to sug-
gest that aspirin or clopidogrel alone provided a 
benefi t for ischemic CVA prevention. The Warfarin/
Aspirin Study in Heart Failure (WASH) Trial 
showed similar outcomes in an open-label, ran-

domized, controlled trial that compared outcomes 
in patients with heart failure in sinus rhythm who 
received aspirin, warfarin, or no antithrombotic 
therapy (Cleland et al.  2004 ). A total of 279 patients 
were enrolled and the primary outcomes of death, 
nonfatal myocardial infarction, or nonfatal stroke 
were assessed over a 27-month period. Patients 
receiving aspirin or warfarin had worse outcomes 
as compared to the no antithrombotic group 
( P  = 0.033; CI not reported). The warfarin group 
was associated with less serious adverse events 
than the aspirin or no antithrombotic groups, but 
the benefi ts of warfarin use were not clearly estab-
lished. Given these fi ndings, CHF patients should 
continue to receive anticoagulation in the setting of 
AF, but the use of antithrombotic therapy in sinus 
rhythm should be discussed in a risk/benefi t discus-
sion with the patient. 

  Question 4.     A 57-year-old woman without a 
signifi cant past medical history presents with 
complaints of dysphagia, progressively worsen-
ing dyspnea on exertion, and lower extremity 
edema. Transthoracic echocardiogram (TTE) 
reveals preserved left ventricular function. Most 
notable was echocardiographic evidence of 
severe diastolic dysfunction, right and left atrial 
enlargement, and left ventricular hypertrophy. 
Cardiac MRI suggests cardiac amyloid deposi-
tion. Skin fat pad biopsy is positive for AL 
 amyloid. Serologic tests demonstrate IgG kappa 
light-chain monoclonal protein. 

  What is the next best step in the manage-
ment of this patient? 

    A.    Surgical debulking of amyloid tissue.   
   B.    Start therapy for AL amyloid and consider 

anticoagulation therapy.   
   C.    Admit to the hospital for plasmapheresis.   
   D.    Start her on low-dose aspirin.    

    Expert Perspective     As noted previously, any 
pathology leading to dysfunctional atrioventricular 
emptying can lead to stasis and thrombus formation. 
Amyloidosis is an offender for multiple reasons, 
including its association with cardiac arrhythmias, 
infi ltrative potential for cardiomyopathies, and 
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accompanying slowed emptying velocity of the left 
atrial appendage. Feng et al. (2009) identifi ed 156 
patients with cardiac amyloidosis (majority AL 
type), of which 27 % of patients had an intracardiac 
thrombus identifi ed on transesophageal echocardio-
gram (TEE). Those patients on anticoagulation had 
a signifi cantly decreased risk of ( P  < 0.006; CI 0.01–
0.51) intracardiac thrombosis (Fent et al.  2009 ). 
Anticoagulation in cardiac amyloid patients is rec-
ommended, especially in those with the AL type, 
with AF, or with atrial dysfunction. Anticoagulation 
can be achieved using warfarin, dabigatran, rivarox-
aban, or edoxaban. However, it is important to note 
that amyloid deposition is also associated with vas-
cular fragility and absorption of factor X resulting in 
factor X defi ciency and coagulopathy, thus increased 
risk of bleeding. Patients should be evaluated with 
PTT and, if elevated, factor X activity level mea-
sured. The risk to benefi t ratio must always be con-
sidered prior to initiating anticoagulation therapy.  

 Chagas disease is a special case in which pri-
mary prevention of arterial thrombosis is recom-
mended in the setting of cardiac pathology. 
Chagas is a vector-borne disease transmitted by 
 Trypanosoma cruzi  and is a common pathology 
in South/Central America. In the United States, 
approximately 300,000 people are infected, with 
up to 45,000 people displaying clinical manifes-
tations. Chagas heart disease can lead to arrhyth-
mias and cardiomyopathies, including chronic 
heart failure. The 2011 Latin American 
Guidelines for the Diagnosis and Treatment of 
Chagas Heart Disease recommend the use of oral 
anticoagulation in patients with Chagas cardio-
myopathy and the comorbidities listed in Table  4  
(Andrade et al.  2011 ).

   The IPEC/FIOCRUZ schema is a predictive 
model for thromboembolic stroke, similar to the 
CHADS 2  schema, designed for prediction in 
patients with Chagas cardiomyopathy. Risk fac-
tors indentifi ed include systolic dysfunction (two 
points), apical aneurysm (one point), primary 
alteration of ventricular repolarization (one point), 
and age >48 years (one point) (Sousa et al.  2008 ). 
Table  5  lists the interpretation of the schema and 
recommendations for anticoagulation.

       Case 2: Management 
of Perioperative Patients Requiring 
Anticoagulation for Prevention 
of Arterial Thromboses 

 A 56-year-old woman with a past medical history 
that includes hyperlipidemia, hypertension, and 
mechanical mitral valve replacement presents for 
preoperative assessment for a ventral hernia 
repair. Her current medications include amlodip-
ine, warfarin, and simvastatin. 

  Question 5.      What is the most appropriate 
management of her anticoagulation prior to 
the surgical intervention? 

    A.    Bridge by stopping warfarin 5 or more days 
before the procedure and start enoxaparin 

   Table 4    Indications for starting anticoagulation in 
patients with Chagas heart disease   

 Indication 
 Level of 
evidence 

 Degree of 
recommendation 

 Atrial fi brillation with 
systolic dysfunction 
or CHADS2 ≥2 

 C  I 

 Mural thrombosis  C  I 

 Previous embolic 
cerebrovascular 
accident 

 C  I 

 Score IPEC/
FIOCRUZ ≥4 

 B  IIa 

 LV apical aneurysm 
(without thrombosis) 

 C  IIb 

  Adapted from Andrade et al. ( 2011 )  

   Table 5    Anticoagulation recommendations for Chagas 
cardiomyopathy based on IPEC/FIOCRUZ score   

 Score 

 Stroke incidence 
(per 100 
patients-year)  Recommendation 

 0  0  No anticoagulation 

 1  0.1  No anticoagulation 

 2  1.22  Aspirin or no 
anticoagulation 

 3  2.14  Warfarin or aspirin 

 4–5  4.4  Warfarin 

  Adapted from Sousa et al. (2008)  
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with last dose 24 h prior to the procedure and 
restart anticoagulation 12–24 h following the 
procedure.   

   B.    Hold warfarin 5 days prior to surgery and 
restart 48 h post procedure.   

   C.    Continue with anticoagulation until the day 
of procedure and restart once hemostasis is 
achieved.   

   D.    Hold warfarin 2 days prior to surgery and restart 
anticoagulation 12–24 h post procedure.    

    Expert Perspective     This patient with a mechan-
ical mitral valve is undergoing a noncardiac pro-
cedure that requires interruption of AC. The 
mitral valve replacement places her at high risk 
for arterial thromboembolism and thus bridging 
therapy is recommended. Early reinitiation of 
the vitamin K antagonist is also recommended 
(i.e., 12–24 h post procedure). The 9th Edition of 
the American College of Chest Physicians 
Evidence- Based Clinical Practice Guidelines 
provides recommendations for the perioperative 
management of antithrombotic therapy (Douketis 
et al.  2012 ). In the prevention of arterial throm-
bosis in patients undergoing surgery, special 
focus is important for patients with cardiac valve 
replacements and AF.  

 Patients with AF are risk stratifi ed as high, 
medium, or low risk based on their CHADS 2  
score, as it is a validated tool for stroke prediction 
in the non-perioperative patient. AF patients with 
a high CHADS 2  score (fi ve to six points), or 
recent ischemic CVA or TIA (within 90 days), or 
rheumatic valvular heart disease are considered 
at high risk and are recommended to undergo 
bridging therapy with either low-molecular- 
weight heparin (LMWH) or unfractionated hepa-
rin (UFH) prior to surgical intervention (Grade 
2C) (Douketis et al.  2012 ). Patients with a low 
CHADS 2  score (0–2 points) are at low risk and 
can forgo bridging therapy. These patients should 
hold warfarin therapy 5 days before surgery 
(Grade 1C). Patients with CHADS 2  scores in the 
range of 3–4 are considered at moderate risk, and 
in this case, a physician-patient discussion of the 

risks and benefi ts should guide decision for 
bridging therapy. 

 Mechanical heart valves present similar chal-
lenges to AF. High-risk patients require bridging, 
low-risk patients should withhold warfarin 5 days 
prior to surgery, and moderate-risk patients 
deserve a risk/benefi t discussion. Features of 
mechanical heart valves necessitating high-risk 
classifi cation include both position and mechani-
cal characteristics. High-risk features include any 
mitral valve prosthesis, any caged-ball or tilting 
disc aortic valve prosthesis, or recent concomi-
tant ischemic CVA or TIA (within 6 months). 
Low-risk features include bicuspid aortic valve 
prosthesis without AF. Moderate-risk features 
include bicuspid aortic valve prosthesis with one 
of the following features: AF, prior ischemic 
CVA/TIA, HTN, diabetes, heart failure, and age 
>75 years (Douketis et al.  2012 ). As with AF, 
patients are recommended to restart anticoagula-
tion within 12–24 h post procedure. 

 While the timing of bridging is procedure and 
patient specifi c, patients should ideally receive 
their fi nal dose of UFH no later than 4–6 h prior 
to surgery and those on LMHW should have their 
last dose 24 h before surgery (Grade 2C) 
(Douketis et al.  2012 ). 

  Question 6.     A 55-year-old man with coronary 
artery disease status post percutaneous interven-
tion 3 weeks ago with a drug-eluting stent placed 
to his proximal left anterior descending artery, 
hypertension, and diabetes mellitus presents for 
preoperative evaluation for an elective cholecys-
tectomy. His current medications include aspirin, 
metformin, lisinopril, and clopidogrel. 

  What is the best course of management of 
his antiplatelet therapy prior to his procedure? 

    A.    Admit him to the hospital 24 h prior to sur-
gery and bridge him with a glycoprotein IIb/
IIIa inhibitor.   

   B.    Hold aspirin/clopidogrel 5 days prior to sur-
gery and restart 48 h post procedure.   

   C.    Hold his clopidogrel 48 h prior to the proce-
dure but continue with aspirin.   

   D.    Reschedule his procedure for another 3 weeks.    

Prevention and Treatment of Arterial Thromboembolism



424

    Expert Perspective     This patient is undergoing 
an elective procedure within the 4- to 6-week 
period after receiving a drug-eluting stent (DES) 
to a major coronary artery. Ideally, this patient 
should delay the elective procedure at least 
6 months for DES and 6 weeks for bare metal 
stents (BMS). The 9th Edition of the American 
College of Chest Physicians Evidence-Based 
Clinical Practice Guidelines provides recommen-
dations for the perioperative management of anti-
thrombotic therapy in these patients (Douketis 
et al.  2012 ). Deferring surgery outside of the 
above time periods is recommended for patients 
undergoing elective procedures (Level 1C). 
Patients who require urgent or emergent inter-
vention should continue with dual antiplatelet 
therapy around the time of surgery (Level 2C) 
(Douketis et al.  2012 ). Concern for coronary stent 
thrombosis is escalated during these time inter-
vals given the absence of complete endothelializa-
tion. In the 2 years prior to stent placement, the 
incidence of stent thrombosis in the postoperative 
period ranges between 2 % and 5 %, with a mor-
tality rate of ≥50 % (Douketis et al.  2012 ). 
However, the data for these recommendations is 
based on retrospective studies and case reports. 
The absence of randomized controlled trials sug-
gests that these guidelines should be tailored to 
specifi c patient risks of bleeding and a close judg-
ment of the urgency of the required procedure.  

 The 2014 ACC/AHA Perioperative Clinical 
Practice Guidelines provides slightly different 
recommendations regarding the management of 
perioperative antiplatelet therapy. For patients 
undergoing elective procedures within 6 weeks 
of stent placement, the ACC/AHA Guidelines 
recommend delaying elective surgery until 
30 days post BMS placement and 1 year for DES 
placement (Class I) (Fleisher et al.  2014 ). For 
nonelective surgery scheduled within 6 weeks of 
stent placement, continuation of DAPT is recom-
mended (Class I). For patients requiring nonelec-
tive surgery between 30 days and 1 year after 
placement of DES, waiting until 180 days is rec-
ommended (Class IIb) or delaying surgery until 
after 30 days for BMS and 1 year for DES is pos-
sible (Class I). Finally, for patients who under-
went stent placement more than one year 

previously, and now require nonelective surgery 
that prioritizes cessation of P2Y 12  inhibitors (i.e., 
procedures that involve high levels of bleeding), 
the recommendation (Such as hip repairs or other 
orthopedic procedures) is to continue with aspi-
rin and restart clopidogrel as soon as feasible 
postoperatively (Class I) (Fleisher et al.  2014 ) 
(Fig.  1 ).

       Case 3: Antithrombotic Agents 
for Management of Pregnant 
Patients with Atrial Fibrillation 
and Mechanical Heart Valve 

  Question 7.     A 34-year-old woman with past 
medical history signifi cant for hypertension, cur-
rently at 12-weeks gestation, presents to your 
offi ce with complaints of intermittent palpita-
tions and dyspnea. On electrocardiogram testing, 
she is found to have atrial fi brillation. 

  What is the best course of management for 
this patient to minimize her risk of arterial 
thromboembolism? 

    A.    Her CHADS2 score is 0; no anticoagulation 
is required.   

   B.    Her CHADS2 score is 0; start low-dose aspi-
rin for arterial thromboprophylaxis.   

   C.    Rule out underlying causes of arrhythmia, 
consider pharmacologic cardioversion, and 
start full-dose anticoagulation if normal sinus 
rhythm is not restored.   

   D    She is hemodynamically stable. Continue to 
monitor and readdress postpartum.    

    Expert Perspective     Management of pregnant 
patients requires careful consideration regardless 
of the clinical scenario. Because of hormonal 
alterations, hemodynamic shifts, and increased 
metabolic demands, pregnant patients are at risk 
for cardiac rhythm abnormalities, thromboem-
bolic events, and cardiac remodeling. 
Consideration must be given to placental transfer 
and fetal toxicity when selecting medical therapy, 
with often limited or incomplete data on safety. 
This patient presents at 12-weeks gestation and is 
found to have AF. The fi rst step in the evaluation 
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of this patient is to rule out secondary causes of 
AF, such as congenital heart disease, thyroid dis-
ease, infection, alcohol use, or pulmonary embo-
lism. Obtaining an echocardiogram is helpful. 
Rate control is recommended in these patients, 
often with digoxin, a beta-blocker, or calcium 
channel blocker. Primary prevention against 
thromboembolic complications is recommended 
in pregnant patients with AF (except those with 
lone AF) (Class I, Level C) (Fuster et al.  2006 ). 
Pregnancy is itself considered a hypercoagulable 

state, given the decreased activity of protein S, 
increased stasis, and increased pressures of the 
venous system. The 2006 ACC/AHA/ESC 
Guidelines for the management of patients with 
AF recommend the use of UFH during the fi rst 
trimester and last month of pregnancy, with a 
goal partial thromboplastin time 1.5–2 times the 
control value (Class IIb, Level C). LMWH can be 
considered during the fi rst trimester and last 
month of pregnancy and its ease of use makes it 
an ideal agent for thromboprophylaxis through-

Patient With Coronary Stent

Stent
implantation

≤4-6 wk

DES ≥30 d,
but ≤365 d*

Risk of surgical delay
is greater then risk of

DES thrombosis

Does surgery
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P2Y12 inhibitors*?

Continue current
DAPT regimen

Continue ASA
and restart P2Y12
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  Fig. 1    Algorithm for antiplatelet management during the perioperative period. *Indicates that the patient is already on 
DAPT (Reproduced with permission from 2014 ACC/AHA Perioperative Clinical Practice Guidelines Fleisher et al. ( 2014 ))        
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out the duration of pregnancy (Class IIb, Level C) 
(Fuster et al.  2006 ). Finally, patients without lone 
AF can be started on warfarin during the second 
trimester (Class IIb, Level C).  

  Question 8.     A 30-year-old woman with a past 
medical history that includes mechanical mitral 
valve replacement, who is currently at 15 weeks 
of pregnancy with her fi rst child, now presents to 
your offi ce with hopes of restarting warfarin ther-
apy. She has been taking LMWH daily. 

  What is the ideal INR goal for this patient? 

    A.    1.0–2.0.   
   B.    2.0–3.0.   
   C.    2.5–3.5.   
   D.    Warfarin is not safe for use during this time 

period.    

    Expert Perspective     Pregnant patients with 
mechanical heart valves also require anticoagula-
tion during pregnancy, but this discussion also 
demands a careful risk/benefi t discussion with the 
patient. The 2008 Focused Update of the ACC/
AHA 2006 Guidelines for the Management of 
Patients with Valvular Heart Disease (Bonow et al. 
 2008 ) reviews the use of anticoagulation therapy 
for this population. Warfarin therapy is known to 
cross the placental barrier and has been associated 
with fetal anomalies and hemorrhagic complica-
tions during labor. Warfarin is likely safe during 
the fi rst 6 weeks of pregnancy, with an INR goal 
between 2.5 and 3.5 (Class I, Level C). Risks asso-
ciated with warfarin use increase during the 6- to 
12-week period, and pregnant patients are advised 
to switch to an alternate form of anticoagulation 
such as unfractionated heparin or low-molecular-
weight heparins. Once the second trimester is 
reached, warfarin therapy is relatively safe again, 
until 3 weeks prior to delivery, at which time 
patients should be transitioned to continuous UFH 
(Class I, Level C) (Bonow et al.  2008 ).  

 Unfractionated heparin does not cross the pla-
centa and is generally not believed to be terato-
genic. UFH can be administered via either a 

continuous infusion or dose-adjusted subcutane-
ous injections, with frequent monitoring of the 
activated partial thromboplastin time. Although 
generally safer than warfarin, UFH is still associ-
ated with hemorrhagic complications. 

 Low-molecular-weight heparin also does not 
transfer across the placenta, is not known to be 
teratogenic, and is generally easier to administer. 
However, given fl uctuating volumes of distribu-
tion during pregnancy, dosage adjustments are 
necessary and measurement of plasma anti-Xa 
levels is recommended to achieve levels of 0.7–
1.2 units per mL (Class I, Level C) (Bonow et al. 
 2008 ). While LMWHs are indicated for the treat-
ment of deep venous thrombosis, there is limited 
data for the use of arterial thrombosis prophy-
laxis in patients with mechanical heart valves. 
There has been concern of increased risk of valve 
thrombosis leading to increased maternal and 
fetal mortality. Further study is recommended 
with regard to the use of LMWH in this setting. 

 Fondaparinux, a factor Xa inhibitor, has been 
recently studied for use in anticoagulation in 
patients with mechanical heart valves. Factor Xa 
inhibitors may be helpful for patients with intol-
erances to heparin or with a history of heparin- 
induced thrombocytopenia. The special situation 
of pregnant patients with mechanical heart valves 
has also been evaluated. Several case reports and 
animal studies suggest that fondaparinux is a rea-
sonable and safe option in pregnant patients with 
mechanical valves who cannot tolerate heparin 
products or other oral anticoagulant agents, such 
as warfarin (Nagler et al.  2012 ). However, large 
clinical trials demonstrating safety and effi cacy 
are yet to be completed. 

 Overall, the 2008 ACC/AHA Guidelines rec-
ommend that all pregnant patients with mechani-
cal prosthetic valves receive anticoagulation 
therapy (Class I, Level B), and high-risk patients 
may also benefi t from the addition of low-dose 
aspirin during this time as well (Class IIa, Level C). 
Recommendations from the 9th American 
College of Chest Physicians Conference on use 
of antithrombotic agents during pregnancy are 
listed in Table  6 , with regard to pregnant patients 
with prosthetic heart valves (Bates et al.  2012 ).   
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  Answers 

    Question 1. C  
  Question 2. B  
  Question 3.C  
  Question 4. B  
  Question 5. A  
  Question 6. D  
  Question 7. C  
  Question 8. C         
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      Prevention of Venous 
Thromboembolism                      

     Christopher     Dittus      ,     Shayna     Sarosiek     , 
and     Jack     Ansell    

         Background 

 Venous thromboembolism (VTE) refers to the 
presence of either a deep venous thrombosis 
(DVT), pulmonary embolism (PE), or both. 
Thrombosis generally begins in the deep veins of 
the lower extremities; over time, a thrombus may 
embolize to the pulmonary vasculature and cause 
a PE. 

 VTE poses a signifi cant public health burden, 
both in terms of disease morbidity and mortal-
ity. Acutely, DVT can cause pain and swelling 
in the lower extremity, and PE can cause severe 
dyspnea, cardiopulmonary compromise, and 
death. Chronically, DVT can lead to post-throm-
botic syndrome, while PE may result in pulmo-
nary hypertension. Additionally, any patient 
who has suffered from VTE is at increased risk 
of recurrent disease. It is also important to con-
sider that the treatment itself, anticoagulation, is 
not without signifi cant adverse effects, such as 
bleeding. 

 Recent estimates suggest that 900,000 incident 
or recurrent VTE events occur in the United States 
annually (Heit  2008 ). A recent retrospective study 
in the Canadian province of Quebec identifi ed 
67,354 defi nite and 35,123 probable cases of VTE 
from 2000 to 2009 (Tagalakis et al.  2013 ). They 
found an incidence of 124 cases per 100,000 
person- years for any VTE. The researchers also 
examined death from VTE and found that the 
30-day case fatality rate was 10.6 % for all VTE 
(defi nite and probable). At 1 year, the case fatality 
rate was 23 %. As expected, cases of PE had a 2.5- 
fold higher 30-day case fatality rate than DVT. 

 In order to provide an effective intervention, 
it is important to identify the population most at 
risk for VTE, as well as provide this population 
with an effective prophylactic regimen. Studies 
evaluating the burden of VTE in hospitalized 
patients versus those in the community have dis-
covered a profound difference. In one study, the 
incidence of in-hospital VTE was 100-fold 
greater than in community residents (Heit et al. 
 2001 ). Additionally, many community VTE 
events occur within 30 days after an individual is 
discharged from the hospital. Because of this 
signifi cantly elevated risk for VTE, hospitalized 
patients should always be assessed for VTE risk. 
Certain nonhospitalized patients are at increased 
risk of VTE, and these patients should be identi-
fi ed and assessed for VTE risk as well. This 
becomes particularly important when a patient 
has multiple risk factors, as VTE risk is 
cumulative. 
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 In the fi rst section of this chapter, we will 
review risk factors for VTE and how to identify 
those patients most at risk. In the second section, 
we will provide detailed information on several 
important patient populations. In the last section, 
we will review how to provide high-risk patients 
with appropriate VTE prophylaxis.  

    How to Risk Stratify Your Patient 

  Question 1.      What are the general risk factors 
for the development of VTE?  

 A 32-year-old female patient who is an active 
smoker presents for an annual physical exam. 
The patient takes no medications, aside from an 
oral contraceptive pill (OCP). The patient has 
never been hospitalized and has no history of 
recent surgical procedures. She has no family or 
personal history of thrombosis. The patient has a 
normal physical exam, including a body mass 
index (BMI) of 24. 

 How many risk factors for VTE does this 
patient have?

    A.    Zero   
   B.    One   
   C.    Two   
   D.    Four      

 The patient described in the question has two 
risk factors for VTE (Answer C). One risk factor, 
tobacco use, is a mild risk factor, while the other, 
OCP use, is a moderate risk factor. 

 ---- 
 The general understanding of the pathophysi-

ology of venous thrombosis was fi rst described by 
Virchow in the nineteenth century (Virchow  1856 ; 
Bagot and Arya  2008 ). He identifi ed three broad 
factors that, when disturbed, contribute to the 
pathophysiology of VTE: venous stasis, vascular 
injury, and hypercoagulability. Risk factors 
enhance the risk of VTE by infl uencing one of the 
three limbs of Virchow’s triad. 

 Generally, VTE risk factors include various 
surgical procedures, medical diseases, medica-
tions, environmental exposures, and primary 
thrombophilias (Cushman  2007 ). Risk factors 

can be categorized under the elements of 
Virchow’s triad, as acquired or inherited condi-
tions, or in terms of the magnitude of risk. It is 
also important to determine if the risk factor is 
reversible (also referred to as “modifi able”) as 
this affects the duration of VTE prophylaxis. 
Table  1  incorporates the magnitude of risk into a 
mechanistic (Virchow’s triad) organizational 
structure (Ansell  2006 ; Caprini et al.  1991 ; 
Khorana et al.  2008 ; Heit  2008 ; Cushman  2007 ; 
Barbar et al.  2010 ). Inherited and acquired risk 
factors encompass a wide range of primary hema-
tologic disorders that increase the risk of VTE to 
varying degrees (Table  2 ).

    When considering VTE prophylaxis, the ben-
efi t of the intervention must be carefully weighed 
against the risks. An adverse event from prophy-
laxis is particularly devastating, as the patient is 
not suffering from the disease for which he or she 
is receiving the intervention. This highlights the 
importance of patient selection when considering 
the use of VTE prophylaxis. 

  Question 2.      What is the effi cacy of VTE pro-
phylaxis in medical patients?  

 One week after her physical exam, the patient 
described above develops shortness of breath and 
a productive cough. She is diagnosed with pneu-
monia and is admitted to the hospital. In addition 
to antibiotics, fl uids, and oxygen, she is started 
on unfractionated heparin (UFH) for VTE pro-
phylaxis by the overnight resident. 

 Pharmacologic VTE prophylaxis has been 
found to decrease mortality in hospitalized medi-
cal patients.

    A.    True   
   B.    False      

 Depending on the study, either a decrease in 
DVT or PE has been shown, but major systematic 
reviews have failed to show an overall mortality 
benefi t (Answer B). 

 ---- 
 Historically, VTE prophylaxis was studied 

in, and applied to, patients in the postoperative 
setting (Alikhan et al.  2014 ). Orthopedic sur-
gery patients receiving a total knee or hip 

C. Dittus et al.



431

arthroplasty are at particularly high risk for 
VTE and should receive postoperative VTE 
prophylaxis unless contraindicated. The use of 
 low- molecular- weight heparin (LMWH) pro-
phylaxis has been associated with a 50–60 % 
risk reduction of DVT in this patient popula-
tion (Falck- Ytter  2012 ). Non-orthopedic surgi-
cal patients have variable risk for VTE 
postoperatively; therefore, two risk assessment 

models (RAMs) have been combined to risk 
stratify surgical patients in the most recent 
American College of Chest Physicians (ACCP) 
guidelines (Caprini et al.  1991 ; Rogers et al. 
 2007 ; Gould et al.  2012 ). More recently, VTE 
prophylaxis has been applied to medical inpa-
tients, but evidence examining the ability of 
VTE prophylaxis to prevent VTE and mortality 
in this population has produced mixed results. 

   Table 1    Risk factors for VTE stratifi ed by mechanism and degree of risk   

 Stasis  Endothelial injury  Hypercoagulability 

  Strong  

 Major general surgery  Hip/knee replacement  Inherited/acquired thrombophilia b  

 Spinal cord injury  Hip/leg fracture or trauma  Malignancy (active or occult) c  

 Venous compression  Vascular surgery 

  Moderate  

 Paralytic stroke  Central venous catheter  Chemotherapy 

 Pregnancy, postpartum  Arthroscopic knee surgery  Hormonal treatment d  

 Hospitalization a   Prior DVT  Heart/respiratory failure 

 Nephrotic syndrome 

 Infl ammatory bowel disease 

 Other medications (e.g. lenalidomide) 

  Weak  

 Immobility  Age 

 Laparoscopic surgery  Obesity 

 Pregnancy, antepartum  Smoking 

 Varicose veins  Family member with VTE 

   a Hospitalization can vary from strong (ICU patient) to weak (short medical admission) 
  b Inherited and acquired thrombophilias can be strong to weak risk factors; see Table  2  for more details 
  c Malignancy can vary from strong (pancreatic cancer) to moderate (bladder cancer) 
  d Hormonal treatments include oral contraceptive pill, hormone replacement therapy, and selective estrogen receptor 
modulators  

    Table 2    Thrombophilias and risk of VTE   

 Inherited  Acquired 

  Strong  

 Antithrombin defi ciency  Heparin-induced thrombocytopenia 

 Factor V Leiden, homozygous  Paroxysmal nocturnal hemoglobinuria 

 Combined thrombophilia  Antiphospholipid antibody syndrome 

  Moderate  

 Protein C defi ciency  Myeloproliferative disorders 

 Protein S defi ciency 

 Prothrombin gene mutation 

 Dysfi brinogenemia 

  Weak  

 Factor V Leiden, heterozygous  Chronic hemolysis 

 MTHFR gene mutation 
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   Table 3    Summary of guidelines for VTE prophylaxis in hospitalized medical patients   

 Findings  Offi cial recommendations 

  ACP  

 No decrease in mortality  Assessment of the risk for VTE and bleeding in medical patients prior to 
initiation of VTE prophylaxis with heparin or a related drug 

 Decrease in PE a  

 Increase in bleeding events 

  ACCP  

 N/A  Patients at high risk for VTE should receive anticoagulant VTE prophylaxis 
with either LMWH, LDUH, or fondaparinux 

 Patients at low risk for VTE should not receive VTE prophylaxis 

 Recommend against anticoagulant VTE prophylaxis in patients at increased 
bleeding risk 

 Recommended RAM: Padua prediction score 

  Cochrane  b  

 Heparin reduces odds of DVT  The reduction in DVT, while signifi cant, needed to be balanced against the 
increased risk of bleeding associated with thromboprophylaxis 

 Heparin did not signifi cantly 
reduce odds of PE 

 LMWH is favored over UFH 

 Heparin increased risk of major 
hemorrhage 

 LMWH associated with lower risk 
of DVT and major bleeding 
compared to heparin 

   LMWH  low-molecular-weight heparin,  LDUH  Low-dose unfractionated heparin,  UFH  Unfractionated heparin 
  a This was true for medical patients alone and when combined with stroke patients. Stroke patients alone did not have 
decreased PE 
  b Excluded patients with stroke and myocardial infarction  

 A study conducted in 35 Michigan hospitals 
evaluated the rate of 90-day VTE according to 
how well the hospital provided VTE prophylaxis 
(Flanders et al.  2014 ). In this study 20,794 patients 
were eligible for thromboprophylaxis, and 70 % 
received pharmacologic prophylaxis. Despite a 
signifi cant difference in prophylaxis rates between 
high-performing and low- performing hospitals, 
the researchers found no association between fre-
quency of prophylaxis and subsequent VTE. This 
study supports the notion that universal prophy-
laxis is ineffective, and targeting high-risk indi-
viduals for prophylaxis is paramount. 

 In 2011, a systematic review of hospitalized 
medical and stroke patients concluded that hepa-
rin prophylaxis (UFH or LMWH) had no signifi -
cant effect on mortality in medical patients but did 
result in fewer PEs (Lederle et al.  2011 ) (Table  3 ). 
This result was tempered by a signifi cant increase 
in bleeding events (risk ratio [RR], 1.34 [CI, 
1.08–1.66]). Prophylaxis with UFH or LMWH in 
acute stroke patients led to an increase in major 

bleeding events, but no decrease in mortality or 
PE. These results led the American College of 
Physicians (ACP) to state in their formal clinical 
practice guideline that the “ACP recommends 
assessment of the risk for thromboembolism and 
bleeding in medical (including stroke) patients 
prior to initiation of prophylaxis of venous throm-
boembolism” (Qaseem et al.  2011 ).

   The ACCP guideline focusing on the preven-
tion of VTE in nonsurgical patients recommended 
that acutely ill hospitalized medical patients at 
increased risk of thrombosis receive anticoagulant 
thromboprophylaxis (grade 1B) (Kahn et al. 
 2012 ). Additionally, the ACCP recommended 
against pharmacologic or mechanical prophylaxis 
in acutely ill hospitalized medical patients at low 
risk of thrombosis (grade 1B). Lastly, the ACCP 
recommended against anticoagulant thrombopro-
phylaxis in patients who are bleeding or high risk 
for bleeding. Interestingly, the ACCP guidelines 
provided practitioners with further assistance in 
risk stratifying patients into high- and low-risk 
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categories via a validated RAM, which will be 
discussed below. 

 Most recently, the Cochrane Collaboration 
reviewed the evidence for using heparin prod-
ucts to prevent venous thromboembolism in 
acutely ill medical patients (Alikhan et al.  2014 ). 
In this review, the authors excluded stroke 
patients and those with myocardial infarction. 
Sixteen studies, with 34,369 patients, were 
reviewed. Researchers found that receiving 
either UFH or LMWH signifi cantly reduced the 
odds of DVT by 62 %, but reduction in nonfatal 
PE, fatal PE, and combined nonfatal/fatal PE did 
not achieve signifi cance. The use of UFH or 
LMWH prophylaxis also signifi cantly increased 
the risk of major hemorrhage. When UFH was 
compared directly to LMWH, LMWH was asso-
ciated with lower risk of DVT and major bleed-
ing. These fi ndings led the reviewers to conclude 
that the reduction in DVT, while signifi cant, 
needed to be balanced against the increased risk 
of bleeding associated with thromboprophylaxis. 
Additionally, the review favored LMWH com-
pared to UFH because of a reduced risk of DVT 
and bleeding. 

  Question 3.      What are the risk assessment 
models for hospitalized medical patients?  

 The patient described above is started on UFH 
by the overnight resident. After evaluating the 
patient, the primary medical team decides to 
apply a RAM to assess her risk for VTE. They 
choose the Padua prediction score (PPS) and fi nd 
that she is:

    A.    High risk   
   B.    Low risk   
   C.    Intermediate risk   
   D.    Unable to determine      

 The practitioner has chosen to use the PPS, 
which dichotomizes the patient’s risk into high 
risk and low risk. A score ≥4 is considered high 
risk, and a score <4 is considered low risk. The 
patient’s calculated score is 2, which she 
received for having an acute infection (pneumo-
nia) and ongoing hormonal treatment (OCPs) 
(Answer B). 

 ---- 

 As described above, universal prophylaxis is 
ineffective and may be harmful. Low-risk patients 
will likely never develop a VTE event and will be 
at increased risk of bleeding if started on antico-
agulant VTE prophylaxis. Therefore, it is impera-
tive to provide prophylaxis only to those who will 
receive a net clinical benefi t (reduced thrombosis 
with a low risk of bleeding). To facilitate this 
determination, risk assessment scores have been 
developed to predict those at highest risk of 
thrombosis. The ACCP guidelines provide the 
practitioner with a suggested RAM, the Padua 
prediction score (PPS) (Kahn et al.  2012 ; Barbar 
et al.  2010 ) (Table  4 ). The PPS was fi rst described 
in a prospective cohort study in 2010. In this 
study, 1,180 internal medicine patients were clas-
sifi ed, via PPS, as having either a high (score ≥4) 
or low (score <4) risk of VTE. All patients were 
followed in the hospital and for 3 months post 
admission. Within this period, two (0.3 %) patients 
in the low-risk group, four (2.2 %) in the high-risk 
group receiving prophylaxis, and 31 (11 %) in the 
high-risk group without prophylaxis developed 
VTE. There was a risk reduction of 87 % in those 
high-risk patients who received thromboprophy-
laxis versus those who did not. Additionally, there 
was a 32-fold increase in VTE risk in high-risk 
patients without prophylaxis versus low-risk 
patients. Based on these data, the ACCP guide-
lines recommend this RAM for determination of 

   Table 4    Padua prediction score   

 Risk factor  Points 

 Active cancer  3 

 Previous VTE (excluding superfi cial vein 
thrombosis) 

 3 

 Reduced mobility  3 

 Existing thrombophilic condition  3 

 Recent (<1 month) trauma and/or surgery  2 

 Elderly age (>70 year)  1 

 Heart and/or respiratory failure  1 

 Acute myocardial infarction or ischemic 
stroke 

 1 

 Acute infection and/or rheumatologic 
disorder 

 1 

 Obesity (BMI >30)  1 

 Ongoing hormonal treatment  1 

  High risk: ≥4 points 

 Low risk: <4 points  
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risk for medical inpatients. Interestingly, a recent 
review noted that the two low-risk patients who 
developed VTE in this study had a PPS of three 
(Maynard et al.  2013 ). The authors suggest con-
sidering a cutoff of three instead of four, but this 
requires further investigation.

   Another RAM has been created using the 
International Medical Prevention Registry on 
Venous Thromboembolism (IMPROVE) that 
incorporates seven clinical risk factors 
(Spyropoulos et al.  2011 ) (Table  5 ). Patients with 
an IMPROVE score of 0–1 had a clinical VTE rate 
of 0.5 %, while patients with an IMPROVE score 
of 2–3 had a rate of 1.5 %. Patients with a score of 
≥4 had the highest risk with a clinical VTE rate of 
5.7 %. The authors suggested that patients with an 
IMPROVE score of ≥2 points (clinical VTE rate 
of 2.4 %) during hospitalization may benefi t from 
thromboprophylaxis. This group was also associ-
ated with a higher rate of overall and VTE-related 
death. The IMPROVE score was recently exter-
nally validated in a study of over 19,000 patients 
(Rosenberg et al.  2014 ). Patients with a score of 
0–2 (low risk) had a VTE event rate of 0.42, while 
those with a score of ≥3 (high risk) had a VTE 
event rate of 1.29. Of note, 68 % of the study 
cohort was deemed low risk and would likely not 
benefi t from thromboprophylaxis.

   Once the individualized risk of VTE has been 
determined, the risk of bleeding must be assessed. 
Traditionally, this has been accomplished by the 
physician’s clinical judgment. Recently, a bleed-
ing risk score was created by the IMPROVE 
investigators (Decousus et al.  2011 ). This study 
identifi ed 11 factors that increased the risk of 

bleeding in medical inpatients (Table  6 ). The 
researchers found that the risk of bleeding, 
including major bleeding, was signifi cantly 
higher in the group with a score ≥7. This only 
represented 10 % of the study population; there-
fore, the majority of patients were candidates for 
pharmacologic VTE prophylaxis.

       How to Approach VTE Prophylaxis 
in Specifi c Patient Groups 

  Question 4.      What is the risk of VTE in patients 
with cancer?  

 A 66-year-old male patient with lung cancer 
will be starting outpatient chemotherapy next 
week. The patient has no personal or family his-
tory of VTE and is relatively active despite his 
diagnosis. The patient has no concerning exam 
fi ndings and has a BMI of 25. Pre-chemotherapy 
lab work is all within normal limits. Because of 
his cancer diagnosis, you are concerned about his 
risk of VTE and decide to apply the Khorana 
score for chemotherapy-associated thrombosis. 
You determine his risk to be:

    A.    Intermediate   
   B.    High   
   C.    Low      

   Table 5    IMPROVE VTE risk prediction score   

 Risk factor  Points 

 Previous VTE  3 

 Thrombophilia  2 

 Lower limb paralysis  2 

 Current cancer  2 

 Immobilization ≥7 days  1 

 ICU/CCU stay  1 

 Age >60 years  1 

  Low risk: 0–1 points 
 Intermediate risk: 2–3 points 

 High risk: ≥4 points  

   Table 6    IMPROVE bleeding score   

 Risk factor  Points 

 Gastroduodenal ulcer  4.5 

 Bleeding (prior 3 months)  4 

 Admission platelets (<50,000)  4 

 Age ≥85  3.5 

 Hepatic failure (INR >1.5)  2.5 

 Severe renal failure (GFR <30)  2.5 

 ICU/CCU  2.5 

 Central venous catheter  2 

 Rheumatic disease  2 

 Current cancer  2 

 Ages 40–84  1.5 

 Male  1 

 Moderate renal failure (GFR 30–59)  1 

  Low risk: 0–6 points 

 High risk: ≥7 points  
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 The patient has a high-risk cancer site (lung), 
which gives him 1 point on the Khorana score 
(Table  7 ). His BMI and CBC are normal, so he 
does not receive any further points. According to 
the Khorana score, a score of zero is low risk, a 
score of 1–2 is intermediate risk, and a score ≥3 is 
considered high risk (Answer A). Only high-risk 
patients should receive VTE prophylaxis.

   ---- 
 Patients with cancer have an increased risk of 

VTE, and most RAMs include cancer as a risk fac-
tor for thrombosis. Over 20 % of VTE in the 
United States is associated with cancer (Dutia 
et al.  2012 ). Cancer is a strong risk factor for mul-
tiple reasons, including procoagulant agents 
secreted by tumor cells, immobility, central venous 
catheters, and various systemic treatments (includ-
ing chemotherapy). 

 Because of these risks, the National 
Comprehensive Cancer Network (NCCN) rec-
ommends prophylactic anticoagulation therapy 
for any inpatient with cancer that does not have a 
contraindication ( NCCN 2014 ). Current ACCP 
guidelines do not separate hospitalized patients 
with cancer from other hospitalized medical 
patients (Kahn et al.  2012 ). These guidelines do 
note that cancer outpatients without further risk 
factors should not receive VTE prophylaxis, 
while those with additional risk factors (and low 
bleeding risk) should receive prophylaxis. Lastly, 
the American Society of Clinical Oncology 
(ASCO) recommends that hospitalized patients 

who have active malignancy with acute medical 
illness or reduced mobility should receive phar-
macologic thromboprophylaxis (Lyman et al. 
 2013 ,  2015 ). Additionally, ASCO recommends 
the use of a validated RAM for outpatients under-
going chemotherapy. Of note, both the NCCN 
and ASCO guidelines specifi cally mention that 
patients with multiple myeloma receiving immu-
nomodulatory agents with chemotherapy and/or 
dexamethasone should receive prophylaxis with 
LMWH or low-dose aspirin. 

 In light of the above guidelines, most cancer 
inpatients receive VTE prophylaxis. But univer-
sal prophylaxis in hospitalized cancer patients 
may not be warranted. A recent meta-analysis 
including three randomized clinical trials found 
no benefi t to VTE prophylaxis with LMWH or 
fondaparinux in cancer patients (Carrier et al. 
 2014 ). This study was limited by multiple fac-
tors, including a lack of information on the type 
of cancer as well as chemotherapy status. Another 
recent study evaluated the use of prophylaxis in 
775 cancer patients at academic medical centers 
(Zwicker et al.  2014 ). This study found that 
74.2 % of eligible patients received pharmaco-
logic prophylaxis. On closer examination, 
though, physicians at these hospitals seemed to 
be neglecting to anticoagulate important sub-
groups of patients, such as those with hemato-
logic malignancies and patients admitted for 
chemotherapy. Additionally, when researchers 
applied a RAM to each patient, 63 % of those 
found to be low risk had received anticoagula-
tion, and 58.8 % of patients who were not antico-
agulated were considered to be high risk. While it 
may appear that there are high rates of VTE pro-
phylaxis in hospitalized cancer patients, this is 
not being approached in a targeted way, which 
leads to low-risk patients being overtreated and 
high-risk patients being undertreated. 

 VTE risk factors specifi c to cancer patients can 
be divided into three groups related to patient fac-
tors, cancer factors, and treatment factors (Dutia 
et al.  2012 ). Important patient factors include age, 
race, genetic thrombophilias, performance status, 
prior VTE, obesity, and medical comorbidities. 
Cancer factors include the primary site of cancer, 
cancer stage, and time after diagnosis. Treatment 

    Table 7    Khorana score for chemotherapy-associated 
thrombosis   

 Risk factor  Points 

  Site of cancer  

   Very high risk (stomach, pancreas)  2 

   High risk (lung, lymphoma, gynecologic, 
bladder, testicular) 

 1 

 BMI >35 kg/m 2   1 

 Platelet count ≥350,000 (pre-chemotherapy)  1 

 Hemoglobin level <10 g/dL or use of red cell 
growth factors 

 1 

 Leukocyte count >11,000 
(pre-chemotherapy) 

 1 

  Low risk: 0 points 
 Intermediate risk: 1–2 points 

 High risk: ≥3 points  

Prevention of Venous Thromboembolism



436

factors include type of therapy, surgical proce-
dures, hospitalization, and the presence of indwell-
ing catheters. A study using the California Cancer 
Registry found that VTE incidence was highest in 
patients with metastatic cancer of the pancreas 
(20 %), stomach (11 %), bladder (8 %), uterus 
(6 %), kidney (6 %), and lung (5 %) (Chew et al. 
 2006 ). Recently, studies have shown a signifi cant 
risk for VTE in hematologic malignancies, partic-
ularly acute leukemia, multiple myeloma, and 
lymphoma (Ku et al.  2009 ; Falanga and Marchetti 
 2009 ). The type of chemotherapy also plays an 
important role in VTE risk, with doxorubicin-con-
taining regimens having the highest risk of VTE 
(Dutia et al.  2012 ). Newer agents such as thalido-
mide, lenalidomide, and bevacizumab have also 
been associated with relatively high rates of VTE 
(Palumbo et al.  2008 ; Nalluri et al.  2008 ). 
Hormonal agents used in cancer therapy, such as 
tamoxifen and anastrazole also have an increased 
risk of VTE (Deitcher and Gomes  2004 ). Lastly, 
supportive erythropoietin- stimulating agents 
increase the risk of VTE by 50 % (Tonia et al. 
 2012 ). 

 For hospitalized medical patients, both the 
PPS and IMPROVE RAMs include cancer as a 
risk factor but do not allow for the presence of 
cancer alone to warrant VTE prophylaxis. This is 
appropriate given the wide variation of VTE risk 
found within cancer patients. While there is no 
validated RAM for inpatient VTE risk assess-
ment in cancer patients, an outpatient RAM for 
chemotherapy-associated thrombosis has been 
developed and validated (Khorana et al.  2008 ; Ay 
et al.  2010 ) (Table  7 ). This RAM evaluated sev-
eral factors, including site of cancer, platelet 
count, leukocyte count, hemoglobin level, and 
BMI. Based on these risk factors, the researchers 
were able to stratify patients into low (score=0), 
intermediate (1–2), and high (≥3) risk for 
VTE. The high-risk group had a 2.5-month risk 
of VTE of 6.7 %. It has been suggested that this 
high-risk group receives VTE prophylaxis. Of 
note, this risk model had an insuffi cient number 
of patients with renal cancer, brain cancer, and 
multiple myeloma, all of which are considered to 
be higher-risk malignancies for VTE. In the vali-
dation study by Ay et al. ( 2010 ), a high-risk 

Khorana score (≥3) was associated with a cumu-
lative probability of VTE of 17.7 % at 6 months. 
A score of 2 was associated with a risk of 9.6 %, 
while a score of 1 was associated with a risk of 
3.8 %. Lastly, a score of 0 was only associated 
with a 1.5 % risk of VTE at 6 months. 

  Question 5.      What is the risk of VTE in patients 
in the intensive care unit?  

 After two cycles of chemotherapy, the patient 
described above develops fever, chills, altered 
mental status, and hypotension. He receives 
3 liters of normal saline, has blood cultures 
drawn, is started on broad-spectrum antibiotics, 
and is admitted to the ICU for monitoring. 

 The patient is started on pharmacologic VTE 
prophylaxis because this is associated with 
decreased mortality in ICU patients.

    A.    True   
   B.    False      

 A recent study found a 19 % mortality benefi t 
in patients who received pharmacologic VTE 
prophylaxis in the ICU (Answer A). 

 ---- 
 Studies evaluating VTE prophylaxis in criti-

cally ill patients are lacking. Traditionally, these 
patients have been considered high risk for VTE 
for multiple reasons, including immobility, pres-
ence of multiple systemic illnesses, and increased 
likelihood of invasive procedures (Kahn et al. 
 2012 ). The most recent ACCP guidelines suggest 
the use of LMWH or low-dose unfractionated 
heparin (LDUH) in critically ill patients (grade 
2C evidence) (Kahn et al.  2012 ). A large observa-
tional study recently found a mortality benefi t of 
19 % in patients who received prophylaxis with 
anticoagulation versus those who did not receive 
any prophylaxis (after adjusting for severity of 
illness) (Lilly et al.  2014 ). Patients receiving 
mechanical devices alone had no signifi cant ben-
efi t, and those with anticoagulation and mechani-
cal device prophylaxis had a small mortality 
benefi t (4 %) relative to those not receiving pro-
phylaxis. Of note, 93 % of nonambulatory criti-
cally ill adults received some form of VTE 
prophylaxis in this study. 
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  Question 6.      What is the VTE risk in patients 
with thrombophilias?  

 A 70-year-old male is visiting his primary 
care physician and mentions that his 79-year-old 
brother was recently diagnosed with a DVT. The 
patient wonders if he should have testing for 
genetic causes of a blood clot. You reply:

    A.    Yes, it cannot hurt to send off some genetic 
tests.   

   B.    Yes, this is essential for any patient with a 
family history of VTE.   

   C.    No, he has no other risk factors for VTE.   
   D.    No, while he may be at increased risk for 

VTE, these tests are unlikely to change your 
management.      

 The patient has a family history of VTE, but 
this is not a reason to send off a thrombophilia 
workup (Answer D). The family history is less 
concerning for a genetic mutation because the 
sibling is an older adult, but the history does indi-
cate an increased risk of VTE for the patient. 
Additionally, if a test were positive, it is unclear 
if he would benefi t from prophylaxis. 

 ---- 
 The age of onset of an initial VTE can be a clue 

as to whether it is related to an inherited thrombo-
philia. The risk of VTE continually increases with 
age, and the average age at diagnosis of initial 
VTE is 63 years in a patient without inherited 
thrombophilia. In patients with inherited throm-
bophilia, the average age of fi rst VTE is 40 years 
(Vossen et al.  2005 ), but this age varies based on 
the specifi c inherited thrombophilia (Weingarz 
et al.  2013 ) (Table  8 ). The most well-known 
genetic risk factors for VTE include factor V 
Leiden and prothrombin G20210A mutation, as 
well as defi ciencies in protein C, protein S, and 
antithrombin (AT). These genetic factors are 
known to increase the risk of VTE, with an inci-
dence of 0.1–2.9 % per year, compared to 0.1 % 
per year in controls (Vossen et al.  2005 ; Sanson 
et al.  1999 ). Of the known inherited thrombophil-
ias, AT defi ciency carries the largest risk of venous 
thrombosis, along with patients that have com-
bined defects. The lowest risk is in patients with 
heterozygous factor V Leiden, in whom the risk 

of initial VTE is virtually the same as controls 
(0.1 % per year) (Vossen et al.  2005 ).

   Even if a patient’s family member was diag-
nosed with VTE at an older age, the family his-
tory should be considered an indicator of venous 
thrombosis risk. A family history of thrombosis, 
even without inherited thrombophilia, increases 
an individual’s VTE risk by more than twofold, 
and this risk increases substantially if more than 
one person in the family is affected and those with 
VTE were of a young age. The risk of VTE is 15 
times higher in patients with a family history of 
VTE and additional environmental factors. These 
environmental factors include, but are not limited 
to, recent surgery, immobilization, pregnancy, and 
malignancy (Bezemer et al.  2009 ). 

 It is important to be aware of both the indi-
vidual’s family history and genetic risk factors, 
although there are currently no randomized tri-
als demonstrating a benefi t of anticoagulation in 
asymptomatic patients, and therefore routine 
screening is not recommended. This is partially 
related to the risk of bleeding on anticoagula-
tion. The annual incidence of major bleeding on 
vitamin K antagonists is about 1 %, with fatal 
bleeding complications of about 0.25 % per year 
(Palareti et al.  1996 ). This major bleeding risk is 
signifi cantly greater than the expected fatality of 
up to 0.1 % for spontaneous VTEs in asymptom-
atic thrombophilic patients (Sanson et al.  1999 ). 

   Table 8    Risk of initial and recurrent VTE in inherited 
thrombophilias and age of onset   

 Thrombophilia 

 Relative 
risk for 
initial 
VTE 

 Relative 
risk for 
recurrent 
VTE 

 Average 
age at fi rst 
VTE 

 Antithrombin III 
defi ciency 

 5–10  1.9–2.6  39 

 Protein C 
defi ciency 

 4–6.5  1.4–1.8  41 

 Protein S 
defi ciency 

 1–10  1.0–1.4  38 

 Factor V Leiden a   3–5  1.4  63 

 Prothrombin 
20210A mutation a  

 2–3  1.4  45 

  Table adapted from Middeldorp ( 2011 ) and Weingarz 
et al. ( 2013 ) 
  a Most common inherited thrombophilias  
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It is recommended that diligence be used during 
periods of increased VTE risk for thrombophilic 
patients, as they do have an increased risk of pro-
voked VTEs (Patnaik and Moll  2008 ). Any addi-
tional decisions about anticoagulation should be 
individualized based on the patient’s personal 
history of thrombosis, type of thrombophilia, 
family history of thrombosis, and other risks for 
thrombosis.  

    How to Choose the Appropriate VTE 
Prophylaxis for Your Patient 

  Question 7.      What pharmacologic agents are 
recommended for VTE prophylaxis and how 
effective are they?  

 A 65-year-old female patient with a history of 
CKD (baseline creatinine=3.5) is admitted to the 
hospital with a urinary tract infection. She is 
determined to be high risk by PPS and requires 
VTE prophylaxis. What type of prophylaxis 
should she receive?

    A.    Enoxaparin   
   B.    Unfractionated heparin   
   C.    Rivaroxaban   
   D.    Compression stockings      

 The patient is not actively bleeding and has no 
acute risk of bleeding; therefore, she should 
receive pharmacologic VTE prophylaxis. The 
patient has renal failure, so enoxaparin should be 
avoided. If the patient had normal renal function, 
enoxaparin would be a viable option. In fact, 
enoxaparin has been shown to be superior to hep-
arin in a systematic review as described below. 
Rivaroxaban is effective as VTE prophylaxis in 
medical inpatients but has been associated with 
increased bleeding relative to enoxaparin 
(Answer B). 

 ---- 
 Once a patient has been determined to be high 

risk via a validated RAM, the practitioner must 
decide what pharmacologic anticoagulant to pre-
scribe. The most common choices for pharmaco-
logic VTE prophylaxis include UFH and LMWH. 
These agents have been used for many years, and 

multiple trials have shown a decrease in DVT and 
PE when these medications are used in medical 
and surgical patients compared with placebo 
(Wein et al.  2007 ; Alhazzani et al.  2013 ), although 
a recent review showed only a reduction in DVT 
(Alikhan et al.  2014 ). Rates of major bleeding 
differ, with some trials reporting no increase in 
major bleeding (Alhazzani et al.  2013 ) and others 
reporting an increase in bleeding on prophylactic 
heparin (Alikhan et al.  2014 ), although uniformly 
there is no signifi cant change in mortality for 
acutely ill patients on heparin prophylaxis. 

 Many recent meta-analyses have reviewed the 
effectiveness of UFH when compared to 
LMWH. A meta-analysis of randomized trials in 
medical-surgical ICU patients showed that 
LMWH reduced the rates of PE when compared 
with UFH, with no signifi cant change in DVT, 
major bleeding, or mortality (Alhazzani et al. 
 2013 ). A review of 16 studies comparing UFH and 
LMWH in medical patients showed that LMWH 
reduced the risk of DVT and major bleeding, with 
no signifi cant changes in PE outcomes or mortal-
ity (Alikhan et al.  2014 ), while a meta-analysis of 
36 randomized trials showed the use of LMWH 
was associated with a lower risk of DVT, but no 
signifi cant difference in the risk of bleeding (Wein 
et al.  2007 ). These data support the use of heparin 
to prevent VTE in acutely ill medical patients but 
indicate that there may not be a signifi cant decrease 
in mortality. These data also suggest that LMWH 
may be superior to UFH, with a decrease in DVT 
or PE, with a similar or lower risk of bleeding. 

  Question 8.      Is mechanical VTE prophylaxis 
effective and when should it be used?  

 The patient described above is admitted for 
several days while she is hydrated and receives 
antibiotics. On her third day of admission, she 
notices a signifi cant amount of blood in the toilet 
after having a bowel movement. You are con-
cerned that she has a gastrointestinal bleed and 
consider stopping her heparin prophylaxis. You 
decide to:

    A.    Stop all VTE prophylaxis as she is bleeding.   
   B.    Stop heparin and change to LMWH since this 

has a lower risk of bleeding.   
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   C.    Stop heparin and administer intermittent 
pneumatic compression devices.   

   D.    Continue heparin because she is currently 
hemodynamically stable.   

   E.    Stop heparin and have an IVC fi lter placed.      

 The patient was receiving heparin for VTE pro-
phylaxis as she was determined to be high risk by 
a validated RAM. Subsequently she developed an 
acute gastrointestinal bleed; therefore, all antico-
agulation should be stopped, but she still requires 
VTE prophylaxis. There is no indication for the 
placement of an inferior vena cava (IVC) fi lter for 
VTE prophylaxis in this patient (Answer C). 

 ---- 
 For patients with increased risk for VTE, 

pharmacologic anticoagulation should be con-
sidered as fi rst-line treatment. In cases of bleed-
ing or high risk of bleed, mechanical modalities, 
such as graduated compression stockings 
(GCS), intermittent pneumatic compression 
(IPC), and IVC fi lter placement, should be used. 
Regarding GCS, there are data to suggest that 
GCS decrease the rate of DVT, as shown in a 
meta-analysis by Sachdeva et al. ( 2014 ), 
although the majority of the patients included in 
this analysis were orthopedic and surgical 
patients. GCS were studied specifi cally in medi-
cal patients in the CLOTS1 ( 2009 ) randomized 
trial, which compared thigh- length GCS to no 
GCS and showed a nonsignifi cant absolute 
reduction in DVT with a signifi cant increase in 
skin breakdown, ulcers, blisters, and necrosis. 
The CLOTS2 ( 2010 ) trial compared thigh-
length and below-knee compression stockings 
in patients with stroke and found a signifi cant 
reduction in proximal DVTs with thigh-length 
compression stockings, again with an increase 
in skin breakdown and no change in overall sur-
vival. Although these data did appear to show a 
reduction in DVT, the trial was closed before the 
target accrual was reached. 

 The alternative mechanical prophylaxis, IPC, 
has been studied in the CLOTS3 ( 2013 ) trial. 
The trial again included acutely ill medical 
patients and showed an absolute risk reduction 
of 3.6 %. A recent meta-analysis of 70 trials 
showed that IPC was more effective than no IPC 

in reducing DVTs, but there was no difference in 
overall mortality (Ho and Tan   2013 ). IPC was 
more effective than stockings in decreasing 
DVTs, but not PEs. IPC was as effective as phar-
macologic prophylaxis in reducing PE with 
decreased bleeding, but again, there was no sig-
nifi cant change in mortality. In critically ill med-
ical and surgical patients, it has been shown that 
the risk of lower-extremity VTE is signifi cantly 
decreased with IPC, but perhaps not with GCS, 
when compared with no prophylaxis. The ACP 
guidelines for nonsurgical patients with bleeding 
or high risk of bleeding recommend against GCS 
and suggest IPC be used as an alternative to 
pharmacologic prophylaxis (Qaseem et al. 
 2011 ). The ACCP guidelines recommend the use 
of either GCS or IPC in this situation (Guyatt 
et al.  2012 ). As soon as the bleeding risk sub-
sides, these patients should be started on phar-
macologic prophylaxis, in addition to, or in place 
of, the GCS or IPC, if the VTE risk remains high 
(Guyatt et al.  2012 ). Adding pharmacologic pro-
phylaxis to IPC has been shown to further reduce 
the risk of DVTs when compared to IPC alone, 
but shows no decrease in the risk of PE and no 
change in mortality (Ho and Tan  2013 ). 

 IVC fi lters are commonly considered as a 
means of prophylaxis in patients who cannot be 
anticoagulated, although there are not suffi cient 
data to support this practice. There is one high- 
quality randomized clinical trial with IVC fi lters, 
which showed that IVC fi lters reduce the risk of 
PEs, but this trial was performed in patients with 
an acute VTE while on therapeutic anticoagula-
tion. It also showed an increase in DVTs at 
2 years with no signifi cant difference in mortal-
ity (Decousus et al.  1998 ). Based on this study, 
as well as the lack of other quality data for pro-
phylaxis, the ACCP recommends against the use 
of an IVC fi lter for VTE prophylaxis, although 
this contradicts the Eastern Association for the 
Surgery of Trauma (EAST) recommendations 
for the use of prophylactic IVC fi lters in high-
risk trauma patients. The EAST recommenda-
tions are based on many retrospective reviews 
and no randomized clinical data (Aryafar and 
Kinney  2010 ). Therefore, we would not recom-
mend this practice. 
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  Question 9.      What is the role of oral pharma-
cologic VTE prophylaxis?  

 The above patient makes a full recovery and is 
discharged from the hospital. The following year 
she is readmitted for pneumonia. The admitting 
resident tells her that he is starting heparin pro-
phylaxis, and she states that she really did not 
like getting injections and was wondering if there 
was a pill she could take instead. 

 The resident replies that while there are anti-
coagulant pills available, none are safe to use in 
this clinical situation. This statement is:

    A.    True   
   B.    False      

 Two randomized trials, one evaluating rivar-
oxaban and one evaluating apixaban, showed an 
increased risk of bleeding when compared to 
enoxaparin. Further clinical trials are ongoing 
(Answer A). 

 ---- 
 In recent years, new oral options have become 

available for therapeutic anticoagulation. The data 
supporting the use of these newer agents, such as 
apixaban and rivaroxaban, are different in medical 
patients and surgical patients. In surgical patients, 
particularly orthopedic patients, there are multiple 
trials that support the use and safety of newer anti-
coagulants in the postoperative period (Stacy  2013 ). 
This same outcome has not been found in medical 
patients, as demonstrated in two recent clinical tri-
als in acutely ill medical patients. One trial (Cohen 
et al.  2013 ) was a blinded, double-dummy, random-
ized controlled trial that compared 40 mg of daily 
subcutaneous enoxaparin for 10 ± 4 days with rivar-
oxaban 10 mg daily for 35 ± 4 days. The results 
showed that rivaroxaban was non-inferior to enoxa-
parin in regard to the primary outcome of asymp-
tomatic proximal or symptomatic VTE, but there 
was an increased risk of bleeding at both the day 10 
and day 35 time points. In a second, double- blinded 
randomized clinical trial (Goldhaber et al  2011 ), 
patients were treated with either apixaban 2.5 mg 
twice daily for 30 days or enoxaparin 40 mg daily 
for 6–14 days. There was no statistically signifi cant 
difference in primary effi cacy, which was a com-
posite of VTE-related death, PE, symptomatic 
VTE, or asymptomatic proximal leg DVT, but there 

was a statistically signifi cant increase in major 
bleeding in the apixaban group. Based on these 
data, the newer oral anticoagulants are not currently 
recommended for VTE prophylaxis in acutely ill 
medical patients. Rivaroxaban is currently undergo-
ing another phase 3 trial at two different doses in 
high-risk medical patients (Janssen Research & 
Development, LLC; NCT02111564), and betrixa-
ban, another oral factor Xa inhibitor, is also under-
going a phase 3 VTE prophylaxis trial in high-risk 
medical patients (Portola Pharmaceuticals; 
NCT01583218).  

  Answers 

    Question 1. C  
  Question 2. B  
  Question 3. B  
  Question 4. A  
  Question 5. A  
  Question 6. D  
  Question 7. B  
  Question 8. C  
  Question 9. A         
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in Venous Thromboembolism                      
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         Introduction 

 The diagnosis and management of venous throm-
boembolism (VTE) have substantially evolved 
since the introduction of clinical prediction rules 
and outpatient anticoagulant therapy. Alongside a 
growing understanding of the pathogenesis and 
natural history of VTE, a maturing approach to 
acute and long-term management is focused on 
personalizing therapy. 

 In this chapter, we review critical and 
sometimes controversial questions that arise 
in the management of VTE. Equipoise sur-
rounding many of these questions reflects the 
growing body of literature that continues to 
inform and shape our treatment paradigms and 
approaches. 

  A 35 - year - old woman returns to your offi ce 
3 months after being diagnosed with a pulmonary 
embolism  ( PE ).  She has been on anticoagulation 
since diagnosis. She asks whether and for how long 
she should continue her anticoagulant therapy . 

  Question 1.       What is the optimal duration of 
anticoagulation for venous thromboembolism  
( VTE )?

    A.    Three months for distal or calf DVT and 
6 months for proximal DVT   

   B.    Three to 6 months as the bleeding risk on 
anticoagulation exceeds the risk of recurrent 
VTE thereafter   

   C.    Three months for a provoked event and indef-
inite duration for all other events   

   D.    A minimum of 3 months, with consideration 
for indefi nite duration depending on circum-
stances of VTE and bleeding risk    

    Expert Perspective     The optimal duration of 
anticoagulation following acute VTE depends on 
recurrence risk, to what degree that risk dimin-
ishes over time following the acute event, and the 
morbidity and costs of ongoing therapy.  

 Ongoing anticoagulation effectively prevents 
recurrent VTE (Middeldorp et al.  2014 ), but 
cannot eliminate the risk. Early VTE recurrence 
or progression can be diminished by a 3–6-
month course of anticoagulation; continuation 
of  anticoagulation only delays the residual 
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recurrence risk. High-quality clinical trials that 
have demonstrated treatment courses shorter 
than 3 months are associated with higher risks 
of VTE recurrence (Kearon et al.  2004 ; 
Schulman et al.  1995 ), whereas treating beyond 
3 months appears not to further reduce the risk 
(Boutitie et al.  2011 ; Pinede et al.  2001 ), 
 establishing this as the minimum duration of 
therapy. 

 Anticoagulant-associated bleeding risk is 
highest in the initial 3 months and plateaus and 
persists with anticoagulant continuation thereaf-
ter. It is estimated that over 5 years of anticoagu-
lation, an absolute risk increase of 2–5 % in 
major bleeding is introduced in patients at low or 
intermediate baseline risk for bleeding, while 
this risk increase is nearly 20 % in those at high 
baseline risk of bleeding (Kearon et al.  2012 ) 
(Table  1 ).

   Thus whether or not anticoagulants are con-
tinued indefi nitely beyond 3 months should 
depend on whether or not the benefi t of pre-
venting recurrent thrombosis outweighs the 
burden of ongoing therapy. In patients with a 
transient and resolved risk factor in whom the 
risk of recurrence is <5 % in the fi rst year after 
stopping anticoagulation (and in most cases 
considerably lower) (Baglin et al.  2003 ; 
Hansson et al.  2000 ; Iorio et al.  2010 ) and in 
patients with a high risk for anticoagulant-
associated bleeding, the balance favors 
3 months of anticoagulation. For those with 
ongoing risk factors or those with unprovoked 
events, but a lower risk of bleeding, the bal-
ance usually favors indefi nite duration antico-
agulation. It is important to periodically 
reassess those on long-term anticoagulation as 
the acquisition of new bleeding risk factors 
may alter the risk-to-benefi t ratio over time 
(see Fig.  1 ).

    A 30 - year - old woman is reviewed 3 months 
after diagnosis of PE. She has struggled to main-
tain her INR in the therapeutic range and does 
not have the fi nancial means to adhere to long - 
 term therapy with a direct oral inhibitor. She 
wants to know her risk of recurrence if she stops 
anticoagulant therapy . 

  Question 2.      Which of the following state-
ments is true regarding the risk of recurrent 
VTE ?

    A.    Recurrence risk is highest in young males 
with unprovoked VTE.   

   B.    An important predictor of recurrence risk is 
the presence or absence of a major transient 
provoking risk factor.   

   C.    The risk of recurrence is reduced by prolong-
ing the initial duration of anticoagulant ther-
apy beyond 3 months.   

   D.    D-dimer is useful for risk stratifi cation in pre-
dicting recurrent VTE and should be used to 
determine duration of anticoagulation.    

    Expert Perspective     Multiple studies have 
shown that the most important determinant of 
risk of recurrence is the presence and strength 
of the associated thrombotic risk factor: the 
stronger the risk factor, the lower the risk of 
recurrence. The impact of the strength of a tran-
sient risk factor was demonstrated in a system-
atic review, which found that the risk of VTE 
recurrence was <1 % per year in those with 
postoperative VTE, compared with ~4 % per 
year in those who had a nonsurgical risk factor 
(Iorio et al.  2010 ). In patients with unprovoked 

   Table 1    Risk factors for anticoagulant-associated bleed-
ing (Kearon et al.  2012 )   

 Age>65 

 Prior history of bleeding 

 Prior history of stroke 

 Poor control of INR on warfarin 

 Concomitant antiplatelet use 

 Renal impairment 

 Liver disease 

 Cancer 

 Hypertension 

 Diabetes 

 Anemia 

 Frequent falls 

 Alcohol use 

  With the accumulation of risk factors, the individual 
patient’s risk of bleeding on anticoagulant therapy 
increases  
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events, the risk of recurrence is ~10 % in the 
fi rst year off anticoagulants, up to 5 %/year 
thereafter, and over 30 % in 5 years (Prandoni 
et al.  1996 ). These observations imply that indi-
viduals have different baseline risks of throm-
bosis, such that a relative weak risk factor is 
required to trigger a thrombotic event in those 
at high baseline risk, while a strong risk factor 
is required in those with a lower baseline risk 
(see Fig.  2 ).

    Tools are emerging to better predict recur-
rence risk for individual patients following 
unprovoked VTE. One major determinant is 
sex; males have higher recurrence rates, with a 
risk of up to 14 % in the fi rst year after discon-
tinuing anticoagulation, and overall recurrence 
rates up to twice those of their female counter-
parts (Rodger et al.  2008 ; Christiansen et al. 
 2005 ). Several risk prediction scores – such as 
the “Men Continue and HERDOO2” (Rodger 

et al.  2008 ) and DASH (Tosetto et al.  2012 ) 
scores – appear able to stratify patients with 
unprovoked VTE into high- and low-risk 
groups. Most of these tools rely on the results 
of a D-dimer measured after resolution of the 
acute VTE, where a negative D-dimer result 
predicts a lower risk of recurrence. Recent data 
have found that there may be utility in sex and 
age- specifi c D-dimer cutoffs (Palareti et al. 
 2014 ). While these tools appear to hold promise 
in facilitating individualized clinical decision-
making regarding duration of anticoagulation, 
none have been yet widely validated. 

  A 65 - year - old woman was diagnosed with 
acute DVT 1 week ago and is being evaluated in 
the clinic. The patient had been well without 
identifi ed VTE precipitants and has no other 
medical history. You wonder whether ,  how ,  and 
to what degree you should investigate for the 
presence of undiagnosed malignancy . 

Acute VTE
No absolute contraindication to anticoagulation

3 months of anticoagulation

Initial assessment of risk of VTE recurrence

No precipitant identified
OR

Ongoing risk factor (e.g., cancer)

Minor, resolved risk factor (e.g.,
long- distance travel)

Major, resolved risk factor:

Assess bleeding risk

Male Female

Stop
anticoagulation

Stop
anticoagulation

Continue
anticoagulation

Consider further assessment
of recurrence risk:

•   D-dimer
•   Risk score (e.g.,
     HERDOO211, DASH13)

High bleeding risk Intermediate- low bleeding risk

Unprovoked/ irreversible risk factor Provoked/ reversible risk factor
High risk of recurrence Low risk of recurrence

•   Major trauma
•   Hospitalization
•   Pregnancy*

•   Catheter**

•   Surgery

  Fig. 1    Approach to treatment of acute VTE. 
*Anticoagulation for pregnancy-associated VTE should 
be continued for a minimum of 3 months and until 

6 weeks postpartum. ** Anticoagulation for catheter- 
associated DVT should continue for a minimum of 
3 months and until catheter removal       
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  Question 3.      To what degree should patients 
with unprovoked VTE undergo an evaluation 
for occult malignancy ?

    A.    All patients presenting with unprovoked VTE 
should undergo screening for occult cancer 
with CT scans of the chest, abdomen, and 
pelvis because early detection of cancer can 
improve overall survival.   

   B.    It is not cost-effective to screen patients for 
occult cancers when they present with unpro-
voked VTE since the vast majority do not 
have underlying malignancy.   

   C.    Screening protocols for the detection of 
occult cancers are associated with high false- 
positive rates.   

   D.    A comprehensive panel of laboratory and 
imaging investigations can reliably exclude 
undiagnosed malignancy at the time of 
VTE.    

    Expert Perspective     It is well established that 
occult cancers account for a proportion of appar-
ently unprovoked VTE. However, cancer screen-
ing programs are only appropriate in selected 
populations and when several criteria are met 
(Herman  2006 ).  

 First, the disease should have major health 
implications and should be prevalent in the 
screened population. Given that approximately 
10 % of patients with unprovoked VTE have an 
undiagnosed cancer (Nordstrom et al.  1994 ; 
Carrier et al.  2008 ), screening could be justifi ed. 

 A second requirement is the availability of a 
validated and sensitive screening test. Several 
prospective studies have explored the effi cacy of 
extensive cancer screening in patients with 
unprovoked VTE. Overall, the results have not 
been favorable. Several studies suggested that 
limited (“routine”) cancer screening protocols 
can identify the majority of cancers diagnosed in 
the 1–2 years following the thrombotic event 
(Monreal et al.  2004 ; Semb and Tveit  2014 ), 
while others have found that even extensive 
screening was only able to identify as few as 
25 % of cancers that would be diagnosed in this 
time period. Serum tumor markers and extensive 
imaging (e.g., PET/CT) have been shown to add 
little sensitivity, increasing the absolute propor-
tion of patients found to have occult cancer only 
marginally.(Monreal et al.  2004 ; Semb and Tveit 
 2014 ; Alfonso et al.  2013 ; Rieu et al.  2011 ; 
Rondina et al.  2012 ; Van Doormaal et al.  2011 ). 
A large randomized clinical trial found that 
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comprehensive CT did not increase the detection 
of occult malignancies over the routine practice 
of performing a history, physical examination, 
basic blood work, and age-specifi c cancer screen-
ing (Carrier et al.  2015 ). Current data support the 
conclusion that a valid screening protocol does 
not exist. 

 A third consideration is the cost and morbidity 
imposed by screening. Studies on screening for 
occult cancers in VTE patients consistently high-
light the costs, burdens, and potential harms of 
these strategies. False-positive results, necessitat-
ing further invasive or costly investigations, occur 
in 10–50 % of patients screened, far exceeding 
the cases of confi rmed cancer diagnoses (Alfonso 
et al.  2013 ; Rieu et al.  2011 ; Rondina et al.  2012 ; 
Van Doormaal et al.  2011 ). 

 Finally, screening should, by early identifi -
cation of treatable diseases, result in improved 
patient outcomes. In patients with VTE, can-
cers identifi ed are frequently in advanced stages 
with limited treatment options. Even when 
extensive screening has identifi ed more occult 
cancer at less advanced stages, an impact on 
overall or cancer-related mortality has never 
been demonstrated (Van Doormaal et al.  2011 ; 
Piccioli et al.  2004 ). 

 Consequently, we do not recommend extensive 
cancer screening in patients presenting with unpro-
voked thrombosis. Instead, we use symptom- 
targeted testing based on a history and physical 
examination. This should include inquiries regard-
ing prior personal or strong family history of can-
cer, symptoms concerning for malignancy, and 
whether the patient has undergone the established 
validated screening for malignancy based on age 
and other relevant factors. 

  A 70-year-old woman presents to the emer-
gency department 2 h after sudden - onset severe 
dyspnea and chest pain. She is alert but dis-
tressed ;  on examination ,  she is tachycardiac  
( 120 beats / min ),  tachypneic  ( 28 breaths / min ), 
 and normotensive ,  and her oxygen saturation is 
97  %  on room air. Computed tomography pulmo-
nary angiography  ( CT - PA )  confi rms pulmonary 
embolism extending into the left main pulmonary 
artery . 

  Question 4.      Based on randomized controlled 
trials thrombolysis for acute PE should be 
given in which of the following scenarios ?

    A.    An 85-year-old female with massive PE with 
hemodynamic instability and a remote his-
tory of peptic ulcer disease   

   B.    An otherwise healthy 40-year-old male with 
pleuritic chest pain, RV strain on echocardio-
gram, and no risk factors for bleeding   

   C.    A patient with COPD and multiple segmental 
PE requiring 30 % FiO2 supplementation   

   D.    None of the above    

    Expert Perspective     Pulmonary embolism is 
potentially life threatening, with acute risks 
(hemodynamic compromise or respiratory fail-
ure) and chronic complications (recurrence or 
the development of pulmonary hypertension). 
Due to these signifi cant and sometimes imme-
diate complications, the role of systemic throm-
bolytic therapy continues to be studied. 
Catheter-directed thrombolysis for pulmonary 
embolism – an invasive procedure whose study 
has been very limited to date – will not be 
 discussed herein.  

 Randomized trials have generally included 
massive (usually defi ned as hypotensive or 
hemodynamically unstable) or submassive PE 
patients (often with right ventricular (RV) dys-
function or RV “strain”). This latter category, 
also reported as “intermediate-risk” PE, has 
variable defi nitions across studies, complicating 
interpretation of this literature. A recent ran-
domized controlled trial (PEITHO study) of 
over 1,000 normotensive patients with PE who 
had imaging and biochemical parameters sug-
gestive of RV dysfunction demonstrated that 
thrombolysis improves early hemodynamic out-
come but did not improve survival due to the 
risk of intracranial hemorrhage (ICH) (Meyer 
et al.  2014 ). The absolute risk reduction in 
hemodynamic decompensation was 3.4 % (num-
ber needed to treat (NNT) = 29), and the abso-
lute risk increase in ICH was 1.8 %. This trial 
appears also to support the notion that rescue 
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thrombolysis administered at the time of hemo-
dynamic decompensation can effectively salvage 
patients, thus reducing the need for up-front 
thrombolysis in those with submassive PE. In con-
trast, a meta-analysis that included the PEITHO 
and earlier studies found a lower overall mortality 
with thrombolytic therapy (Chatterjee et al.  2014 ); 
however, the meta-analysis included older studies 
with methodological fl aws and inconsistent defi ni-
tions and included patients with hemodynamic 
instability. 

 When assessing a patient for thrombolysis, it is 
important to recognize that outcomes with antico-
agulation alone are very favorable in patients who 
are hemodynamically stable, so any attempt to 
improve these should not introduce substantial 
risks. Furthermore, when considering the fi ndings 
of thrombolysis trials, clinicians must appreciate 
that these included a carefully selected population 
and excluded patients at high risk of bleeding 
(e.g., those with uncontrolled hypertension). 

 We recommend thrombolysis in hemodynami-
cally unstable patients with pulmonary embolism. 
Patients with radiographic or biochemical fea-
tures of RV dysfunction are likely at higher risk 
for decompensation; we suggest that any patient 
with such features be closely monitored, such that 
thrombolysis can be administered promptly in the 
event of decompensation. We do not recommend 
up-front thrombolysis of these patients. 

  A 60-year-old man was diagnosed with a DVT 
involving the left iliac and femoral veins 6 months 
ago. No transient risk factor was identifi ed ,  and 
he has been on anticoagulation since that time. 
On follow - up evaluation ,  he reports improvement 
of his symptoms but that he continues to experi-
ence  “ throbbing ”  in the affected leg ,  in particular 
at the end of the day. On examination ,  the left leg 
is erythematous ,  with the left calf diameter mea-
suring 2 cm greater than the right . 

  Question 5.      Which of the following applies to 
post - thrombotic syndrome  ( PTS )?

    A.    Suboptimal anticoagulation and ipsilateral 
recurrence are strong predictors of PTS.   

   B.    Elastic compression stockings reduce the 
incidence of PTS.   

   C.    Systemic thrombolysis has been shown to 
reduce the incidence of PTS.   

   D.    All of the above.    

    Expert Perspective     Post-thrombotic syndrome 
(PTS) is characterized by discomfort, edema, and 
skin changes occurring after DVT. Among 
patients with symptomatic leg DVT, 25–50 % 
develop PTS, which is classifi ed as severe (often 
with venous ulcers) in ~3 % of patients, and is 
usually apparent within a year of diagnosis 
(Galanaud et al.  2013 ; Kahn et al.  2008 ; Tick et al. 
 2008 ; van Dongen et al.  2005 ). The Villalta scale 
(Villalta et al.  1994 ) has been used for the diagno-
sis of PTS and assessment of its severity (Box  1 ). 
Since there exist no effective therapies for estab-
lished PTS, studies have focused on predicting 
patients at high risk for PTS and early preventa-
tive interventions. 

 Several factors, often related to increase 
thrombus burden or vascular damage, have been 
consistently associated with higher risk of PTS 
(Table  2 ). Repeated damage to the same vessel – 
such as with recurrent ipsilateral DVT – is 
highly associated with PTS, as is suboptimal 
anticoagulation during the initial months of 
treatment, which increases the risk of thrombus 
recurrence and progression (Kahn et al.  2008 ; 
Stain et al.  2005 ).

    Although older, open-label studies suggested 
that elastic compression stockings (ECS) were 
effective in preventing PTS, a recent, large 
placebo- controlled trial found no reduction in 
PTS with ECS (Kahn et al.  2014 ). Whether ECS 
will slow progression of PTS requires further 
study. 

   Table 2    Risk factors for the development of PTS 
(Galanaud et al.  2013 ; Kahn et al.  2008 ; Tick et al.  2008 , 
 2010 ; van Dongen et al.  2005 )   

 Age (>65 years (van Dongen et al.  2005 ), increasing 
age (Kahn et al.  2008 )) 

 BMI>30 kg/m 2  (Galanaud et al.  2013 ; Tick et al.  2008 ) 

 Recurrent ipsilateral DVT 

 Proximal (vs. more distal) vein thrombosis 

 Suboptimal anticoagulation (low time in therapeutic 
range on warfarin) during initial months of treatment 

 Residual thrombus on follow-up ultrasound 
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 There is growing interest in catheter-directed 
thrombolysis (CDT) for the prevention of 
PTS. To date, only one randomized controlled 
study has been published that used the standard-
ized reproducible Villalta score to document PTS 
and clearly reported primary outcomes and com-
plications (Enden et al.  2012 ). Reduction in PTS 
was modest, and there was an increased rate of 
complications in the CDT arm, including bleed-
ing (20 events in the intervention arm vs. none in 
the control arm) and major bleeding (3 events vs. 
none). Other trials have important methodologic 
limitations, including failure to use standardized 
or validated defi nitions of PTS and to properly 
defi ne and report adverse outcomes, including 
bleeding. Importantly, recent data suggest that 
when employed in clinical practice (outside of 
the clinical trial setting), complications and cost 
of therapy are increased with the use of CDT 
(Bashir et al.  2014 ). 

 The strong relationship between inadequate 
anticoagulation in the acute phase of VTE and 
risk of PTS is compelling support for the prompt 
administration of effective anticoagulation in the 
prevention of PTS. In addition, the identifi cation 
of patients with high probability of DVT recur-
rence, and the prescription of indefi nite antico-
agulation where safe and feasible in such 
patients, is likely to reduce ipsilateral recurrence 

and therefore PTS. Based on the available data, 
we regard the latter as the most rational approach 
to PTS prevention. We do not recommend the 
use of compression stockings for the purpose of 
PTS prevention. At present, the role of CDT in 
DVT management and PTS prevention requires 
further study and should not be used as fi rst-line 
therapy. 

   A 67 - year - old woman was diagnosed with 
locally advanced ovarian cancer 1 month ago and 
is awaiting surgery and chemotherapy. She is seen 
in clinic where she reports feeling more short of 
breath over the past week. She is sent for a CT - PA 
which reports pulmonary embolism confi ned to a 
subsegmental artery in the left upper lobe . 

  Question 6.       Which of the following state-
ments is true regarding isolated subsegmental 
PE  ( SSPE )?

    A.    SSPE should always be treated with a full 
course of anticoagulation.   

   B.    The management of SSPE should be guided 
by the presence of risk factors, risk of antico-
agulation, and patient comorbidities and 
preference.   

   C.    A normal D-dimer level excludes SSPE.   
   D.    In patients with SSPE, anticoagulation can be 

safely withheld in those with a negative bilat-
eral leg ultrasound and non-high probability 
ventilation-perfusion scan.    

    Expert Perspective     Subsegmental pulmonary 
embolism (SSPE) is an increasingly common 
fi nding, likely as a consequence of increased 
availability of chest imaging modalities and 
highly sensitive multi-detector CT scanners. In 
the absence of high-quality prospective studies 
to inform practice, most clinicians often pre-
scribe anticoagulation for SSPE, though most 
consider the presence or absence of thrombotic 
risk factors in the decision-making process 
(Carrier et al.  2011 ; Lim et al.  2014 ). The con-
troversy surrounding whether to anticoagulate 
patients with SSPE arises from two questions: 
(1) does SSPE on CT-PA represent actual 
thrombus? and (2) what is the clinical relevance 
of SSPE?  

  Box 1 The Villalta scale   

 Symptoms a   Signs a  

 Pain  Pretibial edema 

 Cramps  Venous ectasias 

 Heaviness  Skin induration 

 Paresthesias  Hyperpigmentation 

 Pruritis  Redness 

 Pain on calf compression 

 Venous ulcer 

   a Each sign or symptom is assigned a score from 0 
(absent) to 3 (most severe), and the results tallied 
to formulate a score. The presence or absence of 
venous ulcer(s) is noted. PTS is classifi ed as mild 
if the Villalta score is 5–9, moderate if the Villalta 
score is 10–14, and severe if the Villalta score is 
15 or a venous ulcer is present    
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 The accuracy of CT-PA to diagnose SSPE has 
yet to be established. Isolated SSPE reported on 
CT-PA is associated with a positive predictive 
value for the presence of thrombus on pulmonary 
angiography of only 25 % (Stein et al.  2006 ), 
leading some to postulate that SSPE on CT-PA 
may, in a signifi cant proportion of cases, repre-
sent artifact. The high degree of interobserver 
variability in the identifi cation of SSPE further 
calls the reliability of such fi ndings into question 
(Pena et al.  2012 ). There are data to support the 
notion that SSPE is a variant of VTE with similar 
characteristics; a prospective cohort of patients 
with suspected PE undergoing CT-PA found that 
those with SSPE were more similar to those with 
proximal PE than those without PE (den Exter 
et al.  2013 ). 

 Adding to the equipoise surrounding the clini-
cal relevance of SSPE, several established diag-
nostic modalities, whose sensitivity has been 
proven adequate to exclude PE, appear to often 
“exclude PE” when SSPE is present. For exam-
ple, D-dimer assays are negative in a considerable 
proportion of patients with SSPE (Sijens et al. 
 2000 ). Perhaps even more compelling is that ven-
tilation-perfusion (V/Q) scans are unlikely to 
detect SSPE (Stein  1997 ), but it is well estab-
lished that patients with low- probability V/Q 
scans can safely be managed without anticoagula-
tion (Anderson et al.  2007 ). Indeed, while CT-PAs 
detect PE in a greater proportion of patients than 
do V/Q scans, the use of CT-PA compared with 
V/Q scans to determine the need for anticoagula-
tion has not resulted in lower rates of VTE recur-
rence in untreated patients (Anderson et al.  2007 ). 
Many conclude from these observations that the 
use of the multi- detector CT-PA scans results in 
unnecessary anticoagulation for clinically unim-
portant positive test results in a proportion of 
patients. To help determine if a patient with SSPE 
requires anticoagulation, lower extremity ultraso-
nography might have a role; the identifi cation of 
proximal lower extremity DVT, which was pres-
ent in 7 % of patients with SSPE in one study (Le 
Gal et al.  2006 ), provides solid grounds for 
anticoagulation. 

 Lastly, the results of any imaging investiga-
tion must be interpreted in context; in a patient 

with multiple or strong thrombotic risk factors, 
the fi nding of SSPE might bear more relevance 
than in those without these features. This under-
scores the importance of applying appropriate 
patient assessment and clinical prediction tools, 
to determine the pretest probability of PE, prior 
to undertaking CT-PA scans. 

 The decision to anticoagulate those with iso-
lated SSPE remains controversial, and there 
exists a paucity of high-quality evidence to sup-
port decisions. Our approach to SSPE is outlined 
in Fig.  3 . In the patient described above, we 
would favor anticoagulation in light of her sug-
gestive symptoms in the absence of an alternate 
explanation and her active and highly thrombo-
genic cancer.

    A 60 - year - old woman presents with several 
days of persistent unilateral upper-extremity 
edema and paresthesia associated with a central 
venous catheter in place for long - term antibiotic 
administration. She undergoes compression 
ultrasonography ,  which cannot identify any non-
compressible venous segments ,  but a Doppler 
done concurrently shows absent fl ow in the axil-
lary vein . 

  Question 7.      Patients with upper - extremity 
catheter - related thrombosis  ( CRT )  should be 
treated with anticoagulation because …?

    A.    Randomized controlled trials have shown that 
anticoagulation is more effi cacious compared 
with line removal without anticoagulation.   

   B.    Catheter removal without anticoagulation is 
inadequate for the management of CRT 
because anticoagulation reduces the risk of 
pulmonary embolism.   

   C.    Symptomatic CRT is associated with a high 
risk of recurrent thrombosis and PTS.   

   D.    None of the above.    

    Expert Perspective     Central venous catheters 
(CVC) are used in patients with acute or chronic 
illness requiring frequent venous access. The 
presence of a foreign body disrupting the endo-
thelium and intravenous blood fl ow introduces a 
potent nidus for thrombosis. The incidence of 
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CRT has been reported to be as high as 53 %, 
although a large majority are asymptomatic 
(Geerts  2014 ). Clinicians should have a high 
index of suspicion when patients with other risk 
factors report even subtle symptoms (see Table  3 ).

    The diagnosis of CRT can be challenging. The 
most common fi ndings are edema, limb discom-
fort, and erythema (Joffe et al.  2004 ). Symptoms 
may also occur in the neck and face. A clinical 
prediction tool has been devised and validated and 
appears to stratify patients into higher and lower 

pretest probability for upper-extremity DVT, 
wherein the presence of a catheter, localized pain, 
unilateral pitting edema, and absence of an alter-
nate diagnosis increase the likelihood of DVT 
(Constans et al.  2008 ). Combined compression 
and Doppler ultrasonography has excellent test 
characteristics for most sites (sensitivity and spec-
ifi city both generally >90 % for the axillary, inter-
nal jugular, and distal subclavian veins), although 
confi rming thrombus isolated to the proximal sub-
clavian or brachiocephalic veins can be challeng-
ing (Di Nisio et al.  2010 ; Mustafa et al.  2002 ). 
When suspicion is high but ultrasound is unable to 
confi rm thrombosis, MR or conventional venog-
raphy or serial ultrasounds may be necessary. An 
understanding of the utility of D-dimer testing in 
CRT and diagnostic algorithms for UE-DVT 
(including CRT) incorporating pretest probability 
is emerging but has yet to be validated adequately 
for routine clinical application (Kleinjan et al. 
 2014 ; Merminod et al.  2006 ). 

Use of validated diagnostic algorithms
based on pre-test probability*

CT-pulmonary angiogram

Finding of SSPE

Review by radiologist with relevant expertise
and

Bilateral ultrasound of lower extremities

No proximal LE-DVT Confirmed
proximal LE-DVT

Question/refute
presence of SSPE

Establish presence of
isolated SSPE

Consider withholding
anticoagulation

Favors no
anticoagulation

Favors anticoagulation Anticoagulate

• Counsel on
 symptoms of PE
• Close monitoring
 (e.g., serial US)

- High bleeding
risk

-Strong thrombotic risk
factors
-poor cardiorespiratory
reserve

  Fig. 3    Approach to the management of symptomatic iso-
lated SSPE. *For example, Wells or Geneva scores, those 
with low pretest probability may have acute VTE safely 
excluded with high-sensitivity D-dimer testing, thereby 

avoiding unnecessary and potentially misleading CT 
scans.  CT  computed tomography,  SSPE  subsegmental 
pulmonary embolus,  LE-DVT  lower extremity deep vein 
thrombosis       

   Table 3    Risk factors for CRT (Verso et al.  2008 ; Joffe 
et al.  2004 ; Saber et al.  2011 )   

 Prior VTE 

 Cancer (especially highly thrombotic or advanced 
stage) 

 Ongoing chemotherapy 

 Active systemic infection 

 Recent surgery 
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 The optimal anticoagulation regimen for CRT, 
including duration or agent, has never been estab-
lished. First principles can be applied to help 
decision-making. As symptomatic, proximal UE 
thrombosis (with or without a catheter) is associ-
ated with recurrence and PE (Joffe et al.  2004 ; 
Monreal et al.  1994 ; Munoz et al.  2008 ), as well 
as PTS, albeit less often than in those with lower 
extremity DVT (Elman and Kahn  2006 ), these 
events should be treated for a minimum of 
3 months and until the catheter is removed. For 
UE, proximal veins classically include those 
more proximal to and including the axillary vein. 
Because the presence of an intravascular foreign 
device is regarded as a strong thrombotic risk fac-
tor, anticoagulation should be continued until 
withdrawal of the catheter, but long-term antico-
agulation (after CVC removal) is not warranted. 

  A 42 - year - old woman presents to clinic 
4 months after diagnosis of an unprovoked right 
leg DVT. She reports a resolution of her present-
ing symptoms ,  although notes that she occasion-
ally feels that the leg is swollen after an active 
day. Her examination is normal. She asks whether 
she should undergo a follow - up ultrasound . 

  Question 8.      What is the value of follow - up 
extremity imaging following an episode of 
acute DVT ?

    A.    Imaging after a course of anticoagulation can 
facilitate investigation of suspected recur-
rence later in the patient’s course.   

   B.    Follow-up imaging is essential to demon-
strate the effi cacy of anticoagulation.   

   C.    Residual vein obstruction is present in <20 % 
of patients after a course of anticoagulation 
for acute DVT and is associated with later 
development of PTS.   

   D.    Residual vein obstruction after treatment for 
acute DVT is associated with a high risk of 
recurrent thrombosis and is an indication for 
long-term anticoagulation.    

    Expert Perspective     Routine imaging to confi rm 
therapeutic effi cacy of anticoagulation for acute 
DVT is not required, as clinical improvement 

confi rms response to therapy, and residual occlu-
sion on imaging does not indicate treatment fail-
ure. In fact, over half of patients will have residual 
venous obstruction following a complete course 
of treatment for DVT (Donadini et al.  2014 ).  

 The literature suggests that residual venous 
obstruction (RVO) on a follow-up ultrasound is 
weakly associated with a higher incidence of 
recurrent VTE (Donadini et al.  2014 ). A stronger 
and more consistent relationship has been dem-
onstrated between residual changes on ultrasound 
and higher rates of post-thrombotic syndrome 
(Galanaud et al.  2013 ; Comerota et al.  2012 ; 
Prandoni et al.  2005 ; Vedovetto et al.  2013 ). 
However, the relative risk increases for DVT 
recurrence associated with RVO are small (haz-
ard ratio = 1.32) compared with the impact of 
other clinical predictors of recurrence, most nota-
bly the presence or absence of a transient risk 
factor; thus, the latter typically eclipses other 
considerations, including the presence of RVO. 

 The major indication for repeat imaging is to 
establish a new baseline for future comparison in 
the event that recurrent DVT is suspected in 
patients who are stopping anticoagulation. Up to 
30 % of patients with unprovoked thrombosis 
will experience a recurrent VTE in their lifetime, 
more often in the same vascular bed as their ini-
tial event. Diagnosis of recurrent ipsilateral DVT 
can be challenging because residual abnormali-
ties in the affected vessel(s) are frequent. Criteria 
for the diagnosis of recurrent DVT have been 
validated in small cohorts (Le Gal et al.  2009 ), 
and these rely on the availability of imaging after 
anticoagulation for acute VTE. Thus, such imag-
ing can signifi cantly increase the number of 
patients in whom confi rmation or exclusion of 
recurrent DVT can be achieved (Hamadah et al. 
 2011 ; Ageno et al.  2013a ). 

 In those with low risk of recurrence – such as 
provoked VTE or those continuing on anticoagu-
lation – follow-up ultrasounds are unnecessary as 
the risk of recurrence on treatment is very low. 
Conversely, when anticoagulation is discontin-
ued in a patient with intermediate or high risk of 
recurrence, we perform ultrasonography to estab-
lish a new baseline. 
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  You are asked to see a 59 - year - old man 
regarding portal vein thrombosis  ( PVT );  this was 
identifi ed on CT scan of the abdomen ,  done dur-
ing a recent hospital admission. The referring 
physician asks whether anticoagulation is war-
ranted and if so ,  for what duration . 

  Question 9.       Which of the following state-
ments is true regarding splanchnic vein throm-
bosis  ( SVT )?

    A.    All patients with SVT should be investigated 
for thrombophilia, including genetic muta-
tions, antiphospholipid syndrome, and myelo-
proliferative neoplasms.   

   B.    Anticoagulation for SVT is associated with a 
higher risk of bleeding than for DVT/PE because 
many patients have portal hypertension.   

   C.    A large randomized controlled trial has dem-
onstrated the benefi t of anticoagulation for SVT.   

   D.    Many patients with SVT have intra- abdominal 
disease associated with SVT.    

    Expert Perspective     Splanchnic vein thrombo-
sis (SVT) is often identifi ed on abdominal imag-
ing incidentally or when investigating abdominal 
symptoms. The most common site is the portal 
vein, with other veins (e.g., splenic, hepatic, mes-
enteric) less often affected.  

 Contrasting with conventional VTE, a 
greater proportion of SVT (up to 75 %) will 
have a provoking factor, and the factors precipi-
tating SVT are distinct from those of other VTE 
(Ageno et al.  2014 ). Notably, approximately 
25 % of patients with liver cirrhosis have PVT 
(Nonami et al.  1992 ), likely attributable to both 
systemic hypercoagulability and local factors 
(portal venous congestion). Infl ammatory or 
malignant intra-abdominal conditions – for 
example, acute pancreatitis and pancreatic can-
cer – are also frequently associated with 
SVT. Several rare prothrombotic conditions 
predispose to SVT, in particular the JAK2-
mutated myeloproliferative neoplasms or the 
presence of the JAK2 V617F mutation in the 
absence of clinically apparent MPN (Yonal 
et al.  2012 ; Primignani et al.  2006 ). 

 Contrast-enhanced CT scans are often used to 
detect SVT. They can establish whether there is 
thrombus extension into the splenic and mesenteric 
veins and whether vascular collateralization has 
occurred (Berzigotti et al.  2014 ); the latter suggests 
chronicity. This modality may further identify 
malignant or infectious foci or evidence of cirrho-
sis as precipitants. Attempts to ascertain the acuity 
of SVT should be made and are aided by both the 
presenting symptoms and the imaging fi ndings. 

 A majority of SVT is asymptomatic and inci-
dentally noted on imaging done for other reasons. 
However, anticoagulation may be indicated to 
prevent recurrent thromboembolism (which tends 
to occur in the splanchnic vasculature) (Ageno 
et al.  2013b ; Amitrano et al.  2007 ) or to prevent 
unique local complications, for example, portal 
hypertension in the case of PVT, or gut infarction 
in mesenteric vein thrombosis (Amitrano et al. 
 2007 ; Sogaard et al.  2007 ; Turnes et al.  2008 ). 
Where precipitated by an acute or reversible fac-
tor (e.g., acute pancreatitis or cured cancer), the 
risk of recurrence is likely low, while 
 cirrhosis- associated PVT seems likely to recur 
off anticoagulation (Delgado et al.  2012 ). 

 Evidence to guide the management of splanch-
nic vein thrombosis is scant but supports the prob-
able effi cacy of anticoagulation for SVT in 
thrombus resolution. Roughly half of patients or 
more will recanalize affected veins (partially or 
completely) on anticoagulation, while few will 
spontaneously do so (Amitrano et al.  2007 ; 
Sogaard et al.  2007 ; Delgado et al.  2012 ; 
Chaffanjon et al.  1998 ; Takayasu et al.  1990 ); the 
presence of portal HTN at diagnosis may portend 
a lower chance of thrombus resolution (Turnes 
et al.  2008 ). Despite the high-risk population 
experiencing SVT, major or fatal bleeding appears 
uncommon with anticoagulation (Amitrano et al. 
 2007 ; Delgado et al.  2012 ; Plessier et al.  2010 ). 

 In our practice, we anticoagulate acute and 
symptomatic thrombotic events in the splanchnic 
vasculature for at least 3 months. Where the event 
was provoked by an identifi ed persisting risk fac-
tor (e.g., cirrhosis, cancer, or JAK2-positive 
MPN), we consider continuing anticoagulation if 
the risk of bleeding is low. Figure  4  shows our 
approach to SVT.
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    Your institution has noted very high use of its 
D - dimer assay ,  and that the results are very fre-
quently positive. The quality assurance commit-
tee asks for your opinion for the formulation of 
guidelines regarding the appropriate and optimal 
use of this test.  

  Question 10.      What is the utility of D - dimer 
assays in excluding acute VTE ?

    A.    D-dimer testing can be used to exclude acute 
VTE in low-risk patients presenting with sus-
pected thrombosis.   

   B.    Low-specifi city D-dimer assays should not be 
ordered in patient with high clinical pretest 
probability.   

   C.    Because D-dimer levels increase with age, it 
has lower sensitivity in excluding acute VTE 
in elderly patients.   

   D.    Studies have established that D-dimer testing 
is reliable for exclusion of acute VTE in hos-
pitalized patients.    

    Expert Perspective     The D-dimer is a product of 
fi brinolysis and refl ects the degree of clot turn-
over. It has an established role in excluding acute 

Suspect SVT

Obtain contrast- enhanced CT

Evaluate for etiologies

Acute precipitants Chronic risk factors

• Cirrhosis
• Intra-abdominal malignancy
• Inflammatory bowel disease

• JAK2+ (± overt
 myeloproliferative
 neoplasm

Local

Systemic

• Pancreatitis
• Intra-abdominal
 indection/ malignancy
• Abdominal surgery

• Pregnancy
• exogenous hormones

Determine likely duration of SVT

Supports acute SVT Supports remote SVT

• New abdominal symtoms
• New abnormalities in liver chemistries
• Acute intra-abdominal pathology (e.g., pancreatitis)

AND
• Absence of

• Collateralization
• Portal HTN*

• Gastric or esophageal varices
• Ascites

• Gastric or esophageal varices
• Ascites

• Incidentally noted on imaging for alternate purpose
• Absence of acute symptoms or precipitants
• Collateralization
• Portal HTN*

Cirrhosis

Ongoing risk factor Transient, resolved risk factor

No anticoagulation

Consider indefinite anticoagulationOngoing risk factorMinimum 3 months of anticoagulation

Evaluate for varices; consider
measures to prevent bleeding**

  Fig. 4    Approach to evaluation and management of 
splanchnic vein thrombosis. * Portal hypertension alone 
cannot be used to refute acuity (or support chronicity) of 

SVT in patients with cirrhosis. ** Preventative measures 
may include nonselective beta-blockade, band ligation, or 
other endoscopic interventions       
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DVT or PE in outpatients whose pretest probabil-
ity (PTP) is low to intermediate according to a 
validated clinical prediction rule, such as the 
Wells (Wells et al.  1997 ,  2001 ) or Geneva score 
(Wicki et al.  2001 ). In this setting, D-dimer 
assays are ~97 % sensitive, and a negative value 
is suffi cient to exclude VTE (Bounameaux et al. 
 1994 ). In patients with a prior history of VTE and 
suspected recurrence, the combination of a low- 
intermediate PTP and negative D-dimer result 
has been shown in prospective studies to be a safe 
means to exclude recurrent VTE, albeit, in a 
much smaller proportion of such patients than of 
those without a prior history of VTE (Fabia Valls 
et al.  2014 ).  

 Studies establishing the predictive utility of 
the D-dimer for VTE diagnosis excluded many 
common patient populations, in whom its use is 
therefore not validated (Table  4 ). Of note, a neg-
ative D-dimer has not been shown to be ade-
quate to exclude PE in patients with high PTP 
based on clinical assessment (Wells et al.  2000 ). 
Thus, in such patients, confi rmatory imaging 
studies remain necessary. In hospitalized 
patients, D-dimer testing has been shown to 
have very limited utility, with only 6–19 % of 
patients having negative D-dimers (Brotman 
et al.  2003 ; Kruip et al.  2006 ; Miron et al.  1999 ; 
Schrecengost et al.  2003 ). We recommend 
against the use of D-dimer testing in the patient 
populations or settings outlined in Table  4 , in 
whom the results cannot safely and effi ciently 
guide practice.

   To enhance appropriate application of the 
D-dimer, it is important to note that D-dimer lev-
els increase with age. As such, as age increases, 
the proportion of patients in whom VTE can be 
excluded declines. Recently, large retrospective 
studies of age-adjusted D-dimer cutoffs have indi-
cated that such cutoffs are able to maintain the 

sensitivity of the test in various age groups while 
increasing the proportion of patients in whom the 
test can exclude VTE (Douma et al.  2010 ,  2012 ; 
Schouten et al.  2012 ); prospective validation of 
age-adjusted D-dimer cutoffs is underway. While 
the determination and application of age-adjusted 
cutoffs would likely result in better specifi city, 
application of such cutoff values using different 
D-dimer assays requires further investigation, 
standardization, and validation. 

 D-dimer assays, in combination with vali-
dated clinical prediction tools, are powerful tests 
that can help expedite VTE diagnosis and 
decrease unnecessary resource utilization, but 
users must remain aware of the limitations of 
their utility, including patients and settings in 
which they cannot guide decision-making in an 
evidence-based manner.     
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         Introduction 

 Venous thromboembolism (VTE) which 
 comprises deep vein thrombosis (DVT) and 
 pulmonary embolism (PE) is common and a 
major health burden. A recent study showed that 
the incidence of VTE in the United States is 
approximately 2.4 per 1000 per year (Boulet et al. 
 2012 ). Other studies show that the incidence of 
VTE is similar in other parts of the world  ranging 
from 0.8 to 2.3 events per 1000 people per year 
(Raskob et al.  2014 ). VTE is associated with con-
siderable economic burden as well. A study from 
2007 estimated that the average total annual pro-
vider payments made by a health plan were 
$10,804 for DVT and $16,644 for PE (Spyropoulos 
and Lin  2007 ). It has also been estimated that the 
total cost in US dollars for total, hospital-acquired, 
and hospital-acquired “preventable” VTE in 2011 
were $13–27, $9–18, and $4–14 billion, respec-
tively, in the United States (Mahan et al.  2012 ). 

 There are many risk factors for VTE. The inci-
dence of VTE increases signifi cantly with advanc-

ing age, and risk is higher in Caucasians and 
African Americans compared to Asians (White 
 2003 ). Cancer increases the risk of VTE by seven-
fold, and overall about 20 % of VTE events occur 
in patients with cancer (Khorana and Connolly 
 2009 ). Surgery (Zhou et al.  2013 ; Spyropoulos 
et al.  2009 ) and hospitalization (Spyropoulos 
 2010 ) signifi cantly increase the risk of VTE as 
well. Patient-related factors such as pregnancy 
(Sultan et al.  2012 ), contraceptive use (de Bastos 
et al.  2014 ), autoimmune disease (Yusuf et al. 
 2015 ), obesity (Horvei et al.  2014 ), medical 
comorbidities (Mebazaa et al.  2014 ), and inher-
ited thrombophilias increase the risk of VTE. 

 This is an exciting and evolving time for clini-
cians who manage patients with VTE, due to the 
recent approval of novel targeted oral anticoagu-
lants which have been proven to be safe and effec-
tive for treatment of VTE (Agnelli et al.  2013 ; 
Prins et al.  2013 ). Many challenges remain related 
to managing patients with VTE, and several major 
complications can be suffered following an initial 
venous thrombotic event. The following discus-
sion will address common questions that arise 
pertaining to the incidence, prevention, and man-
agement of VTE-related complications.  

    Clinical Case 1 (Part 1) 

 A 24-year-old female who is taking estrogen con-
taining oral contraceptive medication presents to 
the emergency department complaining of  several 
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days of pain, heaviness, tingling, redness, and swell-
ing in her right leg. On physical exam she is noted 
to have unilateral erythema, edema, and tenderness 
extending from the upper thigh to below the knee. A 
d-dimer is 2.2 μg/ml (normal <0.5 μg/ml) and a 
Doppler compression ultrasound reveals that the 
superfi cial femoral vein and popliteal vein are not 
compressible and have decreased Doppler fl ow 
consistent with a proximal deep vein thrombosis. 

  Question 1.      What is the most common 
 complication associated with venous 
thromboembolism? 

    A.    Post-thrombotic syndrome   
   B.    Chronic thromboembolic pulmonary 

hypertension   
   C.    Anxiety   
   D.    Death    

   Several complications can occur following an 
initial deep vein thrombosis or pulmonary embo-
lism including post-thrombotic syndrome (PTS), 
chronic thromboembolic pulmonary hyperten-
sion, recurrent VTE, bleeding, and even death. 
Post-thrombotic syndrome is the most common 
complication following VTE. This involves clini-
cal manifestations such as chronic pain, swelling, 
heaviness, venous claudication, stasis dermatitis, 
and even skin ulceration following a deep vein 
thrombosis. The incidence of PTS following a 
DVT is in the range of 30–50 % (Prandoni et al. 
 1996 ; Mohr et al.  2000 ), with about 5–10 % of 
patients having severe PTS. Studies show that 
PTS signifi cantly impairs patient disease-related 
quality of life (Kahn et al.  2005 ), and one eco-
nomic analysis estimated that the presence of 
PTS increases the annual median cost of care by 
about 25 % or $4700 (MacDougall et al.  2006 ). 
PTS appears to be partially driven by an infl am-
matory process as several infl ammatory cyto-
kines correlate with development of PTS 
(Rabinovich et al.  2015 ). Elevated intracellular 
adhesion molecule-1 level (ICAM-1) was the 
strongest predictor of PTS. 

 Other VTE-related complications are less 
common, but can be associated with signifi cant 
morbidity, mortality, and increased costs. 

Chronic thromboembolic pulmonary hyperten-
sion is defi ned as mean pulmonary artery pres-
sure >25 mmHg persisting more than 6 months 
following a pulmonary embolism (Piazza and 
Goldhaber  2011 ). This occurs in less than 5 % 
of patients following acute PE (Pengo et al. 
 2004 ; Becattini et al.  2006 ) and causes symp-
toms including exercise intolerance, dyspnea, 
fatigue, chest discomfort, lightheadedness, and 
edema. VTE recurrence occurs in about 8 % of 
patients in the initial 6 months and over 30 % 
during long- term follow-up (Prandoni et al. 
 2007 ). The mortality rate from recurrent pul-
monary embolism is 10 % in one study 
(Douketis et al.  2007 ). 

  Question 2.      Which defi nition and classifi ca-
tion score for post-thrombotic syndrome is 
endorsed by the International Society on 
Thrombosis and Hemostasis? 

    A.    Ginsberg   
   B.    Brandjes   
   C.    Villalta   
   D.    CEAP    

   Accurate and reliable identifi cation and 
classifi cation of a clinical condition are impor-
tant to ensure effective clinical monitoring and 
management. There are challenges in diagnos-
ing and characterizing PTS likely due to the 
subjective component of the condition. Several 
clinical scoring systems have been developed 
in an attempt to standardize diagnosis and clas-
sifi cation. These scoring systems include 
Villalta (Villalta et al.  1995 ), Ginsberg 
(Ginsberg et al.  2000 ), Brandjes (Brandjes 
et al.  1997 ), CEAP (Kistner et al.  1996 ), and 
others. A systematic comparative analysis sug-
gested that the Villalta score is the strongest of 
these models due to superior inter-observer 
reliability, association with patient quality of 
life scores, and ability to measure changes in 
severity with treatment (Soosainathan et al. 
 2013 ). The International Society on Thrombosis 
and Hemostasis (ISTH) has recommended 
using the Villalta score to assess and diagnose 
PTS (Kahn et al.  2009 ). 
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 The Villalta score is a disease score specifi c 
for PTS which was fi rst developed in a cross- 
sectional study of 100 patients who were assessed 
6–36 months after DVT (Villalta et al.  1995 ). 
Points are given for fi ve symptoms (pain, cramps, 
heaviness, paresthesia, pruritus) and six clinical 
signs (pretibial edema, skin induration, hyperpig-
mentation, redness, venous ectasia, pain on calf 
compression) according to severity (0–3). A 
score of 5–9 signifi es mild disease, 10–14 moder-
ate disease, and ≥15 severe disease (Table  1 ).

    Question 3.      Which of the following character-
istics of the clinical presentation above is not 
associated with an increased risk for develop-
ing post-thrombotic syndrome (PTS)? 

    A.    Proximal anatomic location   
   B.    Villalta score of 15 at time of presentation   
   C.    Young age   
   D.    Elevated d-dimer    

   Many studies have prospectively followed 
patients with new deep vein thrombosis in an 
attempt to identify those who are at increased 
risk for developing PTS so that such patients 
could be targeted for counseling and early 
intervention. One recent study followed 133 
patients with a fi rst time DVT which was treated 

with standard low molecular heparin followed 
by Coumadin (Roberts et al.  2013 ). The ana-
tomic location was equally split between distal 
and proximal veins. In this study 51.6 % of 
patients developed PTS as defi ned by the 
Villalta score. Those who developed PTS were 
older (53 vs. 40 years old,  p  < 0.001) and had 
higher average body mass index (BMI) (31.0 vs 
27.9,  p  < 0.008). In addition, patients with com-
mon femoral vein involvement were more likely 
to develop PTS compared to those without com-
mon femoral vein involvement (75 % vs. 48 %, 
 p  = 0.04). The mean Villalta score at enrollment 
(8.1 vs. 2.1,  p  < 0.001) and median d-dimer level 
(3260 ng/ml vs. 1540 ng/ml,  p  < 0.001) were sig-
nifi cantly higher in patients who developed PTS 
compared to those who did not. After adjusting 
for age, BMI, and proximal anatomic location, 
both baseline d-dimer (HR 2.7,  p  = 0.04) and 
baseline Villalta score (HR 1.8,  p  = 0.005) were 
independent predictors of subsequent PTS 
development (Fig.  1 ).

   The venous thrombosis outcome (VETO) 
study was a large multicenter study of almost 400 
patients with DVT looking at risk factors for PTS 
(Latella et al.  2010 ). In the VETO study, d-dimer 
was measured 4 months after the initial 
DVT. D-dimer was signifi cantly higher in patients 
who developed PTS as defi ned by the Villalta 

   Table 1    Villalta PTS scale   

 Symptoms/clinical signs  None  Mild  Moderate  Severe 

 Symptoms  0  1  2  3 

   Pain  0  1  2  3 

   Cramps  0  1  2  3 

   Heaviness  0  1  2  3 

   Paresthesias  0  1  2  3 

   Pruritus  0  1  2  3 

 Clinical signs  0  1  2  3 

   Pretibial edema  0  1  2  3 

   Skin induration  0  1  2  3 

   Hyperpigmentation  0  1  2  3 

   Redness  0  1  2  3 

   Venous ectasia  0  1  2  3 

   Pain on calf compression  0  1  2  3 

   Venous ulcer  Absent  Present 

  5–9 = mild disease, 10–14 = moderate disease, and ≥15 = severe disease  
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score on at least two consecutive follow-up visits 
beyond 4 months from the event. Elevated 
d-dimer was predictive of PTS regardless of 
whether patients were still on warfarin. The 
VETO study also showed that venous valvular 
refl ux as measured by a Doppler signal after a 
Valsalva maneuver, or after manual compression 
of the ipsilateral calf for at least 10 s, also pre-
dicted for PTS. 

 A third large prospective study of over 800 
patients with DVT showed that residual throm-
bosis after 3 months of anticoagulation is asso-
ciated with a twofold increase in the risk of 
PTS (52 % vs. 26 %, HR 2.3, 95 % CI 1.9–2.9) 
(Prandoni et al.  2015 ). Recurrent thrombosis is 
strongly associated with an increased inci-
dence of PTS (Prandoni et al.  1996 ; McColl 
et al.  2000 ). In addition, a small prospective 
study of about 60 patients with DVT demon-
strated that thrombus burden, as determined by 
an objective score including ultrasound 
assessed clot size and degree of occlusion, pos-
itively correlates with PTS risk (Sartori et al. 

 2014 ). A meta-analysis looking at inherited 
thrombophilias as a risk factor for PTS sug-
gested that prothrombotic conditions such pro-
tein C defi ciency or antiphospholipid antibody 
syndrome do not increase PTS (Rabinovich 
et al.  2014 ). 

 In summary, several clinical factors including 
older age, increased BMI, proximal DVT loca-
tion, a history of recurrent thrombosis, baseline 
Villalta score, thrombus burden, residual throm-
bus after 3 months of anticoagulation, and 
d-dimer are associated with an increased risk of 
developed PTS. 

  Question 4.      The patient in the case above asks 
what can be done to reduce her risk of devel-
oping post-thrombotic syndrome. How should 
you answer this question? 

    A.    Several early studies from years ago sug-
gested that the use of graduated compression 
stockings after DVT reduce the incidence of 
PTS but these studies had some limitations.   

Hypothetic mechanism of early and late DVT-mediated vein
wall injury

Acute

Time

Chronic

Endothelial damage

Venous hypertension

Vein wall thickening
Matrix changes
↓ Compliance

Re-endothlialization

Mechanical
stretch

Inflammation

Clot

Cytokines
Clotting factors
PMN
Plasmin
TF

Clot

Residual fibrosis
Collagen turnover
Neovascularization
MMPs

Clinical:
Pain
Swelling

Clinical:
Swelling
LDS
Pigmentation
VSU

  Fig. 1    Pathophysiology of PTS (will need permission) (Henke and Comerota  2011 )       
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   B.    A recent well-designed blinded, placebo- 
controlled trial (SOX) suggests that gradu-
ated compression stockings do not reduce the 
incidence of PTS.   

   C.    Two large randomized trials (CaVenT and 
TORPEDO) demonstrated that catheter- 
directed thrombolysis following an acute 
proximal DVT decreased the rate of subse-
quent PTS.   

   D.    Catheter-directed thrombolysis is associated 
with an increased rate of bleeding 
complications.   

   E.    All of the above are correct statements.    

   Several randomized clinical trials and meta- 
analyses have investigated the role of graduated 
compression stockings in preventing PTS. The 
fi rst large randomized study looking at this inter-
vention showed that use of graduated compres-
sion stockings (40 mmHg at ankle and 21 mmHg 
at upper calf) for 2 years after DVT signifi cantly 
reduced the rate of mild-moderate PTS (20 % vs. 
47 %,  p  < 0.001) and severe PTS (11 % vs. 23 %, 
 p  < 0.001) (Brandjes et al.  1997 ). Another large 
randomized study by Prandoni et al. showed that 
compression stockings (30–40 mmHg) for 
2 years after DVT reduced the rate of PTS at 
6 months (21 % vs 40 %), and this benefi t per-
sisted up to 2 years after DVT (Prandoni et al. 
 2004 ). A meta-analysis combining these two 
large studies and several other smaller studies 
included 662 with DVT randomized to compres-
sion stockings or observation (Musani et al. 
 2010 ). This demonstrated a signifi cant reduction 
in the incidence of PTS with the use of compres-
sion stockings (26 vs. 46 %, RR 0.54, 95 % CI 
0.44–0.67), and the difference was signifi cant for 
mild-moderate and severe PTS. These favorable 
results led to recommendation for compression 
stockings following a DVT (Kearon et al.  2012 ). 
However, due to notable limitations in this data 
such as lack of blinding and subjective endpoints, 
experts looked to design a less fl awed study 
investigating the benefi t of compression 
stockings. 

 The recently published SOX trial was a large, 
double-blinded, placebo-controlled, randomized, 
multicenter study investigating fi tted  compression 

stockings for prevention of PTS (Kahn et al. 
 2014 ). Over 800 patients with a fi rst proximal 
DVT were randomly assigned to receive elastic 
compression stockings or placebo stockings for 
2 years. Patients with limited life expectancy, 
inability to apply stockings, and those that 
received thrombolytic therapy were excluded. 
There was no signifi cant difference in the 
 incidence of PTS as measured by Ginsberg score 
at the 6 month or later timepoints (14.2 vs. 
12.7 %,  p  = 0.58). There was also no difference in 
the incidence of PTS as measured by the Villalta 
score where 7.5 % of patients on compression 
stockings and 5.8 % on placebo stockings devel-
oped severe PTS. 

 In summary, many early trials suggested that 
fi tted compression stockings reduce the  incidence 
of PTS following DVT. However, the largest, 
most recent, and least biased study shows that 
compression stockings do not signifi cantly 
reduce the incidence of PTS. There are few if any 
side effects from compression stockings, and 
some patients report improvement in symptoms 
while using them. Patients who receive symp-
tomatic benefi t can be counseled to continue use 
if desired for symptom control, but there is no 
evidence that stockings provide long-term bene-
fi cial effect. 

 Interventions such as catheter-directed 
thrombolysis and pharmacomechanical throm-
bolysis are indicated in situations such as 
 limb- threatening thrombosis or refractory 
thrombosis- related pain or for organ salvage in 
acute inferior venocaval thrombosis. These 
therapies have also been studied in large 
cohorts of patients with proximal DVT in an 
attempt to prevent PTS. Many single-center 
nonrandomized studies suggested that cathe-
ter-directed therapies are benefi cial, and two 
recently published large randomized studies 
have demonstrated benefi t with regards to PTS 
prevention. 

 The Catheter-Directed Venous Thrombolysis 
in Acute Iliofemoral Vein Thrombosis (CaVenT) 
trial was a Norwegian open-label randomized 
clinical trial wherein 200 patients with acute fi rst 
proximal DVT involving the iliac or femoral 
veins were treated with catheter-directed 
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 thrombolysis plus standard anticoagulation or 
standard anticoagulation alone (Enden et al. 
 2012 ). Catheter-directed therapy occurred within 
21 days of symptom presentation. The primary 
outcome measures were PTS severity according 
to Villalta score at 24 months and vein patency at 
6 months. Patients treated with catheter-directed 
thrombolysis had signifi cantly lower incidence of 
PTS at 2 years (41 % vs. 55 %,  p  = 0.047) and 
higher rate of iliofemoral patency after 6 months 
(65.9 % vs. 47.4 %,  p  = 0.012). Major bleeding 
occurred in about 3 % of patients. Despite the 
reduced rate of PTS, there was no difference in 
DVT disease-specifi c validated health-related 
quality of life measures between patients receiv-
ing thrombolysis and anticoagulation and those 
receiving anticoagulation alone (Enden et al. 
 2013 ). The Thrombus Obliteration by Rapid 
Percutaneous Endovenous Intervention in Deep 
Venous Occlusion (TORPEDO) trial evaluated 
pharmacomechanical catheter-directed throm-
bolysis plus anticoagulation versus anticoagula-
tion alone in 183 patients with symptomatic 
DVT. This trial also demonstrated a signifi cant 
reduction in the incidence of PTS (7 % vs. 30 %; 
 p  < 0.001). In addition, severity of PTS and the 
rate of recurrent VTE (4 vs. 16 %,  p  = 0.02) were 
lower in treated patients. It should be noted that 
these studies carefully selected patients with 
proximal deep vein thrombosis, and the benefi t of 
thrombolysis is limited to patients with involve-
ment of the iliac veins. These studies are also 
limited by imbalances in concomitant therapy 
such as compression stockings and antiplatelet 
agents, non-validated measure of PTS in the 
TORPEDO study, and non-blinded design. A 
meta-analysis combining 17 studies and 1100 
patients showed that thrombolysis reduced the 
incidence of PTS (RR 0.64; 95 % CI 0.52–0.79, 
 p  < 0.0001), at the expense of more bleeding 
complications (RR 2.23; 95 % CI 1.41–3.52, 
 p  = 0.0006) (Watson et al.  2014 ). The ATTRACT 
study is an ongoing large multicenter study with 
a target accrual of almost 700 patients that aims 
to overcome some of the limitations of previous 
studies (Vedantham et al.  2013 ). Patients with a 
fi rst proximal DVT are randomized to standard 
anticoagulation or standard anticoagulation plus 

pharmacomechanical thrombolysis. Unlike the 
TORPEDO and CaVenT studies, there is stan-
dardization of anticoagulation and other concom-
itant therapies like compression stockings. 

 In patients who present with proximal left- 
sided DVT, clinicians should consider the possi-
bility of May-Thurner syndrome. This is a rare 
condition caused by anatomic compression of the 
left iliac vein which can be associated with 
increased rates of refractory thrombosis and post- 
thrombotic syndrome. Vascular surgery should 
be involved with management of such patients. 
Several groups have published results from series 
suggesting very good clinical outcomes with 
catheter-directed thrombolysis, angioplasty, and 
stenting (Bozkaya et al.  2015 ).  

    Clinical Case 1 (Part 2) 

 The same young woman is seen by her primary 
care physician 6 months after her initial DVT and 
several months after completing a course of anti-
coagulation therapy. She complains of pain, 
heaviness, and pruritus in her right leg. On exam 
her physician notes pretibial edema, 
 hyperpigmentation, and venous ectasia of the 
right leg. A repeat ultrasound reveals no residual 
thrombosis. She is diagnosed with moderate PTS 
according to the Villalta score. 

  Question 5.      How can this patient’s post- 
thrombotic syndrome be treated? 

    A.    Graduated compression stockings   
   B.    Catheter-directed thrombolysis   
   C.    Venous stenting   
   D.    Rivaroxaban    

   Although there is debate about the effi cacy of 
elastic compression stockings for prevention of 
PTS, compression therapy is the most common 
and effective therapy to treat existing 
PTS. Complex lymphedema therapy consisting 
of elastic compression stockings, exercise, 
patient education, skin care, and lymphatic drain-
age has been shown to be no more effective than 
compression stockings alone, but larger studies 
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may be needed to see if this comprehensive ther-
apy is better (Holmes et al.  2014 ). 

 Studies have also investigated systemic thera-
pies which are thought to decrease venous pres-
sures as a potential therapy for established 
PTS. A meta-analysis combining seven random-
ized trials of horse chestnut seed extract (HCSE) 
compared to placebo showed an overall improve-
ment in chronic venous insuffi ciency signs and 
symptoms with HCSE compared with placebo 
(Pittler and Ernst  2012 ). Six of seven trials 
reported signifi cant improvement in leg pain and 
leg volume.  

    Clinical Case 2 (Part 1) 

 A 52-year-old male with minimal past medical 
history presents to the emergency department 
with sudden onset of pleuritic chest pain, short-
ness of breath, cough, and lightheadedness. On 
exam his vital signs are as follows: pulse 124, 
respiratory rate 34, oxygen saturation 82 %, 
blood pressure 88/54, and temperature 
38.8 °C. He is in mild respiratory distress, con-
fused, anxious, and tired appearing. His lungs are 
clear and his heart is tachycardic but regular. 
There is no rub or murmur on exam. A CT pul-
monary angiogram reveals bilateral fi lling defects 
in the proximal pulmonary arteries. 

  Question 6.      Which of the following is not a 
validated predictor of PE-related mortality? 

    A.    Elevated BNP   
   B.    Elevated troponin   
   C.    Age <60   
   D.    Pulmonary Severity Index Score (PESI)    

   Many studies have identifi ed several clinical 
risk factors predictive of PE-related mortality. 
For example, a recent study based on a prospec-
tive registry of 1500 patients with VTE and can-
cer identifi ed age >80 years, heart rate ≥110/min, 
systolic BP <100 mmHg, body weight <60 kg, 
recent immobility, and presence of metastases 
(den Exter et al.  2013 ). The Pulmonary Embolism 
Severity Index (PESI) score is one of many clini-

cal prediction tools that can be used to estimate 
the risk of PE-related mortality. The PESI score 
uses 11 easily obtained clinical variables (history 
of cancer, heart failure or chronic obstructive pul-
monary disease, heart rate >110, systolic BP 
<90 mmHg, respiratory rate >30, abnormal tem-
perature, abnormal mental status, and oxygen 
saturation <90 %) to stratify patients into fi ve risk 
classes (Table  2 ). In a prospective validation 
study in 357 patients, the PESI score showed that 
overall mortality was 5.9 %, ranging from 0 % in 
class I to 17.9 % in class V (Donze et al.  2008 ). A 
simplifi ed version of the PESI score has also 
been developed and validated (Righini et al. 
 2011 ). In a validation of the simplifi ed PESI in 
large cohort of patients, the 30-day mortality was 
1.1 % (95 % CI, 0.7–1.5 %) in low risk compared 
with 8.9 % (8.1–9.8 %) in the high-risk group 
(Jiminez et al.  2010 ). Other scores including 
 biomarkers of severity such as BNP and troponin 

   Table 2    PESI and modifi ed PESI score   

 Prognostic variable  PESI 
 Simplifi ed 
PESI a  

 Age  Age in 
years = 
number of 
points 

 Age >80 = 
1 point 

 Male sex  +10 points 

 Cancer (previous or 
active) 

 +30 points  1 point 

 Heart failure  +10 points  1 point 

 Chronic lung disease  +10 points 

 Pulse ≥110 per minute  +20 points  1 point 

 Systolic blood pressure 
<100 mmHg 

 +30 points  1 point 

 Respiratory rate ≥30 
per minute 

 +20 points 

 Temperature <36 °C  +20 points 

 Altered mental status  +60 points 

 Oxygen saturation 
<90 % (with or without 
supplemental oxygen) 

 +20 points  1 point 

  PESI: ≤65 = very low risk, 66–85 = low risk, 86–105 = 
intermediate risk, 106–125 = high risk, > 125 very high 
risk 
 Simplifi ed PESI: 0 = low risk, ≥1 = high risk 
  a Empty fi elds indicate that this variable is not included in 
the modifi ed PESI score. Heart failure and lung disease 
were combined into one variable for cardiopulmonary 
disease  
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have also been validated and shown to predict 
PE-related mortality (Zwierzina et al.  2012 ; 
Spirk et al.  2011 ).

    Question 7.      Which statement is not true 
about the role of thrombolysis for prevention 
and treatment of PE-related complications? 

    A.    Guidelines from the American College of 
Chest Physicians (ACCP) support the use of 
thrombolysis for patients with massive PE 
defi ned as PE causing arterial hypotension 
(SBP <90 or a drop of at least 40 mmHg) and 
cardiogenic shock if bleeding risk is not 
elevated.   

   B.    Guidelines from the American College of 
Chest Physicians (ACCP) support the use of 
thrombolysis for all patients with submassive 
PE.   

   C.    The PEITHO study showed that death or 
hemodynamic decompensation in the imme-
diate time after PE was lower in patients with 
intermediate-risk PE receiving thrombolytic 
therapy in addition to standard 
anticoagulation.   

   D.    The PEITHO study showed that patients with 
intermediate-risk PE who receive thrombo-
lytic therapy in addition to standard antico-
agulation have higher rates of extracranial 
bleeding and hemorrhagic stroke.    

   As outlined above, the risk of death from pul-
monary embolism is considerable, and in patients 
with massive PE, the mortality rate at 90 days 
approaches 50 % (Kucher et al.  2006 ). Massive 
PE is defi ned by PE causing arterial hypotension 
(systolic pressure <90 mmHg or a drop of at least 
40 mmHg) and cardiogenic shock manifested by 
tissue hypoperfusion. Submassive PE is acute PE 
without systemic hypotension but with either RV 
dysfunction (RV dilatation or dysfunction on 
echocardiogram or increased BNP) or myocar-
dial necrosis (elevated troponin). Many studies 
have investigated the role of systemic thromboly-
sis in addition to standard anticoagulation in 
patients with submassive and massive PE. A 
meta-analysis combining 11 trials, involving 748 

patients, showed that thrombolytic therapy with 
standard anticoagulation was associated with a 
nonsignifi cant reduction in recurrent pulmonary 
embolism or death (6.7 % vs. 9.6 %; OR 0.67, 
95 % CI 0.40–1.12), a nonsignifi cant increase in 
major bleeding (9.1 % vs. 6.1 %; OR 1.42, 95 % 
CI 0.81–2.46), and a signifi cant increase in non- 
major bleeding (22.7 % vs. 10.0 %; OR 2.63, 
95 % CI 1.53–4.54) (Wan et al.  2004 ). 
Thrombolytic therapy compared with heparin 
was associated with a signifi cant reduction in 
recurrent pulmonary embolism or death in trials 
that enrolled patients with major (hemodynami-
cally unstable) pulmonary embolism (9.4 % vs. 
19.0 %; OR 0.45, 95 % CI 0.22–0.92). The 
recently published PEITHO study randomized 
1006 patients with intermediate-risk PE to stan-
dard anticoagulation +/− tenecteplase thrombo-
lytic therapy (Meyer et al.  2014 ). Death or 
hemodynamic decompensation occurred in 13 of 
506 patients (2.6 %) in the tenecteplase group as 
compared with 28 of 499 (5.6 %) in the placebo 
group (odds ratio 0.44;  p  = 0.02). Extracranial 
bleeding (6.3 % vs. 1.2 %,  p  < 0.001) and hemor-
rhagic stroke (2.4 % vs. 0.2 %,  p  < 0.001) rates 
were increased in the tenecteplase group, and the 
rates of death at day 30 were similar (2.4 % in the 
tenecteplase group and 3.2 % in the placebo 
group,  p  = 0.42). 

 There is considerable controversy regarding 
the role of thrombolysis in management of PE, 
and decisions about its use are best done in an 
intensive care setting with multidisciplinary 
input from hematology, intensive care special-
ist, and pulmonologist. National expert guide-
lines from the American Heart Association (Jaff 
et al.  2011 ) recommend consideration of fi bri-
nolysis for patients with massive acute PE and 
acceptable risk of bleeding complications ( Class 
IIa ;  Level of Evidence B )  and  in patients with 
submassive acute PE judged to have clinical evi-
dence of adverse prognosis (new hemodynamic 
instability, worsening respiratory insuffi ciency, 
severe RV dysfunction, or major myocardial 
necrosis) and low risk of bleeding complica-
tions ( Class IIb ;  Level of Evidence C ). Severe 
RV dysfunction can be diagnosed by echocar-
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diogram, but there are also methods to estimate 
this using parameters derived from CT 
angiogram. 

 Due to the concern for bleeding adverse 
events with systemic thrombolysis and with 
advances in catheter-directed approaches, some 
groups have begun to investigate catheter-
directed thrombolysis techniques for acute 
PE. A recent single- center study in 101 consec-
utive patients receiving catheter-directed throm-
bolysis for acute PE demonstrated promising 
results (Kuo et al.  2015 ). About 25 % of patients 
had massive PE with the remaining having sub-
massive PE. Clinical success was defi ned as 
meeting all criteria: stabilization of hemody-
namics, improvement in pulmonary hyperten-
sion and/or right heart strain, and survival to 
hospital discharge. Clinical success was 
achieved in 24/28 (85.7 %) patients with mas-
sive PE and 71/73 (97.3 %) with submassive 
PE. The mean PA pressure improved from 
51.17 ± 14.06 mmHg to 37.23 ± 15.81 mmHg 
( n  = 92) ( p  < 0.0001). There were no major 
procedure- related complications. 

 Pulmonary endarterectomy (PEA) is the treat-
ment of choice for patients with chronic throm-
boembolic pulmonary hypertension. However 
this procedure is quite involved, only performed 
at very specialized centers, and is associated with 
a mortality rate of about 5 % (Mayer et al.  2011 ). 
In many patients the surgery is very effective as 
demonstrated by a recent single-center experi-
ence of 123 patients treated with PEA for chronic 
thromboembolic pulmonary hypertension (de 
Perrot et al.  2015 ) completely resolved in about 
50 %, and most patients had signifi cant improve-
ment in functional congestive heart failure class 
and pulmonary pressures. Larger randomized 
studies are needed to investigate these methods 
further.  

    Conclusion 

 Venous thromboembolism is a common medi-
cal problem with the potential to cause consid-
erable morbidity and mortality. DVT and PE 
can be associated with serious complications 
such as post-thrombotic syndrome, chronic 

thromboembolic pulmonary hypertension, 
recurrent thrombosis, and even death. 
Understanding the incidence, risk factors, and 
preventative strategies for these complications 
is important to ensure optimal management of 
patients with VTE.  

 Controversies 

•     Many clinicians prescribe graduated 
compression stockings to patients with 
symptomatic deep vein thrombosis for 
the purpose of reducing post-thrombotic 
syndrome (PTS), but the recently pub-
lished SOX trial suggests that graduated 
compression stockings do not reduce 
the incidence of PTS.  

•   Clinical trials such as CaVenT and 
TORPEDO demonstrate a statistically 
signifi cant reduction in the incidence of 
PTS with use of the catheter-directed 
thrombolysis, but the absolute risk 
reduction is relatively small and the pro-
cedure increases bleeding risk. Patients 
must be very carefully selected as the 
true clinical benefi t is likely limited to 
subgroups with high thrombus burden 
and proximal iliac involvement.  

•   Similarly, the role of systemic throm-
bolysis for submassive pulmonary 
embolism is controversial because the 
absolute risk reduction in incidence of 
recurrent pulmonary embolism or death 
is small, and thrombolysis is associated 
with an increase in bleeding 
complications.  

•   Most patients who present with acute 
pulmonary embolism are admitted to 
the hospital for observation and man-
agement due to the risk of acute mortal-
ity, but severity stratifi cation tools like 
the PESI score could be used to identify 
low-risk patients who may be eligible 
for outpatient management.    
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  Answers 

    Question 1. A  
  Question 2. C  
  Question 3. C  
  Question 4. E  
  Question 5. A  
  Question 6. C  
  Question 7. B         
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of Testing and Familial Testing                      
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         Introduction 

 Hereditary thrombophilias result in a hypercoag-
ulable state that predisposes to the development 
of venous thromboembolism (VTE). However, 
VTE is a multifactorial disease and acquired risk 
factors occur commonly, such as immobility 
associated with trauma, surgery or hospitalisa-
tion due to medical illnesses, malignancy, preg-
nancy, hormone use and ageing (Lijfering et al. 
 2010 ; Goldhaber  2010 ; Barco et al.  2013 ; 
Martinelli et al.  2014 ). Furthermore, a family his-
tory of VTE, in fi rst-degree relatives, is associ-
ated with an increase in VTE risk, even if the 
known hereditary thrombophilias are not detected 
(Bezemer et al.  2009 ; Sorensen et al.  2011 ). In 
most cases, decisions about VTE management 
are not altered by a diagnosis of hereditary throm-
bophilia. Consequently, the role of thrombophilia 
testing in clinical practice remains controversial, 
despite our increasing understanding of the 
pathophysiology involved.  

    Case 1 

  A 25 - year - old woman presents at 7 - weeks gesta-
tion in her fi rst pregnancy with an extensive prox-
imal left leg deep vein thrombosis  ( DVT ).  She is 
treated with low-molecular-weight heparin  
( LMWH )  once daily but her DVT extends over the 
next 2 weeks. She tells you that her mother is on 
warfarin for recurrent DVT . 

  Question 1.      What is the most likely 
diagnosis ?

    A.    No hereditary thrombophilia is likely.   
   B.    Homozygous factor V Leiden.   
   C.    Homozygous prothrombin G20210A gene 

mutation.   
   D.    Antithrombin defi ciency.    

    Expert Clinical Perspective     The question con-
cerns the clinical manifestations of hereditary 
thrombophilias; DVT, with or without pulmonary 
emboli (PE), is the most common clinical presen-
tation (1A). Heterozygotes for factor V Leiden 
(FVL) or prothrombin G20210A (PGM) have a 
three- to fourfold increased risk of VTE, whilst in 
homozygotes the risk is increased 6- to 11-fold, 
according to two large recent meta-analyses 
(Gohil et al.  2009 ; Simone et al.  2013 ). In anti-
thrombin (AT), protein C (PC) or protein S (PS) 
defi ciencies, there is a 4- to 30-fold increase in 
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VTE risk, and the highest incidence is seen in AT 
defi ciency, up to 4 per 100 person-years. Median 
age of fi rst VTE is 29 years for AT defi ciency, 
31 years for PC or PS defi ciency and 40 years for 
FVL or PGM (Brouwer et al.  2006 ; Lijfering 
et al.  2009 ). Unlike other thrombophilias, FVL is 
associated with a higher risk of DVT than PE, 
possibly due to increased resistance to fi brinoly-
sis and therefore lower propensity to embolise 
(Makelburg et al.  2010 ). Other thrombotic mani-
festations associated with hereditary thrombo-
philias include upper limb thrombosis, superfi cial 
vein thrombosis, cerebral sinus thrombosis and 
splanchnic vein thrombosis (Table  1 ).

   As this patient is pregnant, she has a signifi -
cant acquired VTE risk factor. However, there are 
two features of her history which suggest the 
presence of a concurrent hereditary thrombo-
philia. She has a fi rst-degree relative with recur-
rent DVT who is being treated with long-term 
anticoagulation. In addition, the patient’s own 
DVT has extended whilst on appropriate therapy. 
Assuming she has been adherent to the prescribed 
therapy, then this may refl ect relative heparin 

resistance. The majority of heparin-resistant 
patients are AT defi cient (Ranucci et al.  2002 ). 
AT undergoes a conformational change when its 
heparin-binding site is occupied, accelerating its 
effect by 1,000- to 4,000-fold and enabling it to 
rapidly inactivate factor Xa and thrombin (Hirsh 
et al.  2008 ). Thus, the mechanism of action of 
heparin depends on the presence of adequate 
amounts of functional AT. Infusion of AT concen-
trates in defi cient patients potentiates the effect of 
heparin to achieve adequate anticoagulation 
(Bucur et al.  1998 ).  

  Question 2.      Which statement about type II 
antithrombin defi ciency is correct ?

    A.    AT levels are normal.   
   B.    AT levels are reduced.   
   C.    AT levels are absent.   
   D.    All of the above.    

    Expert Clinical Perspective     AT, PC or PS defi -
ciencies represent loss of function thrombophilias 
in which there is reduced synthesis of the endog-

   Table 1    Relative risk of thrombotic manifestations of hereditary thrombophilias*   

 Site of thrombosis 
 Antithrombin 
defi ciency 

 Protein C 
defi ciency 

 Protein S 
defi ciency 

 Factor V 
Leiden 

 Prothrombin 
G20210A 

 DVT/PE  4- to 30-fold increase  3- to 4-fold increase in 
heterozygotes 

 6- to 11-fold increase in 
homozygotes 

 Upper limb 
thrombosis 

 5-fold increase  6-fold 
increase 

 5-fold increase 

 Superfi cial vein 
thrombosis 

 13-fold increase  6-fold 
increase 

 4-fold increase 

 Cerebral venous 
sinus thrombosis 

 4-fold 
increase 

 10-fold increase 

 Splanchnic vein 
thrombosis 

 PVT 3-fold 
increase 
Budd-Chiari 
11-fold 
increase 

 4 to 8-fold 
increase 

  *Refer also to Martinelli et al. ( 2014 ) 

  DVT  deep vein thrombosis,  PE  pulmonary embolism,  PVT  portal vein thrombosis  
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    Table 2    Pathophysiology of hereditary thrombophilias   

 Thrombophilia  Pathophysiology 
 Antigen level 
(total) 

 Antigen 
level (free) 

 Activity 
level  Mutations 

 Antithrombin 
defi ciency 

 Type I  Low  NA  Low  Missense and 
nonsense point 
mutations, 
insertions and 
deletions 

 Type II  Reactive site defect  Normal  NA  Low 

 Type II  Heparin-binding 
site defect 

 Normal  NA  Low with 
heparin 
only 

 Type II  Pleiotropic defects  Decreased  NA  Low 

 Protein C 
defi ciency 

 Type I  Low  NA  Low  Missense 90 %, 
deletions or 
insertions 10 % 

 Type II  Normal  NA  Low  Missense 

 Protein S 
defi ciency 

 Type I  Low  Low  Low  Missense 
mutations, short 
insertions and 
deletions, (large 
deletions or 
insertions <4 %) 

 Type II  Normal  Normal  Low 

 Type 
III 

 Normal  Low  Low  Many have no 
PROS1 mutation, 
Postulated to 
have C4BPA 
defects 

 Factor V mutations  Activated protein C 
resistance 

 Factor V Leiden 
(FVL) 
Arg506Gln 

 Factor V Hong 
Kong Arg306Gln 

 Factor V 
Cambridge 
Arg306Thr 

 Prothrombin gene 
mutation (PGM) 

 High plasma 
prothrombin 

 G20210A, G to 
A transition at 
position 20210 in 
3′ untranslated 
region of 
prothrombin 
gene 

enous anticoagulant proteins or there are func-
tional defects in the molecule (Table  2 ). AT 
 inhibits  serine proteases including thrombin, fac-
tor Xa, factor VIIa, factor IXa, factor XIa and fac-
tor XIIa by forming a 1:1 covalent complex with 
them. In type I defi ciency, reduced AT  activity is a 
consequence of reduced protein synthesis. In type 
II defi ciency, antigen levels are normal but activ-
ity is reduced due to defects in the protease- 
binding site, the heparin-binding site or pleiotropic 
defects resulting in conformational change.

     Question 3.      Which statement about thrombin 
is correct ?

    A.    It does not infl uence FV.   
   B.    It does not infl uence FVIII.   
   C.    It binds to thrombomodulin.   
   D.    All of the above.    

   After thrombin has been generated, it forms a 
complex with thrombomodulin and is bound to 
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endothelial PC receptor resulting in activation of 
the natural anticoagulant PC, which in turn, along 
with its cofactor PS, inhibits coagulation by inac-
tivating factor Va and factor VIIIa. 

  Question 4.      Which of the following statement 
is true about hereditary thrombophilias ?

    A.    In most cases, PC defi ciency is due to 
impaired synthesis.   

   B.    Defi ciency in PS may be due to reduced total, 
free and activity levels.   

   C.    FVL mutation is classifi ed as a gain of func-
tion thrombophilia.   

   D.    All of the above.    

    Expert Perspective     In most cases, PC defi -
ciency is due to impaired synthesis; however, 
there are rare cases of type II defi ciency with 
reduced activity but normal antigenic levels. 
Only free PS is functional as a cofactor, with 
60 % of PS bound to the complement C4b- 
binding protein and inactive. In addition, PS 
circulates in a complex with tissue factor path-
way inhibitor (TFPI) and acts as a cofactor to 
inactivate factor Xa. Defi ciency in PS may be 
due to reduced total, free and activity levels 
(type I) and reduced activity with normal total 
and free levels (type II) or normal total levels, 
but reduced free PS and activity (type III). The 
typical genetic mutations are also shown in 
Table  2 . 

 FVL is a gain of function thrombophilia in 
which a point mutation causes resistance to 
inactivation of factor Va by activated protein C 
(APC). Other point mutations produce APC- 
resistant factor V variants including Factor V 
Hong Kong and Factor V Cambridge. PGM is 
associated with a 30 % increase in plasma pro-
thrombin levels. Inherited dysfi brinogenaemias 
are associated with bleeding in 25 % and VTE in 
20 %(de Moerloose et al.  2013 ). Mechanisms of 
thrombophilic mutations include impaired poly-
merisation and associated resistance to fi brino-
lysis and impaired thrombin binding with 
consequent increase in circulating thrombin or 

fi brin levels. In addition to the above well-stud-
ied and validated inherited thrombophilias, 
there are many other proposed prothrombotic 
risk factors, some of which may be inherited. In 
general, these are not as well studied and the 
association with thrombophilia is weaker. For 
example, persistently high factor VIII levels are 
associated with increased VTE risk although the 
genetic mechanisms are unexplained, and non-
ABO blood groups are also associated with 
increased VTE risk, at least partially due to 
25 % higher VWF and factor VIII levels (Dentali 
et al.  2012 ).  

  Question 5.      How does laboratory assay meth-
odology impact detection of hereditary 
thrombophilias ?

    A.    Type II defi ciency of protein S is not detected 
with clot-based assay.   

   B.    Type II defi ciency of protein S is not detected 
with free protein S assay.   

   C.    Type II defi ciency of protein C is not detected 
with clot-based assay.   

   D.    All of the above.    

    Expert Perspective     Typically, specifi c DNA 
analysis is performed for FVL and PGM, 
although this may not detect APC resistance 
due to other causes (e.g. other factor V muta-
tions and raised factor VIII) (Table  3 ). Detection 
of dysfi brinogenaemia requires the combina-
tion of an immunoassay for antigen level with a 
von-Clauss (clot-based) assay for functional 
activity (fi brinogen is the major clotable protein 
in plasma). If only a free PS assay is performed, 
then type II defi ciency will not be detected. 
Although these subtypes are considered rare, a 
clot-based assay for PS activity should also be 
performed to identify these cases. Similarly, 
detection of rare type II variants of PC defi -
ciency requires a clot-based assay in addition to 
the amidolytic assays performed with snake 
venom activators. A caveat for clot-based 
assays, however, are those that are overly sensi-
tive to interferences from anticoagulant therapy 
(see below and Table  3 ). AT levels are assayed 
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    Table 3    Summary of main test methods for thrombophilia testing and their strengths and limitations   

 Test  Methodologies  Strengths and caveats  Additional limitations 

 Antithrombin  Chromogenic assays 
based on anti-factor Xa or 
IIa (thrombin) 

 Chromogenic methods 
primarily recommended and 
utilised by laboratories. 
Antigenic methods do not 
identify functional 
characteristics. Combination of 
chromogenic method (all 
patients) plus antigenic 
methods (select patients) 
recommended to identify and 
type antithrombin defi ciencies 

 Anti-IIa-based methods affected 
by dabigatran; anti-Xa-based 
methods affected by anti-Xa drugs 
(e.g. apixaban, rivaroxaban). 
Some antithrombin defi ciencies 
may be missed by restricted use 
of anti-Xa assays. Reduced levels 
indicative of defi ciency, but ‘true’ 
defi ciencies need to be 
distinguished from effects of 
anticoagulant drugs (direct 
inhibitors as above plus also 
heparin), liver disease, 
‘consumption’ following 
thrombosis, asparaginase therapy, 
etc. 

 Antigenic methods 

 Protein C  Chromogenic assays  Chromogenic methods 
primarily recommended and 
utilised by laboratories. 
Combination of chromogenic 
method (all patients) plus 
clot-based methods (select 
patients) recommended to 
identify and type protein C 
defi ciencies 

 Clot-based methods potentially 
affected by all anticoagulants 
(heparin, warfarin, dabigatran, 
apixaban, rivaroxaban, etc.). 
Reduced levels indicative of 
defi ciency, but ‘true’ defi ciencies 
need to be distinguished from 
effects of anticoagulant drugs, 
liver disease, ‘consumption’ 
following thrombosis, etc 

 Clot-based assays 
methods 

 Protein S  Antigenic methods (free, 
total) 

 Antigenic ‘free’ protein S 
methods primarily 
recommended and utilised by 
laboratories. Combination of 
‘free’, ‘total’ plus clot-based 
methods (select patients) 
recommended to identify and 
type protein S defi ciencies 

 Clot-based methods potentially 
affected by all anticoagulants 
(heparin, warfarin, dabigatran, 
apixaban, rivaroxaban, etc.). 
Reduced levels indicative of 
defi ciency, but ‘true’ defi ciencies 
need to be distinguished from 
effects of anticoagulant drugs, 
liver disease, pregnancy-related 
changes, ‘consumption’ following 
thrombosis, etc. 

 Clot-based assays 
methods 

 Activated 
protein C 
resistance 
(APCR) 

 Clot-based assays 
methods based on either 
activated partial 
thromboplastin time 
(APTT), Russell viper 
venom time (RVVT), or 
other mechanisms 

 RVVT methods best correlate 
with presence/absence of factor 
V Leiden (FVL) 

 Both APTT and RVVT methods 
can be affected by all 
anticoagulant drugs but APTT 
most severely affected. APTT 
method less sensitive to FVL than 
RVVT method 

 APTT-based methods can 
detect APCR due to FVL and 
other causes 

 Factor V 
Leiden 

 Genetic testing  Generally sensitive and specifi c 
for FVL mutation. Common 
mutation in Caucasian 
population, so identifi cation of 
FVL does not per se infer a 
pro- thrombotic tendency with a 
need to treat 

 Some methods will miss specifi c 
FVL mutations, as well as 
missing other mutations that may 
still lead to APCR 

(continued)
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by heparin cofactor activity against factor IIa or 
factor Xa; however, some type II defects may 
be missed by factor Xa assays. Type II defects 
involving the heparin-binding site are distin-
guished from other subtypes by a heparin free 
assay in which activity levels are normal com-
pared with the low levels seen in the  presence 
of heparin. Not all assays are typically available 
in all laboratories, thus challenging the diagno-
sis of distinct defi ciencies or defects. Also, the 
possibility of false diagnosis due to inappropri-
ate testing, or testing of patients at inappropri-
ate times, tends to exceed the true positive 
diagnosis rate by at least an order of magnitude 
(see next section).

     Question 6.      What clinical conditions and 
therapies may affect laboratory detection of 
hereditary thrombophilias ?

    A.    Chronic liver disease results in impaired anti-
thrombin synthesis.   

   B.    Nephrotic syndrome increases bleeding 
tendency.   

   C.    Oestrogen therapy increases protein S levels.   
   D.    Oestrogen therapy decreases protein S levels.    

    Expert Clinical Perspective     Signifi cant liver 
disease may result in low levels of AT, PC or PS 
due to impaired synthesis, and liver disease is 
also associated with an acquired dysfi brinogen-
aemia. Proteinuria and infl ammatory bowel dis-
ease (IBD) reduce AT levels. Decreased PS and 
increased factor VIII levels are seen in pregnancy 
and with oestrogen-containing therapies. In 
acute-phase reactions, factor VIII levels are 
increased and free PS levels reduced.  

  Question 7.      Warfarin therapy   does not   inter-
fere with which one of the following tests of 
hereditary thrombophilias ?

    A.    Prothrombin G20210A   
   B.    Protein S defi ciency   
   C.    Protein C defi ciency   
   D.    Antithrombin defi ciency    

   Vitamin K antagonist therapy, as typically 
applied to patients suffering a VTE, reduces PC 
and PS levels and heparin use reduces AT levels. 
Asparaginase therapy for acute lymphoblastic 
leukaemia (ALL) is also associated with transient 
reduction in AT levels. Clot-based assays for PC 
and PS may give falsely elevated levels in the 

Table 3 (continued)

 Test  Methodologies  Strengths and caveats  Additional limitations 

 Prothrombin 
G20210A 

 Genetic testing  Generally sensitive and specifi c 
for PGM mutation. Common 
mutation in Caucasian 
population, so identifi cation of 
this mutation does not per se 
infer a pro-thrombotic tendency 
with a need to treat 

 Fibrinogen 
defects/
defi ciencies 

 Clot-based (‘von- Clauss’) 
assay to identify 
fi brinogen activity 

 Clot-based methods primarily 
recommended and utilised by 
laboratories. Antigenic methods 
do not identify functional 
characteristics. Combination of 
clot-based method (all patients) 
plus antigenic methods (select 
patients) recommended to 
identify and type fi brinogen 
defects/defi ciencies 

 Clot-based methods may be 
affected by some anticoagulants 

 Antigenic assays 
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presence of direct thrombin inhibitors or factor 
Xa inhibitors (e.g. dabigatran, rivaroxaban, apix-
aban) (Favaloro and Lippi  2015 ). Tests for APC 
resistance may also be affected by these drugs. 

 Timing of testing is another important consider-
ation. Testing for AT, PC and PS should be avoided 
just after a thrombotic event, as ‘consumption’ may 
lead to false low levels. Testing should also, in gen-
eral, not be performed after patients have been 
started on anticoagulant therapy. In recent audits 
from our institution, we have noted some disturb-
ing trends which identify that many thrombophilia 
tests are inappropriately ordered (Favaloro et al. 
 2011 ; Favaloro and McDonald  2012 ). Thus, testing 
is often requested whilst patients are on anticoagu-
lant therapy, leading to a high false positive rate. In 
one audit, an alarming 80 % of low AT, PC and PS 
test results likely derived from patients on antico-
agulant therapy. Although genetic tests (FVL and 
PGM) are not affected by anticoagulants, inappro-
priate testing of these otherwise not uncommon 
mutations can lead to identifi cation of these defects 
in low-risk individuals with consequent risk of 
inappropriate management. 

  Question 8.      When should laboratory testing 
for inherited thrombophilia be performed in 
this patient ?

    A.    Later during pregnancy   
   B.    Four weeks after delivery   
   C.    Now   
   D.    One week after delivery    

    Expert Clinical Perspective     Although throm-
bophilia tests during pregnancy, in the setting of 
acute thrombosis and whilst anticoagulated, are 
not ideal, laboratory testing should be per-
formed urgently in this patient, primarily due to 
the possibility of AT defi ciency and the impact 
this diagnosis would have on clinical manage-
ment. AT concentrates would be infused to assist 
in optimising anticoagulation and preventing 
further thrombus extension. She may have 
falsely low AT levels in the setting of heparin 

therapy or consumption due to extensive acute 
thrombosis, and consequently family history 
and family studies may be helpful (e.g. testing 
of AT in the affected mother). The patient may 
have low PS levels due to pregnancy, although 
this tends to occur progressively in second and 
third trimesters. Factor VIII levels become ele-
vated in pregnancy and during acute infl amma-
tory conditions. Consequently the timing of 
testing in this case is determined by potential to 
alter clinical management but results of throm-
bophilia testing must be interpreted in the con-
text of her potential confounding factors, i.e. 
active VTE, active therapy and pregnancy in the 
fi rst trimester.   

    Case 2 

  A 25 - year - old woman develops an unprovoked 
extensive proximal left leg DVT. She is managed 
with LMWH, whilst warfarin is initiated and 
optimised. She has marked post - thrombotic syn-
drome. She is married to her fi rst cousin who has 
had a provoked DVT after a soccer injury and 
received 3 months anticoagulation with warfarin. 
The couple are of Lebanese heritage and would 
like to have children. They ask about the risk of 
VTE in their children as they have both had 
VTE. The woman undergoes thrombophilia 
screening and is found to be homozygous for FVL 
and heterozygous for PGM. Her husband is het-
erozygous for both FVL and the PGM. No other 
thrombophilias are identifi ed . 

  Question 9.      What is the clinical utility of 
thrombophilia testing in symptomatic 
individuals ?

    A.    May determine if anticoagulation is required   
   B.    Helps determine if patient is suitable for gene 

therapy   
   C.    May determine duration of anticoagulant 

therapy   
   D.    May determine the most appropriate antico-

agulant for long-term anticoagulation    
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    Expert Clinical Perspective     Screening for 
thrombophilia in a young individual who has 
experienced an unprovoked VTE may provide a 
pathophysiological mechanism. In most cases 
screening during the acute setting will not infl u-
ence therapy, since anticoagulation is indicated. 
The exceptions are thrombophilias, which if 
detected warrant consideration of additional ther-
apies. Patients with purpura fulminans due to 
homozygous PC defi ciency may be treated with 
PC concentrates. AT-defi cient individuals may 
show resistance to heparins which would neces-
sitate higher heparin doses, consideration of AT 
concentrate administration or selection of a direct 
oral anticoagulant, not dependent on the action of 
AT. Thrombophilia testing may infl uence man-
agement decisions such as the duration of ther-
apy, for secondary prevention of VTE, if more 
severe thrombophilias are detected (Favaloro and 
McDonald  2012 ).  

  Question 10.      What is the role of familial 
thrombophilia testing ?

    A.    Screening of asymptomatic fi rst-degree rela-
tives of patient with multiple provoked VTEs 
is required.   

   B.    In patients with combined hereditary throm-
bophilias, knowledge of an asymptomatic 
carrier’s status may guide risk stratifi cation.   

   C.    In patients with combined hereditary throm-
bophilias, knowledge of an asymptomatic 
carrier’s status does not guide risk 
stratifi cation.   

   D.    Screening of asymptomatic fi rst- and second- 
degree relatives of patient with multiple pro-
voked VTEs is required.    

    Expert Clinical Perspective     Screening of 
asymptomatic fi rst-degree relatives is not rou-
tinely practised since the absolute risk of VTE in 
these individuals is low. By age 60, 70 % of 
asymptomatic carriers of thrombophilia have not 
developed VTE (Vossen et al.  2004 ). Thus the 
presence of a thrombophilia does not accurately 
predict which individual patients will develop 
VTE, and consequently long-term anticoagula-

tion, with its associated risk of bleeding, cannot 
be justifi ed in asymptomatic carriers. 

 The incidence of VTE in unselected carriers of 
FVL is lower than in carriers with a family his-
tory of VTE associated with FVL (Lensen et al. 
 2000 ). An accurate family history is crucial. 
Family history should address whether fi rst- and 
second-degree relatives have experienced VTE, 
whether diagnosis was objectively confi rmed, 
particularly whether the circumstances of the 
VTE are provoked or unprovoked, and what ther-
apy was prescribed (Martinelli et al.  2014 ). The 
family history is more likely to be accurate when 
patients are reporting about fi rst-degree relatives 
compared with more distant relatives and when 
they are certain that there is no history of VTE, 
rather than reporting an unconfi rmed diagnosis of 
VTE. 

 In the case of combined thrombophilias, 
such as described in this case, knowledge of an 
asymptomatic carrier’s status may guide risk 
stratifi cation. In a large multicentre prospective 
study of individuals from thrombophilic fami-
lies enrolled through specialised centres, the 
incidence of VTE in relatives was examined for 
multiple thrombophilias including combined 
defects (Vossen et al.  2004 ). The study included 
some patients who were homozygous for FVL 
in addition to having PGM or other defects. 
Relatives with combined defects had the high-
est incidence of VTE, 8.4 per 1,000 patient 
years, with a relative risk of 32–47 compared to 
unrelated controls. It is possible that the risk 
was underestimated in this study as the 
researchers only included objectively con-
fi rmed VTE cases; they only included relatives 
who were still living and they were unable to 
fully account for the use of thromboprophylaxis 
during periods of increased VTE risk (Vossen 
et al.  2004 ). 

 In the case of this young woman, her history 
of an unprovoked VTE means that she will 
require antenatal and postnatal VTE prophylaxis 
during pregnancy, independent of her thrombo-
philia. Her children will have an increased risk of 
VTE since they have a fi rst-degree relative with 
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an unprovoked VTE and consequently should 
receive VTE prophylaxis when at risk of pro-
voked events, regardless of their carrier status. 
For the same reason, her female children have a 
relative contraindication to combined oral con-
traceptive therapy, regardless of their carrier sta-
tus, although the absolute risk for each individual 
will vary depending on which combinations of 
mutations are inherited. If the female children 
carry multiple abnormalities or are homozygous 
for FVL, then antenatal and postnatal VTE pro-
phylaxis are recommended, in contrast to the 
single heterozygous states in asymptomatic carri-
ers when only postnatal prophylaxis is recom-
mended. The children of this couple will all be at 
least heterozygous for FVL, due to the mother’s 
homozygous FVL state. It is possible that their 
children may be homozygous for both FVL and 
PGM or have combined defects with homozygos-
ity for one defect and heterozygosity for the other 
(Fig.  1 ). A number of guidelines have discussed 
the role of thrombophilia screening and the 
impact on the management of asymptomatic car-
riers with a family history of VTE. There are 
some discrepancies in these guidelines, particu-
larly in the context of VTE prophylaxis during 
pregnancy, which are reviewed in De Stefano and 
Rossi ( 2013 ).

     Answers 

    Question 1. D  
  Question 2. A  
  Question 3. C  
  Question 4. D  
  Question 5. B  
  Question 6. A  
  Question 7. A  
  Question 8. C  
  Question 9. C  
  Question 10. B         
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  Fig. 1    Case 2. Possible 
outcomes for factor V 
Leiden and prothrombin 
G20210A for offspring of 
case 2 and her partner. The 
numbers (1/8 or 1/4) indi-
cate the relative theoretical 
probabilities for each 
possibility       
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      Antiphospholipid syndrome (APS) is character-
ised by arterial and/or venous thromboses and/or 
obstetric morbidity (obstetric APS) in patients 
persistently positive for antiphospholipid anti-
bodies (aPL). The classifi cation criteria for APS 
have been defi ned in the original Sapporo crite-
ria, which more recently have been updated in the 
Sydney criteria (Miyakis et al.  2006 ). 

 APS is a systemic autoimmune disease, widely 
considered a major acquired thrombophilia. In the 
past the syndrome was considered as ‘primary 
antiphospholipid syndrome’ (PAPS) if there was 

no accompanying connective disease, in particular 
SLE, and as ‘secondary antiphospholipid syn-
drome’ (SAPS) if there was evidence for such. The 
syndrome can present with a plethora of clinical 
manifestations due to thrombosis of any vessel, 
which include deep vein thrombosis (DVT) and 
pulmonary embolism (PE) as the most frequent 
features (Cervera et al.  2014 ). In contrast to the 
inherited thrombophilic disorders, which mainly 
affect the venous vascular bed, APS can also cause 
thrombosis in arterial vessels and the microvascu-
lature. The most frequent arterial manifestations 
are neurological manifestations such as stroke or 
transient ischaemic attacks. Other neurological fea-
tures include migraine headaches, memory loss 
and epilepsy. Thrombocytopenia and livedo reticu-
laris are the most important haematological and 
dermatological characteristics, respectively, and 
can be found in up to 20 % of APS patients. The 
former is usually mild and not associated with 
haemorrhagic events. Livedo reticularis is the most 
common skin manifestation that has been associ-
ated with occlusive arterial events in the brain 
(known as Sneddon’s syndrome) (Cervera et al. 
 2014 ; Sneddon  1965 ). 

 Pregnancy morbidity includes unexplained 
foetal death, premature birth before 34 weeks of 
gestation due to severe pre-eclampsia, eclampsia 
or placental insuffi ciency or recurrent fi rst tri-
mester loss. Pre-eclampsia, premature birth and 
foetal loss are the most common manifestations 
and are seen in 10–20 % of APS pregnancies 
(Cervera et al.  2014 ). 
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 The prevalence of aPL in normal healthy pop-
ulations has been reported to range between 
1.0 % and 5.6 % depending on the assays used. 
The prevalence of aPL is higher in patients with 
other autoimmune conditions such as rheumatoid 
arthritis or systemic lupus erythematosus, where 
up to 40 % are persistently positive for aPL 
(Jeleniewicz et al.  2012 ; Mok et al.  2005 ). 

 The treatment of APS has long been subject of 
intense debate, due to the fact that the under-
standing of the syndrome has increased over the 
years. An international consensus document has 
recently been agreed in the context of the APS 
Treatment Trends Task Force, created as part of 
the 14th International Congress on aPL (Rio de 
Janeiro, September 2013). The main aim of the 
task force was to systematically review current 
and the potential future treatment strategies for 
aPL-positive patients. The British Society for 
Haematology has also produced management 
guidelines (Keeling et al.  2012 ). 

 Treatment regimens for the thrombotic mani-
festations of APS are based on antithrombotic 
treatment and include anti-aggregation therapy, 
such as low-dose aspirin or anticoagulation, 
including vitamin K antagonist (VKA) or hepa-
rin. Preliminary data on the use of new oral anti-
coagulant (NOA) in APS with previous venous 
thromboembolism have recently been reported 
(Sciascia  2015 ), and other trials are ongoing, as 
yet the evidence base is incomplete to fully sup-
port the NOAs in APS. Immune- modulating 
agents, immunosuppression and anti-comple-
ment therapy are used in selected cases but are 
not commonly recommended. 

 Current treatment regimes for preventing 
obstetric morbidity including low-dose aspirin 
and/or low-molecular-weight heparin have 
improved pregnancy outcome to live birth rates 
of >70 % (Bramham et al.  2010 ). The role of 
other agents, such as steroids in refractory APS, 
has been suggested, and recent retrospective data 
support a role for hydroxychloroquine (HCQ) in 
pregnant women with APS (Sciascia et al. sub-
mitted); however, prospective clinical trials are 
required to confi rm this (Bramham et al.  2011 ). 
Intravenous gamma globulin (IVIG) in the set-
ting of obstetric APS has been trialled, with no 

signifi cant improvement in pregnancy outcomes 
(Dendrinos et al.  2009 ). 

    aPL: Detection and Clinical Value 

 aPL are detected in three ways, and all need to be 
performed in an individual patient before aPL 
can be excluded. The assays are lupus anticoagu-
lant (LAC), anticardiolipin antibodies (aCL) and 
anti-β2glycoprotein I (aβ2GPI). Individuals may 
be positive for one, two or three of these tests 
(Giannakopoulos et al.  2009 ; Sciascia et al. 
 2012 ).  

    LAC 

 LAC is a functional assay measuring the ability 
of aPL to prolong phospholipid-dependent clot-
ting assays. By removing negatively charges 
phospholipids, on which coagulation factors need 
to sit, to participate in coagulation activation, 
these assays will take longer to clot. LAC testing 
has been diffi cult to standardise, and no single 
test appears to be adequate, refl ecting the hetero-
geneity of different individuals’ aPL. Not all 
phospholipid-dependent assays are able to detect 
LAC, for example, many APTT assays may be 
normal in the face of a positive LAC. As no coag-
ulation test has 100 % sensitivity, the 2009 
Scientifi c and Standardisation Committee of the 
International Society on Thrombosis and 
Haemostasis guidelines recommend two assays 
of different assay principle, the dilute Russell 
viper venom test (dRVVT) and a sensitive acti-
vated partial thromboplastin time (APTT), with 
silica as an activator because of its sensitivity for 
LAC. Furthermore, the sensitivity of an assay to 
LAC can be improved by reducing the concentra-
tion of phospholipid added. If an APTT is pro-
longed, it is normal to perform a 50:50 correction 
to determine if an inhibitor such as a LAC is 
 present. Lack of correction with normal plasma 
supports the presence of an inhibitor; if there is a 
factor defi ciency, the prolongation will correct due 
to the presence of the missing factors in the 
normal plasma. According to the updated 
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guidelines, the laboratory detection of LAC 
should be based on the following criteria: (1) pro-
longation of phospholipid-dependent clotting 
test, in particular when the phospholipid content 
of test system is low; (2) lack of correction of the 
prolonged clotting time by addition of a small 
amount of normal plasma (thereby to exclude 
factors defi ciency); and (3) correction by the 
presence of high concentration of phospholipid 
such as the use of platelet fragments, which will 
remove all the antiphospholipid antibodies, or by 
the use of a reagent that is poorly responsive for 
LAC effect (Pengo et al.  2009 ). 

 The same guidelines suggested that the risk of 
false-positive results is increased to an unaccept-
able level if more than two screening tests are 
performed. However, as there is evidence that no 
single test is sensitive for all LAC, the current 
recommendation is to perform two different tests 
that represent different assay principles, namely, 
dRVVT and any APTT test performed with silica 
as an activator. 

 The problem for many patients is that oral 
vitamin K antagonists (VKA) taken after a 
thrombotic event interfere with and can invali-
date the results of the LAC. Textarin/Ecarin ratio 
and Taipan snake venom time (TSVT) can be 
used as additional methods for the detection of 
LAC in patients on VKA, especially for detecting 
the true-positive results. TSVT is usually the test 
of choice because of its easy performance and its 
similarity to dRVVT (Parmar et al.  2009 ).  

    aCL 

 Originally described in 1983, the aCL assay is 
performed by ELISA (Tincani et al.  2000 ). aCL 
are usually detected by either radioimmunoassay 
(RIA) or ELISA, using cardiolipin as a solid- 
phase antigen. Serum is used for the aCL assays. 
IgG, IgM and/or IgA isotype concentrations are 
expressed as GPL, MPL and/or IgA units, respec-
tively, where 1 unit represents the binding activ-
ity of 1 mg/ml of affi nity-purifi ed aCL antibody. 

 In general, positive LAC tests are more spe-
cifi c for the APS, whereas aCL are more sensi-
tive. The specifi city of aCL for APS increases 

with the titre and is higher for the IgG than for the 
IgM isotype. However, some patients may have 
only a positive IgM test, and a few are only IgA 
positive (Giannakopoulos et al.  2009 ). Due to the 
poor utility of aCL IgA, few laboratories test for 
these levels.  

    aβ2GPI 

 The development of aβ2GPI immunoassays fol-
lowed the observation that many aCL are directed 
to an epitope on β2-glycoprotein I (Matsuura 
et al.  1994 ). Their presence has been included in 
the 2006 updated criteria for the classifi cation of 
the APS (Miyakis et al.  2006 ). The main clinical 
utility of aβ2GPI is when they appear in combi-
nation with other aPL, since those patients triple 
positive for LAC, aCL and aβ2GPI are at the 
highest risk of thrombosis (Pengo et al.  2011 ). 
However, in patients with clinical features of 
APS, aβ2GPI are rarely the sole antibodies 
detected (Cabral et al.  1996 ). 

 Recent studies have shown that the interaction 
of β2GPI with phospholipids induces major con-
formational change in this protein, which exposes 
hidden epitopes within domain I, and aPL anti-
bodies are formed against this area (Banzato 
et al.  2011 ). Anti-β2GPI with specifi city to 
domain I (anti Dm1) have been reported as 
strongly associated to a high risk of thrombosis 
(Banzato et al.  2011 ).  

    Other aPL 

 The clinical utility of aPL assays for autoantibod-
ies to phospholipids other than cardiolipin and to 
phospholipid-binding proteins other than β2GPI, 
such as prothrombin, is debated (Giannakopoulos 
and Krilis  2013 ). Antibodies to prothrombin can 
be detected by directly coating prothrombin on 
irradiated ELISA plates (aPT) or by using the 
phosphatidylserine/prothrombin complex as anti-
gen (aPS/PT). aPS/PT (rather than aPT) have 
been shown to help establish the diagnosis of 
APS and the associated risk for thrombosis or 
pregnancy morbidity (Sciascia et al.  2012 ).  
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    Case 1 

 A 29-year-old woman presents to the outpatient 
department following assessment by her GP for a 
general health check-up. Her coagulation screen 
showed a prolonged activated partial thrombo-
plastin time (APTT) with normal prothrombin 
time (PT). The presence of a prolonged APTT on 
a routine plasma test triggered 50:50 mix studies, 
which shows no correction of the prolonged time. 
A lupus anticoagulant assay using the dilute 
Russell viper venom time shows a time of 1.4 
(compared with normal plasma) correcting to 1.1 
after the platelet correction. The remainder of her 
blood test results are normal. She does not have 
any past medical history, has a BMI of 20, is a 
smoker (15 cigarettes per day) and has no family 
history of thrombosis. She is worried about 
whether she will need any specifi c treatment for 
her LAC positivity. 

  Question 1.      Is treatment of this patient indi-
cated? If so, what is the treatment of choice? 

    A.    Yes, low-dose aspirin.   
   B.    Yes, low-molecular-weight heparin.   
   C.    Yes, both A and B.   
   D.    No, this patient needs no treatment.   
   E.    Repeat aPL screen and reassurance.    

   APS is defi ned as the persistent presence of 
aPL with clinical manifestations such as throm-
bosis or pregnancy morbidity (as above, refer to 
Table  1 ). In the above-mentioned case, careful 
examination and a repeat aPL screen is required 
after 3 months to ensure there are persisting 
aPL. In case of the persistent presence of aPL in 
an asymptomatic individual, primary thrombo-
prophylaxis remains the subject of debate due to 
the absence of evidence, for no randomised pla-
cebo controlled trials have addressed this ques-
tion adequately. However, a careful thrombotic 
risk assessment as part of good clinical practice 
and general measures to control cardiovascular 
risk factors for all patients with aPL remains 
important (Table  2 ) (Ruiz-Irastorza et al.  2010 ). 
In particular smoking cessation and body weight 
control, hypertension management and adequate 
management of hypercholesterolemia are 
strongly recommended in asymptomatic aPL car-
riers (Sciascia and Bertolaccini  2014 ).

    Very recently at least two score systems have 
been proposed as thrombotic risk assessment tool 
in patients with aPL. The Global Antiphospholipid 
Syndrome Score (GAPSS) was developed and 
independently validated by Sciascia et al. as an 
effective tool to help physicians in stratifying 
patients according to their thrombotic risk 

   Table 1    Adapted from the revised classifi cation criteria for APS   

 Vascular thrombosis  ≥1 clinical episode of arterial, venous or small vessel thrombosis. Thrombosis must be 
objectively confi rmed. For histopathological confi rmation, thrombosis must be present 
without infl ammation of the vessel wall 

 Pregnancy morbidity  1. ≥1 unexplained death of a morphologically normal foetus ≥10 weeks of gestation 

 2. ≥1 premature delivery of a morphologically normal foetus <34 weeks gestation 
because of: 

   Severe pre-eclampsia or eclampsia defi ned according to standard defi nition 

   Recognised features of placental insuffi ciency 

 3. ≥3 unexplained consecutive miscarriages <10 weeks gestation, with maternal and 
paternal factors (anatomic, hormonal or chromosomal abnormalities) excluded 

 Laboratory criteria  The presence of antiphospholipid antibodies (aPL), on two or more occasions at least 
12 weeks apart and no more than 5 years prior to clinical manifestations, as demonstrated 
by ≥1 of the following 

 (a) Presence of lupus anticoagulant in plasma 

 (b) Medium- to high-titre anticardiolipin antibodies (>40GPL or MPL, or >99th 
percentile) of IgG or IgM isoforms 

 (c) Anti-β 2  glycoprotein I antibody (anti- β 2 GP I) of IgG or IgM present in plasma 
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   Table 2    General measures for antiphospholipid antibody carriers   

 Maintain strict control of cardiovascular risk factors in patients with a high-risk aPL profi le a  regardless of 
thrombosis history, concomitant SLE or other features of APS 

 All aPL carriers should receive thromboprophylaxis with usual doses of LMWH in high-risk situations (surgery, 
prolonged immobilisation, puerperium) 

  Primary thromboprophylaxis in patients with SLE and antiphospholipid antibodies  

 Primary thromboprophylaxis with [hydroxychloroquine] (200–400 mg/day) ± low-dose [aspirin] (75–100 mg/day) 
is recommended for patients with positive lupus anticoagulant or isolated persistent anticardiolipin antibodies at 
medium to high titres 

  Primary thromboprophylaxis in aPL - positive individuals without SLE  

 Long-term primary thromboprophylaxis with low-dose [aspirin] (75–100 mg/day) is recommended in patients with 
a high-risk aPL profi le, especially in the presence of other thrombotic risk factors (Sciascia) 

  Secondary thromboprophylaxis  

 aPL-positive patients with arterial or venous thrombosis not meeting criteria for APS b  should be managed in the 
same manner as aPL-negative patients with similar thrombotic events 

 Patients with defi nite APS and fi rst venous event should receive oral anticoagulant therapy to a target INR 2.0–3.0 

 Patients with defi nite APS and arterial thrombosis should receive [warfarin] at an INR >3.0 or combined anti-
aggregant–anticoagulant therapy (INR 2.0–3.0) 

 Patient’s bleeding risk should be estimated before prescribing high-intensity anticoagulant or combined anti-
aggregant–anticoagulant therapy 

 For patients without SLE with a fi rst non- cardioembolic cerebral arterial event who have a low-risk aPL profi le c  
and reversible trigger factors, consider anti-platelet agents on an individual basis 

  Duration of treatment  
 Indefi nite duration of therapy in patients with defi nite APS b  and thrombosis 

 Anticoagulation could be limited to 3–6 months in patients with fi rst venous event with a low-risk aPL profi le c  and 
a known transient precipitating factor 

  Refractory and diffi cult cases  

 Potential alternative therapies for patients with recurrent thrombosis, fl uctuating INR levels, major bleeding or high 
risk for major bleeding include long-term LMWH [hydroxychloroquine] (200–400 mg/day) or statins 

   aPL  antiphospholipid antibody,  APS  antiphospholipid syndrome,  SLE  systemic lupus erythematosus,  INR  international 
normalised ratio,  LMWH  low-molecular-weight heparin 
  a High-risk aPL Profi le: lupus anticoagulant positivity, triple positivity (lupus anticoagulant + anticardiolipin + anti-ßβ2-
glycoprotein I antibodies), isolated persistently positive anticardiolipin antibodies at medium to high titres 
  b Classifi cation criteria for defi nite APS (Miyakis et al.  2006 ) 
  c Low-risk aPL profi le: isolated, intermittently positive anticardiolipin or anti-ßβ2-glycoprotein I at low to medium titres  

(Sciascia et al.  2013 ; Otomo et al.  2012 ). Patients 
with a GAPSS score ≥10 are considered to have 
an increased risk of thrombotic events and might 
require a closer follow-up, especially in high-risk 
situations (e.g. surgery, immobilisation). 
Adequate management of risk factors such as 
hyperlipidaemia and hypertension is highly rec-
ommended to reduce the thrombotic risk. 
Oestrogen-containing oral contraceptive pills 
must be also avoided due to their prothrombotic 
effect (Table  3 ), but the progesterone-only pill, 
progesterone implant and intrauterine device, 
especially the Mirena coil, are acceptable 
(Lakasing and Khamashta  2001 ).

   In asymptomatic aPL that carries underlying 
autoimmune conditions, especially SLE, primary 
thromboprophylaxis can be considered due to the 
fact that they are an additional risk factor for 
thrombosis. Thus, primary thromboprophylaxis 
can be considered with low-dose aspirin (75–
100 mg/day) in all patients with an underlying sys-
temic autoimmune condition and persistent aPL at 
medium to high titres (IgM or IgG  phospholipid 
units >40 GPL or MPL or >99th percentile) but 
should always be outweighed towards a potential 
bleeding risk. In patients with SLE and with per-
sistently positive aPL, primary thromboprophy-
laxis including low-dose aspirin (75–100 mg/day) 
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and/or hydroxychloroquine (200–400 mg/day) is 
recommended. This suggestion is made based on 
retrospective studies, which have shown that 
hydroxychloroquine appears to protect against 
thrombosis in patients with lupus, including those 
with aPL (Erkan et al.  2014 ). Although no study 
has specifi cally investigated whether the addition 
of anti-platelet agents offers additional protection, 
aspirin may be considered in the setting of primary 
thromboprophylaxis (Tektonidou et al.  2009 ). 

 Given the general recommendation of 
hydroxychloroquine therapy in patients with sys-
temic lupus erythematosus (SLE), the addition of 
low-dose aspirin should be decided on an indi-
vidual basis. Specifi cally, the addition of low- 
dose aspirin may be appropriate in selected cases, 
such as for patients with a high-risk aPL profi le 
(e.g. triple positivity for lupus anticoagulant 
(LA), anticardiolipin (aCL) and anti- 
β2-glycoprotein I (β2GP I)) and/or other con-
comitant cardiovascular risk factors and for SLE 
patients with a history of obstetric APS, which 
balances against the bleeding risks. 

 In asymptomatic carriers of aPL without an 
underlying connective tissue disease, the decision 
regarding thromboprophylaxis should be best 
based on the aPL profi le and their additional risk 
factors for thrombosis (Erkan et al.  2007 ). Well-
known coexisting thrombosis risk factors, such as 
the use of oral contraceptives or smoking in aPL 
carriers at the time of an event, may be responsi-
ble for triggering acute thrombosis (second- hit 
theory). Pregnancy and surgical procedures have 
also been shown to increase the risk of thrombotic 
events and therefore often require the use of pro-
phylactic LMWH (Erkan et al.  2002 ).  

    Case 2 

 A 42-year-old lady with recurrent pulmonary 
embolism (PE) is referred to the outpatient clinic. 
She was originally diagnosed with fi rst PE 
7 years ago and was managed with a vitamin K 
antagonist (VKA) for 6 month. There was no pro-
voking factor prior to her developing PE. 

 Three months ago, she developed a recurrent 
unprovoked PE and was started on rivaroxaban 
(15 mg BD for the fi rst 3 weeks and then 20 mg 
OD). She was known to have hypothyroidism 
and is receiving thyroxine 150 μg daily, and on 
careful questioning, she reported four consecu-
tive fi rst trimester miscarriages in her twenties. 
She has had no live births in the past. There is no 
family history of thromboembolic disease. She is 
referred to you with regard to determining the 
length of her anticoagulation treatment. 

  Question 2.      What would be the next step in 
the management of this patient? 

    A.    Testing for the persistent presence of aPL 
(12 weeks apart).   

   B.    Testing for inherited thrombophilia.   
   C.    Stopping rivaroxaban as she has completed 

3 months of treatment.   
   D.    Cancer screen (including CXR, abdominal 

US, extended bloods).   
   E.    Test for persistent presence of aPL, and if 

positive, continue with anticoagulation.    

   In this scenario the persistent presence of aPL 
would confi rm a diagnosis of APS. The recur-
rence rate of thrombosis in patients with throm-
botic APS is high; one study quotes a rate of 
29 % per year without treatment (Khamashta 
et al.  1995 ). The current standard of care man-
agement of patients with thrombotic APS is 
therefore based on long-term anticoagulation 
(Rosove and Brewer  1992 ). VKA is currently the 
standard of care treatment; however, results from 
a phase II/III randomised controlled trial 
addressing the effi cacy and safety of warfarin 
versus rivaroxaban for secondary thrombopro-
phylaxis in patients with APS will soon be 
published. 

    Table 3    The Global Antiphospholipid Syndrome Score 
(GAPSS)   

 Factor 
 Point 
value 

 Anticardiolipin IgG/IgM  5 

 Anti-β2-glycoprotein IgG/IgM  4 

 Lupus anticoagulant  4 

 Anti-prothrombin/phosphatidylserine 
complex (aPS/PT) IgG/IgM 

 3 

 Hyperlipidemia  3 

 Arterial hypertension  1 
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 An inherited thrombophilia screen and cancer 
screen in this case is generally not recommended 
per se, unless there is a family history of throm-
bosis or specifi c symptoms of cancer (N.g  2012 ). 

 aPL testing whilst on anticoagulation therapy 
remains a challenge. The use of warfarin and 
rivaroxaban interferes with the dRVVT and dilute 
APTT but not ACA or anti-beta2GPI. The Taipan 
snake venom test is reliable in patients receiving 
warfarin (Parmar et al.  2009 ). 

  Question 3.     After two positive tests confi rming 
the presence of LA and anticardiolipin IgG anti-
bodies, the patient is diagnosed with APS and 
receives patient information material and oral 
information about the recommendation of indefi -
nite anticoagulation in order to prevent further 
thromboembolic events. Two years later, she 
presents with dysphasia and left-sided limb 
weakness, and an MRI confi rms a right-sided 
middle cerebral artery infarct and several white 
matter lesions suggestive of small vessel disease. 
Arrhythmias were excluded and a Doppler of her 
carotid arteries was normal. Her blood pressure 
remains well controlled. Does this alter the man-
agement in this lady?

    A.    Long-term heparin therapy is indicated.   
   B.    Intensifi ed VKA management with a target 

INR or 3–4 should be considered.   
   C.    No change in therapy.   
   D.    Additional treatment with aspirin and clopi-

dogrel is suggested.      

 The management of refractory APS present-
ing with thrombosis despite adequate anticoagu-
lation is seen in a minority of patients with APS. 

 It is our experience and current approach that 
patients with defi nite APS with arterial disease 
and/or recurrent events merit a more aggressive 
therapeutic approach. Two randomised con-
trolled trials have compared the standard antico-
agulant treatment (target INR 2–3) with 
high-intensity treatment (target INR 3.5) and 
both studies did not show an advantage of high- 
intensity VKA for the prevention of recurrent 
events (Crowther et al.  2003 ; Rai et al.  1997 ). 
However, in both studies, patients randomised 

to the high-intensity group frequently did not 
achieve adequate anticoagulation. Crowther et al. 
stated that patients were only in target 43 % of 
the time and included a relatively low number of 
patients with arterial events (Crowther et al. 
 2003 ). In a systematic review on sixteen studies, 
Ruiz-Irastorza et al. recommended high-inten-
sity warfarin therapy for patients with recurrent 
events whilst on VKA (target 2–3) (Laskin et al. 
 2009 ). 

 We use VKA treatment with a target INR of 
3–4. This particular patient group is assessed; 
patient compliance and bleeding risk are taking 
carefully into consideration and an informed 
decision is made with the patients. We also con-
sider additional low-molecular-weight heparin to 
cover episodes of inadequate anticoagulation in 
addition to VKA. The responsible clinician has to 
outweigh risk and benefi t on a case to case basis 
as high-intensity oral anticoagulation therapy 
carries a risk of haemorrhage, albeit this risk does 
not appear higher than that observed in other 
thrombotic conditions warranting oral anticoagu-
lation. Thrombotic recurrences in patients on 
high-intensity anticoagulation with a target INR 
of 3–4 are rare (0.016–0.031 events per patient 
per year) (Laskin et al.  2009 ).  

    Case 3 

 A 32-year-old teacher presents in your clinic. She 
has a history of four recurrent miscarriages before 
week 10 of gestation and has had no live births in 
the past. She has not taken any medications dur-
ing her previous pregnancy. Her general practi-
tioner has performed blood tests, and these 
showed mild thrombocytopenia with a platelet 
count of 95 × 109/l, which is why she is referred 
to you. On direct questioning, she is still keen for 
a further pregnancy. She has no other past medi-
cal history, is a non-smoker and physically active. 
She takes no medications. On examination you 
note widespread livedo reticularis, which she has 
had for years. She denies sicca symptoms, joint 
pains, mouth ulcers and fatigue or any other stig-
mata of connective tissue disease. Her mother is 
known to have hypothyroidism. 
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 You perform blood tests, and her results are 
positive for lupus anticoagulant by dRVVT, and 
she has a high titre of anticardiolipin IgG and low 
titre of beta2 glycoprotein I antibodies. Her full 
blood count confi rms a persistent mild 
thrombocytopenia. 

  Question 4.      What would be the next step in 
the management of this patient? 

    A.    Reassure her that she has mild idiopathic 
thrombocytopenia.   

   B.    Start her on low-dose aspirin and reassure 
that it is safe in pregnancy.   

   C.    Start her on aspirin and heparin and reassure 
that it is safe in pregnancy.   

   D.    Start aspirin, heparin and low-dose steroids.   
   E.    Watchful waiting.    

   Current standard of care for patients with 
obstetric APS includes treatment with LDA (75–
100 mg/day) and low-molecular-weight heparin 
(e.g. subcutaneous enoxaparin, dalteparin, nad-
roparin or subcutaneous tinzaparin) or unfrac-
tionated heparin. 

 These recommendations are based on results 
from three randomised controlled trials compar-
ing LDA alone or in combination therapy with 
heparin in women with APS (Rai   1997 ; 
Farquharson et al.  2002 ). 

 Rai et al. showed a signifi cantly higher rate 
of live births with LDA plus unfractionated 
heparin (5000 U BD) versus LDA alone (71 % 
versus 42 %; odds ratio, 3.37; 95 % confi dence 
interval, 1.40–8.10) (Kutteh  1996 ). Similarly 
Kutteh et al. reported a signifi cant improve-
ment in the live birth rate with LDA and hepa-
rin versus LDA alone (80 % versus 44 %; 
 p  < 0.05) [38]. However, no differences in out-
come with combination therapy versus LDA 
were found in two other randomised trials, 
both using low-molecular-weight heparin 
(LMWH), with live birth rates approaching 
80 % in both arms. The heterogeneity in the 
conclusions seems attributable to the relatively 
poor outcomes in women receiving LDA only 

in the two former studies (Farquharson et al. 
 2002 ) [39]. Moreover, data from observational 
studies have reported 79–100 % pregnancy 
success rates with LDA alone in this subgroup 
of women (Danza  2012 ). Standard manage-
ment and our local recommendation for the 
treatment of obstetric APS is to start with LDA 
and to escalate to additional LMWH if LDA 
alone fails (Bouvier et al.  2013 ). If the patient 
becomes increasingly thrombocytopenic, we 
would aim to increase her platelet count to 
>75 × 10 9 /l at term with low-dose prednisolone 
if she wanted regional anaesthesia. Otherwise, 
we would aim for a target of 50 × 10 9 /l. 

 Scenario  Treatment 

 Women with aPL but no 
clinical features of APS or 
women with aPL and 
recurrent early 
miscarriages (RM) (<3) 

 Pregnancy: LDA 

 Puerperium: prophylactic 
LMWH for 7 days 

 Patients with ≥3 
consecutive RM 
(<10 weeks) but no 
thrombotic events 

 Pregnancy: LDA ± 
prophylactic LMWH (if 
so, stop at 20w if uterine 
artery Doppler normal) 

 Puerperium: prophylactic 
LMWH for 7 days 

 Women with  adverse 
obstetric outcomes  (late 
pregnancy losses, 
early- onset pre-eclampsia, 
HELLP, previous FGR, 
preterm delivery) and no 
thrombotic event 

 Pregnancy: LDA + 
prophylactic LMWH 

 Puerperium: prophylactic 
LMWH for 7 days 

 Women with thrombotic 
APS and treated with 
long-term VKA     Women 
with APS and acute 
thrombotic event during 
pregnancy 

 Pregnancy: LDA + 
therapeutic LMWH 

 Puerperium: switch to 
VKA 

    Question 5.     After 4 months you are reviewing 
her in your clinic and she tells you that she is 
7 weeks pregnant. She is still taking her aspirin 
and is feeling well in herself. She asks you 
whether to continue LDA throughout pregnancy 
and you reassure her that this is a current practice 
in your hospital. She asks you whether she needs 
to take additional precautions after delivery.
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    A.    You tell her she will need a caesarean 
section.   

   B.    You advise her that she can give natural birth.   
   C.    You advise her that she will not require any 

precautions postpartum.   
   D.    You advise her that she will need thrombo-

prophylaxis postpartum.      

 All women with APS can potentially give natu-
ral birth, unless there are obstetric reasons that 
suggest the opposite. Women with persistent aPL 
should receive thromboprophylaxis postpartum. 
The British RCOG suggest in their recent guide-
lines prophylactic LMWH for 7 days for aPL 
healthy carriers as well as for patients with obstet-
ric APS in the absence of other risk factors (REF 
RCOG Green Top guideline 37). 

 However, women with previous thrombosis 
should receive long-term anticoagulation once the 
risk of postpartum haemorrhage has settled. VKA 
and heparins are compatible with breastfeeding. 

 The GAPSS scoring system is derived from 
the combination of independent risk for both 
thrombosis and pregnancy loss and accounted for 
multiple factors, including the patient’s aPL pro-
fi le, conventional cardiovascular risk factors, 
autoimmune antibody profi le and thrombopro-
phylactic drug use (Ruiz-Irastorza et al.  2010 ). 
The GAPSS can be calculated for each patient by 
adding the points corresponding to the different 
risk factors, weighted as shown in Table  3 .     
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      Unidentifi able Thrombophilia                      

     Simon     Mantha       and     Gerald     A.     Soff    

         Introduction 

 The term “thrombophilia” is generally used to 
designate states of hypercoagulability caused by 
an inherent abnormality of the coagulation sys-
tem, resulting in an increased risk of thrombosis. 
Abnormalities of blood fl ow or the blood vessel 
wall, the other two components of Virchow’s 
triad that increase the risk of thrombosis, are not 
considered a thrombophilia. 

 Thrombophilias may be categorized as inher-
ited or acquired and may increase the thrombotic 
risk by increases in levels of procoagulant factors, 
gain in function polymorphisms, or defi ciencies of 
an endogenous anticoagulant factor or pathway. 

 The most common thrombophilias are 
genomic polymorphisms, factor V Leiden, and 
prothrombin G20210A that increase the risk of 
thrombosis in a heterozygous state. They are 
polymorphisms, rather than mutations, in that 
each disorder is believed to have arisen as a sin-
gle genetic event in Europe and are maintained in 
the population without evidence of new, sponta-
neous mutations (Zivelin et al.  1997 ,  1998 ). 
Defi ciencies of antithrombin (also referred to as 
antithrombin III), protein C, and protein S are 

rare defi ciencies of physiologic anticoagulants 
and also are inherited as autosomal-dominant 
traits (Seligsohn and Lubetsky  2001 ). 

 Antiphospholipid syndrome (APLS) is a clas-
sical example of an acquired thrombophilic state. 
The mechanism by which antiphospholipid anti-
bodies increase the tendency for thrombosis as 
well as recurrent miscarriages remains a subject 
of active investigation, but APLS does increase 
the risk of both venous and arterial thrombosis 
(Galli et al.  2003 ). 

 The six disorders listed above (factor V Leiden, 
prothrombin G20210A, protein C, protein S, anti-
thrombin, and APLS) are the classic six thrombo-
philia syndromes. Hereditary abnormalities of 
fi brinogen or fi brinolysis are very rare causes of 
thrombophilia as well. Thrombophilia is also 
observed in disorders such as paroxysmal noctur-
nal hemoglobinuria, myeloproliferative neoplasms, 
nephrotic syndrome, and other disease entities for 
which thrombosis is more of a peripheral fi nding. 

 The genetic thrombophilic defects have typically 
been identifi ed after investigation of unprovoked 
VTE in multiple individuals within multigenera-
tional pedigrees (Martinelli et al.  1998 ). Given the 
extent of past research in the fi eld and the mild pro-
thrombotic effect of the most recently identifi ed 
mutations, it is unlikely that major monogenic 
defects remain to be found, at least in the population 
of European ancestry. Polygenic effects are thought 
to explain a signifi cant portion of individual VTE 
risk, even though little hard data exists in this regard 
(Crowther and Kelton  2003 ). 
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 Clinicians in the fi eld are often asked to consult 
on a patient with convincing circumstantial evi-
dence of an underlying thrombophilic defect, typi-
cally someone with multiple VTE episodes in the 
absence of provoking risk factors or thrombosis at 
an unusual site. Sometimes there is an associated 
fi nding of multiple family members with unpro-
voked VTE episodes before the age of 50 years. 
Not uncommonly, testing for the inherited and 
acquired thrombophilias listed above comes back 
negative. In such instances where the history 
strongly suggests a thrombophilic state but initial 
diagnostic testing is negative, rare acquired or 
inherited disorders of coagulation can be at play.  

    Case 1: Family with Autosomal- 
Dominant Pattern of Inherited 
Thrombophilia 

 A 23-year-old female with no personal history of 
venous thromboembolism presents in consultation 
at the request of her gynecologist because she would 
like to start using a combined estrogen- progesterone 
oral contraceptive. Her father, who is now 56 years 
of age, sustained an unprovoked lower extremity 
deep vein thrombosis at the age of 37 with recur-
rence on the other side 2 years later, now on lifelong 
anticoagulation. The patient has three full siblings 
aged 25, 27, and 29, two of whom also suffered 
recurrent venous thromboembolic episodes after no 
or minimal provoking risk factors. She believes two 
of her aunts on the paternal side had similar throm-
botic events. She is inquiring about the safety of 
hormone- containing contraceptives. 

  Question 1.      Which laboratory assays would 
you order to screen this patient for inherited 
thrombophilias, assuming you do not have 
access to the results of testing for any of the 
affected family members?  

 Assays:

    A.    : Factor V Leiden DNA assay   
   B.    : Prothrombin G20210A mutation test   
   C.    : Lupus anticoagulant   

   D.    : Plasminogen activator inhibitor-1 (PAI-1) 
4G/5G DNA polymorphism test   

   E.    : Protein C chromogenic assay   
   F.    : Free protein S quantifi cation   
   G.    : Protein S functional assay   
   H.    : Antithrombin level   
   I.    : MTHFR C677T mutation test   
   J.    : Homocysteine level      

  Expert Perspective     The history detailed 
above is highly suggestive of an inherited 
thrombophilia in the patient’s family, given the 
multiple unprovoked VTE episodes occurring 
at a relatively young age in the father and two 
of her three siblings. Factor V Leiden, the pro-
thrombin G20210A mutation, protein C defi -
ciency, protein S defi ciency, and antithrombin 
defi ciency have all been associated with a an 
increased risk of fi rst VTE episode with exten-
sive family pedigrees detailed in the literature, 
so testing for those conditions would certainly 
be indicated if the patient is of European ances-
try (Wang et al.  2014 ; Hickey et al.  2013 ). 
Screening for protein S defi ciency is typically 
performed with a functional assay, which if 
positive should lead to determining an antigen 
level free protein S level. Antiphospholipid 
syndrome is an acquired disease process, so 
testing for lupus anticoagulants is not indicated. 
The PAI-1 4G/5G variant has a mild association 
with venous thrombosis (if any), so the useful-
ness of testing for this polymorphism is unclear 
(den Heijer et al.  2007 ). Also, the MTHFR 
C677T DNA polymorphism has not been con-
clusively associated with VTE, so some in the 
fi eld have argued against testing for it (Marti-
Carvajal et al.  2015 ). Lastly, while hyperhomo-
cysteinemia is a marker of increased risk for 
venous and arterial thrombotic episodes, it is 
unclear to what extent reduction in homocyste-
ine levels with a combination of folic acid, pyr-
idoxine, and vitamin B12 also reduces the 
thrombotic tendency (Huo et al.  2012 ; 
Haverkate and Samama  1995 ; Carpenter and 
Mathew  2008 ). As such, hyperhomocystein-
emia might not be involved in the causal chain 
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of thrombus formation and many argue against 
ordering this test in the investigation of a patient 
with suspected inherited thrombophilia.  

  Question 2.      All the tests ordered in the fi rst 
step came back negative for thrombophilic 
defects. Which rare entity could explain the 
clinical pattern observed in the patient’s 
family? 

    A.    Antiphospholipid syndrome   
   B.    Alpha-2-antiplasmin defi ciency   
   C.    Paroxysmal nocturnal hemoglobinuria   
   D.    Dysfi brinogenemia   
   E.    Severe (homozygote) plasminogen defi ciency    

    Expert Perspective     Hereditary dysfi brinogen-
emia is rare and only some dysfi brinogenemia 
variants are associated with thrombosis. However, 
familial pedigrees with variants of this disorder 
have been described in the literature (Mehta and 
Shapiro  2008 ). The mode of transmission is usu-
ally autosomal dominant, which would certainly 
fi t the case described above. Dysfi brinogenemia 
becomes a reasonable suspicion once the more 
common genetic defects have been ruled out. The 
mechanism by which dysfi brinogenemia 
increases the risk of thrombosis is thought to 
involve formation of abnormal fi brin that is resis-
tant to proteolytic degradation by plasmin. 
Dysfi brinogenemia may be suspected in the set-
ting of a prolonged thrombin time and/or repti-
lase time or if there is a discordance of the 
functional and antigen levels of fi brinogen. 
Ultimately, identifi cation of a DNA mutation in 
the fi brinogen gene would be the only defi nitive 
evidence to support the diagnosis. Such testing is 
currently available only from research 
laboratories. 

 Antiphospholipid syndrome and paroxysmal 
nocturnal hemoglobinuria are both acquired con-
ditions and are clearly not at the top of the list of 
potential diagnoses for the family detailed above. 
Alpha-2-antiplasmin normally inhibits the cleav-
age of fi brin strands by the enzyme plasmin, so 

the (rare) case of defi ciency is typically associ-
ated with a bleeding diathesis secondary to 
increase fi brinolytic activity (Lidegaard et al. 
 2009 ). Finally, surprisingly enough severe plas-
minogen defi ciency has not been shown to be a 
risk factor for VTE, unless it is associated with 
another thrombophilic mutation (Miller et al. 
 2002 ).  

  Question 3.      Assuming no information from 
additional testing becomes available, which 
contraceptive modalities would you avoid for 
this patient?  

 Modalities:

    A.    Fourth-generation combined oral contraceptive   
   B.    Progestogen-only pill   
   C.    Copper-releasing intrauterine device (IUD)   
   D.    Levonorgestrel-releasing IUD      

  Expert Perspective     Supplemental estrogens 
administered orally have been associated with an 
increased risk of VTE, whether given at replace-
ment doses or for contraceptive purposes 
(Bergendal et al.  2014 ; de Bastos et al.  2014 ). 
Even though the relative risk of an event is low, 
measured at about two for users vs. nonusers of 
female hormone replacement therapy, the absolute 
increase can become substantial in individuals 
with other risk factors for VTE, including throm-
bophilic mutations (de Bastos et al.  2014 ; van 
Hylckama et al.  2010 ). The increase in risk is 
modulated by the dose and associated progestogen 
in the preparation (i.e., “generation”) (Mantha 
et al.  2012 ). 

 There is less data concerning the use of pro-
gestogens alone; however, some reports have 
cited an increased risk of VTE events with intra-
muscular administration, with subcutaneous 
implant release, and with higher oral doses such 
as those used to suppress menorrhagia. The use of 
low-dose single-agent oral progestogen (“minip-
ill”) or intrauterine  levonorgestrel- releasing 
device has not been shown to be associated with 
an increased risk of VTE (Darwish Murad et al. 
 2009 ; Torgano et al.  2002 ).   
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    Case 2: Thrombosis 
at an Unusual Site 

 You are asked to see in consultation a 64-year-old 
male who presented with acute onset of right 
upper quadrant pain, abdominal distension, and 
icterus. Liver function tests were markedly 
abnormal, and Doppler ultrasonography along 
with contrast-enhanced CT demonstrated throm-
bosis of the hepatic veins, a diffusely enlarged 
liver, and moderate splenomegaly. The patient 
reports that he was in his usual state of health 
until about 2 days ago when his symptoms began. 
Past medical history is notable for a few minor 
surgeries and a left total knee replacement sur-
gery 2 years ago, which was uncomplicated. He 
has three siblings and denies any family history 
of venous thromboembolism. White blood cell 
count is 10,500/mcL, with an absolute neutrophil 
count of 9,100/mcL, a hemoglobin of 18.1 g/dL, 
and a platelet count of 533,000/mcL. The red cell 
mean corpuscular volume is 82 fL. Haptoglobin 
is below the threshold of detection. Testing for 
factor V Leiden, the prothrombin G20210A 
mutation, antithrombin, protein C, and protein S 
was ordered and results are pending. Lupus anti-
coagulant is negative, while anticardiolipin anti-
body and anti-beta-2 glycoprotein-I antibody 
levels are within the normal range. 

  Question 4.      Which of the following is most 
likely at this stage?  

 Disorders:

    A.    Paroxysmal nocturnal hemoglobinuria   
   B.    Hepatocellular carcinoma   
   C.    Polycythemia vera   
   D.    Antiphospholipid syndrome   
   E.    Behçet’s syndrome      

  Expert Perspective     The example above is that 
of a patient with Budd-Chiari syndrome (occlu-
sion of the hepatic veins, most commonly by 
thrombosis). A substantial number of patients with 
newly diagnosed Budd-Chiari syndrome have 
been found to test positive for the JAK2 V617F 
mutation, likely representing a myeloproliferative 

neoplasm at an early stage (Pardanani et al. 
 2006 ). Many of those individuals do not have an 
increase in red cells or platelet count; however, 
in the patient described above, the hemoglobin is 
increased with an associated moderate thrombo-
cythemia, making  polycythemia vera  a likely 
diagnosis. Paroxysmal nocturnal hemoglobin-
uria can also be associated with visceral vein 
thrombosis; however, the absence of anemia 
argues against this etiology. Notably, the low 
haptoglobin is most likely secondary to liver 
synthetic dysfunction as opposed to a hemolytic 
process. 

 The antiphospholipid syndrome panel (lupus 
anticoagulant, anticardiolipin antibody, and anti- 
beta- 2 glycoprotein-I antibody) was negative, so 
this condition is very unlikely to be the etiology 
for the thrombotic process in this case. Behçet’s 
syndrome (infl ammation of blood vessels) can be 
associated with hepatic vein thrombosis; how-
ever, there is no mention in the presentation of 
any of the typical clinical fi ndings associated 
with this disease, including mucosal and cutane-
ous lesions.  

  Question 5.      Which blood test would you order 
as a fi rst step to establish the diagnosis of 
occult, iron-defi cient   polycythemia vera  ? 

    A.    MPL W515 mutations   
   B.    Total red cell mass   
   C.    CALR exon 9 mutation   
   D.    JAK2 V617F mutation   
   E.    JAK2 exon 12 mutation    

    Expert Perspective     The increase in hemoglo-
bin typical of  Polycythemia vera  can sometimes 
be blunted by iron defi ciency. This might be 
partly related to an increased prevalence of often 
subclinical gastroduodenal lesions in this patient 
population (Rumi et al.  2014 ). Patients with the 
typical JAK2 V617F mutation can thus present 
with a high-normal hemoglobin and absent mar-
row reserve of iron, increasing their red cell num-
bers to frankly above normal after receiving iron 
supplementation. The MPL W515 and CALR 
exon 9 mutations are associated with essential 
thrombocythemia, not polycythemia vera (Scott 
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et al.  2007 ; Carrier et al.  2008 ). Finally, the JAK2 
exon 12 mutation is encountered in a few rare 
cases of JAK2 V617F-negative cases of  polycy-
themia vera , so this test should not be ordered 
fi rst for the patient above (Carrier et al.  2015 ).   

    Case 3: Refractory Venous 
Thromboembolism 

 An emergency room physician calls you asking 
for help in the management of a 72-year-old male 
who sustained progressive right lower extremity 
deep vein thrombosis and pulmonary embolism 
after 3 weeks of treatment with warfarin. He ini-
tially presented with a symptomatic thrombus 
extending up to his popliteal vein. Enoxaparin 
was given until a therapeutic INR was achieved 
6 days later. The INR was measured regularly 
and has not been below 2.0 since being initially 
therapeutic. This morning the patient experi-
enced sudden onset of chest pain, palpitations, 
and dyspnea. CT of the chest with contrast 
revealed emboli in multiple segmental and lobar 
pulmonary branches bilaterally. The patient also 
reports worsening leg pain and edema in the last 
2 weeks, with Doppler ultrasound done today 
showing thrombus up to the common femoral 
vein. Finally, he noted progressive loss of appe-
tite in the last 3 months with an associated 10-lb 
weight loss. 

  Question 6.      Which of the following etiologies 
for warfarin failure is the most probable at 
this stage? 

    A.    Poor compliance with warfarin administration   
   B.    Heparin induced thrombocytopenia (HIT)   
   C.    A diet rich in vitamin K   
   D.    Inherited protein C defi ciency   
   E.    Undiagnosed malignancy    

    Expert Perspective     Unprovoked VTE epi-
sodes have been associated with an approxi-
mately 4–10 % risk of diagnosing a malignancy 
at time of VTE presentation, or during the year 
following the thrombotic episode (Akl et al. 
 2014 ; Lee et al.  2003 ). Warfarin in the past has 

been shown not to be an effective treatment for 
cancer- associated VTE, with a relative risk of 
recurrent thrombotic event of about two com-
pared to treatment with a low-molecular-weight 
heparin (Hull et al.  2006 ). Thus it is common for 
a patient with warfarin failure to later be found 
to have a malignancy which was probably pres-
ent at the time of the index VTE event. The 
INRs greater than 2.0 argue against noncompli-
ance or a high vitamin K intake. Lastly, the lack 
of reported prior VTE episode or a family his-
tory of VTE in this 72-year- old patient does not 
support the suspicion of an inherited 
thrombophilia.  

  Question 7.      Which of the following diagnostic 
modalities would be indicated to look for 
malignancy in a 70-year-old male presenting 
with unexplained venous thromboembolism 
and no prior preventive cancer screening, not-
withstanding any localizing signs or 
symptoms? 

    A.    Colonoscopy   
   B.    Contrast-enhanced CT of the chest, abdomen, 

and pelvis   
   C.    CEA   
   D.    CA-125   
   E.    Abdominal ultrasound    

    Expert Perspective     The loss of appetite and 
decrease in body weight are red fl ags in the case 
described above, as they suggest the presence of 
an occult malignancy. Failing adequate antico-
agulation is also a concern for malignancy. The 
current recommendations in this setting would be 
to perform an age- and gender-appropriate cancer 
screening. For a female this would include adher-
ing to the standard mammogram and Pap smear 
schedule. For a male, a digital rectal examination 
of the prostate would be indicated. For both gen-
ders, screening colonoscopy after the age of 50 is 
generally considered standard of care (  https://
www.mskcc.org/cancer-care/risk-assessment- 
screening/screening-guidelines    ). In the absence 
of specifi c fi ndings in the history, suggesting a 
problem with the gastrointestinal tract, perform-
ing more advanced testing like CT scans has not 
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been shown to result in a clinically signifi cant 
benefi t (Lee et al.  2003 ). Additional testing of 
unproven clinical benefi t is not benign, as it 
exposes the patient to unneeded diagnostic pro-
cedures and associated anxiety or even medical 
complications from invasive tests such as 
biopsies.  

  Question 8.      Which of the following drugs has 
been shown to be superior in a randomized 
trial setting to a vitamin K antagonist for the 
treatment of venous thromboembolic disease 
in patients with cancer? 

    A.    Fondaparinux   
   B.    Dalteparin   
   C.    Dabigatran   
   D.    Rivaroxaban   
   E.    Apixaban    

    Expert Perspective     The bulk of the evidence 
for the treatment of cancer-associated VTE 
comes from four randomized trials comparing a 
low-molecular-weight heparin to a vitamin K 
antagonist (Meyer et al.  2002 ; Deitcher et al. 
 2006 ; Schulman et al.  2009 ,  2014 ). Aggregate 
data including those trials along with smaller 
studies suggest that low-molecular-weight hep-
arins are associated with half the risk of recur-
rent VTE when compared to a vitamin K 
antagonist (Hull et al.  2006 ). The widespread 
practice of treatment beyond the fi rst 6 months 
is unclear; however, so administering a differ-
ent anticoagulant after this initial phase is still 
considered acceptable under certain circum-
stances. Even though, a heparinoid of very 
short length, fondaparinux is not considered a 
low-molecular heparin, as opposed to enoxapa-
rin, dalteparin, and tinzaparin, there are data to 
support its use in cancer patients (van Doormaal 
et al.  2009 ). 

 The target-specifi c oral anticoagulants 
(TSOACs) dabigatran, rivaroxaban, and apixa-
ban have not been tested for patients with cancer- 
associated VTE. In the landmark VTE studies 
for those agents, about 5 % of the treated patients 
had cancer; however, the severity of their 

 condition was likely lower than that of patients 
from the major low-molecular-weight heparin 
trials mentioned above (Akl et al.  2014 ; Lee 
et al.  2003 ; Hull et al.  2006 ; Meyer et al.  2002 ; 
Deitcher et al.  2006 ; Schulman et al.  2009 ,  2014 ; 
Investigators et al.  2010 ,  2012 ; Agnelli et al. 
( 2013 ); Hokusai et al.  2013 ). With this in mind, 
TSOACs are still not considered fi rst line for the 
acute treatment of cancer-associated VTE 
(Vedovati et al.  2015 ).  

  Answers 

    Question 1. A, B, E, G, H  
  Question 2. D  
  Question 3. A  
  Question 4. C  
  Question 5. D  
  Question 6. E  
  Question 7. A  
  Question 8. B         
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      Anticoagulation Drugs: 
Indications, Therapeutic 
Monitoring, and Antidotes                      

     Anish     V.     Sharda      and     Jeffrey     I.     Zwicker    

        Introduction 

 Anticoagulants are one of the most commonly 
prescribed drugs. Parenteral anticoagulants such 
as unfractionated heparin (UFH), low-molecular-
weight heparin (LMWH), and fondaparinux are 
principally used as bridging agents until thera-
peutic anticoagulation with an oral anticoagulant 
is instituted. Since the 1950s the default oral anti-
coagulant has been warfarin. The development 
and recent regulatory approval of direct oral anti-
coagulants (DOACs) is transforming the 
approach to anticoagulation for a majority of 
patients. This chapter explores the common indi-
cations for anticoagulation therapy, selection of 
anticoagulants, and the complexities of monitor-
ing and treatment of hemorrhage in patients 
receiving anticoagulants.  

   Case 1: Venous Thromboembolism 
as an Indication for Anticoagulation 
and Clinical Pharmacology of Direct 
Oral Anticoagulants 

 A 42-year-old previously healthy man presents to 
the emergency room with 1 day of pleuritic chest 
pain associated with dyspnea on exertion. A CT 
pulmonary angiogram is diagnostic of bilateral 
subsegmental pulmonary embolism (PE). He has 
no other medical conditions, and except for an 
occasional ibuprofen, he does not take any 
medications. 

  Question 1.      Which is the anticoagulation 
agent of choice for this patient? 

    A.    Warfarin   
   B.    Dabigatran   
   C.    Rivaroxaban   
   D.    Apixaban   
   E.    Edoxaban      

  Expert Perspective      Initial therapy  
 Venous thromboembolism (VTE) affects 1–2 

adults per 1000 annually, risk increasing with age 
(Bauer  2011 ). Anticoagulation is the mainstay of 
the treatment of VTE. The initial treatment con-
sists of the use of an immediate-acting anticoagu-
lant to prevent clot propagation and promote 
resolution, typically for 3–6 months (Kearon et 
al.  2012 ). Secondary, usually long-term, prophy-
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laxis is considered after initial treatment in 
patients deemed to have a high risk of recurrence. 
Any of the agents listed here are acceptable alter-
natives for initial treatment in this patient. 
Warfarin has a long-standing track record of 
safety and effi cacy but requires a therapeutic 
overlap of UFH, LMWH, or fondaparinux for 
5–8 days. Dabigatran and edoxaban similarly 
require initial parenteral therapy, whereas rivar-
oxaban and apixaban were evaluated from the 
start of the treatment without the need for an ini-
tial parenteral anticoagulation (Table  1 ).  

 The newer anticoagulant drugs can be admin-
istered orally at fi xed doses from the start of the 
treatment, without the need for laboratory moni-
toring because of more predictable pharmacoki-
netics and pharmacodynamics. We have 
incorporated the use of these agents in our prac-
tice, but before implementing the therapy, we 
evaluate several important patient-related factors. 
First, given their pharmacokinetics (Table  2 ), 

DOACs should not be administered to patients 
with renal dysfunction with a creatinine clear-
ance (CrCl) of 30 ml/min or less. Due to the pau-
city of data in patients with signifi cant liver 
disease (total bilirubin greater than two to three 
times normal), these agents should be used with 
extreme caution. Similarly, DOACs should be 
avoided in patients at the extremes of body mass. 
It is important to consider the numerous drug 
interactions as shown in Table  3 . Lastly, there is 
limited data supporting the routine use of DOACs 
in special circumstances such as uncommon sites 
of thrombosis (e.g., splanchnic venous thrombo-
sis), antiphospholipid antibody syndrome, can-
cer-associated thrombosis, and inherited 
thrombophilia with very-high risk of recurrence 
(e.g., homozygous factor V Leiden or antithrom-
bin defi ciency).   

  Duration of anticoagulation  
 A 3-month therapy can be considered optimal 

for initial treatment of VTE in most cases (Kearon 

   Table 1    Phase III clinical trials of DOACs for treatment of acute VTE   

 Trial  Study arms (n)  Treatment duration  Recurrent VTE 

 Major and 
nonmajor 
clinically 
relevant bleeding 

 AMPLIFY  Apixaban 10 mg BID for 
7 days followed by 5 mg 
BID or enoxaparin plus 
warfarin (5400) 

 6 months  2.3 % vs. 2.7 %  4.3 % vs. 9.7 % 

 (Agnelli et al.  2013a , 
 b ) 

 ( p  < 0.001 for 
noninferiority) 

 ( p  < 0.001) 

 EINSTEIN DVT  Rivaroxaban 15 mg BID 
for 3 weeks followed by 
20 mg QD vs. enoxaparin 
plus warfarin (3449) 

 3, 6, or 12 months  2.1 % vs. 3.0 %  8.1 % vs. 8.1 % 

 (Investigators et al. 
 2010 ) 

 ( p  < 0.001 for 
noninferiority) 

 ( p  = 0.77) 

 EINSTEIN PE  Rivaroxaban 15 mg BID 
for 3 weeks followed by 
enoxaparin plus warfarin 
(4832) 

 3, 6, or 12 months  2.1 % vs. 1.8 %  10.3 % vs. 
11.4 % 

 (Investigators et al. 
 2012 ) 

 ( p  = 0.003 for 
noninferiority) 

 ( p  = 0.23) 

 RE-COVER  Parenteral anticoagulant 
followed by dabigatran 
150 mg BID or warfarin 
(2564) 

 6 months  2.4 % vs. 2.1 %  5.6 % vs. 8.8 % 

 (Schulman et al. 
 2009 ) 

 ( p  < 0.001 for 
noninferiority) 

 ( p  = 0.002) 

 RE-COVER II  Parenteral anticoagulant 
followed by dabigatran 
150 mg BID or warfarin 
(2568) 

 6 months  2.3 % vs. 2.2 %  5 % vs. 7.9 % 

 (Schulman et al. 
 2013 ) 

 ( p  < 0.001 for 
noninferiority) 

 ( p  < 0.05) 

 Hokusai-VTE  Parenteral anticoagulant 
followed by edoxaban 
60 mg QD or warfarin 
(8240) 

 3–12 months  3.2 % vs. 3.5 %  8.5 % vs. 
10.3 % 

 (Hokusai et al.  2013 )  ( p  < 0.001 for 
noninferiority) 

 ( p  = 0.004) 
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and Akl  2014 ). A meta-analysis of randomized 
trials comparing 4–6 weeks of anticoagulation 
vs. 3–6 months found a twofold increase in risk 
of recurrence (Kearon et al.  2012 ). In contrast, 
3 months of anticoagulation as compared to 
6–12 months did not show a signifi cant increase 
in recurrent events in 1 year of follow-up (Boutitie 
et al.  2011 ). After completion of the initial 
3–6 months of therapeutic anticoagulation, lon-
ger-term (indefi nite) anticoagulation can be con-
sidered for patients with idiopathic events. The 
risk of recurrence after discontinuing anticoagu-
lation after idiopathic VTE is about 25 % at 

5 years, then rising gradually (Bauer  2011 ). In 
randomized trials, longer-term anticoagulation 
with warfarin has been shown to signifi cantly 
reduce the incidence of recurrent VTE (by 
approximately 90 %) with an approximate two-
fold increased risk of major hemorrhage. 
Dabigatran, rivaroxaban, and apixaban have also 
been tested and approved for secondary preven-
tion of VTE (Table  4 ). Notably, low-dose (2.5 mg 
BID) apixaban was tested and found to be as 
effective as treatment dose (5 mg BID) for long-
term prevention without an increased risk of 
hemorrhage.  

 There are a number of factors to consider in 
weighing the decision to continue long-term anti-
coagulation. Elevated D-dimer levels off antico-
agulation are associated with an approximate 
twofold increased risk of recurrence (Cosmi and 
Palareti  2010 ; Palareti et al.  2006 ). However, the 
utility of D-dimer to risk stratify males is ques-
tioned due to the high rate of thrombosis (~10 % 
per year) despite having lower D-dimer values 
(Kearon et al.  2015 ). Other risk factors that pre-
dict a higher rate of recurrence include some 
inherited thrombophilia (e.g., homozygous factor 
V Leiden, defi ciencies of protein C, S, and anti-
thrombin), older age, obesity, and active smoker. 
Long-term anticoagulation is considered stan-
dard therapy for individuals with cancer-associ-
ated thrombosis or antiphospholipid antibody 
syndrome. Patient preference and individual risk 
of bleeding are important guiding factors for 
ongoing anticoagulation in the setting of an idio-
pathic event. 

   Table 2    Pharmacokinetics of DOACs   

 Anticoagulant 
 Onset of action 
( t  max  h)  Half-life (h)  Elimination  Food effect 

 Apixaban  3–4  12  Hepatobiliary 73 %  None 

 Renal 27 % 

 Rivaroxaban  2–4  5–13  Hepatobiliary 66 %  Take 15 and 20 mg 
with food  Renal 33 % 

 Edoxaban  1–3  9–11  Hepatobiliary 50 %  None 

 Renal 50 % 

 Dabigatran  0.5–2  12–17  Hepatobiliary 20 %  Food delays 
absorption  Renal 80 % 

   Table 3    Major predictable drug interactions of DOACs   

 Drug class  Effect on drug levels 

 Common drugs 
 Dabigatran  Xa 

inhibitors 

 CYP3A4 inhibitors  None  ↑ 

 Azole antifungals, 
macrolides, cyclosporine, 
phenothiazine, verapamil, 
antimalarials 

 CYP3A4 inducers  None  ↓ 

 Carbamazepine, phenytoin, 
rifampicin, alcohol, 
nevirapine, efavirenz 

 P-glycoprotein inhibitors  ↑  ↑ 

 Amiodarone, azole 
antifungals, verapamil, 
cyclosporine, 
phenothiazine, 
antimalarials 

 P-glycoprotein inducers  ↓  ↓ 

 Dexamethasone, rifampicin 
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  Case resolution  
 This patient was initiated on UFH in the emer-

gency room and admitted for observation. He had 
no other medical comorbidities. He is tested neg-
ative for both genetic thrombophilia and antiphos-
pholipid syndrome. He wished to avoid warfarin 
and selected apixaban. UFH was discontinued 
and the patient discharged on apixaban 10 mg 
BID for 7 days, followed by 5 mg BID for 
3 months. Long-term anticoagulation is indicated 
in such a case and will be considered at the end of 
his initial treatment.  

  Question 2.     At 3 months of therapy, the patient 
develops community-acquired pneumonia. 
Despite oral antibiotics his condition worsens 
and is diagnosed with overwhelming sepsis with 
multiorgan dysfunction syndrome. Other than 
respiratory failure, he has acute kidney injury, 
CrCl 2.3 ml/min. Other labs are notable for a 
white count 24.5 × 10 3 /μl, hemoglobin 10.3 g/dl, 
platelets 83 × 10 3 /μl, prothrombin time (PT) 14 s, 
activated partial thromboplastin time (aPTT) 
36 s, and fi brinogen 320 mg/ml. Urine analysis 
shows three-plus red cells. A CT of the chest 

shows multilobar pneumonia, eventually diag-
nosed as  Pneumococcus  infection, but is also evi-
dent of an 8 × 8 × 6 cm retroperitoneal hematoma 
in the upper abdomen. The last dose of his apixa-
ban is not known. 

  What are the preferred assays to monitor 
DOACs in the laboratory?   

  Expert Perspective     DOACs do not require rou-
tine laboratory monitoring in majority of patients. 
However, there may be circumstances where 
knowing a patient’s anticoagulation status may 
be clinically relevant, particularly when faced 
with potential overdose, emergency surgery, or 
critical bleeding, as in this case. Table  5  lists the 
effect of DOACs on common coagulation labs 
and preferred assays to monitor DOACs in these 
settings (Mueck et al.  2013 ; Mani  2014 ).  

 Factor Xa inhibitors produce concentration-
dependent increases in aPTT and PT. PT appears 
to have a higher sensitivity than aPTT, but the 
results are highly variable and thromboplastin 
reagent dependent. Dilute or modifi ed PT and 
HepTest (a factor Xa-based clotting assay) (Du et 
al.  2015 ) have a 10–20-fold higher sensitivity to 

   Table 4    Phase III clinical trials of long-term treatment with DOAC for prevention of recurrent VTE   

 Trial  Study arms (n)  Duration  Recurrent VTE 
 Major and nonmajor 
clinically relevant bleeding 

 AMPLIFY-EXT  Apixaban 2.5 mg or 
5 mg BID or placebo 
(2486) 

 12 months  3.8 % and 4.2 % 
vs. 11.6 % 
( p  < 0.001) 

 3.2 % and 4.3 % vs. 2.7 % 
(p = NS for both 
comparisons) 

 (Agnelli et al. 
 2013a ,  b ) 

 EINSTEIN-EXT  Rivaroxaban 20 mg 
QD vs. placebo 
(1197) 

 6 or 12 months  1.3 % vs. 7.1 %  6 % vs. 1.2 % 

 (Investigators et al. 
 2010 ) 

 ( p  < 0.001)  ( p  < 0.001) 

 RE-MEDY  Dabigatran 150 mg 
BID vs. warfarin 
(2866) 

 6–36 months  1.8 % vs. 1.3 %  5.6 % vs. 10.2 % 

 (Schulman et al.  2013 )  ( p  = 0.01)  ( p  < 0.001) 

 RE-SONATE  Dabigatran 150 mg 
BID vs. warfarin 
(1353) 

 6 months  0.4 % vs. 5.6 %  5.3 % vs. 1.8 % 

 (Schulman et al.  2013 )  ( p  < 0.001)  ( p  = 0.001) 

 PREVENT  Warfarin (INR 1.5–2) 
vs. placebo (508) 

 Mean 2.1 years  2.6 vs. 7.2 per 
100 
person-years 

 0.4 vs. 0.9 per 100 
person-years (major 
bleeding only) 

 ( p  = 0.25)  ( p  < 0.001)  (Ridker et al.  2003 ) 

 ELATE  Warfarin (INR 2–3) 
vs. warfarin (INR 
1.5–1.9) 

 Mean 2.4 years  0.7 vs. 1.9 per 
100 person-
years ( p  = 0.03) 

 0.9 % vs. 1.1 % (major 
bleeding only)  (Kearon et al.  2003 ) 
 ( p  = 0.76) 

    NS  nonsignifi cant  
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anticoagulant effects of these drugs in human 
plasma, but chromogenic anti-factor Xa assays 
(as commonly used to monitor LMWH) are pre-
ferred due to their higher sensitivity and smaller 
interlaboratory variability, particularly when 
using the appropriate standards (i.e., rivaroxaban 
standard curve). None of these assays are recom-
mended for routine monitoring. 

 For patients on dabigatran, aPTT is more sen-
sitive than PT but is similarly reagent dependent 
and inconsistent. Thrombin time and the related 
ecarin clotting time (ECT) are highly sensitive to 
anticoagulant effects of dabigatran. Thrombin 
time, in particular, is readily available and a use-
ful screen for the presence of dabigatran in urgent 
cases. The ecarin clotting time is a clot-based 
assay that measures procoagulant activity of a 
prothrombin-thrombin intermediate generated by 
viper venom ecarin, which has been reported to 
have a linear dose correlation with dabigatran 
(Lange et al.  2003 ). Post hoc analysis of RE-LY 
trials revealed a correlation between plasma con-
centrations of dabigatran (assayed using mass 
spectrometry) and thrombotic and hemorrhagic 
events (Reilly et al.  2014 ). Controversy exists on 
whether a group of patients, particularly elderly 
and those with renal dysfunction, may benefi t 
from monitoring dabigatran therapy using ECT. 
Until there is a consensus and clear clinical ben-
efi t, routine use of clotting assays to monitor 
dabigatran therapy is also discouraged. 

  Case resolution  
 Our patient, despite severe sepsis, had normal 

basic coagulation parameters except for mildly 

prolonged PT. Retroperitoneal hematoma and 
mild hematuria on apixaban in the setting of 
acute kidney injury raise concerns for drug-
induced coagulopathy, and laboratory testing is 
not unreasonable here. A chromogenic anti-fac-
tor Xa (sometimes referred to as UFH assay or 
LMWH assay, depending upon the calibration 
drug used) was obtained and was only mildly 
prolonged to 0.3 U/ml ruling out severe and per-
sistent apixaban coagulopathy. When repeated 
the following day, there was no anti-Xa activity 
detectable in patient’s plasma suggesting com-
plete drug clearance.  

  Question 3.      What is the best way to manage 
bleeding in this patient? 

    A.    Plasma   
   B.    Platelet   
   C.    Recombinant activated factor VII   
   D.    Prothrombin complex concentrate   
   E.    No active intervention needed      

  Expert Perspective     While clinical effi cacy and 
safety demonstrated in clinical trials and numer-
ous prospective cohorts, our knowledge of man-
agement of DOAC-associated coagulopathy, 
particularly life-threatening bleeding, remains 
limited. As a class, DOACs are associated with 
less life-threatening bleeding as compared to 
warfarin (Ruff et al.  2014 ), particularly intracra-
nial bleeding, and the outcomes of bleeding 
events are not known to be worse than the latter 
(Majeed et al.  2013 ). 

   Table 5    Infl uence of DOACs on common coagulation assays and preferred assays to monitor DOACs   

 Assay  Dabigatran  Rivaroxaban  Apixaban 

 PT  ↑, insensitive  ↑↑↑, dose dependent  ↑↑, dose dependent 

 aPTT  ↑↑↑, dose dependent  ↑, insensitive  ↑, insensitive 

 TT  ↑↑↑↑, dose dependent  –  – 

 Reptilase time  –  –  – 

 DRVVT  ↑  ↑↑↑  ↑↑ 

 Chromogenic anti-Xa  –  ↑↑↑  ↑↑↑ 

 Preferred assays   ECT, dilute TT    Chromogenic anti-Xa, 
HepTest  (Du et al.  2015 ) 

  Chromogenic anti-Xa, 
HepTest  

   ↑ = increase 
  PT  prothrombin time,  aPTT  activated partial thromboplastin time,  TT  thrombin time,  DRVVT  dilute Russell viper 
venom test,  ECT  ecarin clotting time  
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 The pharmacopoeia of antidotes and reversal 
agents for DOACs is expanding. Idarucizumab, a 
monoclonal antibody fragment with high affi nity 
to dabigatran, is the fi rst FDA approved reversal 
agent for a DOAC (Schiele et al.  2013 ). In a 
phase III study, 90 patients on dabigatran, 51 
with life-threatening bleeding, and 39 requiring 
an urgent procedure had complete reversal of the 
anticoagulant of dabigatran within minutes of 
receiving 5 g of idarucizumab (Pollack et al. 
 2015 ). A signifi cant improvement in hemostasis 
was also noted as a secondary endpoint in this 
study. Andexanet alpha, a reversal agent for fac-
tor Xa inhibitors, is now in phase III study (Lu et 
al.  2013 ). A recombinant factor Xa variant, 
andexanet alpha serves as a high-affi nity decoy 
for factor Xa inhibitors and was shown to be safe 
and effective in reversing anticoagulant effect of 
apixaban and rivaroxaban in healthy volunteers 
(Siegal et al.  2015 ). Another reversal agent, 
ciraparantag or PER977, a small molecule with 
activity against all DOACs, as well as LMWH 
and fondaparinux, is in early stages of develop-
ment (Ansell et al.  2014 ). Table  6  outlines the 
guidelines for use of these reversal agents as pub-
lished by International Society on Thrombosis 
and Haemostasis (Levy et al.  2016 ).  

 Factor concentrates, such as recombinant acti-
vated factor VII (rFVIIa), factor VIII bypassing 
activity (FEIBA), and prothrombin complex con-
centrates (PCCs), have been tested in animal 
models for reversal of both factor Xa and throm-
bin inhibitors (Tanaka and Bolliger  2013 ). The 
results of these animal studies are inconsistent 
making it diffi cult to extrapolate this data to 
humans. Several reports of use of these individ-

ual agents in humans are also available, but vari-
able to make any valid recommendations. Some 
of the animal and human data is summarized in 
Table  7 . Importantly, correction of varying coag-
ulation parameters with factor concentrates in 
DOAC-associated coagulopathy has little corre-
lation with achievement of hemostasis in animal 
models. We do not recommend routine use of 
factor concentrates for management of DOAC-
associated coagulopathy. In most cases, a conser-
vative approach with supportive management 
will suffi ce, but a four-factor prothrombin com-
plex concentrate can be used as a last resort 
(details in next case). Caution should be employed 
for potential thromboembolic complications. 
Activated PCC (FEIBA) which contains acti-
vated factors II, VII, IX, and X, used as a hemo-
static agent in hemophilia A and B with inhibitors, 
corrects some abnormal clot-based coagulation 
tests induced by dabigatran, rivaroxaban, and 
apixaban but lacks clinical evidence and may 
potentially be prothrombotic (Perzborn et al. 
 2014 ). Administration of activated charcoal is 
reasonable within 2 h of an overdose. About 60 % 
of dabigatran may also be dialyzable and can be 
tried as a desperate measure, but high-protein 
binding of Xa inhibitors precludes dialysis as an 
option.  

  Case resolution  
 Our patient did suffer a retroperitoneal bleed 

possibly related to apixaban at the outset of 
renal failure. At the time of diagnosis, plasma 
anti-Xa level was low, clearing the next day. 
His condition improved in ICU. Initially on 
prophylactic UFH, he resumed apixaban at 
discharge.   

   Table 6    Indications for use of reversal agents of DOACs   

 Indications  Life-threatening bleeding (e.g., intracranial bleeding, bleeding in a closed space or 
a critical organ, uncontrollable hemorrhage) 

 Persistent major bleeding despite local hemostatic measures 

 Need for an urgent intervention or emergency surgery associated with high risk for 
bleeding (e.g., neurosurgery, cardiovascular surgery) 

 Potential indications  Need for urgent procedure in patients with acute kidney injury 

 Contraindications  Elective surgery or intervention that can be safely postponed 

 Bleeding responding to supportive measure 

 High drug levels without bleeding 
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   Case 2: Atrial Fibrillation as an 
Indication for Anticoagulation, 
Warfarin Monitoring, and Reversal 

 A 78-year-old man being worked up for recurrent 
transient ischemic attacks is diagnosed with par-
oxysmal atrial fi brillation (AF). He takes hydro-
chlorothiazide for hypertension, pravastatin for 
hypercholesterolemia, and low-dose aspirin. His 
laboratory evaluation is notable for mild anemia 
(hemoglobin 11.5 g/dl) and stage III–IV chronic 
kidney disease (CrCl 30 ml/min). 

  Question 4.      What is the anticoagulant of 
choice for this patient? 

    A.    Warfarin   
   B.    Dabigatran   
   C.    Rivaroxaban   
   D.    Apixaban   
   E.    Edoxaban      

  Expert Perspective     Atrial fi brillation affects 
1–2 % of the population, with risk of thromboem-
bolic complications, particularly strokes, as high 

as 10–15 % per year in those with high CHADS2 
score (Gage et al.  2001 ). Anticoagulation brings 
this risk to less than 1 % and is a highly effective 
intervention. As in the treatment of VTE, warfa-
rin has been the backbone of this therapy for 
decades. Dabigatran was fi rst DOAC to be 
approved in 2010 followed by rivaroxaban and 
apixaban and, more recently, edoxaban. Table  8  
summarizes phase III trials of DOACs for use in 
atrial fi brillation.  

  Case resolution  
 As for VTE, it is imperative to consider 

patient-related factors prior to implementing an 
anticoagulant, particularly renal dysfunction and 
drug interactions. This patient has signifi cant 
renal dysfunction. Dabigatran is 80 % renally 
cleared and dose reduction is recommended in 
patients with CrCl 15–30 ml/min. Dose reduction 
is also recommended for rivaroxaban and edoxa-
ban for CrCl 15–50 ml/min. These agents are not 
recommended for use in end-stage renal disease. 
Apixaban, on the other hand, is approved for use 
in end-stage renal disease with or without hemo-
dialysis. This indication is entirely based on 
pharmacokinetic data in volunteers as trials 
excluded these patients, and thus we remain hesi-

   Table 7    Animal and human studies of factor concentrates for DOAC reversal   

 DOAC (n)  Agent (dose)  Endpoints 

 Animal models 

 Mouse tail BT and ICH  Dabigatran  PCC (100 IU/kg)  ↓ BT, ↓ blood loss 

 (Zhou et al.  2011 )  rFVIIa (8 mg/kg)  No effect 

 Rabbit kidney incision  Dabigatran  PCC (20, 35, I50 U/kg)  ↓ blood loss, ↓ BT, ↓ PT, 
~ aPTT  (Pragst et al.  2012 ) 

 Rat tail BT  Rivaroxaban  PCC (PCC 50 U/Kg)  ↓ BT, ↓ PT 

 (Perzborn et al.  2014 ) 

 Rabbit spleen/liver 
incision 

 Rivaroxaban  PCC (40 IU/kg)  ~ Blood loss, ~ BT, ↓PT, 
↓ aPTT 

 (Godier et al.  2011 )  rFVIIa (150 mcg/kg)  ~ Blood loss, ↓ BT, ↓PT, 
↓ aPTT 

 Human studies 

 Healthy volunteers  Rivaroxaban (6)  PCC (50 IU/kg)  ↓ PT, ↓ ETP 

 (Eerenberg et al.  2011 )  Dabigatran (6)  ~ aPTT, ~ TT, ~ ECT 

 Life-threatening bleeding  Rivaroxaban (6)  PCC (20–47 U/kg)  ~ PT, stabilization of 
hematoma, 90 day 
mortality 2/6 

 (Beyer-Westendorf et al. 
 2014 ) 

 (Plus plasma and surgical 
interventions) 

   ↓ = decrease; ~ = no effect 
  BT  bleeding time,  ICH  intracranial hemorrhage,  ETP  endogenous thrombin potential  
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tant to use apixaban in end-stage renal disease 
(the reader is referred to prescribing information 
for details of dosage).  

  Question 5.      The patient chose warfarin due to 
concern regarding lack of reversal agents with 
DOACs. His therapeutic control remains quite 
labile at 3 months of therapy, now made worse 
by addition of amiodarone for symptomatic 
persistent AF. He is requiring INR testing 
twice weekly. How do we best manage such 
cases?   

  Expert Perspective     Diffi cult therapeutic con-
trol and the need for frequent testing are common 
causes of patient dissatisfaction with warfarin. In 
addition to sub- and supra-therapeutic INR, vari-
ability in therapeutic control independently pre-
dicts bleeding and thromboembolic events. 
Dietary factors, alcohol intake, drug interactions, 
and intercurrent illnesses all affect warfarin phar-
macokinetics. Knowledge of these factors and 
patient education can help manage and even pre-
vent variability. Needless to say, an experienced 

warfarin clinic is indispensable for care of such 
patients. 

 Home monitoring of INR by handheld fi nger-
stick devices is a promising strategy for improv-
ing control in diffi cult cases. By reducing the 
frequency of travel to the clinic and promoting 
patient self-engagement, it is as effective as high-
quality INR testing obtained in centralized anti-
coagulation clinics, even improving outcomes in 
some studies (Heneghan et al.  2006 ; Matchar et 
al.  2010 ). Increased frequency of testing can 
allow INR values that are outside the range to be 
addressed more quickly. Availability of DOACs 
has made management of such cases easier. 
Amiodarone and other CYP3A4 and 
P-glycoprotein inhibitors also interact with 
DOACs, and thus these drug combinations need 
careful assessment. 

 Home monitoring was initiated and in a few 
months his time in range was reported to be 
greater than 60 %. Unfortunately, he had a 
horse-riding accident and is brought to the ER 
unconscious. He is diagnosed with a commi-
nuted pelvic and right hip fracture with an acute 

   Table 8    Phase III clinical trials of prevention of stroke and systemic embolism in patients with non-valvular atrial 
fi brillation   

 Trial  Study arms (n) 
 Duration 
(median) 

 Stroke or systemic 
embolism (per year) 

 Major and nonmajor 
clinically relevant 
bleeding (per year) 

 AVERROES  Apixaban 2.5 or 5 mg 
BID vs. ASA 81–324 
QD (5999) 

 1.1 years  1.6 % vs. 3.7 %  1.4 % vs. 1.2 % 

 (Low CHADS2 score)  ( p  < 0.001)  (Major bleeding) 

 ( p  = 0.57)  (Connolly et al.  2011 ) 

 ARISTOTLE  Apixaban 2.5 mg or 
5 mg BID vs. warfarin 
(18,201) 

 1.8 years  1.3 % vs. 1.6 %  4.1 % vs. 6.0 % 

 (Granger et al.  2011 )  ( p  = 0.01 for superiority)  ( p  < 0.001) 

 ROCKET AF  Rivaroxaban 20 mg 
(15 mg for CrCl 
15–50 ml/min) vs. 
warfarin (14,264) 

 590 days  1.7 % vs. 2.2 %  14.9 % vs. 14.5 % 

 (Patel et al.  2011 )  ( p  < 0.001 for 
noninferiority) 

 ( p  = 0.44) 

 RE-LY  Dabigatran 110 mg or 
150 mg BID vs. 
warfarin (18,113) 

 2 years  1.5 % and 1.1 % vs. 1.7 % 
( p  < 0.001 for 
noninferiority and 
superiority, respectively) 

 2.7 % and 3.1 % vs. 
3.4 %  (Connolly et al.  2009 ) 
 ( p  = 0.31) 

 ENGAGE AF-TIMI 
48 

 Edoxaban 60 mg and 
30 mg QD (dose halved 
for CrCl <50 ml/min + 
weight <60 kg or PGI 
use) vs. warfarin 
(21,105) 

 2.8 years  1.2 % and 1.6 % vs. 1.5 %  11.1 % and 7.97 % 
vs. 13.02 % 

 (Giugliano et al.  2013 )  ( p  < 0.001 and 0.005 for 
noninferiority) 

 ( p  < 0.001) 

    PGI  P-glycoprotein inhibitors  
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blood loss anemia (hemoglobin 6 g/dl). In addi-
tion, he has a large right subdural hematoma. 
His INR is 3.8, PTT 38 s, and fi brinogen 
220 mg/ml.  

  Question 6.      How should his coagulopathy be 
managed acutely? 

    A.    Vitamin K   
   B.    Plasma   
   C.    Cryoprecipitate   
   D.    Four-factor prothrombin complex concentrate   
   E.    Recombinant activated factor VII      

  Expert Perspective     Warfarin reversal and 
management of warfarin-associated coagulopa-
thy is a common clinical question. The yearly 
risk of major and clinically signifi cant nonma-
jor bleeding is about 1.5 % and 10 %, respec-
tively. Warfarin inhibits hepatic synthesis of 
functional vitamin K-dependent clotting factors – 
factors II, VII, IX, and X. The potential man-
agement options available to counteract the 
warfarin-associated coagulopathy include vita-
min K, plasma, PCC (plasma-derived concen-
trates containing vitamin K-dependent factors 
II, IX, and X (three-factor PCC) or factors II, 
VII, IX, and X (four-factor PCC) and varying 
amounts of protein C and S), and rVIIa 
(Goodnough and Shander  2011 ). Cryoprecipitate 
does not contain suffi cient levels of vitamin 
K-dependent factors and is not a therapeutic 
option. 

 Although reversal begins within 6 h, vitamin 
K therapy alone will require at least 12–24 h to 
reverse warfarin coagulopathy signifi cantly, suit-
able only for non-emergent situations. In a pro-
spective trial, 66 consecutive patients with INR 
>6 were randomized to receive either 2.5 (INR 
6–10) or 5 mg (INR >10) oral or 0.5 and 1 mg 
intravenous phytonadione (Lubetsky et al.  2003 ). 
Twelve patients vs. none at 6 h and 18 patients vs. 
11 at 12 h reached the prespecifi ed INR goal of 
2–4 in intravenous and oral groups, respectively, 
but there was no difference at 24 h. Thus, although 
more rapid, intravenous vitamin K does not 
impart any benefi t over oral replacement in non-
emergent cases. 

 Thawed plasma (frozen plasma thawed for a 
day and shelf-life extended to 96 h) is more 
widely available product than fresh frozen 
plasma (plasma frozen within 8 h of collection) 
and may contain lower levels of FVII in com-
parison to the latter. A dose of 12 ml/kg of 
plasma raises vitamin K-dependent factors by 
only 9–14 IU/dl (Makris et al.  1997 ). Thus, to 
achieve any clinically signifi cant increase in lev-
els of these factors, at least 20–30 ml/kg of 
plasma is required, not ideal in life-threatening 
situations due to time and volume constraints. 
rFVIIa normalizes INR rapidly but has failed to 
show improvement in outcomes in intracranial 
hemorrhage at the risk of thrombosis (Deveras 
and Kessler  2002 ; Yuan et al.  2010 ). Moreover, 
animal models support the use of PCC over 
rFVIIa. 

 Both three (lacking suffi cient levels of factor 
VII)- and four-factor PCCs are now available in 
the USA (Table  9 ), but only the latter is approved 
for replacement of vitamin K-dependent factors. 
In a trial of patients on warfarin undergoing 
urgent surgery, target INR of <1.3 was achieved 
after 30 min in 62.2 % of patients receiving PCC 
vs. only 9.6 % of FFP-treated patients, although 
clinical hemostasis at 24 h was not different 
(72.4 % vs. 65.4 %) (Sarode et al.  2013 ). 
Thrombogenicity remains a concern, and thus the 
use of PCC should be limited to life-threatening 
situations, as in this patient.    

   Table 9    Pharmacology of PCC   

 Three-factor PCC 
(e.g., Bebulin) 

 Four-factor PCC (e.g., 
Kcentra) 

 Factor VII 
levels (IU/
ml) 

 3–5  10–25 

 Factor II, 
IX, and X 
levels (IU/
ml) 

 30, 25, 35  20–48, 20–31, 22–60 

 Use  Hemophilia B  Hemophilia B and 
warfarin-associated 
coagulopathy 

 Dose (IU of 
factor IX 
per kg) 

 –  25–50 

    IU  international unit  
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   Case 3. Warfarin Monitoring in 
Special Circumstances 

 A 30-year-old woman with history of DVT 
receives a diagnosis of antiphospholipid syn-
drome after suffering a third-trimester pregnancy 
loss. Both her PTT and PT are prolonged at base-
line (PTT 45–58 s, PT 16–22 s). She is initiated 
on treatment with LMWH and warfarin. 

  Question 7.      How should her warfarin therapy 
be monitored? 

    A.    INR 2.5–3.5   
   B.    INR 3–4   
   C.    Chromogenic X assay   
   D.    Factor II assay      

  Expert Perspective     Prolongation of PT due 
to a lupus anticoagulant is uncommon. The 
INR in this case is prolonged due to nonspe-
cifi c inhibition of PT by an antiphospholipid 
antibody in vitro, not defi ciency of vitamin 
K-dependent factors. Hence, increasing the tar-
get of warfarin therapy to either 2.5–3.5 or 3–4 
is problematic. 

 Warfarin therapy is known to have a linear 
relationship with respect to both thromboem-
bolic and bleeding events with increasing ther-
apy intensity from INR 1.5–2, 2–3, and >3. 
Standard intensity warfarin therapy (INR 2–3) 
has long been established to have the best safety 
and effi cacy profi le. Warfarin causes a dose-
dependent reduction in plasma concentration of 
vitamin K-dependent clotting factors, most thor-
oughly standardized for factor II (prothrombin) 
and factor X (Baumann Kreuziger et al.  2014 ; 
McGlasson et al.  2008 ). INR 2–3 corresponds to 
plasma concentration ~20–40 % of these factors. 
Thus, in situations where INR is falsely elevated, 
as in this case as well as with concomitant use of 
direct thrombin inhibitors like argatroban or in 
cases with dysfi brinogenemia, a chromogenic X 
can be used to guide warfarin therapy. Factor II 
assay can also be used in these situations but 
may overestimate warfarin anticoagulation in 
patients with lupus anticoagulant (Moll and 
Ortel  1997 ).   

   Case 4: Pharmacologic Prophylaxis 
of VTE as an Indication for 
Anticoagulation and Heparin 
Overdose 

 An 84-year-old woman undergoes an elective left 
total knee arthroplasty. Other than hypertension, 
for which she takes a thiazide, she does not have 
any other comorbidity. 

  Question 8.      What is the anticoagulant of 
choice to reduce the risk of postoperative 
VTE? 

    A.    Warfarin   
   B.    LMWH   
   C.    Fondaparinux   
   D.    Rivaroxaban      

  Expert Perspective     The extraordinary risk of 
VTE after total knee and hip replacement, 3–5 % 
symptomatic, but as high as 40–60 % by venogra-
phy, can be reduced substantially with prophylactic 
anticoagulation. As compared to general surgery 
when VTE is observed during the fi rst few postop-
erative days, the risk of VTE in knee and hip sur-
gery and the risk of fatal PE persist for 2–4 weeks. 
Thus, the recommended durations of prophylactic 
anticoagulation are 2 and 4 weeks for knee and hip 
replacements, respectively (Falck-Ytter et al. 
 2012 ). 

 Warfarin, LMWH, fondaparinux, rivaroxaban, 
and apixaban all have undergone evaluation in 
orthopedic clinical trials and are approved for 
thromboprophylaxis in joint replacement sur-
gery. LMWH is the current standard to which 
other agents have been compared. Warfarin is 
considered less effi cacious, whereas fondaparinux 
is associated with slightly higher bleeding risk 
(Hull et al.  1993 ; Eriksson et al.  2001 ). A meta-
analysis of rivaroxaban trials demonstrated a 
trend toward higher wound hematoma and thus 
has a raised concern particularly in the orthope-
dic community. On the other hand, apixaban is 
associated with signifi cantly less bleeding 
(Gomez-Outes et al.  2012 ). Of note, apixaban 
was initiated 12–24 h postoperatively as com-
pared to other agents, which were started within 
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6–12 h, or even preoperatively as in the case of 
LMWH. Table  10  summarizes some major trials 
in this fi eld. As for other indications, patient 
comorbidities, particularly renal dysfunction, 
drug interactions, and concomitant use of anti-
platelet agents, are all important factors to con-
sider prior to selecting an agent. This patient was 
treated with 40 mg enoxaparin subcutaneous 
daily for 2 weeks.   

  Question 9.     A month after her surgery, the 
patient suffers a prosthetic joint infection. She 
requires a joint explant and is now in a nursing 
home. She receives thromboprophylaxis with 
UFH 5000 units subcutaneously every 8 h. She is 
considerably deconditioned and now weighs 
48 kg. One morning she is found on the fl oor and 
rushed to the hospital. Head imaging reveals a 
right parietal intraparenchymal bleed. Her coagu-

lation tests are notable for an aPTT 140 s, PT 
15 s, TT 100 s, and fi brinogen 280 mg/ml. 

  How should her coagulopathy be best 
managed? 

    A.    Plasma   
   B.    PCC   
   C.    rFVIIa   
   D.    Protamine      

  Expert Perspective     Prophylactic heparin 
administration has been shown to prevent throm-
bosis in hospitalized medically ill patients. 
Although the recommended doses of UFH, 5000 
units every 8–12 h, are considered safe and effec-
tive and do not typically require monitoring, an 
occasional patient may benefi t from laboratory 
monitoring to prevent overdose. Table  11  

   Table 10    Phase III clinical trials of DOACs for prevention of VTE in joint replacement   

 Trial  Study arms  Duration (days)  VTE risk 

 Major and 
clinically relevant 
nonmajor 
bleeding 

 ADVANCE-1  Apixaban 2.5 mg BID 
vs. enoxaparin 30 mg sc 
QD (3195) 

 10–14  9 % vs. 8.8 %  2.9 % vs. 4.3 % 

 (TKA)  ( p  = 0.06 for 
noninferiority) 

 ( p  = 0.03) 
 (Lassen et al.  2009 ) 

 ADVANCE-3  Apixaban 2.5 mg BID 
vs. enoxaparin 40 mg sc 
QD (5407) 

 32–38  1.4 % vs. 3.9 %  3.5%vs. 4.8 % 

 (THA)  ( p  < 0.001)  ( p  = 0.72) 

 (Lassen et al.  2010 ) 

 RECORD2  Rivaroxaban 10 mg QD 
vs. enoxaparin 40 mg sc 
QD 

 31–39 
(rivaroxaban) vs. 
10–14 

 2.0 % vs. 9.3 %  6.6 % vs. 5.5 % 

 (THA)  ( p  < 0.0001)  ( p  = 0.25) 

 (Kakkar et al.  2008 ) 

 RECORD3  Rivaroxaban 10 mg OD 
vs. enoxaparin 40 mg sc 
QD (2531) 

 10–14  9.6 % vs. 18.9 %  4.9 % vs. 4.8 % 

 (TKA)  ( p  < 0.001)  ( p  = 0.93) 

 (Lassen et al.  2008 ) 

 RE-NOVATE  Dabigatran 150 mg or 
220 mg QD (half-
quantity fi rst dose) or 
enoxaparin 40 mg sc QD 

 28–35  8.6 % and 6.0 % vs. 
6.7 % 

 1.3 % and 2 % 
vs. 1.6 %  (THA) 

 ( p  < 0.001 for 
noninferiority) 

 (Major 
bleeding) 

 (Eriksson et al. 
 2007a ,  b ) 

 ( p  = 0.6 and 
0.44) 

 RE-MODEL  Dabigatran 150 mg or 
220 mg QD (half-
quantity fi rst dose) or 
enoxaparin 40 mg sc QD 

 6–10  40.5 % and 36.5 % vs. 
37.7 % 

 1.3 % and 1.5 % 
vs. 1.3 % 
(major 
bleeding) 

 (TKA) 
 ( p  = 0.017 and 
 p  = 0.0003) 

 ( p  = 1.0 and 
0.82) 

 (Eriksson et al. 
 2007a ,  b ) 
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 summarizes pharmacokinetics and pharmacody-
namics of UFH. The pharmacology of LMWH is 
being discussed elsewhere in “Anticoagulation 
Issues in Oncology.”  

 This clinical picture is highly suspicious for 
heparin overdose. The patient received 50 mg of 
protamine sulfate and her aPTT and TT normalized 
rapidly. Other coagulation parameters drawn prior 
to administration of protamine returned with repti-
lase time 17 s (normal <20) and chromogenic anti-
factor Xa (or UFH assay) of 2.5 U/ml. At 12 h these 
levels were 0.2 U/ml and rapidly disappeared. One 
milligram of protamine neutralizes about 100 units 
of UFH. Generally, the dose is estimated for UFH 
administered within the previous 2 h. Protamine 
overdose can result in coagulopathy, as studied in 
cardiac surgery, and requires careful titration. 
Protamine does not have any effect on plasma anti-
Xa levels and, at best, may reverse LMWH coagu-
lopathy partially (Garcia et al.  2012 ).  

  Question 10.      Despite being eligible for all, the 
patient chose warfarin. Three months into 
therapy, his therapeutic control remains 
labile, now made worse by amiodarone initi-
ated for symptomatic persistent atrial fi brilla-
tion. He needs PT/INR tested twice weekly. 
How should this case be managed?   

  Expert Perspective     The need for repeated lab 
monitoring remains one of the more common 
reasons for patient disapproval of warfarin. In 
addition to sub- and supra-therapeutic INR lev-
els, variability of INR over time independently 
predisposes one to risks of thromboembolic and 
bleeding events. Dietary factors, alcohol intake, 
drug interactions (CYP2C9 interactions), and 
intercurrent illnesses all infl uence warfarin phar-
macokinetics and INR levels. Knowledge of 
these factors help in managing warfarin better. 
Needless to say, an experienced warfarin clinic is 
invaluable in managing such cases. 
 With the approval of DOACs, management of 
these cases has become easier.  

  Answer 
    Question 3. E  
  Question 6. D  
  Question 7. C  
  Question 8. B  
  Question 9. D         
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      Heparin-Induced 
Thrombocytopenia: Diagnosis 
and Management                      

     Lova     Sun      and     Adam     Cuker    

         Introduction 

 Heparin-induced thrombocytopenia (HIT) is a 
prothrombotic adverse reaction to heparin medi-
ated by platelet-activating antibodies that target 
multimolecular complexes of platelet factor 4 
(PF4) and heparin. 

 Diagnosis is based on both clinical and labora-
tory criteria. The pretest probability of HIT may 
be estimated using the 4T score, a validated clini-
cal scoring system for HIT. Laboratory tests for 
HIT fall into two categories: immunoassays and 
functional assays. Immunoassays such as the HIT 
enzyme-linked immunosorbent assay (ELISA) 
are widely used in clinical practice and have high 
sensitivity but are unable to distinguish platelet- 

activating antibodies from their more common 
nonpathogenic counterparts. Functional assays 
such as the  14 C-serotonin release assay (SRA) are 
more specifi c and may be used to confi rm the 
diagnosis but are not widely available. 

 Treatment of HIT involves discontinuation of 
heparin and initiation of a parenteral non-heparin 
anticoagulant. The direct thrombin inhibitor arg-
atroban is the only FDA-approved agent for the 
treatment of HIT available in the USA. There is 
growing off-label use of fondaparinux and 
bivalirudin. 

 In this chapter, we discuss our approach to 
commonly encountered clinical dilemmas in the 
diagnosis and management of HIT and HIT- 
associated thrombosis. We address diagnosis and 
initial management, including options for paren-
teral anticoagulation. We also focus on transition 
to oral anticoagulants, duration of anticoagula-
tion, platelet transfusion, and re-exposure to hep-
arin in patients with a history of HIT.  

    Case 

 You are consulted for new thrombocytopenia in a 
70-year-old man who underwent total hip 
replacement 8 days ago. The patient has been 
receiving prophylactic enoxaparin at a dosage of 
40 mg SC every 24 h since the day before  surgery. 
There is no history of recent heparin exposure 
prior to surgery. His platelet count, which was 
185 × 10 9 /L on the day of the operation and 
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170 × 10 9 /L on the seventh postoperative day, is 
55 × 10 9 /L this morning. He is on hydrochloro-
thiazide for hypertension and acetaminophen/
oxycodone for postoperative pain management. 
He was started on trimethoprim/sulfamethoxa-
zole for a postoperative wound infection 5 days 
ago. On exam, he appears well. There are no skin 
changes or stigmata of bleeding or thrombosis. 
The surgical site is clean and dry with minimal 
erythema. 

  Question 1.      Which of the following is a char-
acteristic clinical feature of HIT? 

    A.    Petechiae and mucocutaneous bleeding   
   B.    Severe thrombocytopenia (platelet count 

<20 × 10 9 /L)   
   C.    Erythematous lesions at subcutaneous hepa-

rin injection sites   
   D.    A fall in platelet count of 30 % or less   
   E.    A fall in platelet count beginning 5–10 days 

after heparin exposure    

    Expert Opinion     Key clinical features suggestive 
of HIT are shown in Table  1 . A ≥50 % fall in the 

platelet count, measured from the peak platelet 
count after initiation of heparin to the nadir plate-
let count, is a characteristic of HIT. The thrombo-
cytopenia associated with HIT is characteristically 
mild to moderate; the median nadir platelet count 
is ~60 × 10 9 /L, and the platelet count need not fall 
below the traditional threshold for thrombocyto-
penia (i.e., 150 × 10 9 /L). In heparin-naïve patients, 
the platelet count fall typically begins 5–10 days 
after initiation of heparin. Patients with previous 
recent heparin exposure (usually within the last 
30 days) who have preexisting circulating HIT 
antibodies are at risk for rapid onset HIT, in which 
the platelet count falls immediately upon re-expo-
sure to heparin. Rarely, the platelet count may fall 
several days to weeks after heparin has been dis-
continued (delayed-onset HIT). 
Thromboembolism is clinically apparent in 
20–50 % of patients at diagnosis and may precede 
the onset of thrombocytopenia (Greinacher et al. 
 2005 ). Even after heparin is discontinued, the risk 
of thrombosis persists at least until platelet count 
recovery and for up to 30 days (Warkentin and 
Kelton  1996 ). Venous thromboembolism is 
more common than arterial thrombosis 

    Table 1    Clinical features suggestive of HIT   

 Manifestation  Notes 

 ≥50 % fall in platelet count  Measured from highest platelet count after heparin exposure 

 In ~10 % of cases, platelet count falls only 30–50 % 

 Platelet count nadir ≥20 × 10 9 /L  Median nadir platelet count is ~60 × 10 9 /L 

 Nadir need not meet the traditional defi nition of thrombocytopenia (i.e., 
<150 × 10 9 /L) in patients with high baseline platelet counts 

 In cases associated with DIC, platelet count may be <20 × 10 9 /L 

 Fall in platelet count begins 5–10 days 
after heparin exposure 

 Platelet fall may occur within 24 h (“rapid-onset” HIT) in patients with 
previous heparin exposure in last 100 days 

 Venous or arterial thrombosis  Occurring ≥5 days after heparin administration and up to 30 days after 
heparin cessation 

 Skin necrosis  At subcutaneous heparin injection sites. Non- necrotizing erythematous 
skin lesions are due to type IV hypersensitivity reactions and not to HIT 

 Anaphylactoid reaction  Within 30 min after intravenous heparin bolus or subcutaneous injection 

 Absence of alternative causes of 
thrombocytopenia 

 Common alternative causes include other medications that cause 
thrombocytopenia, infection, recent cardiopulmonary bypass, intra-
aortic balloon pump, extracorporeal membrane oxygenation 

 Absence of petechiae and other 
mucocutaneous bleeding 

 Adrenal hemorrhage secondary to adrenal vein thrombosis may occur in 
association with HIT 

   DIC  disseminated intravascular coagulation,  HIT  heparin- induced thrombocytopenia  
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(Greinacher et al.  2005 ). Less common clinical 
manifestations include skin necrosis at subcuta-
neous heparin injection sites, anaphylactoid reac-
tions, adrenal hemorrhage secondary to adrenal 
vein thrombosis, and transient global amnesia 
(Warkentin et al.  2005 ). HIT is rarely associated 
with serious spontaneous bleeding. The presence 
of petechiae and mucocutaneous bleeding should 
be regarded as evidence against HIT and prompt 
consideration of alternative causes of thrombocy-
topenia (Cuker and Cines  2012 ).

     Question 2.      According to the 4T scoring sys-
tem, what is the patient’s pretest probability 
of HIT? 

    A.    Low   
   B.    Intermediate   
   C.    High   
   D.    Cannot be determined    

    Expert Opinion     It is diffi cult to incorporate the 
clinical manifestations listed in Table  1  into an 
estimate of the clinical likelihood of HIT. Several 
scoring systems have been developed to facilitate 
this process (Lo et al.  2006 ; Cuker et al.  2010 ). 
The most extensively studied of these is the 4T 
score. Patients are assigned a score of 0, 1, or 2 
across four categories:  t hrombocytopenia,  t im-
ing,  t hrombosis of other sequelae, and o t her 
causes of thrombocytopenia. The summative 
scores of 0–3, 4–5, and 6–8 correspond to a low, 
intermediate, and high pretest probability of HIT, 
respectively (Table  2 ). In a meta-analysis of 13 
studies involving 3068 patients, the negative pre-
dictive value of a low probability 4T score was 
99.8 % (95 % CI 97.0–100), whereas the positive 
predictive value of an intermediate and high 
probability 4T score was 14 % and 64 %, respec-
tively (Cuker et al.  2012 ).

   We would assign the patient in the Case 2 
points for  t hrombocytopenia (platelet fall 
≥50 % and nadir ≥20 × 10 9 /L), 2 points for  t im-
ing (platelet fall onset 5–10 days after initia-
tion of heparin), 0 points for  t hrombosis or 
other sequelae, and 1 point for o t her causes of 

thrombocytopenia (drugs, especially trime-
thoprim/sulfamethoxazole), yielding a score of 
5, which places him in the intermediate probabil-
ity category.  

  Question 3.      The patient is determined to have 
an intermediate probability of HIT. What are 
the next appropriate steps in his evaluation 
and management? 

    A.    Continue enoxaparin, order HIT laboratory 
testing   

   B.    Stop enoxaparin, order HIT laboratory 
testing   

   C.    Stop enoxaparin, start an alternative 
anticoagulant   

   D.    Stop enoxaparin, start an alternative antico-
agulant, order HIT laboratory testing    

    Expert Opinion     Our approach to the initial 
evaluation and management of patients with sus-
pected HIT is shown in Fig.  1  (Cuker and Cines 
 2012 ). Because of its high negative predictive 
value (Cuker et al.  2012 ), a low probability 4T 
score essentially excludes HIT. Patients may 
remain on heparin and alternative etiologies of 
thrombocytopenia should be sought. In patients 
with an intermediate or high probability 4T score, 
all heparin products (including low-molecular- 
weight heparin, heparin fl ushes, and heparin- 
bonded catheters) should be discontinued, HIT 
laboratory testing should be ordered, and, barring 
a contraindication, an alternative anticoagulant 
should be initiated while awaiting laboratory test 
results.

     Question 4.      Which of the following anticoag-
ulants is not an appropriate option for the 
patient at this time? 

    A.    Warfarin   
   B.    Argatroban   
   C.    Bivalirudin   
   D.    Fondaparinux   
   E.    Danaparoid    

Heparin-Induced Thrombocytopenia: Diagnosis and Management



522

    Expert Opinion     Anticoagulant options for 
patients with acute HIT and dosing and monitor-
ing recommendations are shown in Table  3 . 

Argatroban is the only FDA-approved treatment 
for HIT (Lewis et al.  2006 ). Danaparoid is 
approved in Canada, Europe, and Australia but is 

   Table 2    4T scoring system for HIT   

 Category  2 points  1 point  0 points 

 Thrombocytopenia  >50 % fall in platelets  and  
nadir ≥20 × 10 9 /L 

 30–50 % fall in platelets 
 or  platelet nadir 
10–19 × 10 9 /L 

 <30 % fall in 
platelets  or  nadir 
<10 × 10 9 /L 

 Timing of platelet fall  Clear onset of fall 
between days 5 and 10 
after heparin exposure  or  
within 1 day (if prior 
exposure within 30 days) 

 Timing consistent with 
day 5–10 but unclear  or  
onset after day 10  or  
within 1 day (if prior 
exposure 30–100 days) 

 Platelet count fall 
≤4 days after 
heparin exposure 
(with no other recent 
heparin exposure) 

 Thrombosis or other sequelae  New confi rmed 
thrombosis  or  skin 
necrosis  or  acute 
anaphylactoid reaction 
after IV heparin bolus 

 Progressive, recurrent, or 
silent thrombosis; 
erythematous skin 
lesions; suspected 
thrombosis 

 None 

 Other causes of 
thrombocytopenia 

 None apparent  Possible  Defi nite 

  6–8 points = high probability;|4–5 points = intermediate probability;|≤3 points = low probability  

 

 

HIT Suspected

4T score ≥4 (Intermediate/high clinical probability)

→ Stop heparin; start alternative anticoagulant

→ Obtain HIT ELISA

Strongly positive (OD ≥ 1) or

weakly positive (OD 0.4-0.99)

with 4T score ≥6
→ Obtain functional assay

Functional assay

positive

HIT likely

Functional assay

negative

Weakly positive

(OD 0.4-0.99)

with 4T score 4-5

Negative

4T score ≤ 3

(Low clinical

probability)

HIT unlikely

→ Consider

alternative

diagnoses 

→ Continue

heparinHIT indeterminate

  Fig. 1    Diagnostic and initial treatment algorithm for suspected HIT.  ELISA  enzyme-linked immunosorbent assay,  OD  
optical density       
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not available in the USA (Chong et al.  2001 ). 
Bivalirudin and fondaparinux are not approved 
for treatment of acute HIT, but successful off- 
label use has been reported (Joseph et al.  2014 ; 
Kang et al.  2015 ). In acutely ill patients, we pre-
fer argatroban if liver function is intact and bivali-
rudin if there is hepatic impairment because of 
the relatively short half-life of these agents. In 

more stable patients who do not have elevated 
bleeding risk and who are unlikely to require 
emergent surgical intervention, we prefer 
fondaparinux because of the convenience of once 
daily SC administration. There are several case 
reports of fondaparinux causing or exacerbating 
HIT, but the totality of evidence suggests this is 
very rare.

   Table 3    Alternative anticoagulants for the treatment of HIT   

 Agent  Class  Initial dosing  Monitoring  Notes 

 Argatroban  Direct 
thrombin 
inhibitor 

 Bolus: none  Adjust dose to APTT 
of 1.5–3.0 times 
patient baseline 

 Preferred in patients 
with renal 
insuffi ciency 
(hepatically cleared) 

 Continuous infusion  Check APTT every 
4 h during titration 

 Prolongs PT/INR 

 Normal organ function 
→2 mcg/kg/min 

 Hepatic dysfunction (total 
bilirubin >1.5 mg/dL), heart 
failure, post cardiac surgery, 
anasarca →0.5–1.2 mcg/kg/
min 

 Danaparoid  Indirect Xa 
inhibitor 

 Bolus  Adjust dose to 
danaparoid-specifi c 
anti-Xa activity of 
0.5–0.8 U/ml 

 Not available in the 
USA 

 <60 kg →1500 U  Long half-life 
(~25 h) 

 60–75 kg →2250 U  Renally cleared 

 75–90 kg →3000 U 

 >90 kg →3750 U 

 Accelerated initial infusion 

 400 U/h × 4 h, then 
300 U/h × 4 h 

 Maintenance infusion 

 Cr <2.5 mg/dL →200 U/h 

 Cr ≥2.5 mg/dL →150 U/h 

 Bivalirudin  Direct 
thrombin 
inhibitor 

 Bolus: none  Adjust dose to APTT 
of 1.5–2.5 times 
patient baseline 

 Not approved for 
treatment of acute 
HIT 

 Continuous infusion 

 Normal organ function 
→0.15 mg/kg/h 

 Renal/hepatic insuffi ciency → 
dose reduction may be 
necessary 

 Fondaparinux  Indirect Xa 
inhibitor 

 <50 kg →5 mg SC daily  We do not monitor 
routinely 

 Most suitable for 
stable patients who 
are not at increased 
bleeding risk and 
are unlikely to 
require an emergent 
surgical intervention 

 50–100 kg: →7.5 mg SC daily  Some experts 
recommend adjusting 
dose to a peak 
fondaparinux-specifi c 
anti-Xa activity of 
1.5 U/mL 

 >100 kg →10 mg SC daily 

 Cr clearance 30–50 ml/min → 
use caution 

 Cr clearance <30 ml/min → 
contraindicated 

   APTT  activated partial thromboplastin time,  INR  international normalized ratio,  PT  prothrombin time  
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   Warfarin and other VKAs should never be 
used in patients with acute HIT because of the 
potential for venous limb gangrene (Warkentin 
et al.  1997 ). Direct oral anticoagulants (DOACs) 
such as dabigatran, rivaroxaban, apixaban, and 
edoxaban are currently under investigation for 
the treatment of acute HIT (Linkins et al.  2014 ). 
Until data become available, DOACs should be 
avoided in this setting outside of a clinical trial. 
Whenever possible, inferior vena cava fi lters 
should also be avoided in patients with acute 
HIT because they may promote caval 
thrombosis. 

 It is important to emphasize that patients with 
a low probability 4T score as well as those in 
whom HIT has been excluded by laboratory test-
ing should receive heparin if parenteral antico-
agulation is indicated (Fig.  1 ). Alternative 
anticoagulants should not be used because of dis-
advantages including increased bleeding risk, 
irreversibility, and greater cost.  

  Question 5.      Enoxaparin is stopped and arg-
atroban is initiated. Which diagnostic labora-
tory test would be most appropriate to send at 
this time? 

    A.    Anti-Xa assay   
   B.    HIT ELISA   
   C.    Thrombin time   
   D.    Thrombin generation assay    

    Expert Opinion     Laboratory tests for HIT fall 
into two categories: immunologic assays and 
functional assays. Immunologic assays such as 
the HIT ELISA detect circulating anti-PF4/hepa-
rin antibodies and are highly sensitive but have 
limited specifi city because they are unable to 
 discriminate potentially pathogenic platelet- 
activating antibodies from nonpathogenic anti-
bodies (Amiral et al.  1992 ; Pouplard et al.  1999 ). 
Functional assays such as the SRA and heparin- 
induced platelet activation assay have greater 
specifi city but are technically demanding and are 
only performed at select reference laboratories, 
often with turnaround times of several days. 

 Because anti-PF4/heparin antibodies of the 
IgG class are primarily responsible for HIT 
(Greinacher et al.  2007 ), restriction of antibody 
detection to the IgG class has been studied as a 
means of improving specifi city. Compared with 
the polyspecifi c HIT ELISA which detects anti-
bodies of the IgG, IgA, and IgM classes, the IgG- 
specifi c ELISA improves specifi city but at the 
possible cost of reduced sensitivity (Cuker and 
Ortel  2009 ). Novel rapid immunoassays such as 
the particle gel immunoassay offer turnaround 
times of less than 30 min and have the potential 
to improve the speed of HIT exclusion and curb 
overtreatment (Linkins et al.  2012 ). 

 We request an immunologic assay such as the 
HIT ELISA in all patients with an intermediate or 
high probability 4T score (Fig.  1 ). If the test is 
negative, HIT is essentially excluded. If it is posi-
tive, we order a functional assay to confi rm the 
diagnosis.  

  Question 6.      The HIT ELISA result comes 
back the next day as “positive” with an optical 
density (OD) of 1.60 (normal <0.40). What do 
you conclude? 

    A.    The patient has HIT.   
   B.    HIT is ruled out.   
   C.    Still indeterminate.    

    Expert Opinion     As noted above, a positive 
ELISA in a patient suspected of HIT is generally 
not suffi cient for defi nitive diagnosis and requires 
a confi rmatory functional assay. Whenever pos-
sible, ELISA results should be reported in OD 
units (Watson et al.  2012 ), since OD is directly 
correlated with the risk of thrombosis (Zwicker 
et al.  2004 ) and the likelihood of a positive func-
tional assay (Warkentin et al.  2008 ). In one study, 
only 1 of 37 patient samples exhibiting a weakly 
positive OD (0.40–0.99) tested positive by SRA 
in contrast to 33 of 37 with a strongly positive 
ELISA (≥2.00) (Warkentin et al.  2008 ). We use 
the OD value in conjunction with clinical infor-
mation to guide evaluation and management 
(Fig.  1 ).  
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  Question 7.      If the HIT ELISA result had been 
negative instead of positive, what would have 
been the most appropriate next steps? 

    A.    Stop argatroban, resume heparin, and con-
sider alternative causes of thrombocytopenia.   

   B.    Continue argatroban, and repeat HIT ELISA.   
   C.    Continue argatroban, and request functional 

assay.    

    Expert Opinion     A negative HIT ELISA essen-
tially excludes HIT. The alternative anticoagulant 
should be discontinued, heparin should be 
resumed as indicated, and alternative etiologies 
of thrombocytopenia should be sought (Fig.  1 ). 

 Anti-PF4/heparin antibodies are detectable in 
patients with HIT, even in the earliest phases of 
platelet decline (Warkentin et al.  2009 ). Thus, 
repeat ELISA testing is not useful unless there is 
a signifi cant clinical change that alters the pretest 
probability of HIT.  

  Question 8.      After 4 days on argatroban, the 
patient’s SRA comes back positive. His plate-
let count has improved to 80 × 10   9   /L. He has no 
signs or symptoms of thrombosis. What is the 
appropriate duration of anticoagulation? 

    A.    2 weeks.   
   B.    1 month.   
   C.    3 months.   
   D.    6 months.   
   E.    Four-limb compression ultrasonography 

should be used to inform the duration of 
anticoagulation.    

    Expert Opinion     Silent DVT is common in 
patients with HIT and may increase the risk for 
symptomatic thromboembolism (Tardy et al. 
 1999 ). Therefore, we request four-limb compres-
sion ultrasonography in all patients with con-
fi rmed HIT. If the patient has clinically apparent 
thrombosis or silent DVT by ultrasound, we treat 
with anticoagulation for 3 months (Watson et al. 
 2012 ; Linkins et al.  2012 ). 

 The appropriate duration of anticoagulation in 
patients without thrombosis (so-called isolated 
HIT) is unknown. Historical studies of untreated 
patients show a high rate of thrombosis in the fi rst 
1–2 weeks after heparin cessation (Warkentin 
and Kelton  1996 ), a timeframe corresponding to 
the period of platelet count recovery. Therefore, 
we anticoagulate patients with isolated HIT until 
the platelet count recovers to a stable plateau. 
Some experts advocate a longer course of treat-
ment lasting 4–6 weeks (Linkins et al.  2012 ; 
Arepally and Ortel  2006 ).  

  Question 9.      Screening four-limb ultrasonog-
raphy reveals a silent left popliteal DVT. You 
recommend a 3-month course of anticoagula-
tion with warfarin. When and how should the 
patient be transitioned from argatroban to 
warfarin? 

    A.    Warfarin may be started now.   
   B.    Warfarin should not be started until the plate-

let count recovers.   
   C.    Warfarin and argatroban should be over-

lapped for at least 5 days and until the INR off 
argatroban is ≥2.0.   

   D.    A and C.   
   E.    B and C.    

    Expert Opinion     Although patients requiring 
extended anticoagulation should eventually be 
transitioned to an oral agent like warfarin, this 
transition poses risks and must be undertaken 
carefully. As noted above, patients with acute 
HIT who are treated with a VKA are at risk for 
developing venous limb gangrene (Warkentin 
et al.  1997 ). Several measures should be taken 
to prevent this complication (Linkins et al. 
 2012 ):

    (a)    For patients on warfarin at the time of HIT 
diagnosis, warfarin should immediately be 
stopped and vitamin K should be adminis-
tered to replete protein C levels.   

   (b)    Warfarin should not be started until the plate-
let count has recovered to a stable plateau.   
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   (c)    When it is fi rst initiated, warfarin should be 
given at doses no greater than 5 mg/day. 
Larger loading doses should be avoided.   

   (d)    A parenteral anticoagulant should be over-
lapped with warfarin for at least 5 days and 
until the target INR has been reached.    

  The transition from argatroban to warfarin is 
complicated by the fact that argatroban itself 
increases the INR. If this effect is ignored and arg-
atroban is discontinued prematurely, the patient is 
placed at increased risk for thrombosis 
(Bartholomew and Hursting  2005 ). It is generally 
recommended that argatroban not be discontinued 
until the INR is >4. The INR should be repeated 
4–6 h after argatroban has been discontinued. If it 
is <2, argatroban should be resumed and the dose 
of warfarin increased. Detailed algorithms for 
guiding the transition from argatroban to warfarin 
have been published (Sheth et al.  2001 ). 

 An alternative approach is to use fondaparinux 
instead of argatroban when bridging to warfarin. 
Fondaparinux does not have a meaningful effect 
on the INR and may enable outpatient bridging 
in otherwise stable patients who are deemed 
safe for discharge (Warkentin  2010 ). It is likely 
that the DOACs are a reasonable alternative to 
warfarin in patients with HIT who require 
extended anticoagulation, although they have 
not been systematically investigated in this con-
text. As with warfarin, a DOAC should not be 
initiated until platelet count recovery. The 
DOACs do not require overlap with a parenteral 
anticoagulant.  

  Question 10.      What is the role of platelet 
transfusion in patients with HIT? 

    A.    Prophylactic platelet transfusion is indicated 
to maintain a platelet count of ≥50 × 10 9 /L 
while the patient is receiving an alternative 
anticoagulant.   

   B.    HIT is an absolute contraindication to platelet 
transfusion.   

   C.    HIT is a relative contraindication to platelet 
transfusion. Platelet transfusion may be used 
for major bleeding or an invasive procedure 
that carries a high risk of bleeding.    

    Expert Opinion     There is a long-held fear that 
platelet transfusion in patients with HIT may add 
“fuel to the fi re” and precipitate thrombosis. This 
belief was borne out of several dramatic case 
reports published in the 1970s. More recent 
series suggest that platelet transfusion may not 
increase thrombotic risk (Refaai et al.  2010 ; 
Hopkins and Goldfi nger  2008 ). Nevertheless, 
because HIT is a prothrombotic and not a hemor-
rhagic disorder, prophylactic platelet transfusion 
is rarely necessary and should generally be 
avoided. Platelet transfusion may be considered 
in patients with severe thrombocytopenia who 
are bleeding or who are undergoing an invasive 
procedure with high bleeding risk (Linkins et al. 
 2012 ).  

  Question 11.      Two years later, the patient is 
diagnosed with severe symptomatic mitral 
regurgitation. Mitral valve repair is recom-
mended. The cardiac surgeon asks if it is safe 
to use heparin during surgery. How do you 
respond? 

    A.    The patient is not at risk for recurrent HIT. He 
may receive heparin without restriction.   

   B.    All heparin exposure should be avoided.   
   C.    It may be possible to use heparin restricted to 

the intraoperative setting.   
   D.    Bivalirudin rather than heparin should be 

used for intraoperative anticoagulation.    

    Expert Opinion     The HIT immune response is 
transient. Anti-PF4/heparin antibody titers grad-
ually decline and disappear in most patients by 
day 100 after heparin cessation. Functional 
assays become negative at a median of 50 days 
(Warkentin and Kelton  2001 ). Although patients 
with a history of HIT should be instructed to 
avoid heparin, limited re-exposure during surger-
ies or vascular procedures that require anticoagu-
lation may be feasible if the immune response 
has waned. Laboratory testing can be used to 
guide management in this context (Table  4 ).

   If the platelet count has recovered and an 
immunologic assay such as the HIT ELISA has 
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 Controversial Topics in HIT 

•     Diagnosis
    1.    What is the best way to reduce HIT 

overdiagnosis and overtreatment? 
Given the limited positive predictive 
value of the 4T scoring system 
(Cuker et al.  2012 ), experts have 
developed an alternate pretest prob-
ability model, the HIT Expert 
Probability (HEP) score, which has 

   Table 4    Heparin re-exposure in patients with a history of HIT   

 Clinical category  Immunologic assay  Platelet count  Recommendation (Linkins et al.  2012 ) 

 Acute HIT  Positive  Low  Delay surgery if possible until functional and 
immunologic assays become negative 

 Use bivalirudin if immediate surgery is necessary 

 Repeated plasmapheresis may transiently reduce 
HIT antibody levels and allow brief intraoperative 
heparin exposure 

 Subacute HIT  Positive  Normal  Delay surgery if possible until immunologic assay 
becomes negative 

 Use bivalirudin if immediate surgery is necessary 

 Remote HIT  Negative  Normal  Heparin use is acceptable but should be restricted 
to intraoperative setting 

become negative (i.e., remote HIT), it is gener-
ally safe to treat the patient with heparin during 
surgery (Potzsch et al.  2000 ). Heparin should be 
avoided pre- and postoperatively. 

 In patients in whom the platelet count has not 
yet recovered (acute HIT) and those in whom the 
platelet count has recovered but the immunoas-
say remains positive (subacute HIT), surgery 
should be delayed if possible until HIT antibod-
ies have resolved (Linkins et al.  2012 ). If surgery 
cannot be postponed, an alternative anticoagulant 
such as bivalirudin may be administered intraop-
eratively (Dyke et al.  2006 ; Smedira et al.  2006 ) 
or plasmapheresis may be used to reduce the anti-
body titer prior to surgery (Warkentin et al.  2015 ). 

 For percutaneous vascular procedures such as 
coronary angiography, alternative anticoagulants 
such as bivalirudin are preferred in patients with 
a history of HIT because of their proven track 
record in this setting (Bittl et al.  2001 ).   

shown promise as an equally sensi-
tive but more specifi c indicator that 
reduces unnecessary treatment with 
alternative anticoagulants (Cuker 
et al.  2010 ). However, this scoring 
system has not been prospectively 
validated.   

   2.    What is the role of rapid immunoas-
says in the diagnosis of HIT? Many 
patients with suspected HIT receive 
alternative anticoagulants for a day 
or more before ELISA results return. 
Rapid immunoassays with turn-
around times of less than 30 min 
have the potential to serve as point- 
of- care screening tests and reduce 
unnecessary alternative anticoagu-
lant usage. However, performance 
characteristics of these assays have 
yet to be fully established.      

•   Treatment
    1.    Which non-FDA-approved alternate 

anticoagulants are appropriate for 
use in the context of acute HIT? 
Argatroban has several disadvan-
tages including expense, ~1 % daily 
risk of major bleeding, infl uence on 
INR, and the need for continuous 
infusion and intensive laboratory 
monitoring. Mounting evidence sup-
ports the use of fondaparinux in 
 stable patients (Kang et al.  2015 ). 
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Ongoing studies are evaluating the 
role of the DOACs in the treatment 
of HIT (Linkins et al.  2014 ).   

   2.    What is the appropriate duration of 
anticoagulation for a patient with 
isolated HIT? Guidelines suggest 
anticoagulating patients with iso-
lated HIT for 4 weeks (Linkins et al. 
 2012 ; Watson et al.  2012 ). However, 
other experts recommend a shorter 
(Cuker and Cines  2012 ) or longer 
(Arepally and Ortel  2006 ) duration 
of therapy. Prospective studies are 
needed to defi ne the optimal duration 
of anticoagulation.        

  Answers 

    Question 1. E  
  Question 2. B  
  Question 3. D  
  Question 4. A  
  Question 5. B  
  Question 6. C  
  Question 7. A  
  Question 8. E  
  Question 9. E  
  Question 10. C  
  Question 11. C         
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      Thrombotic Thrombocytopenic 
Purpura and Hemolytic Uremic 
Syndrome                      

     Han-Mou     Tsai    

          Introduction 

 TTP was initially described as a clinicopatho-
logic syndrome of altered mental status or focal 
neurological defi cits, thrombocytopenia, hemo-
lysis with fragments of red blood cells on blood 
smears (microangiopathic hemolytic anemia, 
MAHA), and hyaline thrombi in the arterioles 
and capillaries of multiple organs. Since tissues 
for pathologic examination are often not readily 
available, the criteria for TTP evolved to become 
a clinical syndrome of the diad of MAHA and 
thrombocytopenia (MAHA/T), the triad of diad 
plus neurological defi cits, or the pentad of triad 
plus fever and renal abnormalities. There is no 
biological basis to favor one set of criteria over 
the other; in fact, a patient may have pentad at 
fi rst presentation, but only triad or diad on other 
occasions. 

 In pediatric practice, most patients presenting 
with the syndrome of MAHA/T have prominent 
renal failure and were given the diagnosis of typi-
cal or atypical HUS (AHUS) depending on 
whether there was a prodrome of hemorrhagic 
diarrhea or not. We now know that most cases of 
“typical HUS” have recent infections of Shiga 
toxin-producing microorganisms (Shiga toxin- 
associated HUS, STX-HUS), whereas most cases 

of “AHUS” have mutations or antibodies that 
affect the regulation of the alternative comple-
ment pathway. 

 In adult practice, most patients presenting 
with the syndrome of MAHA/T have no or mild 
renal function impairment. The small fraction of 
patients with prominent renal failure was believed 
to represent an extreme form of TTP, often under 
the hybrid diagnosis of “TTP/HUS.” We now 
know that “TTP” or “TTP/HUS” thus defi ned 
includes disorders with vastly different pathoge-
netic mechanisms that require different therapeu-
tic considerations. Indeed, with recent knowledge 
in its molecular pathogenesis, it is now possible 
to approach the diagnosis and management of 
MAHA in a rational manner.  

    What Are the Current Defi nitions 
of Typical HUS, Atypical HUS, 
and TTP? 

 Current classifi cations are based on etiology and/
or pathogenesis (Table  1 ) (Fremeaux-Bacchi 
et al.  2013 ; Tsai  2014a ). It is important to be 
aware of the different disease defi nitions when 
one reviews the literature. In particular, many 
case series of “TTP” in the literature include 
patients with MAHA and thrombocytopenia of 
various or unknown causes. Findings based on 
cases with varying pathogenesis may not be 
applicable to patients with the newly defi ned 
TTP, AHUS, or STX-HUS.
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   Table 1    Defi nitions of MAHA, TMA, TTP, STX-HUS, and AHUS   

  Microangiopathic hemolytic anemia  

 A laboratory syndrome of hemolysis due to red cell fragmentation 

 Causes of red blood cell fragmentation: mechanical injury 

   Vascular devices (ventricular assist devices, ECMO, prosthetic heart valve) 

   Stenosis and/or thrombosis in arterioles and capillaries 

  Thrombotic microangiopathy (TMA)  

 A pathological syndrome of endothelial injury in the arterioles and capillaries often accompanied with thrombosis 
at sites of endothelial disruption 

 Presentations: 

   Organ dysfunction, MAHA, and thrombocytopenia 

   Organ dysfunction, without MAHA, and/or thrombocytopenia 

  Thrombotic thrombocytopenic purpura (TTP)  

 A disorder with predisposition to platelet thrombosis due to severe defi ciency of ADAMTS13 

   Acquired or autoimmune TTP: defi ciency due to inhibitory autoantibodies of ADAMTS13 

   Hereditary or congenital TTP: defi ciency due to genetic mutations 

 Presentations: 

   Thrombocytopenia, MAHA, and organ dysfunction (best known presentation) 

   Thrombocytopenia only, which is often mistaken to be ITP 

   Stroke, TIA, or myocardial infarction with no or mild thrombocytopenia and no MAHA 

   Thrombocytosis and MAHA, with or without symptoms 

   Subclinical thrombosis with no thrombocytopenia, MAHA, or symptoms 

  Shiga toxin-associated hemolytic uremic syndrome (STX-HUS)  

 A disorder with TMA following infection with STX-producing microorganisms (e.g.,  E. coli  O157:H7) 

  Atypical hemolytic uremic syndrome (AHUS)  

 A disorder with predisposition to TMA due to defective regulation of the alternative complement pathway 

   Loss-of-function mutations: complement factor H (CFH), CD46, complement factor I (CFI), or thrombomodulin 
(THBD) 

   Gain-of-function mutations: complement factor B (CFB), C3 

   Autoantibodies: CFH 

 Presentations: 

   Renal failure, MAHA, and thrombocytopenia (best known presentation) 

   Renal failure and MAHA 

   Progressive renal failure or ESRD without MAHA or thrombocytopenia 

   Severe hypertension with wildly fl uctuating blood pressures, ±renal insuffi ciency, MAHA, or thrombocytopenia; 
often confused with malignant or severe hypertensive disease 

   Abbreviations: ECMO  extracorporeal membrane oxygenator,  ESRD  end-stage renal disease,  ITP  idiopathic thrombocy-
topenic purpura,  MAHA  microangiopathic hemolytic anemic syndrome,  STX  Shiga toxins  

      What Are the Advantages 
of the New Defi nitions? 

 The new defi nitions provide a conceptual distinc-
tion among the various causes of MAHA/T. 
Importantly, the mechanistic defi nitions encom-
pass patients who do not present with the syn-
drome of MAHA/T. Thus, a patient presenting 
with stroke due to ADAMTS13 defi ciency is 
considered to have TTP and a patient with renal 

failure due to defective complement regulation is 
considered to have AHUS irrespective of the pres-
ence or absence of MAHA or thrombocytopenia.  

    Case 1: A Young Woman 
with Cerebrovascular Disease? 

 A 36-year-old female had her fi rst episode of 
TTP at 27 years of age. She achieved remission 
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after treatment with plasma exchange and vin-
cristine. Eight years later, the patient experienced 
a cerebral vascular accident resulting in weak-
ness of the right extremities and dysarthria. The 
platelet count, bilirubin, and lactate dehydroge-
nase levels were in the normal range. No schisto-
cytes were found on the blood smears. A magnetic 
resonance imaging study showed the presence of 
cortical infarction. However a cerebral angio-
gram and a study for hypercoagulability revealed 
no abnormalities. Three weeks after the stroke, 
her platelet count decreased to 6 × 10 9 /L and 
hemolysis with schistocytes on blood smears was 
noted. Her neurological status and blood counts 
improved after therapy with plasma exchange 
and prednisone. During the next 15 months, she 
continued to have recurrent but self-limited epi-
sodes of dizziness and blurred vision but her 
platelet count, hemoglobin concentration, and 
lactate dehydrogenase level were repeatedly in 
the normal range (Tsai and Shulman  2003 ). 

  Question 1.      What is the best course of action 
for this patient?  

     A.    An antiplatelet drug such as aspirin, with one 
of the newer antiplatelet drugs when necessary   

   B.    An anticoagulant drug such as warfarin or 
one of the new oral direct anticoagulants   

   C.    A combination of an antiplatelet and an anti-
coagulant drug   

   D.    ADAMTS13 analysis     

 Course: Her ADAMTS13 activity was measured 
and it was repeatedly less than 10 %. Her symptoms 
persisted despite aspirin and four monthly courses 
of intravenous cyclophosphamide and prednisone. 
The ADAMTS13 activity remained below 10 %. 
Her symptoms subsided and her ADAMTS13 
activity increased to 21 % (normal range 79–127 %) 
after four weekly doses of rituximab and further 
increased to 79 % after eight doses.  

   Comments: 
•   TTP may present as stroke without thrombo-

cytopenia and MAHA (Fig.  1 ).  
•   In the past, diagnosis of TTP was possible 

only when the patient developed thrombocy-
topenia and MAHA, as was the fi rst relapse in 

this case. The delay in diagnosis and treatment 
can contribute to the risk of serious complica-
tions or death.  

•   TTP is an uncommon cause of stroke or 
TIA. However, TTP should be on the list of 
differential diagnosis if there is a history of 
TTP even when thrombocytopenia and 
MAHA are absent (Downes et al.  2004 ) or if 
the age is less than 50 years. It should also be 
suspected if laboratory tests show even the 
slightest thrombocytopenia or hemolytic ane-
mia of unknown causes.  

•   Although plasma exchange is effective in 
inducing clinical remission, the remission 
often does not sustain for patients with repeated 
episodes. In such cases, rituximab, by sup-
pressing ADAMTS13 inhibitors, is effective in 
preventing the recurrent episodes.   

        How Does ADAMTS13 Defi ciency 
Lead to TTP? 

 The complications of TTP include:

•    Brain – headache, dizziness, altered mental sta-
tus, focal neurological defi cits, visual defects, 
seizures, infarction or hemorrhage on CT or 
MRI (uncommon)  

•   Abdomen – abdominal pain, pancreatitis  
•   Renal – hematuria, proteinuria and mild renal 

function impairment  
•   Cardiac – uncommon: arrhythmia, heart fail-

ure, myocardial infarction, sudden death    

 These complications are the results of ischemic 
injury of the organs affected with microvascular 
thrombosis. The thrombi of TTP, found in the arte-
rioles and capillaries of multiple organs, comprise 
platelet and VWF. There is no or very little evi-
dence of endothelial injury. Occasionally, cerebral 
or myocardial infarction occurs with thrombosis of 
a medium or large artery, presumably due to vessel 
injury caused by thrombosis in the vasa vasorum. 

 Some studies suggest that ADAMTS13 defi -
ciency may favor the activation of the alternative 
complement pathway in the kidney (Tati et al. 
 2013 ). Nevertheless, since injury of endothelial 
cells is not a common feature of TTP, it is doubt-
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ful that uncontrolled complement activation 
plays a key role in the pathogenesis of TTP as it 
does in AHUS. 

 It is often assumed that defi ciency of 
ADAMTS13 leads to accumulation of ultra-large 
multimers of von Willebrand factor (VWF) that 
are hyperactive and spontaneously cause platelet 
aggregation. This scheme is simplistic and not 
supported by the VWF changes observed in 
patients with TTP (Fig.  2 ). A scheme of how 
ADAMTS13 defi ciency leads to platelet thrombo-
sis and the complex changes of VWF multimers in 
TTP can be found elsewhere (Tsai  2013b ,  2014b ).

      How Does Defective Complement 
Regulation Lead to AHUS? 

 When the regulation of complement system is 
defective, uncontrolled activation leads to inces-
sant generation of cytotoxic membrane attack 

complex (MAC, i.e., C5b-9) and anaphylatoxins 
C3a and C5a. MAC causes endothelial injury and 
thrombosis at sites of endothelial disruption. C3a 
and C5a are potent agonists of histamine release 
from basophils and tissue mast cells. 

 Pathologically, TMA with endothelial injury 
is found primarily in the kidney. In other organs, 
interstitial edema is the most common fi nding. 
The dichotomy in pathology suggests that, in 
AHUS, for unknown reasons, complement acti-
vation primarily occurs in the kidney, where cell- 
bound MAC causes TMA and renal failure, 
whereas C3a and C5a may be released in the cir-
culation and cause abnormal vascular permeabil-
ity in other organs. 

 The clinical features of AHUS may be classi-
fi ed in fi ve groups based on their pathology and 
pathophysiology (Table  2 ). The difference in 
pathophysiology explains why progressive kidney 
failure or hypertension is not always associated 
with worsening thrombocytopenia or MAHA.

  Fig. 1    Clinical courses of TTP. In acquired TTP, the dis-
ease begins with autoimmune inhibitors suppressing the 
activity of ADAMTS13. VWF-platelet aggregation and 
thrombosis is likely to occur when ADAMTS13 is below 
threshold level of 10 % of normal. Thrombocytopenia 
occurs when platelet consumption outpaces compensatory 
thrombocytopoiesis. Most cases evolve with a typical 

course in which complications of MAHA and dysfunction 
of vital organs, most prominently the brain, ensue when 
thrombosis is widespread. In the less common forme fruste 
course, a patient may present with ischemic brain injury 
when thrombosis happens to affect a vital function such as 
speech, vision, or motor function before it is suffi ciently 
widespread to cause thrombocytopenia and MAHA       
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  Fig. 2    A scheme of how von Willebrand factor ( VWF ) 
multimers are generated via proteolysis by ADAMTS13 
and their changes in TTP. ( a ,  b ) In endoplasmic reticulum 
of endothelial cells, pre-pro-VWF forms dimers via disul-
fi de bonding near the carboxyl terminus while the signal 
peptide is removed. ( c ) In the storage granules (Weibel- 
Palade bodies), the dimers are disulfi de bonded near the 
amino terminus to form a high molecular weight ( HMW ) 
polymer while the pro-peptides are cleaved. ( d ) When 
VWF polymer is secreted from endothelial cells and 
exposed to circulatory shear stress, it is cleaved by 
ADAMTS13 at the Tyr1605-Met1606 bond, generating 
smaller VWF forms and fragments. The process of prote-
olysis repeats when VWF cycles through the microcircu-
lation, thereby decreasing stepwise the size of the VWF 
molecule. The smallest VWF fragments that do not con-
tain the original VWF polypeptide include dimers of the 
176-kD and 140-kD fragments, both of which are indeed 
detectable in normal plasma. ( e ) When extracts of endo-
thelial cells are analyzed in SDS agarose gel electrophore-

sis and visualized with radiolabeled anti-VWF, a dimer of 
pro-VWF with a molecular weight of approximately 
800 kD and a HMW polymer(s) are detected respectively 
in the endoplasmic reticulum and the storage granules of 
Weibel-Palade bodies. The secreted HMW VWF is con-
verted to a series of multimers in normal plasma ( NP ) via 
shear stress-dependent proteolysis by ADAMTS13. A 
gradient depletion of the large multimers from the top is 
observed in TTP patients presenting with advanced 
thrombosis and profound thrombocytopenia. Unusually 
large ( UL ) VWF multimers are detectable albeit still with 
a pattern of gradient depletion from the top when plasma 
exchange begins to increase the ADAMTS activity and 
platelet count begins to increase. More UL VWF is visible 
when platelet thrombosis is suppressed and platelet count 
is normalizing but ADAMTS13 activity is less than 30 %. 
The sequence of change in VWF is reversed when the 
ADAMTS13 activity decreases below 10 % to cause 
relapse. The ADAMTS13 levels and platelet counts of an 
illustrative case are shown       
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        What Are the Other Causes 
of the Syndrome of MAHA 
and Thrombocytopenia? 

 MAHA is a form of hemolytic anemia in which 
red blood cells are mechanically injured by 
abnormally high levels of shear stress in the cir-
culation. Schistocytes, i.e., fragments of red 
blood cells, are a common fi nding in patients 
with ventricular assist devices (VAD), extracor-
poreal membrane oxygenators (ECMO), or pros-
thetic heart valves. In patients without vascular 
devices, the presence of hemolysis with schisto-
cytes signifi es abnormal shear stress in the circu-
lation, typically a consequence of stenosis in the 
arterioles and capillaries 

 Thrombosis is the most common cause of 
arteriolar and capillary stenosis. Consequently, 
thrombocytopenia, a consequence of platelet 
consumption in the process of thrombosis, often 
accompanies MAHA. In patients with non- 
thrombotic arteriolar stenosis, there may not be 

thrombocytopenia, or thrombocytopenia may 
occur via other mechanisms. 

 Pathologically, the disorders that may pres-
ent with MAHA/T in patients without vascular 
devices can be classified in six groups 
(Table  3 ). TTP and TMA are listed separately, 
as their pathological features are quite differ-
ent. In TTP, the von Willebrand factor-rich 
thrombi are found in arterioles and capillaries. 
In TMA, the cardinal feature is endothelial 
injury, i.e., microangiopathy; thrombosis only 
occurs at sites of endothelial disruption where 
platelets and blood coagulation proteins come 
in contact with thrombogenic subendothelial 
components.

      Case 2: A Case of TTP 
Without ADAMTS13 Defi ciency? 

 A 56-year-old female with no history of medical 
illness presented with progressive weakness for 

    Table 2    Pathophysiological bases of the complications of AHUS   

 Complication  Pathology  Mechanism 

 Renal failure  TMA with endothelial swelling or 
necrosis of glomerular arterioles, 
capillaries, and occasionally small 
arteries; expansion of the subendothelial 
space due to edema or deposition of 
myxoid or fi brous components; and foci 
of thrombosis at sites of endothelial 
disruption 

 Endothelial injury by 
complement activation product 
C5b-9 

 Ischemic injury of thrombotic 
and non-thrombotic stenosis 

 Hypertension  TMA of juxtaglomerular arterioles  Abnormal release of renin from 
affected juxtaglomerular 
arterioles 

 MAHA  Arteriolar stenosis or occlusion  Injury of red blood cells by 
abnormal shear stress in the 
arterioles 

   Thrombotic 

   Non-thrombotic: endothelial swelling/
subendothelial expansion 

 Thrombocytopenia  Arteriolar and capillary thrombosis  Consumption of platelets in 
thrombosis 

 Extrarenal complications a   Interstitial edema  Abnormal vascular 
permeability due to C3a and 
C5a released from the kidney 

   a Brain- headache, dizziness, altered mental status, and seizures with posterior reversible encephalopathy syndrome 
(PRES) and brain edema in MRI; eyes- visual defects, retinal edema, exudates, and ischemic injury with abnormal 
permeability in fl uorescence angiography; cardiopulmonary- chest pain, dyspnea, cough, arrhythmia and heart failure 
with pleural and pericardial effusions, pulmonary edema, and bronchial wall thickening or cardiac hypokinesis in imag-
ing studies; abdomen- abdominal pain, anorexia, nausea, vomiting, diarrhea with ascites, mesenteric edema, pancreati-
tis, and intestinal wall thickening in imaging studies; and cutaneous soft tissues-puffy face and swollen extremities  
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    Table 3    A pathological classifi cation of the syndrome of MAHA and thrombocytopenia   

 Fibrin-rich thrombi 

   Features: fi brin-rich thrombi without evidence of vascular injury or infl ammation 

   Examples: DIC, HELLP syndrome (common); CAPS, HIT, PNH (uncommon) 

 VWF-rich thrombi 

   Features: VWF-rich thrombi without evidence of vascular injury or infl ammation 

   Examples: thrombotic thrombocytopenic purpura (TTP) 

 Thrombotic microangiopathy (TMA) 

   Features: endothelial injury with variable thrombosis 

   Examples: STX-HUS, NEU-HUS, drugs, APS, AHUS,  DGKE  mutations, cobalamin C disease 

 Vasculitis 

   Features: injury and infl ammation of the vessel wall 

   Examples: autoimmune or immune complex vasculitis, RMSF, or other infectious vasculitis 

 Vasculopathy 

   Features: injury of the vessel wall with no or minimal infl ammatory cells 

   Examples: renal scleroderma, some cases of APS 

 Tumor cell embolism 

   Features: clusters of neoplastic cells in small arteries, arterioles, and capillaries 

   Examples: metastatic breast, stomach, or other cancers 

 Vascular devices 

   Features: increasing hemolysis signifi es device malfunction or thrombosis 

   Examples: VAD, ECMO, prosthetic heart valves 

   Abbreviations: AHUS  atypical hemolytic uremic syndrome in association with defective complement regulation;  APS  
antiphospholipid antibody syndrome;  ECMO  extracorporeal membrane oxygenator;  DGKE  diacylglycerol kinase epsi-
lon;  DIC  disseminated intravascular coagulopathy;  CAPS  catastrophic antiphospholipid antibody syndrome;  HELLP  
hemolysis, elevated liver enzymes, and low platelet count of pregnancy;  HIT  heparin-induced thrombocytopenia;  HUS  
hemolytic uremic syndrome;  NEU  neuraminidase;  PNH  paroxysmal nocturnal hemoglobinuria;  RMSF  Rocky Mountain 
spotted fever;  STX  Shiga toxins;  VAD  ventricular assist devices;  VWF  von Willebrand factor  

1 week. Her laboratory test rests showed MAHA 
and thrombocytopenia (Table  4 ), and her blood 
smear revealed many schistocytes (Fig.  3 , panel 
 a ). She was started on daily plasma exchange for 
“TTP without ADAMTS13 defi ciency.” After 
6 weeks of plasma exchange, there was no 
improvement in her thrombocytopenia and 
MAHA.

     Question 2.      Which is the best course of action 
for this patient? 

    A.    Start rituximab for refractory TTP, followed 
by splenectomy when necessary.   

   B.    Add acetylcysteine to decrease unusually 
large multimers of VWF.   

   C.    Add eculizumab to control complement 
activation.   

   D.    A CT or MRI guided biopsy or a bone mar-
row biopsy.    

  Course: A whole-body CT and MRI did not 
reveal any focal lesions. A bone marrow biopsy 
was performed and revealed numerous clusters 
of anaplastic cancer cells in the small vessels 
(Fig.  3 , panel  c ). Extensive search failed to locate 
the primary site. She improved after chemother-
apy with carboplatin and paclitaxel.  

   Table 4    Laboratory test results of case #2   

 Test  Day 0  Day 7 

 Platelets count, ×10 9 /L  76  24 

 Hb, g/dL  6.2  9.0 

 LDH, U/L  4,900  >5,000 

 Cr, mg/dL  0.8  1.0 

 PT, PTT  Normal  Normal 

 ANA, RF  Negative  – 

 C3, C4  Normal  – 

 VWF: Ag, %  221  111 

 ADAMTS13, %  112  92 
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   Comments: 
•   There is no “TTP without ADAMTS13 defi -

ciency” that can be logically defi ned.  
•   Answer A is appropriate only if the patient 

were shown to have ADAMTS13 defi ciency 
due to inhibitors. Acetylcysteine reduces the 
disulfi de bonds and decreases the size of VWF 
multimers in vitro and in animal models. 
Nevertheless, most patients of active TTP 
already have depletion of their large multimers 
(Fig.  2 ). Unusually large VWF multimers are 
an epiphenomenon of ADAMTS13 defi ciency 
rather than a direct cause of platelet thrombo-
sis in TTP. Complement activation is detected 
in some patients with acquired TTP, not unex-
pected for a disease with circulating 
ADAMTS13-inhibitor immune complexes. In 
fact, complement activation is common in a 

variety of disorders that are unrelated to micro-
vascular thrombosis.  

•   When ADAMTS13 test results exclude the 
diagnosis of TTP, clinicians are obligated to 
search for other causes as listed in Table  3 , and 
continuation of plasma exchange is not indi-
cated unless AHUS is not excluded and eculi-
zumab is unavailable.  

•   Cancer cell embolism may occur in patients 
without a history of neoplastic disease. This 
entity should be included in the differential 
diagnosis of MAHA/T when TTP and AHUS 
are excluded and there are no other apparent 
plausible causes.  

•   Another uncommon cause of MAHA/T is par-
oxysmal nocturnal hemoglobinuria (PNH) 
with microvascular thrombosis in the mesen-
teric vasculature.      

  Fig. 3    Blood smear and tissue sections of a patient with 
MAHA and thrombocytopenia. Panels ( a ,  c ) Blood smear 
and bone marrow biopsy of case #2, showing schistocytes in 
the blood smear and clusters of neoplastic cells in the small 
vessels. Panels ( b ,  d ) Sections of the heart and the kidney 

obtained at autopsy of two representative patients who died 
with TTP and AHUS, respectively. In TTP, hyaline thrombi 
are noted in the arterioles and capillaries. The endothelial 
cells are intact. In AHUS, stenosis may result from marked 
intimal fi bro-proliferation without thrombosis       
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    What Are the Diagnostic 
Approaches to the Syndrome 
of MAHA and Thrombocytopenia? 

 The diagnostic approaches for patients present-
ing with the syndrome of MAHA and thrombo-
cytopenia are depicted in Fig.  4 . Comorbid 
conditions that may associate with the syndrome 
of MAHA/T are depicted in Tables  5  and  6 .

     AHUS is the presumptive diagnosis for a 
patient presenting with the triad of renal func-
tion of any severity and MAHA/T without 
apparent comorbidity after TTP, DIC, STX-
HUS, and autoimmune disorders are excluded. 

Other disorders that may present with the triad 
without apparent comorbidity include  DGKE  
( diacylglycerol kinase epsilon ) mutations and 
cobalamin C disease. DGKE nephropathy typi-
cally has its onset during infancy and does not 
cause extrarenal complications. It also does not 
respond to anticomplement therapy (Lemaire 
et al.  2013 ). Most cases of cobalamin C disease 
have neuropsychiatric and other abnormalities. 
Rarely, cobalamin C disease, which is charac-
terized by markedly elevated serum homocyste-
ine and methylmalonic acid but normal B12 
level, may present with TMA in adults 
(Cornec-Le et al.  2014 ). 

  Fig. 4    Approaches to the differential diagnosis of MAHA 
in patients without vascular devices. For patients present-
ing with the syndrome of MAHA and thrombocytopenia, 
plasma ADAMTS13 analysis, DIC panel, lupus anticoagu-
lants, and autoimmune serology should be obtained imme-
diately. Stool Shiga toxin analysis should be requested for 
patients in endemic areas, particularly when there is recent 
diarrhea or impaired renal function. A plasma ADAMTS13 
activity less than 10 % of normal, when reliably performed, 
constitutes the diagnosis of TTP. A positive ADAMTS13 
inhibitor assay is diagnostic of acquired (autoimmune) 
TTP. When the ADAMTS13 inhibitor assay is negative, a 
distinction between acquired and congenital TTP will 
require further investigations that include ADAMTS13 

activity during remission, ADAMTS13 response to plasma 
therapy, age of onset, and/or family studies. When TTP, 
DIC, STX-HUS, and autoimmune disorders are excluded, 
a patient presenting with MAHA/T and renal dysfunction 
of any severity is presumed to have AHUS if there are no 
other plausible causes as listed in Tables  5  and  6 , espe-
cially if the patient has any of the complications of abnor-
mal vascular permeability (Table  2 ) that are otherwise 
unexplained. Rarely an adult patient may have DGKE 
nephropathy or cobalamin C disease as the cause of renal 
failure and MAHA/T.  Abbreviations :  B2GP1  beta-2 glyco-
protein 1,  DGKE  diacylglycerol kinase epsilon,  MMA  
methylmalonic acid,  MMACHC  methylmalonic aciduria 
and homocystinuria type C       
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    What Is the Differential Diagnosis 
for MAHA/T After Hematopoietic 
Stem Cell Transplant (HCT)? 

 In patients with HCT, MAHA/T may result from 
TMA induced by high-dose chemotherapeutic 
drugs used in myeloablation or anti-GvHD drugs. 
Vasculitis or vasculopathy may also occur due to 
systemic fungal or viral infections associated 
with immunosuppression. 

 In patients with autologous or syngeneic allo-
geneic HCT who do not require anti-GvHD ther-
apy, AHUS may occur due to antibodies of 
complement factor H (Tsai  2013a ), presumably 
in an environment of deranged recovery of the 
immune system following myeloablation or 
immunosuppression. Similar derangement of 
autoimmune regulation may account for the 
occasional occurrence of TTP due to ADAMTS13 
inhibitors in the same group of patients.  

    Does Severe or Malignant 
Hypertension Cause the Syndrome 
of MAHA/T or TMA? 

 Severe hypertension, often with wildly fl uctuating 
blood pressures, is a common feature of STX-
HUS, AHUS, renal scleroderma, and occasion-
ally the nephropathy of antiphospholipid antibody 
syndrome. Some patients of AHUS may fi rst 

present as brittle hypertension with no or minimal 
MAHA, thrombocytopenia, or renal failure (Tsai 
 2013a ). In the past, MAHA/T or TMA in kidney 
biopsy was often attributed to severe or malignant 
hypertensive disease. However, intensive antihy-
pertensive therapy often fails to control the blood 
pressures or prevent renal function deterioration. 
AHUS should be the presumptive diagnosis in 
such cases. Anticomplement therapy may help 
stabilize and control the wildly fl uctuating blood 
pressures and halt the deterioration of renal dys-
function (Tsai  2013a ).  

    What Is the Differential Diagnosis 
for MAHA/T During Pregnancy? 

 The causes of MAHA and thrombocytopenia dur-
ing pregnancy, depicted in Table  7 , include the 
HELLP syndrome, AHUS, and TTP. Pregnancy 
causes progressive decrease of ADAMTS13 
activity by approximately 30 % at term of gesta-
tion and by as much as 65 % if pregnancy is com-
plicated with the HELLP syndrome (Lattuada 
et al.  2003 ; Sanchez-Luceros et al.  2004 ). Thus, 
pregnancy often causes disease aggravation in 
patients with congenital TTP who are not receiv-
ing maintenance plasma therapy (Scully et al. 
 2014 ). The effect of pregnancy on acquired TTP 
is unpredictable, because in addition to its effect 
of decreasing the plasma ADAMTS13 level, 

    Table 5    Comorbid conditions suggestive of specifi c causes (exclusive of TTP)   

 Comorbid conditions  Causes or mechanisms  Confi rmation of diagnosis 

 Infection, trauma, surgery, 
pancreatitis, IV contrast agents, 
peripartum period 

 Triggers of complement activation 
in patients with AHUS 

 Molecular studies of AHUS a , 
therapeutic diagnosis (when infection 
is controlled) b  

 Prodrome of hemorrhagic diarrhea  STX-HUS  Stool Shiga toxin analysis 

 Pneumococcal sepsis  NEU-HUS  RBC phenotyping 

 Drugs, anti-VEGF  Deprivation of VEGF signaling  Drug discontinuation ± kidney biopsy 

 Drugs, other (e.g., gemcitabine)  TMA via unknown  Drug discontinuation ± kidney biopsy 

 Heparin anticoagulation  HIT with microvascular 
thrombosis 

 Heparin/PF4 antibodies, serotonin 
release assay 

 Fever, rashes, endemic exposures   R. rickettsia  vasculitis  Serology, tissue biopsy 

   Abbreviations: HELLP  the syndrome of hemolysis, elevated liver enzymes, and low platelet count of pregnancy,  HIT  
heparin induced thrombocytopenia,  HUS  hemolytic uremic syndrome,  IV  intravenous,  NEU  neuraminidase,  STX  Shiga 
toxins,  TMA  thrombotic microangiopathy,  VEGF  vascular endothelial growth factor 
  a ELISA for complement factor H antibodies and sequencing analysis of complement factor H (CFH), CD46, comple-
ment factor I (CFI), complement factor B (CFB), C3 and thrombomodulin (THBD) 
  b Steady increase in the platelet count and improvement in extrarenal complications following a therapeutic dose of 
eculizumab  
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pregnancy may suppress autoimmunity, thereby 
increasing its plasma level. Autoimmune TTP 
may aggravate during the postpartum period.

       Do Negative Molecular Test 
Results Exclude the Diagnosis 
of AHUS or Predict Its Severity? 

 Current molecular tests for AHUS and their limi-
tations and indications are depicted in Table  8 . 
With the exception of uncomplicated CD46 
mutations, the results are a poor predictor of dis-
ease activity and negative results do not exclude 

AHUS. Measurements of C3, C4, complement 
factor B (CFB), or complement activation prod-
ucts (e.g., C3a, C5a, and C5b-9) are neither sen-
sitive nor specifi c for AHUS (Noris et al.  2014 ).

        How Does the New Knowledge 
of TTP Improve Its Management? 

 The new knowledge in the pathogenesis of TTP 
has improved the management of TTP in several 
aspects (Table  9 ). Recombinant ADAMTS13 is 
undergoing development to replace fresh frozen 
plasma for congenital and possibly acquired TTP.

    Table 6    Comorbid conditions associate with MAHA/T via more than one mechanism (exclusive of TTP)   

 Comorbid conditions  Causes or mechanisms  Confi rmation of diagnosis 

 Hematopoietic stem 
cell therapy (HCT) 

 TMA due to myeloablative drugs  Review of medication history 

 TMA due to anti-GvHD drugs  Revision of medication regimens 

 Fungal or viral vasculitis  Blood for fungal and viral studies 

 AHUS with anti-CFH  Molecular testing for AHUS 

 Anticomplement therapeutic diagnosis 

 Kidney or other solid 
organ transplantation 

 Drug-associated TMA  Revision of medication regimens 

 Fungal or viral vasculitis  Blood for fungal and viral studies 

 Severe rejection reaction  Biopsy of transplant organ 

 Undiagnosed AHUS (in patients with 
kidney transplants) 

 Molecular testing for AHUS 

 Anticomplement therapeutic diagnosis 

 Autoimmune diseases  Disseminated fi brin thrombosis  Kidney or other tissue biopsy 

 Vasculopathy/vasculitis 

 AHUS or TMA of unknown mechanisms  Molecular testing for AHUS 

 Anticomplement therapeutic diagnosis 

 Neoplastic diseases  Drug-induced TMA (anti-VEGF, others)  Drug discontinuation ± kidney biopsy 

 Tumor cell embolism  Bone marrow or CT guided tissue biopsy 

 Severe or malignant 
hypertension 

 Renal scleroderma  ANA, anti-scl 70, kidney biopsy 

 AHUS  Molecular testing for AHUS 

 Anticomplement therapeutic diagnosis 

 Hypertensive vasculopathy (putative)  Control with antihypertensive drugs 

 Pregnancy  HELLP syndrome  Rapid resolution after termination of 
pregnancy 

 AHUS  Molecular testing for AHUS 

 Anticomplement therapeutic diagnosis 

 HIV infection  Fungal or viral vasculitis  Blood for fungal and viral studies 

 AHUS or TMA of unknown mechanisms  Molecular testing for AHUS 

 Anticomplement therapeutic diagnosis 

 Mesenteric thrombosis 
in colonic biopsy 

 Undiagnosed STX-HUS  Stool Shiga toxin analysis 

  C. diffi cile  colitis  Stool  C. diffi cile  toxin analysis 

 Paroxysmal nocturnal hemoglobinuria  Flow cytometry for GPI anchor 

   Abbreviations: AHUS  atypical hemolytic uremic syndrome of pregnancy,  CFH  complement factor H,  GPI  glyco-
sylphosphatidylinositol,  HELLP  hemolysis elevated liver enzymes and low platelet counts of pregnancy,  MAHA/T  
microangiopathic hemolytic anemia and thrombocytopenia,  STX  Shiga toxins,  TMA  thrombotic microangiopathy, 
 VEGF  vascular endothelial growth factor  

Thrombotic Thrombocytopenic Purpura and Hemolytic Uremic Syndrome



542

   Table 7    Differential diagnosis of MAHA/T during pregnancy and postpartum period   

 Disorder  Features  Management and course 

 HELLP syndrome  The most common cause of MAHA/T 
during pregnancy 

 May occur with or without concurrent 
preeclampsia. Quick resolution after termination 
of pregnancy  Abdominal symptoms and abnormal 

liver functions during the second half 
of gestation 

 AHUS  Renal failure, hypertension, extrarenal 
complications of abnormal vascular 
permeability 

 Often mistaken to be HELLP/preeclampsia 

 Onset is during the peripartum period 
when complement is activated, 
especially when pregnancy is 
complicated with HELLP or 
preeclampsia 

 Prompt and correct diagnosis is critical to 
prevent ESRD or death 

 Eculizumab replaces plasma exchange as the 
treatment of choice 

 May relapse or cause hypertension after delivery 

 TTP  Congenital TTP: exacerbation is 
common in patients without 
maintenance plasma therapy 

 Congenital TTP: maintenance plasma transfusion 
every 2 weeks, tailored to prevent 
thrombocytopenia 

 Acquired TTP: de novo cases may 
occur coincidentally; exacerbation of 
preexisting disease may occur during 
gestation if the baseline ADAMTS13 
is decreased and during the 
postpartum period 

 History of acquired TTP: prophylactic rituximab 
if baseline ADAMTS13 is decreased; monthly 
monitoring of ADAMTS13 during pregnancy 
and postpartum period 

   Table 8    Application of molecular tests in the diagnosis of AHUS   

 Issue  Contexts  Comments 

 Tests  ELISA for antibodies of CFH  The tests are only available at a few special 
laboratories  Gene sequencing analysis of CFH, 

CD46, CFI, THBD, CFB, C3, and DGKE 

 Limitations  Current sequencing may miss exonic 
deletions and does not detect mutations 
affecting gene transcriptions 

 Negative results do not exclude AHUS 

 The tests only detect pathogenic results 
in 40–75 % of patients with defective 
complement regulation 

 The turnaround times may be weeks to months 

 Mutations of more than one gene in 10–40 % of 
patients 

 Better prognosis for patients with CD46 mutations 
alone 

 Otherwise poor correlation with disease severity 

 Indications  Renal failure and MAHA/T without other 
plausible causes 

 For patients presenting with acute symptoms, initial 
diagnosis of AHUS cannot rely on molecular testing 

 TMA in kidney biopsy, ±MAHA/T 

 ESRD of unknown etiology, before 
kidney transplantation 

   Abbreviations :  AHUS  atypical hemolytic uremic syndrome,  CFB  complement factor B,  CFH  complement factor H,  CFI  
complement factor I,  DGKE  diacylglycerol kinase epsilon,  DIC  disseminated intravascular coagulopathy,  ELISA  
enzyme-linked immunoassay,  ESRD  end-stage renal disease,  MAHA/T  microangiopathic hemolytic anemia and throm-
bocytopenia,  NEU-HUS  neuraminidase-associated hemolytic uremic syndrome,  STX-HUS  Shiga toxin-associated HUS, 
 THBD  thrombomodulin,  TMA  thrombotic microangiopathy  
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      What Are the Principles 
of Management for AHUS? 

 Atypical HUS has been treated like TTP with 
plasma exchange. This approach is not optimal and 
should be replaced by a set of approaches based on 
current knowledge of its course (Table  10 ).

       Case 3: Does Normalization 
of the Platelet Count Signify 
Remission of AHUS? 

 A 61-year-old female with history of mild hyper-
tension developed abdominal pain and mucous to 
bloody diarrhea 1 day after eating hamburgers at 
a country fair. Her symptoms persisted and she 
became confused 2 days later, with puffy face 
and swollen extremities. Daily plasma exchange 
was started for “TTP/HUS” based on her history 
and laboratory results (Table  11 ). She was 

declared to be in remission and discharged on 
day 13, when tapering of plasma exchange was to 
begin as an outpatient. Nevertheless, the daughter 
complained that her mother continued to be inter-
mittently confused and her face remained puffy 
throughout the hospital course.

    Question 3.      What is the most likely explana-
tion of the patient’s symptoms? 

    A.    Her symptoms simply take longer to resolve.   
   B.    Fluid overload because of her renal 

insuffi ciency.   
   C.    Allergic reaction to plasma exchange.   
   D.    Ongoing complement activation with genera-

tion of anaphylatoxins.    

  Course: The treatment was switched to eculi-
zumab on day 17, when her platelet count was 
slightly decreased despite continuation of daily 
plasma exchange. Her mental status cleared, her 

   Table 9    New concepts in the management of TTP   

 Problem  Action  Comments 

 Renal failure  Search for causes of renal failure 
when the maximal serum Cr is 
greater than 2.5 mg/dL 

 Acquired TTP causes no or mild renal 
function impairment. Congenital TTP 
may cause acute or chronic renal failure 

 Maximal serum Cr greater than 2.5 mg/
dL signifi es the diagnosis of acquired 
TTP is incorrect or there is another cause 
of renal failure 

 The increase of platelet count 
stalls during plasma exchange 

 ADAMTS13 activity assay  ADAMTS13 <10 %: intensify plasma 
exchange. Add rituximab if it is not 
already started 

 ADAMTS13 >10 %: look for other 
causes, e.g., catheter-related sepsis, HIT, 
and HIV-related thrombocytopenia 

 Persistent TTP or frequent 
relapses 

 Rituximab  Rituximab is highly effective in weaning 
the patients off plasma exchange 

 Exacerbation or death during 
plasma exchange 

 Preemptive rituximab soon after 
diagnosis of TTP is confi rmed 

 Preemptive rituximab may be effective in 
preventing exacerbation or death after 
1 week of treatment but not early 
exacertation or death 

 Late relapses  Preemptive rituximab guided by 
monthly ADAMTS13 activity 

 A trend of decrease in ADAMTS13 
activity typically precedes a relapse by 
several weeks to months. Rituximab is 
indicated when ADAMTS13 decreases to 
20–30 % 

 Detection of subclinical 
thrombosis in a patient of 
congenital TTP with no symptoms 
and normal platelet counts 

 Plasma transfusion  An increase in the platelet count 1–3 days 
after plasma transfusion signifi es 
subclinical thrombosis and is an 
indication of maintenance plasma therapy 
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   Table 10    Principles of management for AHUS   

 Issue  Comments 

 Plasma exchange (PEx) 
should be replaced by 
eculizumab as the treatment 
of choice unless TTP is not 
yet excluded or there is active 
infection 

 With plasma therapy, the case fatality rate is approximately 20 % and only ~40 % 
of the cases are alive, relapse-free, and not on dialysis support by the end of the 
fi rst year 

 For individual patients, the response to plasma exchange is unpredictable 

 Some patients require maintenance plasma exchange, which is diffi cult to manage 
and disruptive for quality of life 

 In clinical trials, eculizumab is effective for patients not responding to plasma 
exchange and safely replaces plasma exchange for patients requiring maintenance 
therapy (Legendre et al.  2013 ) 

 Assessment of response to 
eculizumab 

 Thrombocytopenia: the response to eculizumab is predictable – steady increase 
of platelet count by day 3, normalizing by day 7 in most patients (Tsai and 
Kuo  2014 ) unless there is comorbidity 

 Extrarenal complications: steady resolution by day 7 and remission by day 14 

 LDH: normalization may take up to a few months 

 Blood pressures: stabilizing after 2 weeks of treatment 

 Renal function: rapid recovery in 2 weeks, slow improvement over many months, 
or no response at all 

 Eculizumab may be ineffective in patients with certain C5 polymorphisms found 
among Asians (Nishimura et al.  2014 ) 

 Duration of treatment  In principle the treatment should be indefi nite 

 A program of managed tapering, in which eculizumab is gradually tapered off, 
may be an option in selected patients with no symptoms, stable kidney 
function and blood pressures, and ready access to expert evaluation when 
necessary 

 Prompt re-treatment is indicated if there is even the slightest evidence of relapsing 
disease activity (symptoms, newly unstable blood pressures, worsening kidney 
function, decreasing platelet counts, elevated LDH) 

 Platelet count alone is inadequate to represent disease activity of AHUS 

 Risk of treatment  There is a small but serious risk of fulminant meningococcal infection 

 Vaccination is mandatory 

 A prophylactic antibiotic is indicated until 2 weeks after vaccination 

   Table 11    Laboratory results and treatment of case #3: AHUS   

 Days from admission  −2  0  13  17  26 

 Hb, g/dL  12.5  12.5  8.4  7.3  8.1 

 Platelet, ×10 9 /L  52  52  166  134  206 

 Cr, mg/dL  2.6  5.4  1.5  1.1  1.1 

 LDH  –  3,330  745  737  754 

 Schistocytes  –  ++  –  –  – 

 PT, PTT  –  Normal  –  –  – 

 Stool Shiga toxins  Negative  –  –  –  – 

 ADAMTS13, %  –  86  –  –  – 

 ANA, LA, ACLA, 
B2GP1 Ab 

 –  Negative  –  –  – 

 Renal ultrasound  ↑Echogenicity  –  –  –  – 

 Treatment  –  Plasma exchange  Eculizumab  – 

   Abbreviations:   ANA  antinuclear antibody,  LA  lupus anticoagulants,  ACLA  anticardiolipin antibody,  B2GP1  beta-2 gly-
coprotein 1  
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puffy face subsided, and her platelet count 
increased to more than 200 × 10 9 /L before the 
second weekly dose of eculizumab.  

   Comments: 
•   The diagnosis should have been presumptive 

AHUS, based on MAHA/T, renal function 
impairment, complications of abnormal vascular 
permeability (swollen soft tissues), exclusion of 
TTP, and absence of other plausible causes.  

•   The severity of thrombocytopenia is often 
dissociated from organ dysfunctions and 
MAHA in AHUS, as it did in this case at pre-
sentation and during its response to plasma 
exchange.  

•   Plasma exchange often induces incomplete 
responses of AHUS as seen in this case: her 
renal function improved and her thrombocyto-
penia resolved albeit precariously; yet her 
confusion and soft tissue swelling persisted. 
These symptoms cannot be attributed to her 
very mild renal insuffi ciency.  

•   Clinical remission of AHUS requires resolution 
of extrarenal complications of abnormal vascu-
lar permeability, normalization of the platelet 
count, stable or improving kidney function, and 
relatively stable blood pressures.  

•   Her rapid improvement in thrombocytopenia 
and extrarenal complications after one dose of 
eculizumab is typical of AHUS.     

    “I Have a History of TTP or AHUS. Can 
I Become Pregnant?” 

 Women with congenital TTP should have peri-
odic plasma transfusion approximately every 
2 weeks to prevent exacerbations and fetal com-
plications during pregnancy. The treatment inter-
val should be tailored to prevent thrombocytopenia 
throughout the course of pregnancy. 

 Patients with a history of acquired TTP 
should have their ADAMTS13 level analyzed, 
preferably repeatedly over a course of several 
months before pregnancy. For patients with low 
ADAMTS13 activity, a course of rituximab ther-
apy is indicated before or soon after becoming 
pregnant. The plasma ADAMTS13 activity 
should be monitored monthly during pregnancy. 
A new course of rituximab treatment is indicated 
if ADAMTS13 activity shows a trend of decrease 
toward 30 %. 

 For a patient with a history of AHUS, mainte-
nance eculizumab should be continued if the 
patient is already on the treatment. If the patient 
is not on maintenance eculizumab therapy, the 
patient should have blood counts and kidney 
function test every 2–4 weeks and, more impor-
tantly, understand the need to seek immediate 
evaluation when there are slightest symptoms or 
signs suggestive of disease activity, such as head-
ache, anorexia, nausea, abdominal pain, short-
ness of breath, puffy face, swollen hands/feet, or 
unstable blood pressures.   

    What Are the Current Controversies 
and Resolved Issues in TTP 
and AHUS? 

 After years of disagreements and debates, it is now 
generally accepted that TTP is a disorder due to 
ADAMTS13 inhibitory antibodies or mutations 
and AHUS is separate disorder. However, there are 
many issues that remain unresolved or controver-
sial (Table  12 ).

    Answers 

    Question 1. D  
  Question 2. D  
  Question 3. D         
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 Corticosteroids 

  The benefi ts of corticosteroids, commonly prescribed for acquired TTP, are questionable 

 Preemptive rituximab 

  The potential benefi ts for de novo cases of acquired TTP remain to be determined 

 Prevention of late TTP relapses 
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  Bortezomib (Yates et al. 2014) and other immunomodulation drugs deserve further investigation 
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  The current distinction is arbitrary 
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  AHUS  

 Diagnosis 

  Current mutation analysis does not identify all cases with defective complement regulation 

  It also does not provide overall assessment of the severity in regulation defects 

  Global quantitative assays of complement regulation defects are needed 

 Patients with certain C5 mutations that affect its binding with eculizumab 

  Eculizumab may not be effective 

  Alternatives therapies are needed 

 Duration of eculizumab therapy 

  In retrospective analysis, approximately 40 % of patients do well without maintenance therapy 

  A priori identifi cation of these patients would help abdicate unnecessary maintenance therapy 

 Inhibitors of C3 activation 

  Will the approach provide additional benefi t without serious adverse effects? 
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      Surgical Treatment 
of Thromboembolic Disease                      

     Kamran     M.     Karimi       and     Peter     Gloviczki     

         Introduction 

 Acute venous thromboembolism (VTE) can pres-
ent in a multitude of ways and is best regarded as a 
spectrum of diseases rather than a single disease 
entity. Clinical manifestations can be varied, and 
patients can present with asymptomatic deep 
venous thrombosis (DVT), symptomatic DVT, 
asymptomatic pulmonary embolism (PE), and 
symptomatic PE that can be mild, massive, or fatal. 
Some patients can also present with paradoxical 
embolism with systemic arterial embolization 
through a patent foramen ovale (PFO) resulting in 
stroke, acute limb, or visceral ischemia. Paradoxical 
embolism, unfortunately, remains underappreci-
ated in the medical community at large. 

 The most devastating complication of acute 
DVT is PE. In patients with symptomatic DVT, 
as many as 50–80 % may have radiographic evi-
dence of asymptomatic PE. Conversely, in those 
patients with symptomatic PE, asymptomatic 
DVT can be found in 80 % cases (Buller et al. 

 2005 ). Risk of death in patients with symptom-
atic PE is 18-fold higher than those with DVT 
alone (Heit et al.  2006 ). It is not uncommon for 
some patients to present with the dramatic clini-
cal picture of phlegmasia cerulea dolens. Long- 
term complications of PE include pulmonary 
hypertension. Chronic thromboembolic pulmo-
nary hypertension (CTEPH) can develop in up to 
4 % of patients after an initial episode of PE 
(Pengo et al.  2004 ). It can manifest as exertional 
dyspnea, edema, chest pain, and progressive 
decline in the right heart function. Another seri-
ous long-term complication is postthrombotic 
syndrome (PTS). PTS is a range of clinical pre-
sentations that can result from the chronic effects 
of DVT. It is the most important late complica-
tion of DVT that results in signifi cant morbidity, 
healthcare expenditure, and loss of productivity. 
The annual health cost of PTS has been esti-
mated at $200 million (Ashrani et al.  2009 ). 
Signs and symptoms may include aching or 
cramping pain in the involved extremity, heavi-
ness, pruritus, edema, development of painful 
superfi cial varicosities, hyperpigmentation, and 
venous ulceration (Coon et al.  1973 ). According 
to some studies, severe PTS changes can be 
found in 5 % of the US population. PTS can 
present up to 20 years after the initial episode of 
DVT (Mohr et al.  2000 ). Pathophysiologically 
and as seen on sonographic studies, it is a result 
of venous valvular incompetence and venous 
luminal obstruction (Johnson et al.  1995 ; Budd 
et al.  1990 ).  
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    Case 1 

 A 35 year old 3 day post partum female presents 
to the emergency department with acute loss of 
function of the right side of her body. Clinical 
picture is consistent with a left middle cerebral 
artery stroke. On exam she also has left lower 
extremity swelling and pain. She undergoes a full 
workup for acute stroke. 

  Question 1.      Which diagnostic test is most 
likely to reveal the pathophysiology of the 
stroke in this young patient? 

    A.    Blood homocysteine levels   
   B.    Contrast echocardiogram   
   C.    D-dimer assay   
   D.    12-lead EKG    

   Patent foramen ovale (PFO) is present in 
25 % of the adult population, and the vast 
majority are hemodynamically insignifi cant. In 
some adults PFO can serve as a conduit for par-
adoxical embolization into the systemic arterial 
circulation. A strong association between PFO 
and cryptogenic stroke has been established in 
patients less than 55 years of age (Homma et al. 
 2010 ). PFOs with hypermobile septum (>9 mm, 
also termed as aneurysms in literature); observ-
able transatrial shunting at rest, i.e., without 
Valsalva maneuver; and large physiologic 
shunt, i.e., more than ten bubbles crossing the 
interatrial septum over the three cardiac cycles, 
are considered high risk for paradoxical 
 embolization and stroke (Thaler et al.  2013 ). 
Randomized trial data has shown mixed results 
in demonstrating clear superiority of percutane-
ous PFO closure over medical therapy and con-
tinues to be heavily debated and a selectively 
performed procedure at certain institutions 
(Agarwal et al.  2012 ; Meier et al.  2013 ; 
Stortecky et al.  2015 ). 

  Question 2.      She is also found to have left ilio-
femoral and popliteal vein DVTs. She makes 
full recovery from her stroke. At 3-month 
 follow- up, she complains of pain, swelling, and 

heaviness in her left lower extremity. She has 
been on warfarin. Sonography shows chronic 
thrombus in the iliofemoral and popliteal 
veins with diminished fl ow and no evidence of 
an acute DVT. What other information is the 
sonography likely to reveal? 

    A.    Arteriovenous fi stula   
   B.    Multiple deep venous varicosities   
   C.    Venous obstruction and valvular 

incompetence   
   D.    Femoral artery pseudoaneurysm    

   The pathophysiology of PTS is ambulatory 
venous hypertension. Patients with PTS have 
high ambulatory venous pressures. It has been 
shown that patients with venous valvular incom-
petence and luminal obstruction have the highest 
ambulatory venous pressures. Higher venous 
pressures correlate with more severe postthrom-
botic morbidity. 

 Factors that predispose patients to the devel-
opment of PTS (Ageno et al.  2003 ) are:

    1.    Delayed (>90 days) recanalization after the 
initial episode of DVT.   

   2.    Extent of valvular incompetence.   
   3.    Anatomic distribution of the refl ux and 

obstruction. Incidence is three times higher in 
proximal versus distal only DVT.   

   4.    Recurrent DVTs.   
   5.    High body mass index (>40).    

  The anatomic distribution of lower extremity 
DVT can be defi ned by three types:

    1.    Calf and infrapopliteal DVTs   
   2.    Proximal DVT involving popliteal, femoral, 

deep femoral, and common femoral veins   
   3.    Iliofemoral DVT     

 Patients at risk for development of PTS, par-
ticularly those with iliofemoral DVT, should 
be considered for interventional procedures in 
addition to anticoagulation alone (Jaff et al. 
 2011 ).  
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    Case 2 

 A 57-year-old male with 3-month history of 
anorexia, weakness, and progressive jaundice 
presents with progressive swelling, increasing 
pain, and bluish discoloration of his right lower 
extremity. Workup shows a solid mass in the head 
of the pancreas and DVT of the right iliofemoral 
and popliteal veins. He is admitted to the hospital 
and started on therapeutic doses of low molecular 
weight heparin. Over the subsequent 24 h, the 
pain and swelling in the right lower extremity 
worsens and the lower leg starts turning white. 

  Question 3.      What would be an appropriate 
next step in management? 

    A.    Double the dose of low molecular weight 
heparin.   

   B.    Give a loading dose of warfarin.   
   C.    Obtain MRI of the lower extremity.   
   D.    Obtain a consultation with a vascular 

specialist.    

   The patient is developing phlegmasia; the fi rst 
stage is phlegmasia alba dolens. 

 It is a form of severe extremity DVT that pres-
ents with a painful and swollen limb without sig-
nifi cant venous congestion, hence the name alba, 
which means white. It involves major outfl ow 
veins but spares collateral veins. The venous 
drainage is decreased but present nevertheless. 
There is preservation of tissue oxygenation, and 
there is no ischemia in the early stages. 
Colloquially it has also been called milk leg syn-
drome as historically it was seen in pregnant 
females during the third trimester, resulting from 
compression of the left common iliac vein against 
the pelvic brim by the gravid uterus (Rutherford 
et al.  1991 ). 

 Phlegmasia alba dolens can progress to 
phlegmasia cerulea dolens. Literally, it means 
painful blue edema. It is an uncommon but 
severe form of symptomatic DVT that can result 
from extensive thrombosis of the major venous 
 and  collateral venous outfl ow obstruction. There 
is massive fl uid sequestration as the outfl ow 

impedance exceeds capillary oncotic pressure, 
resulting in dramatic edema. This can further 
affect perfusion and hence capillary level oxy-
genation which if prolonged in its progressive 
state can lead to venous gangrene (Mumoli et al. 
 2012 ). Shock can ensue due to intravascular vol-
ume depletion, and increased interstitial pres-
sure compounded by arteriolar vasospasm can 
compromise arterial infl ow. Underlying malig-
nancy can be identifi ed in 40–50 % of patients 
who present with phlegmasia cerulea dolens 
(Donati  1995 ). 

 Venous gangrene is the terminal stage of acute 
severe DVT resulting in irreversible tissue isch-
emia. It is accompanied by tissue loss, profound 
biochemical derangements, and shock. 

 Patients with acute extensive DVT presenting 
with phlegmasia and impending limb threatening 
ischemia should be seen by the vascular surgical/
interventional team. 

  Question 4.      In this scenario anticoagulation 
alone is not suffi cient because? 

    A.    Low molecular weight heparin is ineffective 
in cancer-related DVT.   

   B.    Low molecular weight heparin is ineffective 
in malnourished patients.   

   C.    The large thrombus burden can result in limb 
ischemia.   

   D.    Low molecular weight heparin should be 
combined with antiplatelet agents to expedite 
thrombus dissolution.    

   The rationale for anticoagulation in acute 
DVT is to promote thrombus stabilization and 
prevent its progression and reduce the risk of 
PE. In cases of PE, it is to prevent recurrent 
PE. Anticoagulation does not actively result in 
thrombus dissolution but relies on the body’s 
intrinsic fi brinolytic mechanism to reduce the 
thrombus load over time. In cases of phlegmasia, 
time is of essence and progressive tissue isch-
emia puts the extremity at risk of gangrene. 
Intrinsic fi brinolysis is a slow chemical process, 
whereas these patients need rapid thrombus 
reduction and restoration of venous outfl ow. 
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  Question 5.      Lower extremity DVT is more 
common on the right compared to the left. 
True or false? 

    A.    True   
   B.    False    

   Left-sided DVTs are fi ve times more common 
than the right. This clinical scenario is called 
May-Thurner syndrome and is commonly 
encountered in surgical practice (Wolpert et al. 
 2002 ; Kibbe et al.  2004 ). 

 Anatomically, the left common iliac vein 
(CIV) crosses between the right common iliac 
artery (CIA) and L5 vertebra to join the inferior 
vena cava (IVC). This anatomical arrangement 
results in the compression of the left CIV and pre-
disposes it to external trauma. Mechanical 
obstruction from the rigid vertebral body posteri-
orly and a thicker and high-pressured artery ante-
riorly can lead to intimal hyperplasia and 
subsequent venous obstruction. Iliofemoral DVTs 
are fi ve times more common in the left lower 
extremity as compared to the right. Any treatment 
strategy for left iliofemoral DVT should maintain 
focus on this important anatomical factor.  

    Case 3 

 A 25-year-old professional baseball player pres-
ents with severe pain and swelling in the right 
upper extremity for 2 days. Workup shows exten-
sive axillo-subclavian DVT. 

  Question 6.      What is the most likely causative 
factor for this DVT? 

    A.    Undiagnosed thrombophilia   
   B.    Undiagnosed occult malignancy   
   C.    History of repair of left tibial plateau fracture 

5 months ago   
   D.    Repetitive external trauma to the axillary- 

subclavian vein    

   This is Paget-Schroetter syndrome (Shebel 
et al.  2006 ; Melby et al.  2008 ). 

 In the case of the upper extremity, the subcla-
vian vein is vulnerable to injury as it passes 

between the space bordered by the undersurface 
of the clavicle and the superior surface of the fi rst 
rib in the anterior most part of the thoracic outlet. 
Extrinsic compression and repetitive forces can 
lead to intrinsic damage and extrinsic scar tissue 
formation. This is an area predisposed to injury 
with movements of the upper extremity, and this 
condition is therefore referred to as effort throm-
bosis. Although uncommon, it is more likely to 
be seen in young active and otherwise healthy 
individuals. 

  Question 7.      Which of the following is appro-
priate in the treatment of this patient? 

    A.    Therapeutic doses of anticoagulation   
   B.    Full immobilization and rest of the involved 

extremity   
   C.    Elevation and external compression with Ace 

bandage   
   D.    Thrombolytic therapy   
   E.    All of the above    

   Anticoagulation is given to prevent throm-
bus progression. The involved extremity 
should be placed in compression bandage and 
elevated to reduce edema and tissue pressure. 
Initial rest is advised for patient comfort. For a 
young professional athlete, aggressive treat-
ment with thrombolytic therapy aiming to 
reduce thrombus burden and prevent long-
term morbidity should be undertaken 
(Thompson  2012 ).  

    Case 4 

 A 27-year-old morbidly obese female presents 
with acutely symptomatic DVT in the left ilio-
femoral vein. There are no respiratory symptoms. 
She is started on anticoagulation. 

  Question 8.      What is most likely to cause long- 
term morbidity? 

    A.    Adverse effects of anticoagulation   
   B.    Chronic thromboembolic pulmonary 

hypertension   
   C.    Postthrombotic syndrome    
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   Several governing bodies including the 
Society of Vascular Surgery (SVS) and the 
American Venous Forum (AVF) have taken into 
consideration the growing body of evidence 
favoring thrombus removal in iliofemoral DVT 
and axillo- subclavian DVT. Outcome analysis 
from observational, clinical, and case-controlled 
studies supports the benefi ts and quality of life 
improvement gains from therapies directed at 
thrombus removal (Guyatt et al.  2012 ; Meissner 
et al.  2012 ; Jaff et al.  2011 ). Currently, three 
approaches, either alone or in combination, are 
available to patients who will benefi t from throm-
bus removal:

    1.    Endoluminal approaches   
   2.    Open venous thrombectomy   
   3.    Systemic thrombolysis    

  Of these three available options, generally 
catheter-directed thrombolysis (CDT) tech-
niques are the preferred first-line therapy. This 
is due to their minimally invasive technique 
and effectiveness as both a diagnostic and a 
therapeutic tool. They allow the operator to 
assess response to treatment clinically and 
radiographically during ongoing therapy. They 
also provide endoluminal access to interven-
tional treatment for associated problems such 
as May-Thurner syndrome and/or residual 
venous stenosis from chronic thrombus 
  (Enden et al.  2012 ; Aziz et al.  2012 ). They are, 
however, limited by the number of specialists 
 and institutions that can offer such therapy. 
These approaches should also be weighed 
carefully in patients with high risk of 
bleeding. 

 Open venous thrombectomy is a safe and rec-
ognized treatment modality in patients who are 
not otherwise candidates for CDT or where CDT 
is not readily available. It is also the preferred 
modality in the setting of advanced phlegmasia. 
Additional surgical maneuvers, such as Esmarch 
elastic bandage compression to achieve high- 
grade compression in order to push the thrombus 
into a more proximal vein where it can be 
removed, may be required. In rare cases fasciot-
omies may be deemed necessary to decrease 
compartment pressure and increase tissue perfu-

sion. Moreover, since phlegmasia is likely to be 
associated with cancer, shock, and renal dys-
function, CDT may not be a suitable option, and 
open thrombectomy is the preferred method of 
treatment. 

 In this era systemic thrombolysis is rarely 
employed for extremity DVT and only holds his-
toric interest. Results of CDT/open venous 
thrombectomy are far superior and complications 
signifi cantly less compared to systemic throm-
bolysis. Systemic thrombolysis should only be 
used if the patient cannot be transported to a 
facility that can perform CDT or venous 
thrombectomy.  

    Cases 3 and 4, Question 

  Question 9.      Why is catheter-directed throm-
bectomy superior to systemic thrombolysis in 
Cases 3 and 4?  

     A.    It is readily available at the majority of 
institutions.   

   B.    It is cheaper and less labor intensive.   
   C.    The thrombolytic agent is delivered directly 

into the thrombus.      

 Acute thrombus is made up of cross-linked 
fi bers of fi brin. Plasmin degrades fi brin into 
fi brin degradation products. In a thrombus plas-
min is bound to fi brin in its inactive precursor 
form, plasminogen (Blomback  2001 ; Doolittle 
et al.  2001 ). The principle behind CDT is to 
deliver plasminogen activators (thrombolytic) 
into the actual thrombus. This results in rapid 
initiation of the fi brinolysis. The advantages of 
this technique are:

    1.    Smaller doses of thrombolytic agents are 
required during CDT. This not only offers an 
important safety advantage but increased con-
centration of the drug at the site of action 
improves effi cacy.   

   2.    Direct delivery also reduces the chances of 
interaction between active plasmin and circu-
lating alpha2-antiplasmin and endothelial 
plasminogen activator inhibitor-1 (Berridge 
et al.  1991 ; Hirsch et al.  2006 ).    
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      Cases 1, 2, 3, and 4, Question 

  Question 10.      Which of the above cases are 
most likely to benefi t from CDT with an 
acceptable risk of bleeding?  

     A.    Cases 1, 3, and 4   
   B.    Cases 3 and 4   
   C.    Cases 2, 3, and 4   
   D.    Cases 1 and 2      

 The best radiographic and clinical results are 
seen in patients in whom symptoms have been 
present for 7 days or less. Thrombus greater than 
14 days is less likely to respond to 
CDT. Sonographic fi ndings of hypoechoic (acute) 
thrombus with hyperechoic (chronic), circumfer-
ential thrombus along the wall of the vein, with 
no fl ow on color Doppler, represent the most 
common real-life situation. In our practice, these 
are mostly cases of acute on chronic DVT. This 
makes CDT of iliofemoral DVT or symptomatic 
upper extremity effort thrombosis worth pursuing 
in these cases. Even though the amount of throm-
bolytic agent is small, there is still a small risk 
(2 %) of bleeding. In Case 2, there is a known 
malignancy, and until a complete metastatic 
workup can be completed, thrombolytics should 
be avoided. 

    Surgical Technique (Mayo Clinic, 
Rochester, MN Protocol) 

 Needle access is established with a micropunc-
ture needle under ultrasonographic guidance. 
The aim is to get into the vein with the fi rst pass, 
in order to reduce the risk of access site compli-
cations. The tract of the wire is not lanced with a 
blade to further reduce that risk. Preferred access 
sites are the ipsilateral popliteal vein in the cases 
of iliofemoral and ipsilateral basilic veins in the 
cases of symptomatic axillo-subclavian DVT. We 
prefer a seven- or eight-French sheath with a 
radiopaque tip marker. Continuous unfraction-
ated heparin is initiated through the sheath with a 
goal of no more than a PTT 1.5 times normal. 
After initial venography, the extent of the throm-

bus is determined. Wire and catheter access is 
obtained across the involved segment of the 
venous anatomy and into the normal veins 
beyond the diseased segment. Depending on the 
total duration of therapy, contrast venography is 
performed daily to document radiographic 
improvement or lack thereof. 

 Traditionally, the thrombolytic agent is deliv-
ered into the thrombus through a multi-side-hole 
catheter. However, over the last two decades, 
more advanced delivery systems have been devel-
oped to reduce the duration and cost of treatment. 
These devices employ mechanical techniques 
alone or in combination with pharmacologic 
thrombolysis. 

 In our opinion pharmacomechanical throm-
bectomy (PMT) is superior to pharmacologic 
therapy alone in terms of duration of treatment 
and superior to mechanical thrombectomy alone 
in terms of effi cacy (Vendantham et al.  2002 ). 
Other groups have reported success with shorter 
treatment durations when thrombolytics are deliv-
ered through specialized catheters that emit ultra-
sonic waves and render the thrombus increasingly 
porous to the penetration of the lytic agent (Parikh 
et al.  2008 ). Another attractive technique is that of 
isolated segmental pharmacomechanical throm-
bolysis (ISPMT). The lytic agent is delivered in a 
segment of the thrombus isolated by infl ation of 
balloons at each end of the vein. Mechanical 
action mixes the lytic and breaks up the thrombus 
which is then aspirated (Martinez Trabal et al. 
 2008 ). Other than CDT, all the more contempo-
rary techniques focus on either enhancing the 
penetration of the lytic into the thrombus or 
mechanical forces to increase contact surface area 
between the lytic and the thrombus. Commonly 
used thrombolytics include:

    1.    Streptokinase (SK)   
   2.    Tissue plasminogen activator (tPA)   
   3.    Recombinant tissue plasminogen activator 

(rtPA)   
   4.    Tenecteplase    

  It is our practice to perform contrast-enhanced 
CT chest to rule out PE with IFDVT. In case of 
established PE, extensive IFDVT, or radiographic 
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evidence of thrombus in the IVC, we place 
retrievable fi lters. 

 All patients undergoing treatment with con-
tinuous infusion of lytics should be monitored 
closely, preferably in the setting of an intensive 
care unit (ICU). They should be monitored for 
any signs of bleeding either from the venous 
access site or remotely. Serial neurological exams 
and evaluation of the access site should be per-
formed routinely. Serial labs with CBC, coagula-
tion profi le, and fi brinogen levels should be 
performed at least every 6 h. Fibrinogen level can 
serve as a surrogate marker for bleeding. 
Fibrinogen levels less than 150 mg/dL are associ-
ated with an increased risk of bleeding (Hirsch 
et al.  1990 ; Tracy et al.  1992 ; Pharmacy 
Healthcare Solutions  2005 ). In those circum-
stances, lytic infusion should be stopped for an 
hour and restarted at a lower rate. 

 With the advent of site-directed therapy, sys-
temic thrombolysis is rarely employed for cases 
of DVT. However, certain groups of patients still 
remain at risk for bleeding and should not be 
treated with CDT. 

 Absolute contraindications are active internal 
bleeding, intracranial space-occupying lesion, 
and recent (<3 months) intracranial hemorrhage. 

 Relative contraindications are recent surgery 
or major trauma, uncontrolled hypertension, doc-
umented atrial thrombus, coagulopathy, endocar-
ditis, advanced cirrhosis, and the immediate 
postpartum state (Working party on thrombolysis 
in management of limb ischemia  2003 ).   

    Case 4 

  Question 11.      The patient in Case 4 continues 
to show subacute-looking thrombus and 
venous outfl ow obstruction 48 h after initia-
tion of thrombolytic therapy. What would be 
the appropriate next step? 

    A.    Stop the CDT and discharge patient on 
warfarin.   

   B.    Give cryoprecipitate to expedite 
thrombolysis.   

   C.    Add clopidogrel and aspirin to her medications.   

   D.    Convert to open venous thrombectomy 
procedure.   

   E.    Balloon angioplasty and stenting.    

   Balloon angioplasty and stenting in the pre-
ferred treatment for chronically diseased iliac vein. 
Open venous thrombectomy generally reserved for 
situations where CDT is either not available or 
contraindicated. It can also be applied to patients 
who have failed to show reasonable recanaliza-
tion with CDT/PMT. 

    Surgical Technique (Comerota et al. 
 2012 ) With Mayo Clinical Institutional 
Practice Modifi cations 

 This procedure is performed under general anes-
thesia. The confl uence of the femoral and deep 
femoral veins is localized with sonography. The 
distal great saphenous vein and the saphenofem-
oral junction are also identifi ed. A cutdown is 
performed and the veins are controlled with 
Silastic vessel loops. A longitudinal incision is 
made over the confl uence of the CFV and femo-
ral vein; this allows intraluminal access into the 
deep femoral vein. If there is a notable thrombus 
in the femoropopliteal segment, then the lower 
extremity is elevated and tightly wrapped in 
Esmarch bandage starting from the toes extend-
ing to the groin. If there is persistent thrombus, 
then Fogarty balloon catheters can be used to aid 
thrombus retrieval. Cutdown on the posterior 
tibial vein and direct fl ushing with heparinized 
saline are also useful adjuncts. The posterior tib-
ial vein can also be cannulated for ascending 
venography. Once infrainguinal thrombectomy is 
achieved, focus is shifted to iliocaval thrombec-
tomy. Access is obtained from the contralateral 
CFV followed by placement of a 10- or 12-French 
sheath. Following an iliocaval venogram and 
intravascular ultrasonography (IVUS), catheter is 
placed into the IVC. This determines the  presence 
or absence of thrombus in the IVC and also aids 
in the measurement of the diameter of the 
IVC. Thrombus in the IVC clearly increases the 
risk of PE during thrombectomy. An appropri-
ately sized balloon placed from the contralateral 
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CFV and infl ated will reduce the risk of PE dur-
ing thrombus manipulation. Valsalva positive 
pressure breaths also reduce the risk of PE during 
thrombectomy. Iliac vein thrombectomy is per-
formed using an eight or ten Fogarty balloon 
catheter under fl uoroscopic guidance. We also 
use the adherent clot catheter to remove some of 
the chronic thrombus. Completion venography 
and IVUS are performed to assess the degree of 
residual thrombus and to identify an underlying 
venous stenosis. Iliac vein stenosis is treated with 
balloon angioplasty using high-pressure noncom-
pliant balloon. If there is residual stenosis, then 
high-radial force stents are used. IVUS serves as 
an excellent tool in the sizing of the stents. It is 
our practice to create an arteriovenous fi stula 
between the ipsilateral superfi cial femoral artery 
(SFA) and femoral vein using either a side branch 
of the GSV or prosthetic material (polytetrafl uo-
roethylene (PTFE)). The proximal end of the 
PTFE grafts that are used for dialysis access grafts 
is 4 mm in diameter and is ideal for this part of the 
procedure. We place a Prolene suture marker with 
a long tail and being in close to the subdermal 
skin closure for easy identifi cation and ligation in 
the future. Alternatively, a 6 mm externally sup-
ported graft can be used in a small- loop confi gu-
ration. The advantage of this is that percutaneous 
closure with an amplatzer plug is possible 6 weeks 
to 3 months after the procedure. 

 We measure the pressure in the CFV before 
and after the creation of the arteriovenous fi stula. 
Step-up in pressure more than 10 mmHg sug-
gests outfl ow obstruction and should be imaged 
and treated accordingly. In select case we also 
perform duplex sonography of the DVF with a 
hockey stick probe and ensure there is low- 
resistance systolodiastolic fl ow in the CFV. Lack 
of diastolic fl ow also suggests outfl ow obstruc-
tion and should be addressed. 

 As with any vascular surgical procedure, excel-
lent hemostasis is confi rmed at the end. Patients 
are kept on anticoagulation with continuous drip 
of unfractionated heparin or low molecular weight 
heparin and converted to oral agents prior to dis-
charge. With the advent of oral anticoagulants with 
a more rapid onset of action compared to warfarin, 
the traditional overlap period of 4–5 days of anti-
coagulation between parenteral agents and oral 

agents can be circumvented. In patients where 
metallic stents are placed, antiplatelet agents such 
as aspirin or clopidogrel are also given.   

    Case 4 

  Question 12.      Patient in Case 4 achieves excel-
lent radiographic results and still has some 
edema. What additional treatment is war-
ranted in this case? 

    A.    High-dose furosemide   
   B.    Whirlpool therapy   
   C.    Graduated compression stockings    

   Earlier studies had shown that the daily use of 
sized to fi t 30–40 mmHg graduated elastic com-
pression stockings for 2 years after the initial epi-
sode of DVT decreases the risk of development of 
PTS (Kanaan et al.  2012 ). These recommendations 
are also part of the ACCP 12 guidelines. However, 
this fi nding has not been corroborated by a recently 
published placebo-controlled trial (Kahn et al. 
 2014 ). Compression stockings are widely used to 
treat the progression of edema following DVT.  

    Case 5 

 A 44-year-old business executive is brought to the 
emergency department with sudden onset of short-
ness of breath and chest pain. He has recently 
returned on a transpacifi c fl ight. He is diaphoretic, 
oxygen saturation on 100 % mask is 92 %, and 
pulse is 132/min. EKG shows signifi cant right ven-
tricular strain. He is found to have a saddle embolus 
in his main pulmonary artery. Troponin and BNP 
are elevated. He is intubated, started on therapeutic 
anticoagulation, and transferred to ICU. 

  Question 13.      In addition to anticoagulation, 
which other therapeutic modalities should be 
employed? 

    A.    Placing the patient on ECMO   
   B.    Intravenous nitroglycerin   
   C.    Intravenous beta-blocker   
   D.    Thrombolytic therapy    
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   Depending on the thrombus burden, location of 
thrombus, and underlying cardiac and pulmonary 
reserves, the presentation of acute PE can be 
quite varied. Mortality rate of acute symptomatic 
PE is about 15 % in the fi rst 3 months. Death 
results from progressive right ventricular (RV) 
failure leading to a decrease in left ventricular 
(LV) preload and systemic hypotension and 
decreased coronary perfusion. Ventilation- 
perfusion mismatch, increase in total dead space, 
and right-to-left shunting lead to hypoxemia. 
This combination of hypoxemia and cardiac dys-
function initiates a cascade of events that can 
potentially lead to cardiovascular collapse. 
Survivors of acute PE remain at risk for CTEPH 
(Kucher et al.  2006 ). Patients with acute PE who 
have normal hemodynamics and preserved RV 
function are treated with anticoagulation alone. 
Patients with normal hemodynamics and RV dys-
function represent a subset which remains at 
increased risk for adverse events. These patients 
fall under the category of submassive PE. In 
cases of massive PE that present with shock 
thrombolysis is considered lifesaving (Quinlan 
et al.  2004 ). 

 Patients with submassive PE should undergo 
echocardiography to determine the degree of 
RV dysfunction. Characteristic fi ndings include 
RV hypokinesis and dilatation, tricuspid regur-
gitation, interventricular septal fl attening and 
paradoxical movement toward the LV (D-shaped 
RV), and loss of inspiratory collapse of the IVC 
(Sanchez et al.  2008 ; Stein et al.  2008 ). 
Elevation in cardiac biomarkers, BNP and tro-
ponin, also refl ects RV dysfunction and can 
identify patients at an increased risk for adverse 
outcomes. These patients can potentially bene-
fi t from thrombolysis. Recent registry data sug-
gest a trend toward a reduction in all-cause 
mortality from acute PE especially massive PE 
in those patients treated with thrombolysis 
(Chauhan et al.  2007 ). 

 Thrombolytics can be either administered 
systemically or with catheter-based interven-
tions. Systemic thrombolysis entails a large 
dose (50–100 mg) of tPA given over 2 hours. 
Bleeding risk has to be carefully assessed 
against the potential benefi ts. Catheter-based 
procedures can be performed as an alternative 

to systemic thrombolysis when there are con-
traindications to systemic dose thrombolytics. 
Catheter-based interventions can also be indi-
cated when thrombolysis has failed in the acute 
setting. Catheter-based procedures can be sim-
ple CDT or PMT. Technically PMT is most 
effective when the thrombus is located in the 
main pulmonary artery. We use a combination 
of pulse spray technique with rheolytic suction 
thrombectomy. There are various other devices 
available in the market that are specifi cally 
designed for treatment of PE in the proximal 
pulmonary arterial tree. For segmental and sub-
segmental thrombi, CDT is performed with a 
bolus dose (10–20 mg) of tPA followed by con-
tinuous infusion through a catheter placed in 
the pulmonary artery. 

  Question 14.     Eight hours after initiation of 
CDT, there is continued deterioration of his 
cardiopulmonary status and is now on vaso-
pressors, requiring high PEEP setting for oxy-
genation. Repeat pulmonary arteriogram 
shows there is no radiographic evidence of 
thrombus dissolution. What is the appropriate 
next step?

    A.    Surgical embolectomy.   
   B.    Double the dose of the thrombolytic agent 

and reevaluate with pulmonary arteriogram in 
12 h.   

   C.    Coronary catheterization to rule out associ-
ated coronary artery disease.   

   D.    Intra-aortic balloon placement.    

   Surgical embolectomy has reemerged as an 
effective strategy for managing patients with mas-
sive or submassive PE with RV dysfunction when 
contraindications preclude thrombolysis. 
Embolectomy can also serve as a rescue measure 
when thrombus is refractory to thrombolysis. 
Surgery entails a median sternotomy and the 
patient is placed on cardiopulmonary bypass. A 
transverse incision is made in the main pulmonary 
artery and the thrombus is extracted with gall-
stone forceps. Open thrombectomy of the main 
pulmonary artery, right and left pulmonary arter-
ies, and fi rst-order segmental branches can be 
achieved in this setting (McFadden et al.  2010 ). 
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The pulmonary arteriotomy is closed with nonab-
sorbable monofi lament suture. These patients 
naturally continue to require full ventilator and 
inotropic support in the postoperative period.  

    Case 5 

  Question 15.      After a prolonged hospitaliza-
tion, the patient is discharged on apixaban 
therapy. Two months later, he returns with 
weakness and massive hematemesis due to 
peptic ulcer disease. He also reports new-onset 
swelling in his left lower extremity. Sonography 
confi rms an acute iliofemoral DVT. What 
would be the appropriate step to reduce the 
risk of PE during the current hospitalization? 

    A.    Switch to therapeutic doses of low molecular 
weight heparin.   

   B.    Discontinue anticoagulation for 6 weeks and 
resume once repeat EGD shows complete 
healing of the PUD.   

   C.    Placement of inferior vena cava fi lter   
   D.    Switch 300 mg per day of rectal aspirin.    

   Anticoagulation may be contraindicated in 
certain groups of patients. In the setting of acute 
DVT without anticoagulation, the risk of PE 
remains high. Moreover, a PE can be fatal in as 
many as 25 % of the patients if they are not or can-
not be on therapeutic doses of anticoagulation 
(Passaman  2015 ). The current evidence-based 
guidelines are:

    1.    DVT with contraindication to anticoagulation   
   2.    DVT with hemorrhagic complications sec-

ondary to anticoagulation   
   3.    Recurrent PE in a therapeutically anticoagu-

lated patient   
   4.    DVT with an inability to achieve therapeutic 

anticoagulation    

  In clinical practice the indications are 
expanded to include patients with poor compli-
ance, those undergoing thrombectomy for ilio-
femoral DVT, free-fl oating caval thrombus, 
proximal DVT with limited pulmonary reserve, 
and recurrent PE with known pulmonary hyper-

tension (Kearon et al.  2012 ). Routine use of IVC 
fi lters in patients with fi rst-time DVT, who can be 
safely anticoagulated, is an ill-advised approach 
(Hicks et al.  2013 ). 

 Those patients with DVT that require frequent 
visits to the operating room such as burn victims, 
necrotizing soft tissue infections, open abdomen, 
and multisystem trauma would also qualify for 
the placement of IVC fi lters (Velmahos et al. 
 2000 ; Kaufmann et al.  2006 ). 

 One particular scenario deserves special men-
tion and that is proximal DVT in the late trimester 
of pregnancy and immediate postpartum period. 
IVC fi lters are reasonable alternatives that prevent 
PE, although it does not treat the thrombus burden 
in the veins. IVC fi lters are routinely placed below 
the renal veins. In pregnant females the fi lter is 
placed in the suprarenal position. The left ovarian 
vein drains into the left renal vein which drains 
into the IVC. In iliofemoral DVT the pelvic veins 
serve as an outfl ow for venous blood, and PE can 
result from emboli traveling through the left ovar-
ian vein and into the IVC (AbuRahma et al.  2001 ; 
Krivack et al.  2007 ). 

 The use of IVC fi lters for prevention of PE in 
patients who are at high risk for DVT and at high 
risk for bleeding has increased manyfold over the 
past three decades (Stein et al.  2004 ). IVC fi lters 
do not prevent or treat DVT. Critically ill patients, 
those with active malignancy, a known hyperco-
agulable state and multisystem trauma, should be 
considered for placement of prophylactic IVC 
fi lters. Although the ninth American College of 
Chest Physician (ACCP) consensus committee 
on antithrombotic therapy for venous thrombo-
embolic disease does not recommend prophylac-
tic IVC fi lter placement, patients with prolonged 
immobilization or incapacitation due to major 
surgery (particularly abdominopelvic malig-
nancy), head injury, intracranial hemorrhage, 
solid intra-abdominal injury, and pelvic or retro-
peritoneal hematoma either due to trauma or as a 
complication of arterial access should be evalu-
ated for fi lter placement. 

 There are both permanent and retrievable fi l-
ters available in the market. The choice would be 
directed by the patient-dependent factors. In some 
cases, the contraindication to anticoagulation or 
high risk of bleeding is temporary. In these 
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patients retrievable fi lters are placed and once the 
patient can be safely anticoagulated, the fi lters are 
removed. The available fi lters on the market have 
variable time frames for removal. Recent analyses 
however show that a high percentage of IVC fi l-
ters are not removed; efforts should be made to 
follow up with patients and remove the IVC fi lter 
at appropriate time (Sarosiek et al.  2013 ). 

  Answers 

    Question 1. B  
  Question 2. C  
  Question 3. D  
  Question 4. C  
  Question 5. B  
  Question 6. D  
  Question 7. E  
  Question 8. C  
  Question 9. C  
  Question 10. B  
  Question 11. E  
  Question 12. C  
  Question 13. D  
  Question 14. A  
  Question 15. C         
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      Nonmalignant Leukocyte 
Disorders                      

     Lawrence     Rice       and     Miho     Teruya     

         Introduction 

 Abnormalities of leukocyte count are routinely 
encountered in medical practice and rank among 
the most common reasons for hematologists to be 
consulted. The question often begins with 
whether there is a primary hematologic disorder, 
a clonal malignancy, versus a purely reactive pro-
cess where the only required therapy would be 
directed toward the underlying disorder. That 
said, there is extreme variability in the signifi -
cance of a decreased or elevated white blood cell 
count. Not infrequently, the abnormality may 
have little or no bearing on overall health and 
longevity, and the only intervention required is 
reassurance of the greatly concerned patient (and 
referring physician). At the other end of the spec-
trum, abnormal leukocyte counts may be acutely 
life-threatening per se or may be the fi rst indica-
tion of an underlying life-threatening disorder. 

 In determining the cause and importance of 
a leukocyte abnormality, several factors drive 
the urgency, focus, and depth of the evalua-
tion. Some of these are: (1) Whether the patient 
is acutely ill (febrile). (2) Whether this is fi rst 
being encountered in the hospital or in the out-
patient clinic. (3) Whether a high or low white 
count is being encountered in the context of 
recurrent febrile illnesses may be particularly 
germane. (4) The degree of the abnormality is 
always of supreme importance, as well as the 
rapidity of onset. One example is agranulocyto-
sis (essentially no neutrophils), a life-threatening 
emergency in contrast to chronic mild neutrope-
nia. Another example is that leukocytosis above 
50 × 10 3 /μL may indicate a leukemoid reaction 
due to a severe infectious, infl ammatory, or 
malignant stimulus, but when hyperleukocytosis 
is due to acute leukemia, it might demand imme-
diate direct attention (leukapheresis) to prevent 
life-threatening complications. No such immedi-
ate concern may be warranted when it is a mani-
festation of chronic leukemia. (5) The presence 
or absence of additional hematologic abnor-
malities will direct the workup. (6) Comorbid 
diseases are frequently crucial to understanding 
the problem (e.g., rheumatoid arthritis, hepatic 
cirrhosis). 

 Of course, the evaluation begins with a careful 
history and physical examination. Examination of 
lymph node areas and the spleen assume added 
importance. An effi cient and accurate evaluation 
always includes review of the peripheral blood 
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smear. All cases below are substantially based on 
real patients seen by the authors, and they are cho-
sen to illustrate the range of clinical scenarios a 
hematologist can expect to encounter.  

    Case 1 

 A 31-year-old Lebanese-American woman with 
no chronic medical illness is referred for leukope-
nia. This had been evaluated with a bone marrow 
biopsy many years ago, which was reportedly 
normal. She denies frequent infections, but 
recently had an upper respiratory infection with 
fever to 102°F treated with two courses of antibi-
otics. Her only medications are an oral contracep-
tive and infrequent acetaminophen. The patient 
does not know of low white blood cell count or 
problems with infections in family members. 
Physical exam is unremarkable. Laboratory exam 
shows WBC 2.0 × 10 3 /μL with 26 % neutrophils 
(ANC of 520/μL). Peripheral blood smear is nor-
mal except for decreased neutrophils. 

  Question 1.      What is the next best step? 

    A.    Order autoimmune panel including RF, ANA, 
and SS-A.   

   B.    Reassure the patient and try to obtain prior 
blood counts.   

   C.    Repeat bone marrow biopsy and aspirate.   
   D.    Perform two sets of blood cultures and urine 

culture.    

    Expert Perspective     Mild neutropenia is 
defi ned as ANC (absolute neutrophil count) of 
>1000 and <1500/μL, moderate is defi ned as 
ANC >500 and <1000/μL, and severe is defi ned 
as ANC <500/μL. Infection risk increases with 
ANC below 1000/μL and more dramatically 
below 500/μL (Rice and Jung  2013 ). While this 
patient’s neutropenia borders on severe, she has 
not suffered complications. This is most likely 
benign ethnic neutropenia, an inherited fi nding 
in up to 5 % of African-Americans in the USA, 
also seen in ethnic groups including Middle 
Easterners. Such patients have normal bone 
marrow neutrophil reserve and do not suffer 

infectious complications. Further evaluation in 
this case is not necessary, and the patient should 
be reassured. It may be helpful to obtain older 
blood counts when available, because it offers 
further reassurance to the patient that the neu-
tropenia has been long-lasting and yet health 
has not been impaired. We stress the importance 
of routine vaccinations such as yearly for infl u-
enza, and we would recommend regular pneu-
mococcal vaccinations. In a patient with ANC 
near 500/μL, we also recommend that they seek 
prompt medical attention for signifi cant febrile 
illnesses. Presently, she is asymptomatic and 
does not require infectious disease evaluation or 
cultures.   

    Case 2 

 A 25-year-old woman, a graduate student in biol-
ogy, is referred for neutropenia. She has never 
been hospitalized, but had an episode of “walk-
ing pneumonia” in high school. She has had 
recurrent mouth sores, episodes of bronchitis, 
and a few episodes of otitis and perianal ulcers. 
She received fi lgrastim injections in the past, 
which improves the mouth sores but causes 
severe bone pain and fever. Other medications 
were oral contraceptives and ibuprofen as needed 
for pain. She thinks her father may have a similar 
condition, requiring occasional granulocyte 
colony- stimulating factor (G-CSF) injections. 
Available medical records show that her ANC 
has varied from 30 to 1600/μL. Her current CBC 
reveals ANC of 360/μL. 

  Question 2.      What would be LEAST reason-
able for this patient at this time? 

    A.    Bone marrow transplant.   
   B.    WBC count and differential two to three 

times per week for 5–6 weeks.   
   C.    More regular prophylactic G-CSF use.   
   D.    Continue G-CSF treatment at times of need.    

    Expert Perspective     This patient has previously 
undiagnosed congenital neutropenia. Cyclic neu-
tropenia is a relatively common cause of congen-
ital neutropenia, and it would be worthwhile to 
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determine whether neutrophil nadirs occur in a 
predictable pattern. If so, this would allow a more 
focused G-CSF use just prior to neutrophil nadirs, 
thus improving quality of life while minimizing 
growth factor use and its complications. In this 
case, serial blood counts documented cyclic fl uc-
tuations in neutrophil number every 21 days. 
G-CSF shortens the duration of neutropenia in 
patients with this condition. The SCNIR (Severe 
Congenital Neutropenia International Registry) 
recommends starting at 2 μg/kg/day during the 
neutropenic phase and increasing by 2 μg/kg/day 
to reach ANC goal of 1.5 × 10 3 /μL. In this patient, 
G-CSF prior to the predicted nadir greatly dimin-
ished mouth sores and other complications over 
the last few years. 

 Patients with severe congenital neutropenia 
(SCN) generally require lifelong treatment. 
Administration can be daily or intermittent 
(Fioredda et al.  2012 ). For other forms of SCN, 
G-CSF can be started at 5 μg/kg/day and 
increased by 2.5 μg/kg/day every 5–7 days to an 
ANC target of ≥1.0 × 10 3 /μL and ≤5.0 × 10 3 /
μL. The majority of SCN patients respond to 
G-CSF. As infections are prevented and longevity 
is increased, patients on long-term G-CSF are 
suffering transformation to myelodysplastic syn-
drome or acute myeloid leukemia at a rate of 
26 % at 10 years, with the rate highest in poorly 

responsive patients and/or those requiring the 
highest G-CSF doses (Rosenberg et al.  2006 ).   

    Case 3 

 A 44-year-old American citizen working in 
Mexico was life-fl ighted to the USA for a sec-
ond episode of severe neutropenia. Three days 
prior to admission, he developed upper respira-
tory symptoms and low-grade fever. Two years 
earlier while working in Ghana, there were sim-
ilar symptoms and profound neutropenia was 
fi rst found. Then, he had been fl own to a tertiary 
care center in the USA where bone marrow 
biopsy revealed agranulocytosis. There were 
24 % T-NK cells (LGLs; CD3, CD8, CD57+) 
with a positive clonal alpha-beta T-cell receptor 
gene rearrangement. With G-CSF, his ANC nor-
malized within few days. Treatment (cyclospo-
rine) was planned for the T-cell disorder, but 
blood counts had remained normal until this 
new episode. Detailed medication history 
revealed daily use of chondroitin sulfate, occa-
sional ibuprofen for arthralgias, and repeated 
denial of any other exposures. On transfer now, 
hemoglobin was 15.4 g/dL, platelet 67 × 10 3 /uL, 
and WBC 600/μL with no neutrophils (periph-
eral blood smear below).
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   Bone marrow biopsy was again consistent 
with agranulocytosis (borderline hypocellular, 
greatly reversed myeloid to erythroid ratio, rare 
promyelocytes present). Flow cytometry showed 
only 4 % T-NK cells. 

  Question 3.      What is the most likely 
diagnosis? 

    A.    T-NK cell (LGL) leukemia   
   B.    Drug-induced agranulocytosis   
   C.    Anaplasmosis (ehrlichiosis)   
   D.    Early aplastic anemia   
   E.    Overwhelming bacterial sepsis    

    Expert Perspective     The patient’s symptoms 
and low neutrophil count resolved again in just 
a few days while being given G-CSF. The T-cell 
receptor study now showed no clonal rear-
rangement. On repeated questioning, the patient 
recalled taking dipyrone at the time of his fi rst 
symptoms both on this occasion and his only 
prior use in Ghana. His wife, a Brazilian native, 
always carried this as an analgesic/antipyretic. 
Dipyrone was banned by the US FDA in the late 
1970s because it causes agranulocytosis in 
approximately 1:20,000, but it continues to be 
used in other countries (Moorman  2006 ). 

 Two-thirds of agranulocytosis cases can be 
traced to medication/substance reactions, usu-
ally within 2–4 weeks of initial exposure. Just 
as in this case, one should maintain a high index 
of suspicion for a drug exposure. Medications 
commonly implicated in neutropenia and/or 

agranulocytosis are listed in Table  1 . Example 
of this problem is the epidemic of agranulocy-
tosis that appeared in intravenous drug abusers 
starting in 2007 which was traced to the adul-
terant levamisole which was detected in the 
majority of confi scated illegal cocaine batches 
in the USA (Tesfa et al.  2009 ). Associated mor-
tality for agranulocytosis has generally been 
10 %, and most would advise G-CSF therapy to 
quicken neutrophil recovery.

        Case 4 (Questions 4 and 5) 

 A 76-year-old woman had a several year history 
of mild idiopathic chronic cold agglutinin 
hemolytic anemia, with negative evaluation for 
any underlying lymphoproliferative disorder. 
When anemia worsened, prednisone was tried 
unsuccessfully. She received red cell transfu-
sions and rituximab 375 mg/m 2  weekly for 
4 weeks. Anemia and its symptoms improved, 
reticulocytes declined to near normal, and 
agglutination was reduced to subtle on the blood 
smear. Three months later, she presents with 
fever and chills. Exam shows temperature 101°F 
with no localizing fi ndings. Hemoglobin is 11 g/
dL, platelet 290 × 10 3 /μL, and WBC 1.9 × 10 3 /μL 
with no neutrophils. Other medications are 
lisinopril, ibuprofen, lorazepam, and herbal sup-
plements, all taken for years. She was admitted 
to the hospital and begun on broad-spectrum 
antibiotics and G-CSF, and a bone marrow was 
performed.
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    Question 4.      Which of the following state-
ments are true about this bone marrow ?

    A.    It shows a “maturation arrest” pattern (few 
myeloid precursors beyond myelocyte stage).   

   B.    It is compatible with an immune neutropenia 
(antibodies directed against more mature 
myeloid cells).   

   C.    It is compatible with early release of neutro-
phils, due to sepsis or other stress.   

   D.    It is compatible with peripheral neutrophil con-
sumption, as with sepsis or hypersplenism.   

   E.    It is compatible with early recovery from 
stem cell injury.    

    Question 5.      The most likely cause of the neu-
tropenia in this case :

    A.    A reaction to the ACE inhibitor   
   B.    A reaction to the NSAID   
   C.    A reaction to the herbal supplements   
   D.    A reaction to the rituximab which was given 

3 months earlier   
   E.    Immune neutropenia in this woman with 

immune hemolytic anemia, a variant of Evans 
syndrome    

    Expert Perspective     A “maturation arrest” pic-
ture is commonly encountered when bone mar-
row exam is performed in a neutropenic patient, 
but contrary to the appellation, this pattern is 
very nonspecifi c and not at all diagnostic of 
arrested development of stem cells. All of the 
choices listed may produce this picture, and 
that is a reason why bone marrow exam may 
frequently be uninformative in patients with 
neutropenia; thus, the exam should not be per-
formed by knee jerk, but should be reserved for 
patients where there is reason to suspect a mar-
row disorder (such as infi ltration by a hemato-
logic neoplasm) or for patients not improving 
with therapy. 

 Angiotensin-converting enzyme inhibitors 
(mainly captopril) and nonsteroidal anti- 
infl ammatory drugs (the worst offenders were 
phenylbutazone and indomethacin) are associ-
ated with agranulocytosis, but this patient only 
has taken low-risk agents for years, and there is a 
much more likely explanation for her severe neu-
tropenia. This patient is particularly susceptible 
to the possibility of immune neutropenia, being 
that she already has immune hemolytic anemia. 
Evans is credited with associating autoimmune 
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   Table 1    Causes of neutropenia   

  Hereditary neutropenia  

 Severe congenital neutropenia  Shwachman-Bodian-Diamond syndrome 

 Myelokathexis  Chediak-Higashi syndrome 

 p14 defi ciency syndrome  Glycogen storage disease type 1 

 Barth syndrome  Cohen syndrome 

 Charcot-Marie-Tooth syndrome  Hermansky-Pudlak syndrome 

 Griscelli syndrome  GATA2 defi ciency (MonoMAC syndrome) 

 Cyclic neutropenia  Benign ethnic neutropenia 

  Infections  

 HIV, EBV, CMV, hepatitis A, hepatitis B  Other viruses 

 Overwhelming bacterial sepsis  Typhoid, ehrlichiosis, brucellosis, rickettsia 

 Measles, rubella, varicella  Granulomatous marrow infection (histoplasmosis, 
tuberculosis) 

  Malignancies  

 Acute leukemia  LGL leukemia 

 Hairy cell leukemia  Myelodysplastic syndrome 

  Autoimmune conditions  

 Systemic lupus erythematosus  Felty syndrome 

 Evans syndrome (ITP, AIHA) 

  Drugs  

 Antibiotics  Vancomycin  Cephalosporins  Chloramphenicol 

 TMP-SMX  Semisynthetic PCN  Flucytosine 

 Dapsone  Ganciclovir 

 Cardiovascular  Ticlopidine  Captopril  Procainamide 

 Psychotropics  Clozapine  Phenothiazine 

 Antiepileptics  Carbamazepine  Phenytoin  Ethosuximide 

 Valproate 

 Antithyroid  Methimazole  Propylthiouracil 

 Anti-infl ammatory  Sulfasalazine  Diclofenac  Indomethacin 

 Phenylbutazone 

 Others  Levamisole  Deferiprone  Rituximab 

  Dietary  

 Global caloric malnutrition  Copper defi ciency 

 Alcoholism  Vitamin B12 and folate defi ciencies 

  Others  

 Hypersplenism  Hyperthyroidism 

hemolytic anemia with immune thrombocytopenia, but he also stressed an association with immune 
neutropenia, seen in one-third to one- half of Evans syndrome patients (Evans and Duane  1949 ). 
Frustrating for clinicians, available anti-neutrophil antibody tests are not useful for clinical decision-
making, suffering high false- positive and false-negative rates; these tests should not be ordered or 
relied upon (Gibson and Berliner  2014 ). The diagnosis of immune neutropenia might be plausible in 
this case, except that an alternative diagnosis appears much more likely. 

 Late-onset severe neutropenia due to rituximab is being increasingly recognized (Wolach et al.  2010 ; 
Yilmaz et al.  2011 ). We have diagnosed this problem in about two dozen patients, fi nding that it occurs 
with rituximab used for any underlying disorder, be it lymphoma or autoimmune disease, with the best 
estimates that it affects 5 % of treated patients. In sharp contrast to most drug-induced neutropenias, the 
onset is usually about 90 days after the last rituximab dose. The mechanism is not fi rmly established, but 
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may involve imbalanced recovery of B-lymphocyte 
subpopulations with a defi ciency of stromal-
derived factor-1(SDF-1) (Dunleavy et al.  2005 ). 
Fortunately, the problem is usually short-lived, 
with rapid recovery in G-CSF-treated patients. Our 
experience includes a number of patients who had 
repeated rituximab treatment after recovery; every 
one experienced a relapse of the problem. In fact, if 
there is any doubt about the diagnosis in this Case 
4, her cold agglutinin disease worsened 2 years 
later, and she had a recurrence of severe neutrope-
nia 3 months after another course of rituximab. 
(While the rituximab clearly was effective for her 
anemia, she refuses to take it again, not because of 
fear of neutropenia, but because of the severe bone 
pains she experiences when given G-CSF.) 
Rituximab has also been found to predispose to 
milder neutropenia when used in combination with 
myelotoxic drugs in hematologic malignancies.   

    Case 5 

 A 66-year-old man is referred for neutropenia. 
Because of recurrent sinus infections in the last 
5 years, he has suffered frequent fevers and sinus 
headaches, has lost 20 lb, and has undergone sur-
gical sinus drainage procedures. He was fi rst told 
of mildly low neutrophils 10 years ago, recently 
worse. A bone marrow aspirate and biopsy had 
shown mild myeloid hypoplasia with negative 
fl ow cytometry for any clonal lymphoid prolifer-
ation. Physical exam is normal. Hemoglobin is 
12.5 g/dL, platelet 160 × 10 3 /μL, and WBC 
3.5 × 10 3 /uL with 30 % neutrophils. Peripheral 
blood smear shows many atypical lymphocytes 
(with morphology below).

    Question 6.      What would you do next ?

    A.    Begin ATG and cyclosporine A   
   B.    Peripheral blood fl ow cytometry, including 

markers for CD56 and CD57   
   C.    Peripheral blood T-cell gene rearrangement 

by PCR   
   D.    Chronic G-CSF   
   E.    HyperCVAD chemotherapy    

    Expert Perspective     This patient has T-NK 
(LGL) leukemia. Approximately 85 % of LGLs 
(large granular lymphocytes) arise from T cells 
that are positive for CD3, CD8, and CD57 and 
negative for CD56. The remaining 15 % of LGL 
leukemias are derived from non-T-cell natural 
killer cells, CD3 negative and CD56 positive. 
LGLs are larger than most circulating lympho-
cytes, have decreased nuclear/cytoplasmic ratio, 
and usually display characteristic azurophilic 
granules containing acid hydrolases. Normally, 
up to 10–15 % of circulating peripheral blood 
mononuclear cells can be LGLs. Due to the indo-
lent nature of LGL leukemia with median survival 
of over 10 years, many patients can be observed 
without treatment. Treatment is indicated in 
patients with symptomatic disease or complica-
tions such as severe neutropenia or red cell aplasia 
(Lamy and Loughran  2001 ). Immunosuppressive 
therapy is the mainstay of initial treatment, using 
oral methotrexate, cyclosporine, or cyclophos-
phamide, with or without prednisone. 

 Felty syndrome is the combination of rheuma-
toid arthritis (especially in more severe cases), 
neutropenia, and splenomegaly and is tradition-
ally attributed to anti-neutrophil antibodies. 
Because patients with Felty syndrome may have 
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increased LGLs, and patients with LGL leukemia 
may have anti-neutrophil antibodies, many now 
believe that these represent points on a contin-
uum of the same disorder. 

 A learning point in this case concerns the 
missed diagnosis of clonal LGL leukemia on the 
prior bone marrow exam because the CD57 
marker had not been performed in the fl ow 
cytometry panel. This marker is usually not rou-
tine, so one needs to request it from the lab when 
LGL leukemia is in the differential diagnosis. 
This serves to emphasize the need for the hema-
tologist to personally review blood and bone 
marrow slides, and rather than to rely on a pathol-
ogy report that arrives in the mail, to make sure 
informative markers are analyzed. In this case, 
rheumatoid factor and probably ANA should be 
performed; both proved negative in this patient. 
Therapy with methotrexate was unsuccessful, but 
the patient is experiencing an excellent partial 
response maintained on low-dose cyclosporine 
A; neutrophil counts are higher, sinus infections 
less frequent and less severe, and systemic symp-
toms resolved.   

    Case 6 

 A 62-year-old man presents with weakness, 
cough, and weight loss. He is a longtime cigarette 
smoker. He denies fevers or sweats. Physical 
exam is normal. Laboratory exam reveals hemo-
globin 14 g/dL, platelet 450 × 10 3 /μL, and WBC 
110 × 10 3 /μL with differential showing 90 % neu-
trophils. Chest X-ray and CT scan reveal a 4 cm 
spiculated mass in the left upper lobe with areas 
of necrosis. 

  Question 7.      What is the next best step ?

    A.    Peripheral blood fl ow cytometry   
   B.    Peripheral blood smear review   
   C.    Leukocyte alkaline phosphatase (LAP)   
   D.    BCR-ABL and JAK2 molecular testing   
   E.    Bone marrow exam   
   F.    Leukapheresis    

    Expert Perspective     The differential diagnosis of 
the leukocytosis in this case is mainly between 
chronic myelogenous leukemia (CML) and a leu-
kemoid reaction. (It would be quite rare for another 
myeloproliferative disorder to present in this man-
ner; a myeloproliferative/myelodysplastic overlap 
syndrome patient would have monocytosis and 
more anemia.) Leukemoid reaction is defi ned as a 
nonclonal neutrophilic leukocytosis with WBC 
>50 × 10 3 /μL. This can be an exaggerated response 
to any of the common causes of neutrophilia, such 
as infection, infl ammatory disease, cancer, sur-
gery, trauma, steroid therapy, asplenia, and other 
severe stresses; with an exuberant leukemoid reac-
tion, often more than one of these underlying dis-
orders are present. Certain disorders (e.g., 
 Clostridium diffi cile  colitis; G-CSF-producing 
tumors) have a greater propensity to cause this 
reaction. The only treatment for a leukemoid reac-
tion is to address the underlying cause. 

 The clinical context, physical exam, and the 
peripheral blood smear are very helpful in pointing 
toward or away from a reactive leukocytosis versus 
CML. Night sweats and weight loss would be com-
mon in CML, but not high fevers. Palpable spleno-
megaly occurs in near 90 % of CML cases. Left 
shift with myelocytes and other immature cells is 
seen with either disorder, but is generally more 
extreme in CML. Some degree of basophilia occurs 
in virtually all CML cases, eosinophilia in the vast 
majority, while absolute eosinophil counts are usu-
ally depressed with leukemoid reactions. In the 
past, the LAP score was used to differentiate these 
possibilities, but the availability of molecular test-
ing has rendered this test obsolete. Flow cytometry 
or bone marrow exam offers little or no value here. 

 While this patient did not have splenomegaly, 
basophilia, or eosinophilia, the extreme degree of 
the leukocytosis led to bcr-abl and jak2 tests 
being ordered; these were negative (by FISH and 
PCR). Leukemoid reactions rarely produce leu-
kocytosis above 100 × 10 3 /μL (virtually never 
above 150 × 10 3 /μL), while white counts this high 
are expected in CML. Erasing any doubt that the 
diagnosis in this case was leukemoid reaction, 
the white blood count fell to normal just 1 week 
after resection of the lung tumor.   
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    Case 7 

 A 45-year-old woman is referred for chronic mild 
neutrophilic leukocytosis. On a recent evaluation 
by her internist, leukocytes were 12.5 × 10 3 /μL 
with 78 % neutrophils, 15 % lymphocytes, 2 % 
eosinophils, and 5 % monocytes. She takes levo-
thyroxine and atorvastatin and smokes one pack 
per day. Records show that leukocytes were 
11 × 10 3 /μL last year and 11.5 × 10 3 /μL the year 
before. She feels well. She is 5 ft 4 in. and weighs 
232 lb, and exam is otherwise normal. 

  Question 8.      Which would you advise regard-
ing the leukocytosis ?

    A.    Sedimentation rate and/or C-reactive protein   
   B.    Leukocyte alkaline phosphatase (LAP).   
   C.    BCR-ABL and JAK2 molecular testing.   
   D.    Bone marrow exam.   
   E.    Advise her there is no primary hematologic 

disorder; the leukocytosis may likely be due 
to smoking and obesity.    

    Expert Perspective     Answers B (virtually 
obsolete) and D would have no value here. 
While sedimentation rate and CRP (answer A) 
are simple and inexpensive tests that could be 
reassuring if normal, I see no need for them in 
this case, especially with the leukocytosis so 
modest, chronic, and explainable by other fac-
tors. The trigger to order molecular tests for 
myeloproliferative disorders (e.g., bcr-abl test-
ing) has been lowered by the availability of 
highly effective therapies for affl icted patients 
(tyrosine kinase inhibitors); one does not want 
to miss this diagnosis. Still, in this particular 
case, I would argue against the need for expen-
sive tests when there are none of the cardinal 
fi ndings of CML (discussed in case 6), the 
degree of abnormality and its stability would be 
exceptional for CML, and there are good alter-
native explanations. 

 Mild chronic neutrophilia has been associated 
with smoking (Van Eeden and Hogg  2000 ) and 
with obesity (Rogowski and Marilus  2006 ), per-
haps related to increased leptin levels.   

    Case 8 

 A 28-year-old woman is referred for marked 
eosinophilia discovered during her second preg-
nancy and persistent months after a normal deliv-
ery. Her only medications have been 
levothyroxine, past oral contraceptives, and rare 
inhalers for mild asthma. There is no history of 
fevers, rashes, arthritis, hepatitis, or diarrhea. 
Physical exam is normal. Hemoglobin and plate-
let counts are normal; leukocytes are 15 × 10 3 /μL 
with 40 % eosinophils (absolute eosinophil count 
6000/μL), 42 % neutrophils, 15 % lymphocytes, 
and 3 % monocytes. 

  Question 9.      Which of the following tests 
would be indicated ?

    A.    Stool ova and parasites   
   B.    More specifi c tests for  Strongyloides  (serol-

ogy, upper endoscopy, and/or empiric course 
of therapy)   

   C.    Serum IgE level   
   D.    Sedimentation rate and hepatitis B surface 

antigen   
   E.    Bone marrow exam (with cytogenetics)   
   F.    Flow cytometry and T-cell gene rearrange-

ment testing of the marrow   
   G.    Molecular testing for FIP1-L1/ (PDGFR-α)   
   H.    Echocardiogram    

    Expert Perspective     Hypereosinophilic syn-
dromes (HESs) consist of rare disorders with sus-
tained absolute eosinophil count ≥1.5 × 10 3 /μL 
(Klion  2009 ). Stool ova and parasite testing is 
basic, but methods of collection and other factors 
produce disappointingly low-positive results even 
when parasites may be present.  Strongyloides  
merits special attention because it can be a com-
mon cause of substantial eosinophilia in asymp-
tomatic individuals and it may progress to severe 
disease with immunosuppression. With eosino-
philia, IgE levels are consistently high with aller-
gic causes, drug reactions, and parasitic 
infestations; normal levels make an underlying 
hematologic disorder more likely. With primary 
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eosinophilic leukemia or with a lymphoprolifera-
tive or myeloproliferative disorder, IgE levels 
may be normal or high. Vasculitic disorders must 
be considered, including Churg-Strauss syndrome 
and polyarteritis nodosa. Lymphoproliferative 
disorders associated with hypereosinophilia run 
the gamut from T-cell lymphomas, B-cell lym-
phomas, and Hodgkin disease. The strongest 
association is with both high-grade and lower-
grade T-cell malignancies, and these can fi rst 
manifest a few years after the appearance of 
eosinophilia. A disorder not to be missed is the 
eosinophilia associated with the platelet-derived 
growth factor-α (PDGFR-α) gene mutation, 
because this is exquisitely sensitive to tyrosine 
kinase inhibitor drugs. This myeloproliferative 
disorder has been reported to be common by 
experts who publish in this area, but the incidence 
is only about 5 % in patients with signifi cant 
eosinophilia referred to my clinic. 

 In this patient, all the above tests proved nor-
mal. After being followed in my clinic for a cou-
ple of years, she transferred care to another 
institution. In spite of negative molecular tests, a 
trial of imatinib was embarked on – there was no 
response. Frustrated or disappointed that no ther-
apy was being offered, the patient became lost to 
follow-up for several years. She represented with 
shortness of breath and severe mitral stenosis, 
diagnosed as rheumatic heart disease even though 
there was no history compatible with rheumatic 
fever. A mechanical prosthetic mitral valve was 
surgically implanted. During the hospitalization, 
eosinophils were 30 % (absolute count 3500/μL) 
and she was urged to follow-up in clinic for ther-
apy. She next presented 8 months later with signs 
and symptoms of stenosis of the mechanical 
mitral valve. Reoperation revealed fi brous over-
growth over the prosthetic valve – accelerated 
restenosis of this type has been reported with 
uncontrolled hypereosinophilia.  

  Question 10.      What therapy would you now 
recommend ?

    A.    Continued watch and wait   
   B.    Trial of corticosteroids   
   C.    Hydroxyurea   

   D.    Azathioprine   
   E.    Cladribine   
   F.    Interferon   
   G.    Anti-IL5 (mepolizumab)   
   H.    Allogeneic bone marrow transplant    

    Expert Perspective     Steroids are the fi rst-line ther-
apy for idiopathic hypereosinophilia (HES); they 
are more likely to be effective in those with any his-
tory of asthma or with high IgE levels. Hydroxyurea 
is highly effective in most patients who fail to 
respond to tolerable doses of steroids. In this patient 
with Löeffl er’s endocarditis, prednisone effected a 
fall of eosinophils to normal, and very low doses 
have maintained remission for more than 3 years. 
(Attempts to stop steroids completely are thwarted 
by rapid eosinophil rise.) The other options listed all 
have some reported effi cacy in HES, but should be 
reserved for the few patients who cannot be con-
trolled by steroids or hydroxyurea.   

    Summary 

•     Leukocyte abnormalities are a common cause 
for hematologic consultation.  

•   The clinical signifi cance of the problem varies 
from none at all, to being a sign of a life- 
threatening underlying disease, to be life- 
threatening in and of itself. The importance 
depends mainly on the degree and acuity of 
the abnormality.  

•   Chronic neutropenia can be ethnic or idiopathic, 
may have no impact on long-term health, and the 
patient may need reassurance only.  

•   Agranulocytosis is usually due to a drug reac-
tion, so exposures should be meticulously 
pursued.  

•   G-CSF therapy has improved outcomes with 
congenital and acquired neutropenias.  

•   T-NK (LGL) leukemia is a relatively common 
cause of neutropenia, which emphasizes the 
need to personally review peripheral blood 
smears and assure that appropriate studies 
(CD57 by fl ow cytometry) are pursued.  

•   Mild chronic leukocytosis can be due to obe-
sity or smoking.  

•   With extreme neutrophilic leukocytosis, the 
main differential is leukemoid reaction or 
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CML. The history, physical, and blood counts 
can differentiate these, with molecular testing 
when there is any doubt.  

•   Hypereosinophilic syndromes can be idio-
pathic, myeloproliferative, lymphoproliferative, 
or secondary to such things as drug reactions 
and parasitic infestations. Proper evaluation and 
therapy will avoid serious complications (such 
as restrictive cardiomyopathy).    

  Answer 

    Question 1. B  
  Question 2. A  
  Question 3. B  
  Question 4. All of the above  
  Question 5. Most likely is D (although all are 

possibilities)  
  Question 6. B would be of most immediate con-

cern, with C likely benefi cial as well  
  Question 7. B and probably D  
  Question 8. E  
  Question 9. All of the above  
  Question 10. B, often followed by C         

  Acknowledgment   We would like to thank Dr. Arthur 
Zieske for helping with the photomicrographs.  
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      Primary Immunodefi ciency 
Disorders: Diagnosis 
and Management                      

     Paraskevi     Maggina      and     Andrew     R.     Gennery    

         Introduction 

 Genetically inherited inborn errors of immunity 
result in impaired immune function and leave 
affected individuals exposed to increased risks of 
infection, infl ammation, lymphoid malignancy 
and autoimmunity. Over 200 primary immunode-
fi ciencies are now described, affecting innate and 
adaptive immunity. Most are inherited in an auto-
somal recessive fashion, although some have 
X-linked recessive inheritance. More recently, 
autosomal dominant diseases have been 
described, as well as diseases caused by genetic 
mutations leading to gain-of-function rather 
than hypomorphic or null mutations. For many 

 diseases, allogeneic haematopoietic cell trans-
plantation (allo-HCT) is curative. 

 The most severe of these diseases, severe 
combined immunodefi ciencies (SCID), are con-
sidered as paediatric emergencies, and prompt 
diagnosis and supportive and curative treatment 
are required to achieve best outcomes. Recent 
advances in diagnostics and transplantation tech-
niques are challenging our approach to treating 
many of these patients. This chapter will explore 
some of the issues that are currently topical.  

    Case 1 

 A 6 months old male infant, fi rst child to consan-
guineous parents, presented with persistent respi-
ratory syncytial virus pneumonitis and 
disseminated cytomegalovirus infection. The 
immunophenotype demonstrated the absence of 
T and B lymphocytes, but normal numbers of 
natural killer cells. Genetic testing revealed 
Artemis defi ciency due to mutations in 
 DCLRE1C , causing severe combined immunode-
fi ciency with systemic radiosensitivity. There 
was no matched family or unrelated donors 
identifi ed. 

  Question 1.      Can severe combined immunode-
fi ciency be reliably detected by newborn 
screening programmes ?  If so ,  are other pri-
mary immunodefi ciencies also detected by 
screening ?
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    A.    There are currently no effective newborn 
screening programmes for primary 
immunodefi ciencies.   

   B.    Severe combined immunodefi ciencies can be 
detected in the newborn period by measuring 
the levels of T lymphocyte receptors or, in 
certain genotypes, measuring biochemical 
metabolites.   

   C.    Severe combined immunodefi ciencies may 
be detected in the newborn period, but other 
primary T lymphocyte immunodefi ciencies 
with T lymphocytopenia will not be detected.   

   D.    Measurement of the levels of T lymphocyte 
receptor excision circles and B lymphocyte 
receptor excision circles allows the presymp-
tomatic diagnosis of severe T lymphocyte and 
B lymphocyte primary immunodefi ciencies.    

    Expert Perspective     Severe combined immuno-
defi ciencies (SCID) are inherited primary immu-
nodefi ciencies, characterised by the absence or 
dysfunction of T lymphocytes and absent thymo-
poiesis, affecting both cellular and humoral adap-
tive immunity. The condition is a paediatric 
emergency, and without prompt diagnosis and 
supportive and curative treatment, SCID is fatal 
within the fi rst 12–18 months of life. Effective 
treatment is curative. The diagnosis is made on 
clinical, immunophenotypic and genetic criteria. 
Affected infants generally appear well at birth but, 
within the fi rst few months of life, demonstrate a 
failure to clear infections and present with persis-
tent respiratory tract or gastrointestinal infections 
and failure to thrive (Table  1 ). The genetic basis of 
the majority of SCID diseases has been eluci-
dated, important when considering gene therapy 
(vide infra) (Table  2 ). The main treatment for 
patients with SCID is allo-HCT, which when suc-
cessful is curative. The best outcome is seen in 
patients transplanted before the onset of infection, 
which may lead to organ damage, particularly of 
the lung and gut. Myers et al. ( 2002 ) compared 
the outcome of 21 infants transplanted in a single 
centre in the neonatal period and without infec-
tion, with results of 96 infants transplanted beyond 
the neonatal period. They reported a superior sur-
vival in the neonatal group (95 % vs 74 %) and 

superior immune reconstitution. Brown and col-
leagues reported similar outcomes in infants 
transplanted at two national centres (Brown et al. 
 2011 ). The outcome of patients presenting in the 
neonatal period due to a previous family history 
was compared with the outcome of the proband. 
Survival was signifi cantly better in the neonatal 
group (93 % vs 54 %). These results led to the 
development of newborn screening programmes, 
which have been implemented in the USA, and 
are gradually being introduced into other parts of 
the world. Patients with adenosine deaminase-
defi cient SCID can be accurately detected in the 
newborn period by measuring adenosine and 
29-deoxyadenosine levels by tandem mass spec-
trometry from samples taken the dried neonatal 
blood spot taken in the fi rst few days of life 
(Azzari et al.  2011 ). However, for most patients, 
this will not be helpful. T lymphocyte receptor 
excision circles (TRECs), a biomarker for T lym-
phopoiesis, formed from DNA exosomes not used 
during T lymphocyte receptor VDJ recombina-
tion, can be measured by polymerase chain reac-
tion, using DNA isolated from infant dried blood 
spots collected for newborn screening. Patients 
with SCID have absent TRECs, and so by quanti-
fying thymic output by measuring the excisional 
DNA products of TCR- gene rearrangement, a 
provisional diagnosis of SCID can be made and 
confi rmed by fl ow cytometry (Chan and Puck 
 2005 ; Kwan et al.  2014 ). The introduction of 
widespread newborn screening for SCID is likely 
to improve transplant survival outcomes for these 
patients (Pai et al.  2014 ). Depending on how low 
the ‘cut-off’ determining whether TREC levels 
are considered low or normal is placed will 
depend on whether other conditions are also 
detected. Some patients with ataxia telangiecta-
sia, partial DiGeorge syndrome, other chromo-
somal defects including Down syndrome and 
prematurity have lower TREC levels than normal, 
but in patients with SCID, they are absent (Kwan 
et al.  2013 ; Borte et al.  2014 ; Patel et al.  2015 ). By 
using the same principles in B lymphocyte devel-
opment to detect the products of B lymphocyte 
receptor rearrangement (K-deleting recombina-
tion excision circles – KRECs), infants with 
severe B lymphocyte defects can also be identi-
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fi ed by newborn screening (Borte et al.  2012 ; 
Chiarini et al.  2013 ).

      Question 2.      What donor would you recom-
mend for transplanting patients with SCID if 
there is no available sibling donor ?

    A.    Matched unrelated donor   
   B.    T lymphocyte replete haplo-identical donor   
   C.    T lymphocyte-depleted haplo-identical paren-

tal donor   
   D.    T lymphocyte-depleted autologous transplant    

   Table 1    Presentations of severe combined immunodefi ciency   

 Common presentations  Common pathogens  Rare presentations 

 Persistent viral enteritis   Rotavirus   Bacterial septicaemia 

  Norovirus   Disseminated BCG infection 

  Astrovirus   Autoimmune cytopenias 

 Adenovirus  Maternofetal engraftment 

 Persistent viral upper 
respiratory tract infection 

 Respiratory syncytial virus  Lymphoid malignancy 

 Parainfl uenza viruses  Haemophagocytosis 

  Cytomegalovirus  

  Pneumocystis jiroveci  
pneumonitis 

  Pneumocystis jiroveci  

 Recurrent or recalcitrant 
candidiasis 

 Failure to thrive 

   Table 2    Genetic causes of severe combined immunodefi ciency   

 Disorder  Disease  Phenotype  Inheritance 

 Cytokine signalling  CγC  T − B +   XL 

 JAK3  T − B +   AR 

 IL7Rα  T − B +   AR 

 Nucleotide biosynthesis 
salvage pathway defects 

 ADA defi ciency  T − B −   AR 

 Defects affecting signalling 
through the T lymphocyte 
antigen receptor 

 CD45  T −/low B +   AR 

 CD3δ  T −/low B +   AR 

 CD3ε  T −/low B +   AR 

 CD3ζ  T −/low B +   AR 

 VDJ recombination defects  RAG1/2  T − B −   AR 

 DCLRE1C (Artemis)  T − B −   AR 

 DNA-PKcs  T − B −   AR 

 DNA ligase 4  T low B low   AR 

 NHEJ1 (Cernunnos-XLF)  T low B low   AR 

 Mitochondrial defect  AK2 defi ciency (reticular 
dysgenesis) 

 T − B +/−   AR 

 RMRP (cartilage-hair 
hypoplasia) 

 T − B +   AR 

 Other  Coronin-1A defi ciency  T − B +   AR 

 TTC7A  T − B +   AR 

 Thymic defects  DiGeorge syndrome  T − B +   AD 

 CHARGE syndrome  T − B +   AD 

 FOXN1 (winged helix)  T − B +   AR 
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    Expert Perspective     Choosing the best donor for 
a patient depends on many things and, in particu-
lar, on the availability of an HLA well-matched 
donor. Best outcomes are achieved if an HLA 
geno-identical donor is used (generally a sibling, 
but possibly a cousin in multiple consanguineous 
relationships). Data from the European Inborn 
Errors Working Party, reporting on results of 
hematopoietic stem cell transplantation (HSCT) 
for SCID, showed a 90 % overall survival in the 
most recent period reported (2000–2005) if a 
geno-identical donor was used, compared with 
only 69 % for a matched unrelated donor 
(Gennery et al.  2010 ). Results from the North 
American Primary Immune Defi ciency Treatment 
Consortium study affi rmed these results, with 
survival of 97 % for those receiving sibling-donor 
grafts (Pai et al.  2014 ). Previous results have 
demonstrated similar survival rates after matched 
sibling or matched unrelated donor transplants 
(90 vs 80 %) (Grunebaum et al.  2006 ). The prob-
lem is that it can take several weeks to fi nd an 
adequately HLA-matched unrelated donor using 
the international registries. This time period 
increases the risk that a patient may catch infec-
tion, or develop signifi cant sequelae from pre- 
existing infection, and so many experienced units 
caring for patients with SCID will look for 
matched cord blood units, but not adult donors. 
Survival after unrelated cord blood transplanta-
tion for SCID is similar to those receiving T 
lymphocyte- depleted haplo-identical transplant 
(Fernandes et al.  2012 ). Generally survival using 
HLA-mismatched related donors (mainly T 
lymphocyte- depleted HLA haplo-identical) is 
not so good as other sources (Gennery et al. 
 2010 ), although better if no infection is present, 
and dependent on the type of conditioning used 
(Pai et al.  2014 ). T lymphocyte depletion signifi -
cantly reduces the risk of graft versus host dis-
ease. However, patients are at signifi cant risk of 
succumbing to viral infections during the pro-
longed period of T lymphocytopenia, until thy-
mopoiesis occurs at around 120 days 
post-transplant (Muller et al.  2000 ). New meth-
ods of T lymphocyte depletion leave cellular ele-
ments with the graft, but remove mature T and B 
lymphocytes, so reducing the risk of graft versus 

host disease and Epstein Barr virus-driven B 
lymphoproliferative disease. The cellular ele-
ments and lymphocyte progenitors remaining in 
the graft may improve the speed of immune 
reconstitution and viral clearance (Slatter et al. 
 2008 ; Kharya et al.  2014 ). The most recent meth-
ods of graft manipulation include the removal of 
CD3+ αβT cell receptor T lymphocytes and 
CD19+ B lymphocytes (Bertaina et al.  2014 ; 
Balashov et al.  2015 ) or the removal of CD45RA+ 
T lymphocytes from the graft (Touzot et al. 
 2014 ), with promising results in terms of lack of 
graft versus host disease, viral clearance and 
speed of immune reconstitution. Therefore, for 
this patient, with no matched sibling and dissemi-
nated viral infection, a T lymphocyte-depleted 
parental haplo-identical transplant from a CMV- 
positive parent, using one of the new methods of 
graft manipulation, would be ideal.  

  Question 3.      Should cytoreductive condition-
ing be given to patients with severe combined 
immunodefi ciency ?

    A.    Most patients with severe combined immuno-
defi ciency who do not have a matched sibling 
donor should not receive chemotherapy 
conditioning.   

   B.    Most patients with severe combined immuno-
defi ciency should receive fully myeloablative 
chemotherapy conditioning regardless of the 
donor type.   

   C.    Radiotherapy is a standard element of the 
conditioning regimen for patients with severe 
combined immunodefi ciency.   

   D.    For common subtypes of SCID, sibling-donor 
transplants can be successfully performed by 
infusing the allograft, but other donor types 
may require reduced conditioning or non-
toxic myeloablative regimens to achieve best 
results.    

    Expert Perspective     The role of chemotherapy 
in conditioning prior to HSCT in patients with 
SCID is controversial, with strongly held views 
on either side of the debate (Haddad et al.  2013 ). 
The likelihood of T lymphocyte engraftment 
depends on the ‘permissiveness’ of the underly-
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ing genetic disorder and is particularly associated 
with the presence or absence of natural killer 
cells (Hassan et al.  2014 ). Stable long-term T 
lymphocyte function with a diverse T lympho-
cyte receptor repertoire requires long-term thy-
mopoiesis (Borghans et al.  2006 ). Continuing 
thymopoiesis has been demonstrated into the 
third decade, with a diverse repertoire of T lym-
phocyte receptors (Sarzotti et al.  2003 ; Sarzotti- 
Kelsoe et al.  2009 ), and, except in patients with 
IL-2 receptor gamma chain-defi cient SCID, is 
associated with donor myeloid engraftment 
(Cavazzana-Calvo et al.  2007 ). However, without 
chemotherapy conditioning, donor B lymphocyte 
and myeloid chimerism is generally absent 
(Slatter et al.  2008 ; Hassan et al.  2014 ). In most 
genetic SCID subtypes, B lymphocyte function is 
dependent on donor B lymphocyte chimerism, 
predicted by donor myeloid donor chimerism, 
which is a likely surrogate for donor myeloid 
engraftment (Cavazzana-Calvo et al.  2007 ).  

  Question 4.      Are special conditioning regi-
mens required for patients with radiosensitive 
severe combined immunodefi ciency ?

    A.    Particular low-dose chemotherapy regimens 
are recommended for certain types of radio-
sensitive SCID disorders.   

   B.    Radiosensitive SCID disorders require ionis-
ing radiation as part of the preparative 
therapy.   

   C.    Excellent long-term graft durability will be 
achieved by infusion alone in patients with 
radiosensitive SCID disorders.   

   D.    Monoclonal antibody preparative therapy 
alone is suffi cient to empty the stem cell 
niche in radiosensitive SCID.    

    Expert Perspective     Certain rare subtypes of 
SCID with genetic defects impacting on DNA 
double-strand breakage repair (ligase 4 defi -
ciency, Cernunnos-XLF defi ciency) are exqui-
sitely sensitive to conventional chemotherapy 
(Cowan and Gennery  2015 ). These patients 
should receive well-matched HLA-matched 
grafts, and a low-intensity conditioning regimen 
is recommended, such as the modifi ed Fanconi 

anaemia protocol (EBMT/ESID guidelines 
 2015 ). Replacing chemotherapeutic agents com-
pletely with monoclonal antibodies, to clear the 
osteo-medullary niche of recipient stem and pro-
genitor cells, is less successful than adding them 
to a minimally intensive regimen (Straathof et al. 
 2009 ; Derderian et al.  2014 ; Dvorak et al.  2014 ).  

 Returning to the child presented in this case – 
the choices are diffi cult, and none is optimum. 
Without signifi cant myeloablative chemother-
apy, T and B lymphocyte reconstitution will be 
poor, with suboptimal graft function and early 
immune senescence and graft failure (Dvorak 
et al.  2008 ; Schuetz et al.  2014 ). However, 
although survival immediately after chemother-
apy is likely to be as good as other phenotypes 
without radiosensitivity, signifi cant long-term 
sequelae are observed, namely, growth failure, 
endocrinological manifestations and autoim-
mune phenomena (Schuetz et al.  2014 ), a con-
trast to other forms of SCID. In the absence of a 
matched sibling donor and in the presence of 
severe, ongoing infection, the outcome of condi-
tioned transplants is signifi cantly worse than 
unconditioned infusions (Pai et al.  2014 ). In the 
case scenario described above, the best current 
available option for successful outcome would 
be to infuse CD3+ TCRαβ-, CD19- depleted 
peripheral blood haematopoietic cells, to gain 
control and clearance of viral infection, followed 
by  a conditioning regimen, and use of the same 
donor and stem cell source, in a two-stage proce-
dure, to maximise survival and achieve long-
term graft durability. 

  Question 5.      Does gene therapy have a role in 
treatment of patients with severe combined 
immunodefi ciency ?  What are the risks associ-
ated with this treatment ?

    A.    Gene therapy is available for some genetic 
forms of SCID within a clinical trial setting.   

   B.    Gene therapy is now widely available for 
most genetic types of SCID and should be 
considered treatment of fi rst choice.   

   C.    Gene therapy is not available for treating 
patients with immunodefi ciency, since the 
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early clinical trials were discontinued follow-
ing the development of malignancy.   

   D.    Gene therapy is possible for some SCID gen-
otypes, but still considered too risky for all 
but the most desperate cases.    

    Expert Perspective     Because primary immuno-
defi ciencies demonstrate monogenic Mendelian 
inheritance, addition of a normal complementary 
DNA copy within a progenitor cell can result in 
normal gene and protein expression within sub-
sequent differentiated daughter cells and is 
potentially curative. Current conventional treat-
ment still carries signifi cant risks and sequelae, 
and so inherited immune disorders are ideal 
models for ex vivo gene therapy, particularly 
those in which the results of allo-HCT are less 
favourable.  

 The potential role of gene therapy was fi rst 
demonstrated in rare patients who presented with 
atypical attenuated SCID secondary to a wild- 
type reversion of a mutated common gamma 
chain or adenosine deaminase gene (Bousso et al. 
 2000 ; Hirschhorn et al.  1996 ). These patients 
demonstrated that ‘natural’ genetic correction 
through a reversion event, even within a single 
lymphoid precursor, could maintain limited thy-
mopoiesis and deliver a restricted T lymphocyte 
receptor repertoire, which attenuated the severe 
disease phenotype usually associated with such 
conditions. Critically, they demonstrated that 
progenitors possessing the wild-type gene had a 
selective advantage over those carrying the 
mutated gene. Clinical trials were initiated in 
Paris and London at the end of the 1990s and in 
early 2000s with X-linked SCID chosen to dem-
onstrate gene therapy as an effective alternative 
treatment to allo-HCT in primary immunodefi -
ciencies (Cavazzana-Calvo et al.  2000 ; Gaspar 
et al.  2004 ). Twenty patients without a geno- 
identical donor and experiencing signifi cant pre- 
existing comorbidities and infectious 
complications were recruited. Comparable long 
terminal repeat (LTR)-intact gamma-retroviral 
vectors were used, with different pseudotypes but 
identical common gamma chain transgenes 
(Table  3 ). All patients received ex vivo- 

transduced CD34+ cells infused without any 
additional chemotherapy. Initial results were 
promising, with gene-transduced cells and thy-
mopoiesis demonstrated. Seventeen of the 20 
patients had evidence of sustained thymopoiesis, 
normal T lymphocyte function and a diverse T 
lymphocyte receptor repertoire. Life-threatening 
infection, such as vaccine-induced BCG infec-
tion, was cleared, and long-lasting protection was 
demonstrated against subsequent viral infection 
up to 12 years following the procedure. Although 
low levels of B lymphocyte gene marking were 
evident, typically accounting for <1 % of circu-
lating B lymphocytes, many (but not all) of the 
patients developed independence from immuno-
globulin infusions, sustained normal levels of 
immunoglobulin isotypes and evidence of IgG 
responses against vaccine antigens.

   Importantly, serious adverse effects were sub-
sequently reported in 5 of 20 patients, with the 
development of T lymphocyte leukaemia. 
Integration site analysis demonstrated that, in 
leukaemic clones, the viral vector had integrated 
adjacent to known oncogenes, most commonly 
LMO2 (Hacein-Bey-Abina et al.  2008 ; Howe 
et al.  2008 ). The LTR enhancer activity of the ret-
roviral vector deregulated proto-oncogene 
expression, leading to clonal proliferation. Of 
interest, the four survivors of subsequent 
 leukaemia therapy continue to demonstrate 
 thymopoiesis with a diverse T lymphocyte recep-
tor repertoire after chemotherapy treatment, 

   Table 3    Features of gamma-retroviral and lentiviral 
vectors   

 Gamma-retroviral vector  Lentiviral vectors 

 Mostly LTR intact, 
using viral promoter 
elements 

 Self-inactivating DU3 
confi guration with internal 
(human) promoters 

 Target transcription 
start sites of active 
genes 

 Target active genes 

 Insertional mutagenesis 
following HSC 
modifi cation 

 Less likely to cause 
insertional mutagenesis 

 Stable packaging 
systems 

 No reliable producer cell 
lines for vector production 

  From Qasim and Gennery ( 2014 ) 

  HSC  haematopoietic stem cell,  LTR  long terminal repeat  
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 indicating that self-replicating haematopoietic 
cells had been transduced. To date, 17 patients 
have good long-term immune recovery and are 
living broadly unrestricted lifestyles more than 
10 years after therapy. Early results suggest that 
immune reconstitution may be better following 
gene therapy than T lymphocyte-depleted trans-
plantation (Touzot et al.  2015 ). 

 Once the mutagenic potential of LTR-intact 
vectors was realised, the risk of adverse effects 
has been reduced by using self-inactivating 
gamma-retroviral vectors, with enhancer-deleted 
U3 regions, in new multicentre phase I studies 
(Hacein-Bey-Abina et al.  2014 ). Entry require-
ments are as for the fi rst trial and early results are 
encouraging, although longer-term follow-up is 
required to determine the risk of insertional 
mutagenesis. 

 Around the time that the initial X-linked SCID 
trials were initiated, similar gamma-retroviral 
ADA vectors were used in trials in London, 
Milan and Los Angeles. To date, over 50 children 
have been treated, using low-dose non- 
myeloablative chemotherapy. All patients are 
alive, many have demonstrated successful 
immune reconstitution, and no insertional muta-
genesis has been reported (Aiuti et al.  2009 ). 
Whilst gene therapy is not yet available for 
patients with  DCLRE1C -defi cient SCID, preclin-
ical trials are in progress (Rivière et al.  2014 ). 
Targeted methods of introducing the corrected 
therapeutic gene into the genome are likely to 
enhance the safety of the procedure and widen 
the application, within and outside the fi eld of 
primary immunodefi ciencies (Genovese et al. 
 2014 ). 

  Question 6.      Does thymic transplantation have 
a role in the treatment of severe combined 
immunodefi ciency ?

    A.    The genetic defect in severe combined immu-
nodefi ciency resides in the haematopoietic 
stem cell, and so there is never a requirement 
for thymic transplantation.   

   B.    For rare cases of severe combined immuno-
defi ciency, T lymphocyte development is 
interrupted because of an absence of thymic 

tissue, and thymic transplantation can cure 
these patients.   

   C.    The thymus is important in inducing toler-
ance, and athymic severe combined immuno-
defi ciency patients reject a thymic allograft.   

   D.    Thymic transplantation needs to be per-
formed along side with allo-HCT in order to 
secure donor haematopoietic cell engraftment 
and long-term thymopoiesis.    

    Expert Perspective     Whilst for the majority of 
patients with SCID, the primary genetic defect 
affects lymphocyte development from stem cell 
or lymphoid progenitors, rare cases have normal 
stem cells and genetic potential for normal T 
lymphocyte development, but lack thymic tissue, 
critical for T lymphocyte development. DiGeorge 
syndrome, or 22q11.2 deletion syndrome, and 
CHARGE syndrome are the most common of 
these (although complete thymic aplasia and a 
SCID-like presentation are rare presentations, 
comprising <1 % of patients with the syndrome). 
These rare patients can be detected by newborn 
screening programmes for SCID (Kwan et al. 
 2013 ). Conventionally, allo-HCT has been 
offered to these patients. Defi nitive treatment 
with allo-HCT is more successful when an HLA- 
matched sibling donor is available, although sur-
vivors continue to have very low or absent 
circulating naive T lymphocytes, refl ecting fail-
ure of thymopoiesis. These patients are at high 
risk of developing graft versus host disease, even 
with a matched sibling donor, and for those for 
whom no HLA-matched sibling donor is avail-
able, thymic transplantation is the curative treat-
ment of choice (Janda et al.  2010 ). Patients with 
defects in  FOXN1  present with alopecia, nail and 
skin abnormalities and extremely low T lympho-
cytes and are athymic. Thymic transplantation 
can restore immunity in these patients (Markert 
et al.  2011 ) as well as in patients with DiGeorge 
or CHARGE syndrome (Markert et al.  2007 ), 
although autoimmunity may be an ongoing prob-
lem post transplantation. At present, thymic 
transplantation plays no role in the routine treat-
ment of other SCID genotypes. However, graft 
versus host disease following haematopoietic cell 
transplantation may lead to thymic dysfunction 
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(Krenger et al.  2000 ). Future studies may exam-
ine the role of thymic transplantation in patients 
with SCID who have developed signifi cant thymic 
dysfunction secondary to graft versus host disease 
following allo-HCT. With respect to the patient 

described in the case report at the beginning, thy-
mic transplant currently does not have a role.  

   Answers 

    Question 1. D  
  Question 2. C  
  Question 3. D  
  Question 4. A  
  Question 5. A  
  Question 6. B         
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      Disorders of Phagocytic Function: 
Diagnosis and Treatment                      

     John     M.     Gansner       and     Nancy     Berliner     

         Introduction 

 Phagocytosis denotes a process by which cells 
engulf and internalize sizable extracellular 
objects, including bacteria. Phagocytes, the cells 
that carry out phagocytosis, include neutrophils, 
monocytes, macrophages, and eosinophils. These 
specialized white blood cells play an important 
role in defending the body against infection. 
There are a number of disorders of phagocytic 
function that can result in human disease 
(Table  1 ). Because disorders of phagocytic func-
tion usually impair the immune system, most fall 
under the more general category of primary 
immunodefi ciencies.

       Case 1: Chronic Granulomatous 
Disease 

 A 2-year-old boy is evaluated due to multiple epi-
sodes of pneumonia. The causative organisms 
have included  Staphylococcus aureus  and 

 Aspergillus . His physicians suspect a diagnosis 
of chronic granulomatous disease. 

  Question 1.      Which of the following is not a 
test that can be used to help diagnose chronic 
granulomatous disease? 

    A.    Nitro blue tetrazolium (NBT) test   
   B.    Urine porphyrin test   
   C.    Dihydrorhodamine test   
   D.    Gene sequencing   
   E.    Ferricytochrome  c  reduction test   
   F.    Chemiluminescence assay   
   G.    Western blot analysis of NADPH oxidase 

components    

    Expert Perspective     Chronic granulomatous 
disease was fi rst described in the 1950s. It 
affects about 1 in 250,000 individuals in the 
United States and is characterized by recurrent, 
life- threatening infections related to a narrow 
spectrum of pathogens (Holland  2010 ; Marciano 
et al.  2014 ). Chronic granulomatous disease 
results from impairment of phagocytic NADPH 
oxidase, a membrane complex that produces 
superoxide anion in phagosomes. The most 
 common form of chronic granulomatous disease 
in the United States and Europe is X-linked (van 
den Berg et al.  2009 ; Jones et al.  2008 ; Martire 
et al.  2008 ; Winkelstein et al.  2000 ). It is caused 
by mutations in a cytochrome subunit of 
NADPH oxidase,  CYBB . The protein product 
encoded by this gene is often referred to as 
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gp91  phox  , where the superscript  phox  is used as 
an abbreviation for “phagocytic oxidase.” 
Autosomal recessive forms of chronic granulo-
matous disease are caused by mutations in other 
NADPH oxidase subunits, specifi cally  CYBA  
(p22  phox  ),  NCF1  (p47  phox  ),  NCF2  (p67  phox  ), and 
 NCF4  (p40  phox  ).  

 Clinical suspicion for chronic granulomatous 
disease often arises in childhood, although the 
diagnosis can be delayed, especially for autoso-
mal recessive forms. Clinical features of chronic 
granulomatous disease include recurrent infec-
tions with  Staphylococcus aureus ,  Burkholderia 
cepacia ,  Serratia marcescens ,  Nocardia  species, 
and  Aspergillus  species. These organisms cause 
pneumonias, skin abscesses, suppurative lymph-
adenitis, gastroenteritis, and liver abscesses 
(Marciano et al.  2014 ; Winkelstein et al.  2000 ). 
The bacteria that cause recurrent infections in 
patients with chronic granulomatous disease are 
generally catalase positive. This allows them to 
break down hydrogen peroxide, a byproduct of 
superoxide anion. There are a number of labora-
tory tests that can be used to help diagnose 
chronic granulomatous disease. 

 The nitroblue tetrazolium test was the fi rst test 
used to diagnose chronic granulomatous disease 
(Baehner and Nathan  1968 ). It is a slide-based, 
semiquantitative assay in which activated neutro-
phils phagocytose the dye nitroblue tetrazolium. 
If the neutrophils have functional NADPH oxi-
dase and can generate superoxide anion, then 
nitroblue tetrazolium will turn them purple blue. 
If the neutrophils are unable to generate superox-
ide anion, then they will not change color. The 
test can give false-negative results for X-linked 
female carriers who exhibit skewed 
X-chromosome inactivation. In addition, hypo-
morphic forms of chronic granulomatous disease 
may not be detected. A number of variations of 
the test exist (Elloumi et al.  2007 ). 

 The dihydrorhodamine test is a fl ow cytomet-
ric assay; it is now the most commonly used 
screening test for chronic granulomatous dis-
ease. In the dihydrorhodamine test, neutrophils 
are chemically activated and allowed to 

 phagocytose dihydrorhodamine 123. If the neu-
trophils are able to generate hydrogen peroxide, 
a downstream byproduct of superoxide anion, 
they will convert nonfl uorescent dihydrorhoda-
mine 123 to green fl uorescent rhodamine 123. 
The amount of green fl uorescence in each cell is 
then quantifi ed by fl ow cytometry. The dihy-
drorhodamine test is generally able to detect and 
distinguish between X-linked chronic granulo-
matous disease, autosomal recessive chronic 
granulomatous disease, and X-linked female 
carriers of chronic granulomatous disease. It is 
not useful for diagnosing carriers of autosomal 
recessive chronic granulomatous disease. 
Interestingly, myeloperoxidase defi ciency can 
result in a false-positive dihydrorhodamine test 
(Mauch et al.  2007 ); in this case, testing using 
nitroblue tetrazolium or the ferricytochrome  c  
reduction method will be normal (Holland 
 2010 ). In addition, acute illness can apparently 
cause the dihydrorhodamine test to be tran-
siently abnormal (Ang et al.  2013 ). 

 Gene sequencing is used to confi rm a clinical 
or laboratory diagnosis of chronic granuloma-
tous disease. Of note, it allows for prenatal diag-
nosis as well as detection of carriers of 
autosomal recessive chronic granulomatous 
disease. 

 The ferricytochrome  c  reduction test, chemi-
luminescence assays, and Western blotting for 
analysis of NADPH components are used pri-
marily in research. The ferricytochrome  c  reduc-
tion test and chemiluminescence assays detect 
superoxide anion production (Elloumi et al. 
 2007 ). The results of these two tests can have 
prognostic value, because higher residual super-
oxide production is associated with improved 
survival (Kuhns et al.  2010 ). Western blotting 
can be performed to look for the loss of NADPH 
oxidase subunits (Jirapongsananuruk et al.  2003 ; 
Raptaki et al.  2013 ). However, a mutation in 
either of the two NADPH oxidase cytochrome 
subunits (gp91  phox   or p22  phox  ) can result in the 
loss of both subunits when assayed by Western 
blotting. This is thought to be due to the fact that 
the subunits stabilize each other (Segal et al. 
 2000 ). 
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  Question 2.      Which of the following is not a 
commonly considered treatment option for 
chronic granulomatous disease? 

    A.    Trimethoprim-sulfamethoxazole for bacterial 
prophylaxis   

   B.    Itraconazole for fungal prophylaxis   
   C.    Acyclovir for antiviral prophylaxis   
   D.    Interferon gamma injections   
   E.    Steroids   
   F.    Stem cell transplantation    

    Expert Perspective     Therapy for chronic granulo-
matous disease has advanced considerably in the 
past few decades. However, infectious diseases are 
still the most common cause of death for patients 
with chronic granulomatous disease. Prior to the 
availability of prophylactic antibiotics and antifun-
gals, patients generally did not survive beyond 
30–40 years of age (Leiding and Holland  2012 ). 
Recently, a survival rate of 50 % through the fourth 
decade of life has been reported (Liese et al.  2000 ).  

 The use of daily trimethoprim- sulfamethoxazole 
for bacterial prophylaxis became common in the 
1980s. Trimethoprim- sulfamethoxazole is gener-
ally active against the bacterial pathogens encoun-
tered in chronic granulomatous disease. Its use has 
not been studied prospectively, but retrospective 
studies suggest that it reduces the incidence of 
severe bacterial infections (Liese et al.  2000 ; 
Margolis et al.  1990 ; Weening et al.  1983 ). 
Alternatives to trimethoprim- sulfamethoxazole 
include trimethoprim alone (in the case of 
sulfa allergy), dicloxacillin, azithromycin, and 
ciprofl oxacin. 

 The use of daily itraconazole for fungal pro-
phylaxis became common in the 1990s. A few 
small studies have shown a reduction in the 
frequency of fungal infections for patients 
receiving itraconazole (Beauté et al.  2011 ; 
Gallin et al.  2003 ; Mouy et al.  1994 ). 
Voriconazole but not ketoconazole appears to 
be a viable alternative (Beauté et al.  2011 ). 
Other agents such as posaconazole are likely to 
be effective and have been used as salvage 
therapy (Segal et al.  2005 ). 

 The use of interferon gamma in chronic gran-
ulomatous disease is controversial. One study 
showed that patients receiving subcutaneous 
injections of interferon gamma developed fewer 
serious infections ( 1991a ). However, these fi nd-
ings did not seem applicable to European sub-
jects, possibly due to a lower baseline rate of 
serious infections in European patients with 
chronic granulomatous disease (Martire et al. 
 2008 ,  1991b ). Since the study excluded patients 
on itraconazole prophylaxis, it is likely that the 
potential benefi t of interferon gamma is lower in 
patients receiving modern antifungal prophy-
laxis. Nevertheless, interferon gamma is still 
used in a minority of patients, at least in the 
United States (Kang et al.  2011 ). 

 Steroids are used to treat infl ammatory mani-
festations of chronic granulomatous disease such 
as colitis, gastric outlet obstruction, urethral 
strictures, and interstitial pneumonitis (Chin 
et al.  1987 ; Quie and Belani  1987 ). They are also 
used, somewhat counterintuitively, as adjuncts to 
antimicrobial therapy in patients with acute 
infections (Freeman et al.  2011 ; Leiding et al. 
 2012 ; Yamazaki-Nakashimada et al.  2006 ). 

 Hematopoietic stem cell transplantation is 
potentially curative for patients with chronic 
granulomatous disease. Many approaches have 
been tried with encouraging results (Güngör 
et al.  2014 ; Martinez et al.  2012 ; Schuetz et al. 
 2009 ; Seger et al.  2002 ; Soncini et al.  2009 ; 
Tewari et al.  2012 ). One international study 
showed the feasibility of using a reduced- 
intensity conditioning regimen in patients with 
chronic granulomatous disease, many of whom 
had high-risk features, for instance, intractable 
infection (Güngör et al.  2014 ). In this study, 
patients received peripheral blood stem cells or 
bone marrow from matched related or unrelated 
donors. The 2-year overall survival was 96 % and 
stable donor myeloid chimerism was achieved in 
93 % of surviving patients. Graft failure occurred 
in 5 % of patients. There was a low incidence of 
acute and chronic graft-versus-host disease. In 
general, it appears that the quality of life of 
 children with chronic granulomatous disease 
who undergo transplantation is similar to that of 
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healthy children (Cole et al.  2013 ). The decision 
about whether to proceed with hematopoietic 
stem cell transplantation needs to be individual-
ized but should be considered in most patients.  

    Case 2: Chediak-Higashi Syndrome 

 A 1-year-old girl with fair skin and silvery hair is 
evaluated due to recurrent bacterial infections. 
She has a mild bleeding tendency and bruises 
easily. Her physicians suspect a diagnosis of 
Chediak-Higashi syndrome. 

  Question 3.      Which of the following is not a 
test that might be abnormal and help confi rm 
the diagnosis? 

    A.    Peripheral blood smear   
   B.    Platelet function studies   
   C.    Immunoglobulin levels   
   D.    Gene sequencing   
   E.    Ophthalmologic examination   
   F.    Microscopic examination of hair    

    Expert Perspective     Chediak-Higashi syndrome 
is a rare autosomal recessive disorder that is esti-
mated to affect fewer than 500 people worldwide. 
It is characterized by partial oculocutaneous albi-
nism, a mild bleeding diathesis, and immunodefi -
ciency resulting in recurrent bacterial infections 
that often involve the lungs, skin, gut, and ears 
(Kaplan et al.  2008 ; Nagai et al.  2013 ). 
Neutropenia is sometimes observed, and neuro-
logic manifestations are common later in life. 
There is a predisposition to develop hemophago-
cytic lymphohistiocytosis; this has been termed 
the “accelerated phase” of the disease (Lozano 
et al.  2014 ). Chediak-Higashi syndrome results 
from mutations in the  LYST  gene, which encodes 
a protein involved in lysosome formation. 
Morphologically, cells exhibit larger-than- normal 
lysosomes and lysosome-related organelles such 
as phagosomes, melanosomes, and granules 
(Kaplan et al.  2008 ). This may result from a 
defect in lysosome fi ssion (Durchfort et al.  2012 ). 

There are a number of clues that can aid in the 
diagnosis of Chediak-Higashi syndrome.  

 The peripheral blood smear in patients with 
Chediak-Higashi syndrome exhibits abnormally 
large granules in the cytoplasm of neutrophils, 
eosinophils, lymphocytes, and basophils 
(Antunes et al.  2013 ; Page et al.  1962 ). These 
cytoplasmic granules are pathognomonic for the 
disease. Neutropenia and mild thrombocytopenia 
may also be observed in some situations (Page 
et al.  1962 ). 

 Platelet function studies show abnormal plate-
let aggregation consistent with a storage pool 
defi ciency (Buchanan and Handin  1976 ). 

 Gene sequencing is used to confi rm the diag-
nosis of Chediak-Higashi syndrome. It has been 
suggested that null mutations tend to result in 
severe disease with an early presentation whereas 
missense mutations often result in a milder clini-
cal phenotype that can lead to presentation later 
in life (Karim et al.  2002 ). 

 An ophthalmologic examination in patients 
with Chediak-Higashi syndrome can reveal iris 
hypopigmentation; iris transillumination may 
also be present. Other defects, such as atrophic 
changes of the peripheral retina, are sometimes 
observed (Kaya et al.  2011 ). 

 Microscopic examination of hair from patients 
with Chediak-Higashi syndrome will show pig-
ment clumping, but this is not pathognomonic for 
the disorder (Smith  2005 ). Use of polarized light 
microscopy may permit a more defi nitive diagno-
sis (Valente et al.  2006 ). 

  Question 4.      Which of the following is not a 
treatment option for Chediak-Higashi 
syndrome? 

    A.    Stem cell transplantation   
   B.    Etoposide-based therapy   
   C.    G-CSF   
   D.    Anti-fi brinolytics   
   E.    Imatinib-based therapy    

    Expert Perspective     Therapy for Chediak- 
Higashi syndrome is often supportive in nature. 
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The major early life-threatening complication is 
the development of hemophagocytic lymphohis-
tiocytosis during the “accelerated phase” of the 
disease. Hemophagocytic lymphohistiocytosis 
can be prevented by stem cell transplantation; 
regardless, life expectancy for patients with 
Chediak-Higashi syndrome is decreased.  

 Stem cell transplantation can cure the hemato-
logic and immunologic manifestations of 
Chediak-Higashi syndrome. Unfortunately, it 
does not prevent neurologic deterioration, which 
can take varied forms, including motor neuropa-
thies, sensory neuropathies, ataxia, parkinson-
ism, and dementia (Bhambhani et al.  2013 ; 
Lozano et al.  2014 ). It also does not affect the 
oculocutaneous features of the disease. Since 
some patients with Chediak-Higashi syndrome 
live into adulthood and never develop hemo-
phagocytic lymphohistiocytosis, they would be 
less likely to benefi t from stem cell transplanta-
tion. It has been suggested that decreased cyto-
toxic T lymphocyte activity can help identify 
patients who will develop hemophagocytic lym-
phohistiocytosis and therefore may benefi t the 
most from stem cell transplantation (Jessen et al. 
 2011 ). One group reported a 5-year overall sur-
vival after stem cell transplantation of 62 % 
(Eapen et al.  2007 ). 

 Etoposide-based therapy is used in the treat-
ment of hemophagocytic lymphohistiocytosis 
during the “accelerated phase” of Chediak- 
Higashi syndrome. It is incorporated into the 
HLH-94 protocol, along with dexamethasone, 
cyclosporine A, and sometimes intrathecal 
methotrexate (Trottestam et al.  2011 ). It is also 
part of the modifi ed HLH-2004 protocol (Henter 
et al.  2007 ), the results of which are not yet 
published. 

 G-CSF has been used during periods of neu-
tropenia and prophylactically in patients with 
Chediak-Higashi syndrome (Baldus et al.  1999 ). 

 Antifi brinolytics can be used in patients with 
storage pool defi ciencies to prevent or treat bleed-
ing, for instance, in patients undergoing dental 
procedures (Lozano et al.  2014 ).  

  Answers 

    Question 1. B. The urine porphyrin test can be 
used to help assess for porphyria.  

  Question 2. C. Acyclovir is not generally needed 
for antiviral prophylaxis in patients with 
chronic granulomatous disease because neu-
trophil dysfunction does not substantially 
increase the risk of viral infections.  

  Question 3. C. Immunoglobulin levels are typi-
cally normal in patients with Chediak-Higashi 
syndrome.  

  Question 4. E. Imatinib is used in the treatment of 
disorders such as chronic myeloid leukemia 
but not in the treatment of Chediak-Higashi 
syndrome.         
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      Inherited Bone Marrow Failure 
Syndromes                      

     Timothy     S.     Olson       and     Monica     Bessler    

           Introduction 

 Since the advent of the genomic era, remarkable 
advances have been made in molecular diagnos-
tic capabilities for patients with rare genetic dis-
eases. Within the fi eld of benign hematology, 
these advances have had a particularly dramatic 
impact on the diagnosis and treatment of patients 
with genetic disorders causing decreased produc-

tion and survival of hematopoietic stem and pro-
genitor cells, known collectively as the inherited 
bone marrow failure syndromes (IBMFS). As 
recently as 10–15 years ago, practitioners could 
rely only upon constellations of often overlap-
ping clinical features and histopathologic fi nd-
ings to attempt classifi cation of specifi c IBMFS 
diagnoses and convey prognosis. Now, the wide 
availability of PCR-based rapid sequencing 
methodologies, high-throughput next-generation 
sequencing panels, and whole exome sequencing 
facilitates the identifi cation of a genetic diagnosis 
in the majority of IBMFS patients. In turn, iden-
tifying the genetic underpinning of these diseases 
has led to both considerable advances in defi ning 
the molecular pathogenesis of these syndromes 
and the discovery of genotype-phenotype corre-
lations that enable the application of a more tai-
lored, patient-specifi c approach to evaluation and 
therapy known as “precision medicine.”  

    Case 1: Diagnosis and Management 
of Neutropenia in Childhood 

  Question 1.     An 18-month-old male with a his-
tory of recurrent skin abscesses is referred to a 
pediatric hematologist upon discovery of an 
absolute neutrophil count <100/μL measured on 
two occasions, 10 days apart. Past medical his-
tory is also signifi cant for neonatal omphalitis 
and recurrent otitis media. Examination reveals 
weight at the 3rd percentile for age, but otherwise 
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no physical abnormalities. Other than neutrope-
nia, the patient’s complete blood count is within 
normal limits. BM biopsy and aspirate reveal 
normal overall cellularity, but myeloid matura-
tion arrest at the promyelocyte stage. 

  What further diagnostic testing is 
indicated? 

    A.    No further testing is needed, as the diagnosis 
and approach to long-term treatment are clear 
based on clinical diagnostic criteria.   

   B.    Chromosome breakage analysis to rule out 
Fanconi anemia.   

   C.    Next-generation sequencing panel for muta-
tions in genes encoding ribosomal proteins.   

   D.    Gene sequencing for mutations in  ELANE  
and, if negative, sequencing panel that 
includes additional genes associated with 
congenital neutropenia.    

   Any history of persistent severe cytopenias in 
early childhood should raise suspicion for the 
diagnosis of an IBMFS (Table  1 ). A history of 
persistent neutropenia (ANC <500/μL) combined 
with an otherwise normal CBC and a history of 
recurrent bacterial skin and sinopulmonary infec-
tions is highly suggestive of severe congenital 
neutropenia (SCN). SCN is caused by mutations 
in a number of genes with distinct inheritance 
patterns and phenotypic features (Table  2 ). While 
clinical diagnostic criteria were once considered 
suffi cient for SCN, major advances in under-
standing genotype-phenotype correlations, 
including non-hematologic manifestations and 
risks of developing myelodysplastic syndrome 
(MDS) or acute myelogenous leukemia (AML), 
have made obtaining a specifi c genetic diagnosis 
imperative for purposes of genetic counseling 
and identifi cation of a suitable related donor for 
hematopoietic stem cell transplantation (HSCT) 
(Donadieu et al.  2013 ). Clinical testing using 
individual gene Sanger sequencing or next- 
generation sequencing methodologies is now 
widely available. While patients with other 
IBMFS, including Fanconi anemia, may develop 
neutropenia, disease-specifi c features and the 
classic SCN bone marrow histology can typically 
distinguish these conditions from SCN (Table  1 ).

     Question 2.     Subsequent genetic testing demon-
strated a mutation in exon 3 of  ELANE  
(c.242G>C) resulting in a single amino acid sub-
stitution (p.Arg81Pro). G-CSF therapy was initi-
ated, and the patient subsequently was able to 
maintain an ANC of 1200–1800/μL on a G-CSF 
dose of 5 μg/kg/day over the next 8 years. He 
exhibited no subsequent bacterial infections, 
except for a skin abscess that developed while 
neutropenic (ANC <200/μL) because of brief 
G-CSF noncompliance. Surveillance bone mar-
row (BM) aspirates/biopsies have revealed no 
morphologic or cytogenetic evidence of myelo-
dysplastic syndrome (MDS). 

  What is this patient’s risk of developing 
MDS or AML? 

    A.    Uncertain based on rarity of this specifi c 
 ELANE  mutation, but risk after 15 years of 
G-CSF therapy is likely 15–35 %.   

   B.    There is no signifi cant risk of developing 
MDS/AML given his low G-CSF require-
ments and reassuring marrow fi ndings.   

   C.    Ninety percent risk, as is the case for any 
mutation in  ELANE .   

   D.    Sixty to 75 % risk after 15 years of G-CSF 
therapy, given the high risk associated with 
this specifi c mutation.    

   The most frequent form of SCN is caused by 
heterozygous mutations in  ELANE , which 
encodes neutrophil elastase (Klein  2011 ). 
Typically, SCN patients with  ELANE  mutations 
display maturational arrest of BM neutrophils at 
the promyelocyte stage, thought to be caused by 
apoptosis in differentiating myeloid cells trig-
gered by the unfolded protein response (Grenda 
et al.  2007 ; Nanua et al.  2011 ) (Fig.  1 ). To date, 
>100 distinct ELANE mutations have been iden-
tifi ed (Makaryan et al.  2015 ). A few specifi c 
mutations are recurrent (Table  3 ). While most 
ELANE mutations are seen exclusively in 
patients with an SCN phenotype, identical 
ELANE mutations can also give rise to cyclic 
neutropenia (CyN), a related syndrome charac-
terized by a milder clinical course (Table  4 ) 
(Makaryan et al.  2015 ). Genetic modifying fac-
tors are under investigation to determine how the 
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same  ELANE  mutation can lead to either SCN or 
CyN (Horwitz et al.  2013 ).

     While G-CSF therapy enables survival of 
SCN patients into adulthood, up to 35 % of 
patients with SCN caused by  ELANE  mutations 
develop MDS or AML after 15 years of G-CSF 
therapy (Rosenberg et al.  2008 ). Molecular pat-

terns of this clonal progression are now emerg-
ing (Skokowa et al.  2014 ). Somatic mutations 
in  CSF3R , which encodes the G-CSF receptor, 
are thought to initiate (though not inevitably) 
the progression to MDS in many patients with 
SCN (Dong et al.  1995 ; Beekman et al.  2012 ; 
Germeshausen et al.  2007 ). Cooperativity of 

   Table 2    Genes mutated in severe congenital neutropenia   

 Gene  Loc  % of SCN cases  Inheritance  Syndrome/unique features 

  ELANE   19p  35–63 % b   AD  SCN or CyN 

  CSF3R  (G-CSFR)  1p  Acquired 
20–30 % a  

 None, AR  Acquired: hyperresponsiveness to 
G-CSF 

 Germline: few 
cases 

 Inherited: poor response to G-CSF 

  SBDS   7q  2–20 % b   AR  Exocrine pancreatic insuffi ciency, 
metaphyseal dysplasia, cardiomyopathy 

  SLC37A4   11q  6–8 %  AR  Glycogen storage type 1b: 
hypoglycemia, acidosis, liver 
dysfunction 

  TAZ   Xq  2–4 %  XL  Barth disease: hypertrophic 
cardiomyopathy 

  G6PC3   17q  1–4 %  AR  Glucose 6 phosphatase complex: 
prominent vasculature, cognitive delay, 
myopathy, infl ammatory bowel disease, 
cardiac malformation 

  HAX1   1q  1–2 %  AR  Kostmann disease: intellectual 
disability, neurologic disorders, 
seizures 

  WAS   Xp  1–2 %  XL  X-linked neutropenia: monocytopenia 

  GFI1   1p  <1 %  AD  Lymphopenia 

 Rare:  <5 % of total 

  VPS13B   8q  AR  Cohen syndrome 

  AP3B1   5q  AR  Hermansky-Pudlak type 2 

  CXCR4   2q  AD  WHIM: warts, 
hypogammaglobulinemia, infections, 
myelokathexis 

  16orf57   16q  AR  Poikiloderma with neutropenia 

  c Recently 
described: 

  CLPB   11q  9 unrelated 
families 

 AR  3-Methlglutaconic aciduria, brain 
atrophy 

  JAGN1   3p  10 unrelated 
families 

 AR  Musculoskeletal abnormalities 

  TCIRG1   11q  3 unrelated 
families 

 AD  Unknown 

  Adapted from multiple sources (Donadieu et al.  2011 ,  2013 ; Ward and Dale  2009 ; Dale et al.  2006 ; Xia et al.  2009 ) 
  SCN  severe congenital neutropenia,  CyN  cyclic neutropenia,  AD  autosomal dominant,  AR  autosomal recessive, 
 XL  X-linked 
  a Acquired mutations in  CSF3R  are seen in combination with other inherited SCN gene mutations 
  b Prevalence varies among distinct registries 
  c Described in recent reports (Wortmann et al.  2015 ; Boztug et al.  2014 ; Makaryan et.al.  2014 )  
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 CSF3R  mutations with mutations in genes such 
as  RUNX1  or  ASXL1  is required to further com-
mit clonal cells to develop into AML (Skokowa 
et al.  2014 ; Beekman et al.  2012 ). 

 Rosenberg et al. have identifi ed that G-CSF dose 
is a major risk factor for MDS/AML progression, 
with up to 35 % of patients who require an average 

daily dose >8 mcg/kg/day developing MDS/AML 
after 15 years of therapy (Rosenberg et al.  2010 ). 
Amino acid substitutions resulting from  ELANE  
mutations near either the 5ʹ or 3ʹ ends of the gene, 
including p.Gly214Arg, also appear to convey high 
risks of MDS/AML transformation, though whether 
this increased risk is intrinsic to the mutation itself 
or due to increased G-CSF resistance requiring 
higher G-CSF doses is unclear (Makaryan et al. 
 2015 ; Bellanne- Chantelot et al.  2004 ). 

  Question 3.     At age 11, the patient returns to 
your offi ce because of back and lower extremity 
pain, which he has gradually developed while 
playing hockey competitively. 

  Which of the following is a known compli-
cation of chronic G-CSF use in patients with 
SCN? 

    A.    Osteosarcoma   
   B.    Osteopenia and vertebral compression 

fractures   
   C.    Cardiomegaly and pulmonary edema   
   D.    Bone overgrowth and cranial nerve 

entrapment    

   Table 3    Recurrent ELANE mutations in SCN patients   

 Locations  A.A. substitution 

 Exon 1  M1 a  

 Exon 3  R81P 

 Exon 3  V101M 

 Exon 4  S126L 

 Exon 4  P139L 

 Exon 4  C151Y 

 Exon 4  L152P 

 Intron IV  IVS4+1, IVS4+5 

 Exon 5  D201fs 

 Exon 5  G214R 

  Data from Makaryan et al. ( 2015 ) and Germeshausen 
et al. ( 2013 ) 
  A.A.  Amino Acid 
  a Multiple substitutions described for initiating methio-
nine, resulting in downstream initiation of gene 
transcription  

   Table 4    Comparison of SCN and CyN caused by ELANE mutations   

 SCN  CyN 

 Number of distinct  ELANE  
mutations a  

 94  22 

 Presentation  Omphalitis  Mouth ulcers/gingivitis 

 Delayed cord separation  Fevers at regular intervals 

 Cellulitis/abscesses  Cellulitis/abscesses 

 Pneumonia/sepsis  Bacteremia rare 

 ANC  <200/μL  Ranges from <200/μL to >1,000/μL 
over ~3-week intervals 

 Other blood counts  Monocytes/platelets elevated  Monocytes increased during 
neutrophil nadir 

 Bone marrow fi ndings  Myeloid arrest at promyelocyte stage  Usually normal, or mild 
myeloid left shift 

 G-CSF requirement  High dose  Low dose 

 Clinical course improves with 
age? 

 No  Yes 

 Predisposition to MDS/AML  Yes  No 

 Candidate for HSCT  Yes  No 

   SCN  severe congenital neutropenia,  CyN  cyclic neutropenia,  ANC  absolute neutrophil count,  MDS  myelodysplastic 
syndrome,  AML  acute myelogenous leukemia,  HSCT  hematopoietic stem cell transplantation 
  a Number of ELANE mutations reported in Makaryan et al. ( 2015 )  
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   Now that G-CSF has been used to treat SCN 
patients for over 20 years (Welte et al.  2006 ), many 
long-term consequences of chronic G-CSF ther-
apy are coming to light. Patients with SCN may 
intrinsically develop poor bone mineralization, 
and treatment with G-CSF accentuates these defi -
cits (Borzutzky et al.  2006 ; Donadieu et al.  2011 ). 
Osteopenia can develop within months of G-CSF 
initiation, resulting in pathologic fractures that sig-
nifi cantly impact quality of life. Other potential 
adverse effects include glomerulonephritis and 
vasculitis. Because G-CSF can also induce spleno-
megaly and resultant thrombocytopenia, precau-
tionary activity restrictions, including exclusion 
from contact sports, or splenectomy may be neces-
sary in some patients (Donadieu et al.  2011 ; Dale 
et al.  2003 ). Additionally, infectious complications 
may still develop despite G-CSF therapy, either 
due to increasing G-CSF resistance or in some 
cases due to lapses in compliance or insurance 
coverage that occur frequently during the young 
adult transition to adult care systems. Similarly, 
young adults with SCN may not receive recom-
mended screening BM biopsies for leukemia sur-
veillance, resulting in discovery of clonal disease 
at a more advanced stage. 

  Question 4.     The parents of your 11-year-old 
patient ask whether their son could be a candidate 
for hematopoietic stem cell transplantation 
(HSCT), which they recently discussed in an 
online parent support group. The patient has two 
full siblings with normal neutrophil counts. 

  What recommendation do you make 
regarding future therapy, including HSCT? 

    A.    Attempt to wean off of G-CSF, and only con-
sider HSCT if remission is not achieved.   

   B.    Continue current G-CSF therapy and serial BM 
surveillance, and refer to stem cell transplant 
(HSCT) team only if MDS or AML develops.   

   C.    If an HLA-matched sibling is identifi ed, refer 
to HSCT team for risk/benefi t discussion 
regarding matched sibling donor bone mar-
row transplantation (MSD-BMT).   

   D.    If no HLA-matched sibling donor is identi-
fi ed, recommend immediate HSCT using a 
haploidentical related donor, due to risk of 
malignant transformation.    

   MSD-BMT for patients with SCN prior to 
the onset of MDS/AML has long been associ-
ated with excellent disease-free survival (Zeidler 
et al.  2000 ). More recent reports have demon-
strated similarly good HSCT outcomes for 
patients without MDS/AML receiving trans-
plants from closely matched unrelated donors 
(Oshima et al.  2010 ). These results stand in 
stark contrast to reports demonstrating that out-
comes for patients with SCN following the 
development of MDS/AML are poor (Ebihara 
et al.  2014 ; Carlsson et al.  2011 ; Choi et al. 
 2005 ), with estimates of cumulative event-free 
survival of only 57 % and 27 % for SCN patients 
with MDS and AML, respectively (Connelly 
et al.  2012 ). Thus, current recommendations 
state that SCN patients with high risk of malig-
nant transformation, including patients requir-
ing high doses of G-CSF or those with 
unfavorable genotypes, should be strongly con-
sidered for HSCT if a matched sibling who also 
tested negative for the causative  ELANE  gene 
mutation or a closely matched unrelated donor 
is available (Connelly et al.  2012 ). Furthermore, 
many expert centers recommend that even SCN 
patients with relatively low risk for malignant 
transformation should be referred for HSCT dis-
cussion at a specialized transplant center if a 
matched sibling donor is available (Choi and 
Levine  2010 ), given the long-term risks of 
G-CSF therapy. 

 While reduced intensity conditioning regi-
mens have been used successfully (Thachil 
et al.  2008 ), the presence of an intact adaptive 
immune system and the uncertainty of whether 
leukemia risk might persist in patients with 
mixed chimerism have led many centers to uti-
lize myeloablative conditioning strategies for 
SCN patients (Table  5 ). For those patients with 
no closely matched adult unrelated donors, 
cord blood transplantation (CBT) may be an 
effective strategy; however, risk of graft rejec-
tion with CBT is signifi cant (Connelly et al. 
 2012 ; Markel et al.  2008 ; Yesilipek et al.  2009 ). 
Limited attempts of haploidentical parental 
transplantation in SCN caused by  ELANE  muta-
tions have not been successful (Zeidler et al. 
 2000 ), and therefore this strategy remains 
unproven.
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   Table 5    Conditioning regimens used successfully in HSCT for SCN   

 Regimen  Donor  Reference 

 Busulfan + cyclophosphamide ± ATG 
 (Melphalan or thiotepa added in a few cases) 

 MSD 
 MUD 
 MMUD 
 UCB 

 Zeidler et al. ( 2000 ) 
 Ferry et al. ( 2005 ) 
 Markel et al. ( 2008 ) 
 Yeshilipek et al. ( 2009 ) 
 Oshima et al. ( 2010 ) 
 Carlsson et al. ( 2011 ) 

 TBI + cyclophosphamide (etoposide and ATG added in 1 case)  MUD  Choi et al. ( 2005 ) 

 Oshima et al. ( 2010 ) 

 Busulfan + cytarabine + cyclophosphamide  MSD  Choi et al. ( 2005 ) 

 Alemtuzumab + fl udarabine + thiotepa  MUD  Thachil et al. ( 2008 ) 

 Busulfan + fl udarabine + ATG (Alemtuzumab substituted for 
ATG in 1 case) 

 MSD  Oshima et al. ( 2010 ) 
 Carlsson et al. ( 2011 ) 
 Connelly et al. ( 2012 ) 

 Fludarabine + melphalan + ATG or LD-TBI  MUD, MMUD  Oshima et al. ( 2010 ) 

 Fludarabine + treosulfan + ATG  MUD, MSD  Carlsson et al. ( 2011 ) 

   ATG  anti-thymocyte globulin,  LD-TBI  low-dose total body irradiation,  MSD  matched sibling donor,  MUD  matched 
unrelated donor,  MMUD  mismatched unrelated donor,  UCB  umbilical cord blood  

       Case 2: Diagnosis of Inherited Bone 
Marrow Failure Syndromes 
in the Adult 

  Question 5.     The attending hematologist at a ter-
tiary referral center is asked to consult on a 
33-year-old male because of macrocytic anemia 
and worsening pancytopenia. The patient is 
5 months post orthotopic liver transplant because 
of cryptogenic liver cirrhosis. 

  In this scenario, is a workup for IBMF syn-
dromes indicated? 

    A.    Yes, because of worsening pancytopenia   
   B.    Yes, because persistent macrocytic anemia 

after liver transplant is unusual   
   C.    Yes, because of the association with crypto-

genic liver cirrhosis at the age of 33   
   D.    Yes, all of the above    

   This is a complex scenario, and one usually 
fi rst considers alternative causes of pancytope-
nia common in patients following solid organ 
transplant. These include drug-related cytope-
nias, pancytopenia due to viral infection/reacti-
vation (particularly CMV or HHV6), or graft 
versus host disease. However the association of 
macrocytosis, progressive pancytopenia, and 

unexplained liver cirrhosis in a young adult 
should raise immediate suspicion that all three 
clinical manifestations may result from a uni-
fying systemic syndrome involving the bone 
marrow (Table  1 ). Traditionally (and often still 
today) clinicians have viewed IBMFS as pri-
marily diseases of childhood. However, with 
the increasing availability of genetic testing, a 
growing number of patients are diagnosed in 
adulthood with either milder forms of disease 
or nonclassical manifestations that arise later 
in life. 

 In contrast to pancytopenia and bone marrow 
aplasia often seen at presentation in children with 
IBMFS, the fi rst hematologic manifestation of 
IBMFS in adults is often moderate cytopenias, 
hypoplastic MDS, or acute AML (Table  6 ). For 
many adult patients however, non-hematologic 
manifestations including solid organ dysfunction 
or malignancy may be the fi rst sign of disease 
(Wilson et al.  2014 ). As many IBMFS are associ-
ated with impaired wound healing or increased 
sensitivity to radiation and chemotherapy, an 
early diagnosis can enable treatment adjustments 
that may be lifesaving. Therefore, any young 
adult patient meeting one of the criteria shown in 
Table  7  warrants further evaluation for an IBMF 
syndrome (Babushok and Bessler  2015 ).
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     Question 6.     Physical examination shows a 
180 cm, 72 kg male of Northern European 
decent, with gray hair, normal oral mucosa, nor-
mal dentition, hyperpigmented areas on his 
lower extremities, normal nails and digits, and a 
laparotomy scar. Family history is negative for 
hematologic disease including leukemia, but 
positive for early graying and an uncle who died 
at a young age of alcoholic liver disease. Review 
of past medical history reveals that pancytopenia 
and macrocytosis preceded liver transplant. 

Laboratory evaluations are negative for an acute 
viral infection or reactivation. Bone marrow 
(BM) aspirate and biopsy show a hypocellular 
marrow (10 % of normal) with trilineage hema-
topoiesis, greatly reduced megakaryocytes, and 
no dysplasia. Molecular analysis of BM and 
blood was negative for donor chimerism. 

  With this additional information is there a 
likely diagnosis? What laboratory tests are 
indicated for a molecular diagnosis? 

    A.    Yes, dyskeratosis congenita (DC). Send telo-
mere length measurements and genetic test-
ing for genes responsible for dyskeratosis 
congenita.   

   B.    No, a defi nitive diagnosis is diffi cult. Send 
next-generation sequencing panel that 
includes genes mutated in the ten most com-
mon forms of inherited bone marrow failure.   

   C.    No, the clinical presentation is not classic for 
any common IBMF syndrome. Send whole 
exome sequencing as the next diagnostic step, 
as it will test for both known and new bone 
marrow failure genes.    

    Table 6    Common manifestations of IBMFS in adult patients   

 FA  DC  SCN  DBA  SDS 

 Malignancies 

 MDS/AML a   ~40–50 %  30–40 %  15–35 % c   ~5–15 %  36 % b  

 Solid tumors a   ~20–25 %  20–25 %  0 %  ~15–20 %  Rare 

 Hypersensitvity to radiation/
chemotherapy 

 ++++  +++  −  −  ++ 

 Nonmalignant manifestations 

 Pulmonary fi brosis  −  +++  −  −  − 

 Liver cirrhosis  −  +++  −  −  − 

 Osteopenia/osteoporosis  −  ++  +++  +  ++ 

 Splenomegaly  +  +  ++  −  ++ 

 Endocrinopathies  +++  ++  −  +  ++ 

 Immune defi ciency  +  ++  −  −  − 

 Enteropathy  −  ++  −  −  − 

 Iron overload  −  −  −  +++  − 

   a Percentages represent cumulative incidence by ages 45–50 years (CI 50y) based on multiple reports (Vlachos et al. 
 2012 ; Alter et al.  2009 ,  2010 ; Alter  2014 ) unless otherwise specifi ed 
  b Cumulative incidence at age 30 (Donadieu et al.  2005 ). 
  c Cumulative incidence after 15 years of G-CSF therapy (Rosenberg et al.  2010 ) 
  FA  Fanconi anemia,  DC  dyskeratosis congenita,  SCN  severe congenital neutropenia,  SDS  Shwachman-Diamond syn-
drome,  DBA  Diamond-Blackfan anemia,  MDS  myelodysplastic syndrome,  AML  acute myelogenous leukemia  

   Table 7    Indications for conducting an IBMFS evaluation 
in the young adult   

 All young adults a  with progressive cytopenias, 
refractory anemia, or myelodysplastic syndrome 

 All young adults with cytopenias associated with an 
unexplained congenital anomaly or unexplained solid 
organ failure 

 All young adults with oropharyngeal or rectal cancer 
without other risk factors, particularly if associated 
with macrocytic anemia or other cytopenias 

   a The defi nition of young is controversial. We generally 
routinely screen all individuals under the age of 50 that 
meet the above criteria and selected cases over the age of 
50 years (Babushok and Bessler  2015 )  
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   The association of unexplained liver cirrhosis 
and bone marrow failure is highly suggestive of 
DC. Liver cirrhosis and pulmonary fi brosis are 
common extrahematopoietic clinical features of 
DC that most frequently manifest in the adult 
(Table  6 ). In these patients, cytopenias or BM 
hypocellularity may be mild at the time non- 
hematologic disease is discovered (Parry et al. 
 2011 ). 

 DC is caused by mutations in genes essential 
for elongation and replication of telomeres, 
which are the ends of chromosomes. At the time 
of bone marrow failure onset, patients with DC 
have very short telomeres in their circulating 
blood cells, making telomere length analysis in 
peripheral lymphocytes a sensitive and fairly spe-
cifi c screening test for patients with bone marrow 
failure due to DC (Du et al.  2009 ). Telomere 
length in circulating granulocytes is rather non-
specifi c and does not contribute to the diagnosis 
of DC. Mutations in ten different genes cause DC 
(Mason and Bessler  2011 ). For patients diag-
nosed in adulthood, mutations in  DKC1  (X-linked 
form) or mutations in  TERC  and  TERT  
(autosomal- dominant forms) are most commonly 
identifi ed. 

 For patients with clinical features of a specifi c 
genetic disorder, rapid sequencing of individual 
gene(s) can now be performed on a clinical basis 
within 3–6 weeks. Targeted gene panels are now 
being utilized for the diagnosis of inherited con-
ditions in cases with more nonspecifi c clinical 
features (Zhang et al.  2015 ), and it is likely that 
answer B in this vignette may become the pre-
ferred approach in the future. Additionally, whole 
exome sequencing (WES) is now being applied 
for patients in whom no mutations in known 
BMF genes have been identifi ed and who may 
have an underlying gene mutation not yet associ-
ated with BMF. However, all current genetic test-
ing methods have limitations that need to be 
taken into account in the interpretation of results 
by physicians, particularly when these results are 
conferred to patients and families (Table  8 ).

    Question 7.     Figure  2  shows the results of telo-
mere measurements in peripheral blood using 

fl ow cytometry. Genetic testing revealed a variant 
of unknown signifi cance in exon 14 of the TERT 
gene (G3115A), resulting in a single amino acid 
substitution (alanine for threonine at codon 
1039). The clinical testing report further explains 
that this variant was not reported previously and 
was not found in population-based cohorts. 
Furthermore the amino acid is poorly conserved 
in available species and in silico protein function 
analysis predicts the mutation to be benign and 
tolerated.

    Does the patient have DC? What additional 
testing could solidify the diagnosis? 

    A.    Yes, the patient has DC and the variant of 
unknown signifi cance is causing disease as 
no other mutation or variant was identifi ed in 
six tested genes. No further testing is required.   

   B.    No, the patient does not have DC because the 
variant of unknown signifi cance is predicted 
to be benign and no other mutation or variant 
was identifi ed. A next-generation sequencing 
panel including additional known BMF genes 
should be performed.   

   C.    Yes, the patient has DC but the variant of 
unknown signifi cance is not causing disease 
as it is predicted to be benign. Because 
genetic testing is only available for six out of 
ten DC genes, whole exome sequencing 
should be used to look for mutations in the 
remaining known DC genes or in novel DC 
genes.   

   D.    Yes, the patient most likely has DC because 
of his classic clinical manifestations and the 
very short telomeres. It is highly likely that 
the variant of unknown signifi cance is patho-
genic and responsible for his disease.    

   Telomere length in circulating lymphocytes is 
3.7 kb, which is far below the fi rst percentile of 
age matched controls (Figure  2 ). This fi nding 
strongly supports the diagnosis of DC. Genetic 
testing revealed a variant in the  TERT  gene previ-
ously undescribed in patients with DC or in 
healthy controls and therefore classifi ed as a vari-
ant of unknown signifi cance. Despite the in silico 
analysis predicting a benign phenotype caused by 
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   Table 8    Comparison of genetic testing approaches for IBMFS   

 Method  Advantages  Limitations 

 Sanger sequencing of 
individual genes 

 Remains most commonly used 
technique 

 Cumbersome and labor intensive 

 Widely commercially available for 
large number of genes 

 Slow approach to diagnosis in multigenic 
disorders 

 Longest experience with this 
technique 

 Does not detect larger gene deletions 

 Targeted approach  Coverage usually limited to coding regions 

 Targeted next- generation 
sequencing panels for 
IBMFS 

 Allows testing of several genes 
simultaneously 

 May detect large number of sequence 
variants that need to be annotated 
individually (currently still labor intensive)  Good depth of coverage 

 High accuracy and sensitivity  Diffi culty interpreting variants of unknown 
signifi cance 

 Likely predominant future targeted 
gene testing approach 

 Current lack of consensus on how to report 
NGS data that include large numbers of 
genes 

 Inexpensive technique once panel is 
available and validated 

 Coverage generally limited to coding 
regions 

 Generally does not detect larger gene 
deletions (however may do so when 
sequenced at greater depth) 

 Whole exome sequencing  Useful when clinical features are not 
consistent with known syndromes 
and no mutations in known IBMF 
genes have been identifi ed 

 Slow turnaround time due to time intensive 
analysis of large number of genes, with 
sequence variants that need to be annotated 
individually 

 Identifi cation of new genes that may 
be responsible for IBMFS 

 Expensive 

 Identifi cation of mutations in genes 
that are not represented in available 
IBMFS panels 

 Diffi culty interpreting variants of unknown 
signifi cance 

 Current lack of consensus on how to report 
on WES data 

 Coverage limited to coding regions 

 Generally does not detect larger gene 
deletions 

 Depth of coverage very limited in certain 
areas of the genome which may decrease the 
sensitivity of mutation detection 

 Ethical dilemma of reporting pathogenic 
mutations in unrelated gene pathways 

this amino acid substitution, the classic adult pre-
sentation and the family history suggesting an 
autosomal-dominant inheritance pattern impli-
cate this variant as likely disease causing. To con-
fi rm pathogenicity of this mutation, familial 
testing demonstrating segregation of the muta-
tion with short telomeres in affected individuals 
and/or functional in vitro studies should be 
performed. 

  Question 8.      Once a diagnosis of DC is con-
fi rmed, what treatment is suggested? 

    A.    The only cure for DC is hematopoietic stem 
cell transplant.   

   B.    There is no cure for DC. The patient should 
take antioxidants and not smoke.   

   C.    Androgens might improve peripheral blood 
cell counts.    
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  Fig. 2    Excessively short telomeres in peripheral blood 
lymphocytes and granulocytes. Telomere length was 
determined using fl ow cytometry and fl uorescence in situ 
hybridization (Baerlocher et al.  2006 ). The patient’s telo-

mere length is indicated by a fi lled circle. Lines indicate 
1st, 10th, 50th, 90th, and 99th percentile of telomere 
lengths in normal control individuals, ages 0–100 years 
old       

   Androgen therapy may improve blood cell 
counts in patients with DC for several years and 
is generally well tolerated (Khincha et al.  2014 ). 
While hematopoietic stem cell transplant (HSCT) 
is curative for the bone marrow failure manifesta-
tions of DC, its use in the setting of severe extra-
hematopoietic manifestations, particularly in 
adults, remains quite controversial. Therapy- 
resistant pancytopenia or transformation to 
myelodysplastic syndrome (MDS) or AML may 
be indications for HSCT (Babushok and Bessler 
 2015 ). However, patients with DC have consider-
ably increased sensitivity to radiation and che-

motherapy and require reduced intensity 
conditioning (Gadalla et al.  2013 ). Prior to HSCT, 
patients with DC should be assessed for extrahe-
matopoietic organ manifestations including pul-
monary fi brosis, osteoporosis, and enteropathy. 
In addition to treatment of cytopenias and sur-
veillance for MDS, patients with DC require 
regular screening for skin, oropharyngeal, esoph-
ageal, and rectal cancer (Alter et al.  2009 ). 
Genetic counseling for this patient and his family 
is also critically needed to facilitate decisions 
regarding reproductive choices and family mem-
ber testing. 
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   Answers: 

    Question 1.  D   
  Question 2.  A   
  Question 3.  B   
  Question 4.  C   
  Question 5.  D   
  Question 6.  A   
  Question 7.  D   
  Question 8.  C          
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      Hemophagocytic 
Lymphohistiocytosis: Diagnosis 
and Management Challenges                      

     Michael     M.     Henry       and     Robert     J.     Arceci✠     

          Introduction 

 Hemophagocytic lymphohistiocytosis (HLH) is a 
primary immune system disorder that results 
from defective cell-to-cell signaling and disrup-
tion of infl ammatory system homeostasis. This 
disorder usually affects children, although cases 
of HLH in adults have been reported (Zhang et al. 
 2011 ). HLH usually is initiated by an external 
stimulus, most commonly by viral infections, but 
familial cases have also been described (Janka 
 2006 ). Epstein-Barr virus is one of the more fre-
quently implicated infections in the pathogenesis 
of HLH, but many other infections have been 

associated (Filipovich  2008 ). There are several 
inherited gene mutations which have been dem-
onstrated to cause HLH. All of these genes 
encode proteins that participate in target-cell kill-
ing within the immune system and that effect 
homeostasis of the infl ammatory response. 
Without such a regulatory system, cytokines and 
other infl ammatory mediators are produced 
unchecked, resulting in fever, multiple organ sys-
tem failure, pancytopenia, and death in many 
patients if treatment is not initiated promptly. 

 Recognition of this rare disorder continues to 
increase as improved diagnostic tools become 
available to medical centers worldwide. The 
growth of translational research over the last sev-
eral years, as well as clinical trials investigating 
more targeted therapies for HLH, has led to the 
potential for signifi cant improvement in the diag-
nosis and treatment of patients with HLH.  

    Case 1: Review of the Pathogenesis, 
Diagnosis, and Treatment Options 
for HLH 

 A 14-month-old male with a 1-week history of 
high fevers and recent onset of total-body maculo-
papular rash presents to the local emergency 
department. He has no signifi cant medical or fam-
ily history. On examination, he was found to have 
widened pulse pressures and diffi culty in breath-
ing. He has massive hepatosplenomegaly but no 
lymphadenopathy. A CBC is performed and shows 
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severe pancytopenia. Serum ferritin is markedly 
elevated. Plasma fi brinogen is normal, but the 
serum triglyceride level is elevated. He is trans-
ferred to the intensive care unit for further moni-
toring and evaluation. HLH is strongly suspected. 

  Question 1.      What other laboratory studies 
should be performed to support this diagnosis 
according to internationally accepted criteria? 

    A.    C-reactive protein, hepatic transaminases, 
MRI brain   

   B.    C-reactive protein, NK cell function, serum 
soluble IL-2 receptor   

   C.    NK cell function, serum soluble IL-2 recep-
tor, bone marrow aspiration/biopsy   

   D.    NK cell function, C-reactive protein, bone 
marrow aspiration/biopsy    

    Expert Perspective     Prompt diagnosis of a 
patient with HLH is critical for improved sur-
vival. It would be reasonable for this patient to be 
admitted to the intensive care unit, only to be 
extensively evaluated for a fever of unknown ori-
gin and to have consultations with the infectious 
disease and/or rheumatology services prior to the 
recognition that this patient may have HLH. 
The Histiocyte Society uses the following 

 internationally accepted criteria to establish the 
diagnosis of HLH:    

  If a patient has a known mutation in a gene that is 
associated with HLH, or if a patient has a family 
history of HLH and symptoms associated with 
HLH, the diagnosis of HLH can be made. 
Otherwise, at least fi ve of the eight additional cri-
teria need to be documented for a diagnosis of 
HLH. The challenge, however, lies in the case of 
the patient who does not have a family history or 
documented genetic defect and satisfi es only 
three or four of the stated criteria. These patients 
must be monitored with extreme vigilance due to 
the risk of rapid disease progression without 
treatment. It would be reasonable to perform 
weekly evaluations of the aforementioned 
 criteria, including bone marrow aspirations, in 
order to demonstrate a diagnosis of HLH and to 
proceed with treatment to prevent clinical decom-
pensation of the patient. 

 Serum ferritin is a useful surrogate marker for 
infl ammation, and patients often can experience 
hyperferritinemia >50,000 ng/dl at the time of 
diagnosis. Serum soluble IL-2 receptor is a more 
sensitive marker of the degree of hypercytokin-
emia that is experienced by patients with HLH, 
and levels are often markedly elevated at the time 
of diagnosis. Of note, both of these serum tests 
are used to monitor a patient’s disease activity 
after treatment has been initiated. 

 Once a diagnosis of HLH is made, care must 
be taken to document central nervous system 
(CNS) involvement with a MRI of the brain with 
and without contrast and a lumbar puncture with 
histological evaluation of the cerebrospinal fl uid 
(CSF). Patients may present with neurological 
symptoms (most commonly, seizures or irritabil-
ity), or they may have an abnormal MRI (white 
matter lesions). Both clinical symptoms and 
radiological abnormalities may be associated 
with abnormal CSF (pleocytosis, increased pro-
tein, or demonstration of hemophagocytosis), 
and at least 50 % of patients have CNS involve-
ment with HLH at the time of diagnosis (Horne 
et al.  2008 ). 

  Criterion  ( absolute ) 

 Familial disease or known genetic defect 

  Criteria  ( 5 / 8 needed ) 

 Fever 

 Splenomegaly 

 Bicytopenia 

   Hemoglobin <9 g/dl 

   Platelets <100,000/μl 

   Neutrophils <1,000/μl 

 Hypertriglyceridemia (fasting >265 mg/dl)  and/or  

 Hypofi brinogenemia (<150 mg/dl) 

 Ferritin (>500 ng/dl) 

 Soluble IL-2 receptor (> upper limit of normal for 
reference laboratory) 

 Decreased or absent NK cell activity 

 Hemophagocytosis in the bone marrow, liver, spleen, 
lymph nodes, or cerebrospinal fl uid 
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  Question 2.      Laboratory testing for familial 
causes of HLH reveals a mutation in the   PRF1  
 gene that results in near-absent expression of 
perforin. What is the role of perforin in the 
pathogenesis of HLH? 

    A.    Endocytosis of infl ammatory cytokines   
   B.    Microtubule formation   
   C.    Direct cytotoxicity   
   D.    Vesicle docking    

    Expert Perspective     Familial HLH is much more 
rare an entity than secondary (infection- associated) 
HLH, but its detection, when possible, is essential 
for identifi cation of patients who will require hema-
topoietic stem cell transplant (HSCT) for eventual 
cure. The following genes can be sequenced for 
mutations readily and commercially:    Mutations in 
any of these genes disrupt any one of a number of 
steps in the process of cell signaling in an effector 
cell (e.g., NK cell) that lead to apoptosis of a target 
cell (e.g., histiocyte). Thus, histiocytes proliferate, 
remain activated, and cause the symptomatology 
that was discussed previously in this chapter. The 
 following diagram illustrates the role of these genes 
along the many steps in this pathway:

  Cytolytic granules, including granzyme and 
perforin ( PRF1 ), are released from the endo-
plasmic reticulum of the effector cell, possibly 
with the aid of  LYST.  The granules and perforin 
are packaged into vesicles with  AP3B1  (a key 
component of protein traffi cking and lyso-
somal  packaging), and the vesicles are pre-
pared for docking with  RAB27A . The vesicles 
are further primed and docked via the actions 
of  MUNC13-4 ,  BLOC1S6 ,  STX11 , and 
 STXBP2 . The granules are polarized in a 
 SH2D1A- dependent manner, and the entire 
complex causes the vesicle to undergo exocy-
tosis and release the granules and perforin. 
Perforin is a pore-forming protein that creates 
a transmembrane channel in the target cell that 
allows the cytolytic granules to enter. Via cell 
signaling and the actions of  CD27 ,  ITK , and 
 BIRC4 , the target cell undergoes apoptosis. 
The actions of the transport genes  MAGT1  and 
 SLC7A7  are less clear. If any of these genes 
have mutations, the normal pathways that lead 
to apoptosis of the target cell are disrupted, and 
increased infl ammatory mediators and cyto-
kine storm ensue as a result. These actions can 
lead to the development of HLH. 

 Gene  Associated condition  Role in HLH pathogenesis when defi cient 

  AP3B1   Hermansky-Pudlak syndrome type 2  Vesicle formation 

  BLOC1S6   Hermansky-Pudlak syndrome type 9  Vesicle docking and fusion 

  CD27   Lymphoproliferative syndrome type 2  Cell signaling and apoptosis 

  ITK   Lymphoproliferative syndrome type 1  Differentiation and T-cell receptor signaling 

  LYST   Chediak-Higashi syndrome  Size and function of lytic granules 

  MAGT1   XMEN syndrome  Magnesium transport 

  PRF1   Familial hemophagocytic lymphohistiocytosis 
type 2 

 Pore forming for transmembrane channel 
and target-cell killing 

  RAB27A   Griscelli syndrome type 2  Vesicle docking and granule movement 

  SH2D1A   X-linked lymphoproliferative syndrome type 1  Signal transduction, granule polarization 

  SLC7A7   Lysinuric protein intolerance  Amino acid transport 

  STX11   Familial hemophagocytic lymphohistiocytosis 
type 4 

 Vesicle transport and fusion 

  STXBP2   Familial hemophagocytic lymphohistiocytosis 
type 5 

 Vesicle transport and fusion 

  MUNC13-4   Familial hemophagocytic lymphohistiocytosis 
type 3 

 Vesicle priming 

  BIRC4   X-linked lymphoproliferative syndrome type 2  Cell signaling and apoptosis 
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  Question 3.      What are considered to be the opti-
mal treatment options for patients with HLH? 

    A.    Dexamethasone and etoposide   
   B.    Alemtuzumab   
   C.    Antithymocyte globulin and 

methyl prednisolone   
   D.    Allogeneic hematopoietic stem cell 

transplantation   
   E.    All of the above    

    Expert Perspective     The fi rst trial, HLH-94, was 
championed by the Histiocyte Society and 
enrolled 113 patients (Henter et al.  2002 ; 
Trottestam et al.  2011 ). The treatment regimen 
for this trial employed an initial 8-week phase of 
dexamethasone and etoposide, followed by a 
continuation phase (for those patients who 
require hematopoietic stem cell transplantation, 
HSCT) consisting of dexamethasone alternating 
weekly with etoposide, with daily cyclosporine. A 
second and institutional study enrolled 38 patients 
(Mahlaoui et al.  2007 ). This study used a combi 
and methylprednisolone to induce remission. A 
maintenance phase (for patients who required 
HSCT) included cyclosporine. Both trials used 
multiple doses of intrathecal hydrocortisone and 
methotrexate to treat CNS involvement.  

 The HLH-94 trial demonstrated a complete 
response (CR) rate of 50 %, overall survival 
(OS) of 78 %, and relapse rate (RR) of 13 %. 
The Mahlaoui study showed an improved CR 
rate compared to the HLH-94 trial (74 %), but 
the overall survival was similar (79 %). This 
trial also had an increased RR of 29 %. These 
data indicate that the combination of ATG and 
methylprednisolone may be very effective in 
inducing remission, but these patients were 
more likely to experience reactivation of 
HLH. In contrast, patients enrolled in the HLH-
94 trial had a poorer CR rate than those patients 
in the Mahlaoui study, but the RR was lower, 
which indicates that the clinical responses to 
treatment with HLH-94 therapy were sustained 
more often. These results provided the rationale 
for the HIT-HLH (hybrid immunotherapy) clini-

cal trial, which is in process at the time of this 
writing. This study combines the use of ATG (as 
in the Mahlaoui study) with a backbone of dexa-
methasone and etoposide (as in the HLH-94 
trial). The hypothesis is to capitalize on the 
superior CR while providing a favorable RR by 
combining aspects of both treatment regimens. 
Of note, the favorable results of the HLH- 94 
trial laid the groundwork for the HLH-2004 
clinical trial that was administered by the 
Histiocyte Society and is currently completed 
(Henter et al.  2007 ). The main difference 
between HLH-94 and HLH-2004 was that 
cyclosporine was used in the 8-week induction 
phase, in addition to dexamethasone and etopo-
side. Data from this trial have not yet been pub-
lished. The results of these clinical trials will 
likely serve as a new baseline for future clinical 
studies administered by the Histiocyte Society 
and others to treat HLH. 

 Recurrent or refractory HLH is a challenging 
entity, mostly because there are very few data 
that exist to provide clinical evidence for an opti-
mal approach to treatment. Responses using a 
variety of salvage therapies for recurrent/refrac-
tory HLH have been reported, but only in small 
case series. These therapies include (among oth-
ers) daclizumab, (anti-CD25 antibody; Tomaske 
et al.  2002 ), infl iximab (tumor necrosis factor 
alpha antibody; Henzan et al.  2005 ), tocilizumab 
(anti-IL-6 antibody; Rios-Fernández et al.  2015 ), 
and anakinra (interleukin-1 receptor antagonist; 
Bruck et al.  2011 ). In addition, a clinical trial 
investigating the treatment of HLH with an 
inhibitory monoclonal antibody directed against 
gamma interferon is currently underway. One 
promising approach is alemtuzumab (monoclo-
nal antibody to the lymphocyte, NK cell, and 
dendritic-cell marker CD52). A retrospective 
analysis of 22 adults and children who were 
treated with alemtuzumab for refractory/ 
recurrent HLH demonstrated effectiveness and 
safety of alemtuzumab in this setting (Marsh 
et al.  2012 ). This author gives alemtuzumab 
0.2 mg/kg every 6 weeks with a small dose of 
continuous oral dexamethasone to be a safe and 
effective bridge to HSCT while keeping a 
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patient’s HLH in remission. It is clear that clini-
cal trials will be needed to further elucidate the 
safety and effectiveness of alemtuzumab for 
refractory/recurrent HLH. 

 Hematopoietic stem cell transplantation is a 
treatment modality that is employed for the fi rst- 
line treatment of asymptomatic patients with 
familial HLH or as consolidative therapy for 
patients with refractory/recurrent HLH. 

  Question 4.      When you search for possible 
infectious etiologies for this patient’s HLH, you 
discover that his plasma contains greater than 
one million copies per milliliter of Epstein-
Barr virus (EBV), which is also the likely cause 
for the patient’s rash. What is the most effec-
tive option to treat the EBV? 

    A    Ganciclovir   
   B.    Rituximab   
   C.    Valganciclovir   
   D.    Plasmapheresis    

    Expert Perspective     EBV is a common trigger 
for the pathogenesis of HLH. Since EBV usually is 
found in B-lymphocytes, rituximab, a monoclonal 
antibody to the B-lymphocyte marker CD20, 
becomes an excellent therapeutic choice. Evidence 
for the use of rituximab in patients with HLH is 
supported from a small case series that fi rst demon-
strated its effi cacy (Balamuth et al.  2007 ) and a 
larger, multi-institutional, retrospective study that 
investigated the outcome of patients who had 
received rituximab for EBV- associated HLH 
(Chellapandian et al.  2013 ). Both studies reported a 
rapid decrease in plasma EBV load after the admin-
istration of rituximab. Because EBV often drives 
HLH disease activity, the reduction in viral load 
was followed quickly by a decrease in serum ferri-
tin and AST, as well as an increase in platelet count 
(Chellapandian et al.  2013 ). Decreased EBV load 
to <1,500 copies/ml and ferritin to 1,000 were also 
associated with increased long-term disease-free 
survival. The accepted regimen of rituximab is to 
give one to four weekly doses at a dose of 375 mg/
m 2 , and rituximab can be given concurrently with 
the HLH therapy consisting of corticosteroids and 

etoposide. If the EBV load decreases to undetect-
able levels prior to the fourth weekly dose, the 
rituximab can be discontinued. While there may 
appear rationale to utilize antiviral agents in such 
cases, there is lack of rigorous evidence that ganci-
clovir or valganciclovir are effective alone in 
changing the course of EBV-related.  

  Question 5.      In which of the following scenar-
ios is hematopoietic stem cell transplantation 
NOT indicated for a patient with HLH? 

    A.    No evidence of current or familial HLH after 
initial 8 weeks of therapy   

   B.    No evidence of familial HLH, but persistent 
pancytopenia and fever after initial therapy   

   C.    Reactivation of HLH after initial therapy   
   D.    Evidence of familial HLH    

    Expert Perspective     In order to be considered to 
be “in remission” at the end of the initial 8 weeks 
of therapy for HLH, patients must have no evi-
dence of disease activity and have no identifi able 
mutation of genes that are known to be associated 
with HLH. If this scenario occurs, patients are 
monitored closely for signs or symptoms of 
recurrence. If a patient has refractory or recurrent 
HLH (based on clinical examination or labora-
tory results), the patient would proceed to 
 maintenance therapy (previously discussed in 
this chapter) until an adequate HSCT donor is 
identifi ed. If the patient were found to have a 
mutation of a gene known to be associated with 
HLH during the initial 8 weeks of treatment, the 
patient would proceed to maintenance therapy by 
default, followed by HCT. HCT would be the 
best treatment option for an asymptomatic sib-
ling of a patient with a known genetic mutation 
that is the same as an affected patient; it would be 
best to perform HCT in the asymptomatic sibling 
prior to the onset of HLH symptoms due to the 
high rate of morbidity and mortality that accom-
panies HLH, for which the timing of onset cannot 
be predicted.  

 Allogeneic hematopoietic cell transplantation 
(HCT) is the only currently known curative 
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approach to treating genetically inherited HLH or 
recurrent HLH. The outcomes using reduced inten-
sity conditioning (RIC) are superior compared to 
myeloablative regimen (MAC) for allo-HCT (92 % 
for RIC 3-year overall survival compared to 43 % 
for MAC) (Marsh et al.  2010 ). A similar retrospec-
tive analysis from the Japanese transplant registry 
found that the overall survival of patients who 
received RIC followed by cord blood transplanta-
tion (CBT) was similar to that of MAC followed by 
CBT (Sawada et al.  2013 ). Larger, prospective tri-
als are needed to better determine the effi cacy of 
these approaches. In addition, several studies using 
gene therapy for specifi c gene-mutated HLH are 
beginning.  

  Answers 

    Question 1: D  
  Question 2: C  
  Question 3: E  
  Question 4: B  
  Question 5: A         
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         Introduction 

 Lysosomal storage disorders (LSDs) are a 
 collection of rare genetic diseases each causing a 
 specifi c lysosomal enzyme defi ciency which 
results in increased substrate “storage” with 
pathological consequences. Gaucher disease 
(GD) is one of the most common LSDs, though 
time to diagnosis from initial presentation can be 
considerable with some studies demonstrating a 
median time from symptom onset to diagnosis of 
2 years (range 0.5–26 years) (Thomas et al. 
 2013 ). It has been shown that due to clinical fea-
tures of hepatosplenomegaly, cytopenias and 
bleeding diatheses, approximately 75 % of 
patients will see a haematologist prior to their 
diagnosis being established, and patients will see 
a mean of three specialists before a diagnosis is 
made (Mistry et al.  2007 ). Although there has 
been increased awareness of the disease since 
the availability of treatment, there has been no 
signifi cant decrease in the time taken to make the 
diagnosis (Thomas et al.  2013 ). There are over 
60 LSDs, all of which are rare, and as a result 
may go undiagnosed or misdiagnosed for some 

time. Many of them have features that could 
present either clinically to a haematologist or 
have features on a blood fi lm or bone marrow 
that may include them in a  differential. Some 
LSDs have associations with haematological 
malignancy while others have been successfully 
treated with haematopoietic stem cell transplan-
tation. Therefore, it is important that haematolo-
gists have an awareness of the various LSDs 
despite their rarity since they may be able to play 
a vital role in their diagnosis and management. 
This is increasingly relevant as new treatments 
are developed and improved. 

  Question 1.     A 43-year-old previously well 
woman presented with a 2-week history of 
fever and cough unresponsive to antibiotics 
with massive splenomegaly. A diagnosis was 
made of chronic myeloid leukaemia (CML) in 
blast crisis. She was successfully treated with 
daunorubicin, cytarabine and imatinib with 
clinical improvement. A repeat bone marrow 
aspirate showed <5 % myeloblasts, but the cells 
in the picture below were frequently noted 
(case adapted and picture from: Helbig et al. 
 2015  – Springer). 

 The most likely explanation is co-existing:

    A.    Gaucher disease   
   B.    Hemophagocytic lymphohistiocytosis (HLH)   
   C.    Pseudo-Gaucher cells   
   D.    Leishmaniasis   
   E.    Mycobacterial infection         
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      Expert Perspective     The bone marrow aspirate 
demonstrates several pseudo-Gaucher cells among 
granulocytic and erythroid precursors. The Gaucher 
cell was historically considered pathognomonic for 
GD. However, in 1966, Gaucher-like cells were 
found within an aspirate for a patient with CML 
(Albrecht  1966 ) with no evidence for GD and since 
then pseudo-Gaucher cells have been found associ-
ated with many conditions (see Table  1 ). In contrast 
to reduced glucocerebrosidase seen in GD patients, 
patients with CML with pseudo-Gaucher cells 
often have elevated levels. It is hypothesised that 
the  accumulated glucocerebroside results from the 
high turnover of granulocytes which saturates the 
glucocerebrosidase within the monocyte- 
macrophage system. For the patient in question 1, 
the splenomegaly seen in this patient is  appropriate 
for having CML and would be expected to reduce 
with treatment and she does not have any other 
clinical features of GD (Table  2 ). HLH is unlikely 
as the patient has clinically improved and there is 
no evidence of haemophagocytosis on the aspirate. 
Though mycobacterial infection can cause pseudo- 
Gaucher cells, it is not likely given this clinical pre-
sentation, neither is leishmaniasis.

      Question 2.     A 14-week pregnant 24-year-old 
Ashkenazi Jewish primigravida is referred with a 

platelet count of 70 × 10 9 /l. She has never seen a 
haematologist before, but was told she had “low 
platelets” previously when being investigated for 
menorrhagia. She has always bruised easily and 
has over the last few years had worsening aches 
and pains in her legs, particularly her right groin 
when running. She has noticed early satiety over 
the last 12 months. She is otherwise well with no 
weight loss, night sweats or fevers. On examina-
tion, she looks generally well. She has no lymph-
adenopathy. Her spleen is palpable 7 cm below 
her left costal margin and liver 5 cm below her 
right costal margin. Uterine fundal height is 
2 cm above the pelvic brim. Full blood count 
shows WBC 5.0 × 10 9 /l, neutrophils 2.0 × 10 9 /l, 
lymphocytes 2.0 × 10 9 /l, haemoglobin 10 g/dl, 
and platelets 70 × 10 9 /l. Blood fi lm is normo-
chromic and normocytic with no abnormal cells. 
PT is 15 s, aPTT is 30 s, and fi brinogen is 2.5 g/l. 
Liver function, renal function tests and LDH are 
normal. 

 Your provisional diagnosis is Gaucher dis-
ease. What following tests in combination are 
most appropriate to help establish the diagnosis 
in this patient and discriminate against other pos-
sible diagnoses?

    1.    Iron/B12/folate studies   
   2.    Fasting cholesterol/lipid profi le   
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   3.    Serum angiotensin converting enzyme 
level   

   4.    Haemoglobinopathy screen   
   5.    Infective organism serology (CMV/EBV/

HIV/hepatitis B and C/syphilis)   
   6.    Assay for glucocerebrosidase   
   7.    CT-PET scan   
   8.    Assay for lysosomal acid lipase   
   9.    Bone marrow aspirate and trephine 

(BMAT)   
   10.    Abdominal ultrasound     

     A.    1, 2, 3, 5, 6, 10   
   B.    1, 4, 5, 7, 8, 9   

   C.    1, 3, 5, 6, 7, 9   
   D.    1, 2, 5, 6, 9, 10   
   E.    2, 3, 4, 5, 8, 10      

  Expert Perspective     It is important to empha-
sise that bone marrow biopsy is not necessary to 
make or exclude a diagnosis of GD even though 
68 % of haematologists surveyed would perform 
a bone marrow biopsy for the diagnosis of 
 suspected GD (Mistry et al.  2007 ). As seen in 
case one, the presence of cells which are of the 
same light-microscopic appearance as Gaucher 
cells can lead to a false-positive diagnosis. 
Conversely, the absence of Gaucher cells from a 
bone marrow sample in a patient who otherwise 
has clinical features of the disease does not 
exclude the diagnosis. The best test to confi rm 
the diagnosis of GD is to perform an enzyme 
assay for glucocerebrosidase (Beutler and Saven 
 1990 ). Thomas et al. ( 2013 ) suggested haema-
tologists have a low threshold for performing 
bone marrow biopsies to exclude haematologi-
cal malignancy. Indeed, Mistry et al. ( 2007 ) 
showed that given a clinical scenario of a 
42-year-old male with classic features of GD 
and asked for their differential diagnosis, only 
20 % of haematologists surveyed included GD 
when all features (anaemia, thrombocytopenia, 
hepatomegaly, splenomegaly, acute or chronic 
pain) were given. The top three differentials 
were leukaemia (65 %), lymphoma (36 %) and 
multiple myeloma (22 %). Although there is 
increased incidence of haematological malig-
nancy associated with GD (Hughes and Pastores  
 2013 ), unless there is strong clinical suspicion 
that there is a dual diagnosis, avoiding invasive 
bone marrow sampling until the glucocerebrosi-
dase level is established is reasonable.  

 Case 2 further illustrates issues related to GD 
diagnosis. The history suggests that the tempo of 
symptoms seems chronic and slowly progressive. 
Given this and the normal blood fi lm, haemato-
logical malignancy is highly unlikely and if 
 present will likely be of a low-grade nature. 
Thomas et al. ( 2013 ) have proposed four key lab-
oratory markers that may be of benefi t to help dis-
criminate GD from other similar presentations: 

    Table 1    Causes for pseudo-Gaucher cells and foamy 
macrophages   

 Pseudo-Gaucher cells  Foamy macrophages 

 Chronic myeloid 
leukaemia 

 Niemann-Pick disease 

 Multiple myeloma  Lysosomal acid lipase 
defi ciency 

 Mycobacterial infection  Anderson-Fabry disease 

 Hemoglobinopathies  Gaucher disease 

 Thalassaemia  Type I and II sialidoses 

 Hodgkin disease  Batten disease (neuronal 
lipofuscinosis) 

 Myelodysplastic 
syndromes 

 Familial 
hypercholesterolaemia 

 Acute lymphoblastic 
leukaemia 

 Hyperchylomicronaemia 

 GM1 and GM2 
gangliosidosis 

 Tangier disease 

 Acquired 
hypercholesterolaemia 

 Sialic acid storage disease 

 Fucosidosis 

 Manosidosis 

 Neuronal ceroid 
lipofuscinosis 

 Alpha-lipoprotein 
defi ciency 

 Severe sepsis 

 Drugs/chemotherapy 

 Trauma 

 Fat necrosis 

 Bone marrow infarction 

 Pancreatitis 

 Recent bone marrow 
biopsy at same site 
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raised serum angiotensin converting enzyme 
(ACE), raised ferritin, low HDL cholesterol and 
polyclonal gammopathy. Serum ACE is raised in 
disorders where macrophages are activated, espe-
cially sarcoidosis (Beneteau-Burnat and Baudin 
 1991 ) or GD (Lieberman and Beutler  1976 ). It has 
been found to be normal or low in lymphomas, 
leukaemias and myeloma (Romer and Emmertsen 
 1980 ). Haematinic studies are important here to 
exclude defi ciency given the cytopenias. However, 
it is important to note that ferritin cannot be used 
as a measure of iron storage status as it is often 
moderately elevated as a part of the chronic 
infl ammation and macrophage activation of 
GD. Indeed, the  pattern of the iron studies can 
give support to a diagnosis of GD when ferritin is 
elevated with normal serum iron and transferrin 
saturation. If iron defi ciency is suspected, serum 
soluble transferrin receptor can be useful in 
assessing iron status (Nagral et al.  1999 ). If 
 ferritin is elevated in  isolation, it is unlikely that 
the patient has genetic  haemochromatosis, but if 
doubt exists, genotyping should be undertaken to 
exclude this as a co-existing diagnosis (Adams 
 2006 ). There can be  diffi culty in distinguishing 
GD from HLH as they share some clinical  features 

as well as an elevated ferritin. However, the 
 ferritin in HLH is usually very high and the clini-
cal presentation is more of a very unwell, febrile 
patient and is rapidly fatal if untreated (Henter 
et al.  2007 ). Reduced HDL cholesterol levels are 
seen in GD and correlate with disease severity 
(Cohen et al.  2010 ; Stein et al.  2011 ). 
Hypocholesterolaemia has been seen in myelo-
proliferative disorders (Gilbert et al.  1981 ), but 
this can be distinguished from GD by observing 
changes on a blood fi lm and cytogenetics. 
Polyclonal gammopathy and monoclonal gam-
mopathy of uncertain signifi cance (MGUS) have 
been associated with GD (Brautbar et al.  2004 ; de 
Frost et al.  2008 ). B-cell malignancies and 
myeloma should be considered when interpreting 
globulin levels because of their increased inci-
dence in GD patients. Hypergammaglobulinaemia 
is most commonly found in infl ammatory dis-
eases, particularly liver and connective tissues 
disorders (Dispenzieri et al.  2001 ), and these 
should also be considered when interpreting these 
results. 

  Question 3.     A 3.5-year-old girl was found to 
have elevated transaminases while being 

   Table 2    Clinical features of Gaucher disease   

 Feature  Type 1  Type 2  Type 3 

 Age of 
presentation 

 Variable – from childhood to 
adulthood 

 Early infancy  Childhood/adolescence 

 Phenotype  Non-neuronopathic disease  Acute neuronopathic disease  Chronic neuronopathic disease 

 Expected 
survival a  

 Variable – ranging from 
decreased to near normal 

 <2 years of age  Range from childhood to 
mid-adulthood 

 Systemic 
features a  

 Cytopaenias, 
hepatosplenomegaly, bone 
pain (crises), avascular 
necrosis of the hip, 
osteopaenia, lung 
involvement 

 Trismus, retrofl exion of head, 
massive hepatosplenomegaly, 
lung involvement 

 Cytopaenias, 
hepatosplenomegaly, bone 
involvement, general growth 
retardation 

 Central nervous 
system features 

 Possible association with 
increased incidence of 
Parkinson’s disease and 
peripheral neuropathies 

 Hypertonic posturing, 
strabismus 

 Horizontal supranuclear gaze 
palsy, cognitive decline 

 Other disease 
associations 

 Increased risk of multiple 
myeloma, HCC, B-cell 
lymphoproliferative diseases, 
gammopathies 

 Aspiration pneumonia 
secondary to apnoea/
laryngospasm 

   a Has changed in the era of ERT  
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 investigated for fever. She was the second child 
of  non- consanguineous parents of Turkish 
descent. Her parents and her older brother were 
well. She was developing normally and had no 
specifi c symptoms prior to the fever. Her only 
symptom at presentation was general malaise. 

 Examination revealed hepatomegaly 4 cm 
below right costal margin and splenomegaly 
1 cm below left costal margin. Examination was 
otherwise unremarkable, specifi cally neurologi-
cal examination was normal. 

 Fasting blood investigations reveal:

   Hb 13.6 g/dl.  
  WBC 9.0 × 10 9 /l.  

  Platelets 150 × 10 9 /l.  
  AST 89 μ/L.  
  ALT 102 μ/L.  
  Cholesterol 356 mg/dl (N: 145–270).  
  Triglycerides 225 mg/dl (N: 30–160).  
  LDL 266 mg/dl (N: 0–-155).  
  HDL and VLDL were normal.    

 Abdominal ultrasound demonstrated paren-
chymal liver disease with no adrenal calcifi ca-
tions (case adapted from Akçören et al.  1999 ). 

 A bone marrow aspirate was performed to 
assess possible haemophagocytic lymphohistio-
cytosis. Below is a representative sample from 
the aspirate.

    (Picture from  Atlas of Clinical Hematology , 6th Edition. 2005. Figure 14-h – Springer)   
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    The most likely diagnosis is:

    A.    Gaucher disease   
   B.    Niemann-Pick disease type C   
   C.    Anderson-Fabry disease   
   D.    Lysosomal acid lipase defi ciency   
   E.    Haemophagocytic lymphohistiocytosis      

  Expert Perspective     Case 3 allows an opportu-
nity to compare and contrast diagnoses associ-
ated with foamy macrophages from Gaucher 
cells and pseudo-Gaucher cells (Table  1 ). The 
main features of the depicted macrophages are 
multiple vacuoles of lipid. This is not the same 
appearance as seen in fl orid HLH where the cyto-
plasm is fi lled with multiple erythroid and granu-
locytic cells. A normal full blood count also 
argues against HLH. The other differentials pre-
sented are all lysosomal storage disorders. 
Anderson- Fabry disease does not present with 
hepatosplenomegaly. However, GD, Niemann- 
Pick type C (NPC), and lysosomal acid lipase 
defi ciency (LALD) may all present with organo-
megaly. NPC is a neurodegenerative condition, 
although hepatosplenomegaly usually proceeds 
neurological signs so the absence of neurological 
signs does not clinically exclude the diagnosis. 
The clinical scenario best fi ts a presentation of 
LALD with features of hepatosplenomegaly, 
raised transaminases and triglycerides. The non- 
infantile form of this is called cholesteryl ester 
storage disease (compared with the infantile 
form, Wolman disease). Though a diagnosis can-
not be made from the bone marrow sample, the 
presence of foamy macrophages should be 
reported to the requesting clinician as they can 
signal the presence of an underlying LSD, and 
further enzyme or genetic testing can be made to 
establish the diagnosis. The diagnosis of NPC 
needs to be undertaken in a specialty centre that 
regularly tests for NPC and involves culturing 
fi broblasts and fi lipin staining in addition to 
genetic analysis for known mutations. Several 
serum oxysterols are known to be elevated in 
NPC and are being investigated for their diagnos-
tic utility (Reunert et al.  2015 ). LALD is very 
rare, though it is likely to be underdiagnosed due 

to lack of awareness (Bernstein et al.  2013 ). A 
diagnosis can be made by assaying the LAL 
enzyme and analysing the LIPA gene (Hamilton 
et al.  2012 ).  

  Question 4.     A 20-year-old woman with recently 
diagnosed Gaucher disease has symptomatic 
avascular necrosis that requires hip replacement 
surgery. She is not on enzyme replacement ther-
apy (ERT) and has mild splenomegaly. Pre- 
operative bloods show Hb 10 g/dl, WBC 
5.0 × 10 9 /l and platelets of 90 × 10 9 /l. The ortho-
paedic surgeon has requested a consultation for a 
perioperative haemostasis plan. 

 The best management approach would be:

    A.    Transfuse platelets immediately prior to 
surgery.   

   B.    No intervention is necessary. Reassure sur-
geon that bleeding risk is negligible.   

   C.    Splenectomy prior to surgery.   
   D.    Full assessment of platelet function and coag-

ulation profi le, including individual factors as 
necessary. Use platelets, fresh frozen plasma 
(FFP), DDAVP, tranexamic acid or recombi-
nant factors as necessary based on testing.   

   E.    Discuss deferring surgery with surgeon while 
ERT is commenced as it will likely improve 
the thrombocytopenia and any other underly-
ing coagulopathy. However, reassessment of 
platelet function and coagulation profi le prior 
to surgery to plan possible product use is 
recommended.      

  Expert Perspective     There is a well-recognised 
bleeding diathesis associated with GD consisting 
mostly of mucocutaneous bleeding with easy 
bruising, epistaxis, menorrhagia and increased 
post-operative and post-partum bleeding. As GD 
is a rare disease, there have been no randomised 
controlled trials to determine the best approach to 
managing bleeding risk, particularly in relation to 
surgical, dental, gynaecological or obstetric man-
agement. Predicting who will bleed can be diffi -
cult and controversial. However, haematologists 
will often be called on to give advice regarding 
management prior to elective procedures or for 
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spontaneous bleeding in a subacute or emergency 
setting. Therefore, in 2004, comprehensive gen-
eral therapeutic goals (Pastores et al.  2004 ) and 
monitoring guidelines (Weinreb et al.  2004 ) were 
agreed for GD management. In 2006, European 
haematologists and GD experts analysed peer- 
reviewed literature, and the International 
Collaborative Gaucher Group (ICGG) database, 
and put forward for discussion their own expert 
views to produce recommendations for the man-
agement of haematological aspects of GD 
(Hughes et al.  2007 ) (see Table  3 ).

     Question 5.     Which of the following mecha-
nisms of increased bleeding tendency is NOT 
associated with Gaucher disease?

    A.    Thrombocytopenia from impaired mega-
karyopoiesis   

   B.    Acquired factor V inhibitor   
   C.    Disordered platelet adhesion   
   D.    Increased consumption of coagulation factors   
   E.    Increased activation of fi brinolysis      

  Expert Perspective     Bleeding tendency in GD 
may be disproportionate to what is anticipated 
from measured platelet count (Spectre et al. 
 2011 ) and relate to the features shown in Table  4  
(Thomas et al.  2014 ). Of patients with thrombo-
cytopenia enrolled in the ICGG registry, 15 % 
had platelet counts less than 60 × 10 9 /l, 45 % had 
a platelet count from 60 to 120 × 10 9 /l, with 
40 % having platelets from 120 to 150 × 10 9 /l. 
One therapeutic goal in GD patients is to pre-
vent spontaneous bleeding. A platelet count that 
is repeatedly <100 × 10 9 /l is an indication to 
commence ERT (Pastores et al.  2004 ). When 
there is mild to moderate thrombocytopenia, 
platelet count is expected to normalise within 
1 year of starting ERT in patients that have been 
splenectomised or by 1.5–2 times from baseline 
in those with an intact spleen (Weinreb et al. 
 2004 ). In severe thrombocytopenia and if there 
is massive splenomegaly, the goal is more to 
have a sustained increase in platelet count, and 
normalisation is seldom achieved (Pastores 
et al.  2004 ). There are currently no guidelines 
about commencing ERT for platelet function 
defects or coagulation factor defi ciency consid-
ered related to GD, and these laboratory fi nd-
ings are not an indication for starting treatment. 
However, it has been noted in patients who have 
had abnormal coagulation parameters or plate-
let function prior to commencing ERT for other 
indications that in some these parameters 
improve or normalise (Mitrovic et al.  2012 ). 
Other surgical advantages which may improve 
with starting ERT include improved bone 
remodelling which may allow use of unce-
mented prostheses and improved  longevity of 

   Table 3    Expert consensus recommendations of Hughes 
et al. ( 2007 ) for managing bleeding tendency in GD   

 Bleeding risk assessment 

   aPTT 

   PT 

   Mixing correction 

   Platelet count 

   PFA-100 ®  test (platelet aggregometry if unavailable) 

   Bleeding time is unreliable 

 Prevention of bleeding 

   DDAVP 

   Recombinant factors or factor concentrates 

   Prothrombin complex concentrate 

   Fresh frozen plasma 

   Platelet transfusion 

 General considerations 

   For major surgery where platelets are <100 × 10 9 /l 
or any surgery where platelets are <50 × 10 9 /l, 
bleeding risk assessment as above should be 
performed and correction of dysfunction with 
appropriate agents listed above 

   Surgeons should be made aware of possible 
bleeding complications even with mild 
thrombocytopenia and normal coagulation 
parameters 

   Keep platelets above 100 × 10 9 /l for neurosurgery 

   Appropriate existing local guidelines should be 
followed for co-existing co-morbidities: 

    Asplenic state 

    Coagulopathy 

    Haematinic defi ciency correction 

   For ERT-naive patients, consideration should be 
given to commencing ERT, particularly for 
non-urgent surgery, as this may improve coagulation 
profi le 
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prosthetic life expectancy (Bubbar et al.  2009 ; 
Donaldson et al.  2011 ).

     Question 6.     A 5-year-old boy is diagnosed with 
GD and commenced on ERT because of massive 
splenomegaly, thrombocytopenia and anaemia. 
Prior to starting ERT, his platelet count was 
30 × 10 9 /l. Following 2 years on ERT, splenomeg-
aly has signifi cantly improved and he is transfu-
sion independent. However, the platelet count has 
not increased. He bruises easily and has intermit-
tent epistaxis. Otherwise he is well. What is the 
next most appropriate step in management?

    A.    Splenectomy.   
   B.    Increase the dose of ERT.   
   C.    Commence regular tranexamic acid.   
   D.    Exclude haematinic defi ciency and investi-

gate and manage for ITP.   
   E.    Bone marrow biopsy to exclude malignancy.    

    Expert Perspective     This question highlights 
the importance of the need for awareness of 
expected response to ERT in determining if there 
has been an incomplete response to treatment or 
to entertain the possibility of another diagnosis. 
Some clinical markers of disease activity, the 
anaemia and splenomegaly, have improved, 
while the thrombocytopenia has not. One could 
also measure the chitotriosidase level in this 

patient as a biomarker of disease activity, expect-
ing it to have reduced from prior to treatment. 
The caveat in assessing chitotriosidase level is 
that approximately 40 % of the population are 
either homozygous or heterozygous for a null 
variant in the CHIT1 gene (Grace et al.  2007 ). 
However, given that the patient appears to be 
clinically responding, it is essential to establish if 
there are other causes for the thrombocytopenia. 
GD patients may be at increased risk of develop-
ing iron defi ciency anaemia due to increased 
blood loss. Patients with GD have also been 
found to have ITP concurrently and respond to 
ITP treatments (Rosenbaum  2014 ).  

 The other point raised by this question is 
whether splenectomy may be indicated. Prior to 
ERT being available for treatment, splenectomy 
was often performed to control symptomatic 
splenomegaly and improve cytopenias. However, 
there were observed exacerbations of bone pain 
and crises, pulmonary complications of GD and 
possibly increased incidence of malignancy. 
Splenectomy is no longer a recommended treat-
ment for controlling features of GD, but still may 
be necessary in certain clinical situations (Cox 
et al.  2008 ) (see Table  5 ).

    Question 7.     A 26-year-old woman is diagnosed 
with Gaucher disease during the fi rst trimester of 

   Table 4    Features of GD patients associated with bleeding tendency and proposed mechanisms   

 Feature  Proposed mechanism  References 

 Thrombocytopenia  Hypersplenism  Grabowski ( 1997 ) 

 Bone marrow infi ltration with Gaucher cells  Lecourt et al. ( 2013 ) 

 Impaired megakaryopoiesis 

 Platelet dysfunction  Adhesion defects  Spectre et al. ( 2011 ) 

 Aggregation defects  Gillis et al. ( 1999 ) 

 Giona et al. ( 2006 ) 

 Simchen et al. ( 2011 ) 

 Coagulation factor defi ciency  Decreased production  Giona et al. ( 2006 ) 

 Increased consumption  Mitrovic et al. ( 2012 ) 

 Congenital defi ciency coincidentally 
occurring in Ashkenazi Jewish population 
(e.g. Factor XI defi ciency) 

 Deghady et al. ( 2006 ) 

 Hollak et al. ( 1997 ) 

 Activation of fi brinolysis  Pro-infl ammatory state leading to low-level 
activation/consumption 

 Deghady et al. ( 2006 ) 

 Hollak et al. ( 1997 ) 

 Mitrovic et al. ( 2012 ) 
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pregnancy. She had a post-partum haemorrhage 
during her previous pregnancy. The strongest 
indication for treatment with ERT is:

    A.    Symptomatic bone disease.   
   B.    Platelet count <100 × 10 9 /l.   
   C.    Hepatosplenomegaly.   
   D.    All of the above.   
   E.    ERT is contraindicated in pregnant women.      

  Expert Perspective     Due to contact with health 
professionals, GD is sometimes diagnosed dur-
ing pregnancy (Zlotogora et al.  1989 ). Bone 
symptoms, pulmonary hypertension and cytope-
nias from GD can be exacerbated by pregnancy, 
which can lead to increased peri-partum compli-
cations, particularly haemorrhage. Though abso-
lute risks and benefi ts are uncertain, Cox et al. 
( 2008 ) recommend ERT after the fi rst trimester 
for all pregnant women with GD, unless there are 
contraindications. Though with few patients, a 
study comparing pregnancy outcome data 
between ERT treated and untreated groups has 
found no adverse effects attributable to ERT 
(Elstein et al.  2004 ). Indeed, benefi t with reduced 
bone crises and bleeding has been observed with 
patients treated compared to those who were 
treatment naive or who discontinued treatment 

(Guffon  2006 ). ERT has also facilitated, a small 
cohort of fi ve women who had recurrent sponta-
neous abortions, carrying their pregnancies to 
term (Granovsky-Grisaru et al.  1995 ). The only 
drug for GD that is absolutely contraindicated 
during pregnancy is the substrate reduction ther-
apy (SRT) miglustat (see Table  6 ).

    It is vital for the treating clinician to discuss 
the uncertainties and potential risks compared 
with clinical need and benefi t with each woman 
individually and to agree on a comprehensive 
antenatal plan ideally prior to pregnancy or as 
soon as possible during the pregnancy. This will 
also require close and clear communication with 
the obstetrician and other healthcare profession-
als involved in the antenatal and postnatal care. 
Caesarian section and epidural analgesia should 
be avoided if possible in women with increased 
bleeding risk. Though exogenous enzyme has 
been detected in breast milk of women on ERT 
(Esplin et al.  1993 ), this should pose no risk to a 
feeding infant, and women may be reassured to 
breast feed if that is their wish. Other issues sur-
rounding pregnancy that require consideration 
and discussion with patients are partner testing 
and possible prenatal testing, as all foetuses of 
women with GD will be at least obligate carriers 
for GD. 

  Question 8.     A 55-year-old woman with GD 
requires a hip replacement. She had a splenec-
tomy during childhood for splenomegaly and 
thrombocytopenia when her diagnosis of GD was 
made. She denies having a bleeding tendency. 
Her liver is normal in size. She has been on ERT 
for 15 years and has a normal platelet count, PT 
is 11 s, and aPTT is 25 s. 

   Table 5    Indications for splenectomy in GD patients 
(Cox et al.  2008 )   

 Indications for splenectomy 

 Controlling life-threatening cytopenia 

 Pressure effects (e.g. hydronephrosis, inferior vena 
cava syndrome) 

 Severe cachexia due to massive splenomegaly despite 
introduction of ERT 

 Splenic rupture 

 Autoimmune haemolytic anaemia or ITP when other 
controlling measures have failed 

 Transfusion-related glycolipid loading and worsening 
hypersplenism 

 Enlarging mass in the spleen (if lymphoma or other 
tumour suspected) 

 Severe abdominal pain crises 

 Splenic abscess 

 Patients without access to ERT with life-threatening 
complications 

   Table 6    FDA pregnancy safety category for drugs 
approved for GD   

 Drug  Class  FDA category 

 Imiglucerase  ERT  C 

 Velaglucerase alfa  ERT  B 

 Taliglucerase alfa  ERT  B 

 Miglustat  SRT  X 

 Eliglustat tartrate  SRT  C 

   ERT  enzyme replacement therapy,  SRT  substrate reduc-
tion therapy  
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 What is the best approach to her perioperative 
management?

    A.    No specifi c advice needs to be given. 
Perioperative care is standard.   

   B.    Check PFA-100 or platelet aggregometry. If 
they are normal, no specifi c advice needs to 
be given.   

   C.    Check PFA-100 or platelet aggregometry. 
Even if normal, warn surgical team that there 
may be an increased risk of unexpected bleed-
ing and they may need to use platelets, 
DDAVP or tranexamic acid. Asplenic pro-
phylaxis needs to be managed as per local 
guidelines. VTE prophylaxis is advised 
unless there is post-operative bleeding.   

   D.    Advice regarding asplenic precautions as per 
local guidelines and VTE prophylaxis. No 
need for specifi c advice about haemostasis.   

   E.    Give platelets, FFP and tranexamic acid as 
bleeding prophylaxis.      

  Expert Perspective     Thrombosis is an important 
consideration for patients with GD. Despite hav-
ing a propensity to thrombocytopenia and a 
bleeding diathesis, GD patients can still develop 
venous thromboembolism, particularly following 
orthopaedic surgery or post-partum. GD patients 
that have had a splenectomy are particularly at 
risk, possibly as a result of having red cells with 
increased aggregation, increased disaggregation 
threshold and enhanced viscosity (Franco et al. 
 2013 ; Bax et al.  2005 ). There is limited discus-
sion in the literature about management of throm-
bosis in GD patients. Therefore, treatment of 
thrombosis in GD patients with concurrent bleed-
ing risk must be guided by fi rst principles.  

 In question 8, the patient does not have a clini-
cally signifi cant bleeding history and baseline 
coagulation profi le was normal. Despite this, 
there could be an underlying platelet function 
defect. A PFA-100 would be a reasonable way to 
screen for this, or platelet aggregometry could be 
performed if that test was not readily available. If 
that too was normal, one could be reassured that 
bleeding risk was minimal. If the platelet  function 
studies were abnormal, but there is no clinical 

history of bleeding tendency, it would seem most 
appropriate to warn the surgeon that if they 
encountered excessive bleeding intra-operatively 
or post-operatively, they should consider giving 
platelets. However, giving platelets, FFP or 
tranexamic acid for “prophylaxis” would be not 
recommended as this may render the patient 
hypercoagulable and increase with risk of throm-
bosis without necessarily providing benefi t 
against bleeding risk. Arguably, this patient may 
be at higher risk of thrombosis because of their 
asplenic state. Given the high thrombotic poten-
tial from orthopaedic surgery, it would be impor-
tant to advise for VTE prophylaxis in this patient. 
Local guidelines should be followed in relation to 
asplenic prophylaxis. 

  Question 9.     A 35-year-old splenectomised 
woman with GD had a post-partum right leg 
DVT 5 years ago which was successfully treated 
with 3 months of LMWH. She now has a DVT in 
the left leg following a long-haul fl ight. She is on 
maintenance ERT which was started for throm-
bocytopenia and bone pain crises. She no longer 
has bone pain, and full blood count and coagula-
tion profi le are normal. 

 The most appropriate management includes:

    A.    Undertake thrombophilia screen to help 
decide upon long-term anticoagulation.   

   B.    A standard 3-month period of anticoagulation 
without specifi c follow-up.   

   C.    Life-long anticoagulation.   
   D.    Three months of anticoagulation followed by 

prophylaxis when at increased risk during 
future periods of immobility, surgery or long- 
haul travel.   

   E.    Cease ERT and manage as per provoked VTE 
guidelines.      

  Expert Perspective     A splenectomised patient 
has had a second provoked VTE. ERT has not 
been associated with increased thrombosis risk; 
therefore, decisions to be made about continuing 
or stopping ERT should not be infl uenced by 
thrombosis or need for anticoagulation. The pre-
cise management of this patient is controversial. 
Thrombophilia testing has been undertaken in 
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small GD cohorts without an increased associa-
tion of splenic or bone infarct found (Elstein 
et al.  2000 ; Rosenbaum et al.  2013 ). In the setting 
of two provoked VTE, it is controversial whether 
fi nding a thrombophilic marker should alter man-
agement. Unless there was a strong family his-
tory of thrombosis and the relative had a 
thrombophilic marker that could be targeted, it 
would seem of limited benefi t testing for throm-
bophilia in this setting. This patient may still also 
have a bleeding tendency from the GD which 
may increase her risk of a serious bleeding event 
if given long-term anticoagulation. Given that 
clinically there is a tendency towards recurrent 
provoked VTE, the most reasonable advice 
would be to give standard treatment for this DVT 
and discuss the risks and benefi ts of long-term 
anticoagulation with the patient, recommending 
use of short-term anticoagulation around periods 
of higher risk (e.g. when immobile or on long- 
haul fl ights). It is important to explain to the 
patient that this is an evidence-poor area for GD 
and have their preferences and input be an active 
part of the decision making.  

  Question 10.     A 60-year-old splenectomised 
male patient with GD has been admitted to the 
general medical ward with right lower lobe pneu-
monia. He has been receiving ERT for 10 years 
and is generally reasonably well. He has a Hb of 
110 g/L, MCV of 90fl , WCC of 15.0 × 10 9 /l, neu-
trophils of 11.0 × 10 9 /l and platelets of 110 × 10 9 /l. 
You are asked about whether this patient should 
receive VTE prophylaxis. The best answer is:

    A.    Standard LMWH prophylaxis   
   B.    No LMWH, but provide compression 

stockings   
   C.    Reduced dose LMWH and compression 

stockings   
   D.    No LMWH, but encourage early ambulation   
   E.    None of the above    

    Expert Perspective     There is not enough infor-
mation given to make a clinical decision for the 
above case. There is no specifi c data available for 
GD patients in this setting, but the evidence for 
non-GD patients in this setting is clear on 

 recommending VTE prophylaxis for medically 
unwell patients (particularly those with addi-
tional risk factors) who are immobilised, except 
those at increased risk of bleeding. Before decid-
ing, history of bleeding tendency needs to be 
established. No coagulation profi le was given for 
this patient, so before making a defi nite decision 
about prophylaxis with LMWH, this should be 
assessed along with a PFA-100 and renal func-
tion given LMWH is primarily renally excreted. 
If there were no major abnormalities, then it 
would seem reasonable to give standard 
LMWH. If any increased bleeding or bruising is 
noted clinically, then the use of LMWH will need 
to be reviewed. There is no evidence for the util-
ity of reduced dose LMWH, so this should be 
avoided. If there were any abnormalities of coag-
ulation profi le or PFA-100, then the patient may 
be at increased bleeding risk, and a non-pharma-
cological means of VTE prophylaxis may be 
appropriate. Patients should always be encour-
aged to ambulate as much as possible, depending 
on their clinical state. Compression stockings 
may be appropriate if the patient is not ambulant 
and able to tolerate them. It should be empha-
sised that VTE prophylaxis should always be an 
issue to consider in GD patients and that manage-
ment should be individualised for each patient, 
considering their risk of thrombosis versus their 
risk of bleeding.   

 Controversies 

•     Use of bone marrow aspirate and tre-
phine to make the diagnosis of GD  

•   Confusing Gaucher cells, pseudo- 
Gaucher cells and foamy macrophages  

•   General delay in diagnosis of Gaucher 
and other LSDs due to lack of 
awareness  

•   When to start ERT or other treatment in 
asymptomatic GD patients  

•   Use of ERT during pregnancy and breast 
feeding in GD  

•   Thrombophilia testing in GD patients  
•   Splenectomy in GD patients for symp-

tomatic splenomegaly  
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  Answers 

    Question 1. C  
  Question 2. A  
  Question 3. D  
  Question 4. E  
  Question 5. B  
  Question 6. D  
  Question 7. D  
  Question 8. C  
  Question 9. D  
  Question 10. E (possibly A, B or D)         
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      Cryoglobulins 
and Cryoglobulinemia                      

     Wilson     I.     Gonsalves      and     Morie     A.     Gertz   

      Cryoglobulins are proteins that can undergo 
reversible precipitation from the serum upon 
cooling to a temperature lower than 37 °C. These 
proteins are composed of immunoglobulins 
with or without a mixture of complement pro-
teins. Wintrobe and Buell fi rst described this 
cryoprecipitation phenomenon in 1933 in a 
patient with multiple myeloma who presented 
with hyperviscosity- related symptoms 
(Wintrobe and Buell  1933 ). It was Lerner and 
Watson who coined the term “cryoglobulin” in 
1947 (Lerner and Watson  1947 ). Strictly, the 
term “cryoglobulinemia” refers to the presence 
of cryoglobulins in serum. However, it is com-
monly used to refer to a syndrome whose symp-
toms are a consequence of these cryoglobulins. 
This condition was fi rst described by Meltzer 
and Franklin in 29 patients with serum cryo-
globulins and a common pattern of symptoms 
that comprised of purpura, arthralgias, and 
weakness in the presence of elevated rheuma-
toid factor and end-organ dysfunction such as 
neuropathy and renal disease (Meltzer and 
Franklin  1966 ). This chapter will attempt to 
answer some of the key clinical questions that 
arise among physicians taking care of patients 
with cryoglobulinemia syndrome. 

    Case 1: To Review the Classifi cation, 
Etiology, Clinical Presentations, 
and Prevalence 
of Cryoglobulinemia 

 A 77-year-old woman with chronic hepatitis C for 
several years presents to her primary care provider 
with painful purpura involving her legs, diffuse 
arthralgias, and painful paresthesia in her feet. Her 
serum creatinine was within normal limits but her 
urine analysis revealed microscopic hematuria 
with mild proteinuria. A biopsy of one of her pur-
puric skin lesions showed leukocytoclastic vascu-
litis. Her blood had detectable cryoglobulins with 
a cryocrit of 6 % containing both polyclonal IgG 
and monoclonal IgM immunoglobulins. 

  Question 1.      How is cryoglobulinemia 
classifi ed?   

  Expert Clinical Perspective     In 1974, Brouet 
et al. ( 1974 ) proposed a classifi cation of cryo-
globulinemia syndromes according to the clonal-
ity and isotype of immunoglobulins present 
within the cryoprecipitate. This remains widely 
used in clinical practice due to the consistency in 
clinical presentation and etiology among the dif-
ferent categories.

    1.    Type I consists of monoclonal immunoglobu-
lins (usually either IgM or IgG). It accounts for 
10–15 % of patients with cryoglobulinemia 
(Tedeschi et al.  2007 ). The monoclonal 
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 immunoglobulin is generally produced by lym-
phoproliferative disorders (Neel et al.  2014 ).   

   2.    Type II consists of a mixture of monoclonal 
IgM and polyclonal IgG immunoglobulins. It 
accounts for 50–60 % of patients with cryo-
globulinemia (Tedeschi et al.  2007 ). This is 
mostly associated with chronic infections, 
lymphoproliferative disorders, and rarely 
solid malignancies.   

   3.    Type III consists of a mixture of polyclonal 
IgM and IgG immunoglobulins. It accounts for 
25–30 % of patients with cryoglobulinemia 
(Tedeschi et al.  2007 ). Autoimmune disorders 
as well as chronic infections have been found 
to be mostly associated with this subtype.    

   Types II and III are commonly referred to as 
“mixed cryoglobulinemias” because they consist 
of both IgG and IgM immunoglobulin isotypes. 

  Question 2.      What clinical conditions are com-
monly associated with cryoglobulinemia?   

  Expert Clinical Perspective     Various clinical 
conditions such as malignancies (Neel et al. 
 2014 ; Saadoun et al.  2006a ; Mautner et al.  1993 ; 
Ferri et al.  2004 ; Podjasek et al.  2012 ), autoim-
mune disorders (Ramos-Casals et al.  1998 ; 
Garcia-Carrasco et al.  2001 ), and chronic infec-
tions (Ferri et al.  1991a ,  b ; Levo et al.  1977 ; Lohr 
et al.  1994 ; Witzke et al.  1994 ; Kramer et al. 

 2006 ; Dimitrakopoulos et al.  1999 ; Fabris et al. 
 2003 ; Ramos-Casals et al.  2007 ; Bonnet et al. 
 2003 ; Minopetrou et al.  2013 ) have been associ-
ated with the different subtypes of cryoglobuline-
mia. Some of these common clinical conditions 
associated with either type I or mixed cryoglobu-
linemia are listed in Table  1 . When no underlying 
etiology is detected, it may be termed “essential 
cryoglobulinemia.” Since the discovery of hepa-
titis C virus (HCV)-associated mixed cryoglobu-
linemia by Ferri et al. ( 1991a ,  b ) in the early 
1990s, the number of cases classifi ed as essential 
cryoglobulinemia has decreased. However, 
nearly 10 % of current cases of mixed cryoglobu-
linemia are still regarded as idiopathic or essen-
tial (Trejo et al.  2001 ).

     Question 3.      What are the common clinical 
manifestations of cryoglobulinemia?   

  Expert Clinical Perspective     The clinical pre-
sentation of cryoglobulinemia is variable and any 
patient may manifest with one or several symp-
toms. These symptoms may relapse and remit 
spontaneously over the course of the disease. 
There is no correlation between the quantity of 
circulating cryoglobulins levels or cryocrit and 
the severity of the cryoglobulinemia-related 
symptoms.  

 The pattern of clinical manifestations is likely 
infl uenced by the chemical properties and 

   Table 1    List of common diseases associated with cryoglobulinemia based on subtype   

  Type I cryoglobulinemia  

 Monoclonal gammopathy of undetermined signifi cance (MGUS), multiple myeloma, Waldenstrom’s 
macroglobulinemia, non-Hodgkin’s lymphoma, chronic lymphocytic leukemia 

  Mixed cryoglobulinemia (type II and type III)  
  Infectious  

   Viral: HCV, HBV, HIV, CMV, EBV 

   Bacterial: lyme disease, syphilis, poststreptococcal nephritis 

  Autoimmune disorders  

   Sjogren’s syndrome, systemic lupus erythematosus, polyarteritis nodosa, systemic sclerosis, scleroderma, 
rheumatoid arthritis, sarcoidosis 

  Lymphoproliferative disorders  

   Non-Hodgkin’s lymphoma, chronic lymphocytic leukemia, Waldenstrom’s macroglobulinemia, cold agglutinin 
disease 
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 immunoglobulin isotypes of the cryoglobulins. 
Biopsies of the affected organs such as the skin, 
kidney, nerve, etc. followed by indirect immuno-
fl uorescence studies may help in identifying 
deposits of immunoglobulins (of the same iso-
type as the serum cryoglobulins) and  complement. 
This helps confi rm the diagnosis and extent of 
tissue involvement. Some of the common clinical 
manifestations and their estimated frequencies 
based on recent retrospective series are listed in 
Table  2  (Neel et al.  2014 ; Terrier and Cacoub 
 2013 ; Bryce et al.  2006 ; Harel et al.  2014 ).

      Type I Cryoglobulinemia 

 In patients with symptomatic type I cryoglobuli-
nemia, the vascular occlusive properties of the 
cryoglobulins are responsible for much of the 
symptomatology rather than immune-complex- 
mediated vasculitis. Symptoms are mainly cuta-
neous such as purpura, livedo reticularis, 
acrocyanosis, and Raynaud’s phenomenon (Neel 
et al.  2014 ; Terrier et al.  2013 ). In severe cases, 
digital ulceration and gangrene can occur. 
Neurologic symptoms such as epistaxis, head-
aches, dizziness, blurry vision, or visual loss can 
take place due to hyperviscosity but are rare 
(Stone  2009 ). Renal involvement is seen in about 
a third of patients and is commonly due to MGPN 

(Neel et al.  2014 ; Terrier et al.  2013 ; Karras et al. 
 2002 ). Other organ involvement such as cardiac, 
pulmonary, and gastrointestinal is rare.  

    Mixed Cryoglobulinemia 

 Common symptoms of mixed cryoglobulinemia 
include Meltzer’s triad (arthralgias, weakness, 
and purpura) and end-organ damage that may 
include the liver, kidneys, nervous system, 
lungs, and musculoskeletal system (Terrier and 
Cacoub  2013 ; Bryce et al.  2006 ). Most of these 
symptoms are secondary to immune-complex- 
mediated vasculitis. 

  Cutaneous     Skin involvement is very common 
in mixed cryoglobulinemia patients (Ferri et al. 
 2004 ; Terrier and Cacoub  2013 ; Bryce et al. 
 2006 ; Cohen et al.  1991 ; Gorevic et al.  1980 ). 
The lesions range in appearance from mild pur-
pura to skin ulcerations, particular in the mal-
leolar area (Cohen et al.  1991 ). These tend to 
occur in the lower extremities and are exacer-
bated by cold temperatures, prolonged stand-
ing, or existing venous insuffi ciency. Skin 
biopsies typically demonstrate an infl ammatory 
vasculitis composed of monocytes and lympho-
cytes involving small- and medium-size vessels 
walls with fi brinoid necrosis, endothelial cell 
hyperplasia, and hemorrhage (Cohen et al. 
 1991 ).  

  Renal     Renal involvement is seen in 20–30 % of 
patients with mixed cryoglobulinemia and is 
mostly due to MPGN (Terrier and Cacoub  2013 ; 
Beddhu et al.  2002 ; D’Amico  1998 ; Roccatello 
et al.  2007 ). The most common presentation is 
proteinuria with microscopic hematuria and 
varying amounts of renal insuffi ciency (Matignon 
et al.  2009 ). A kidney biopsy usually demon-
strates monocyte infi ltration of the basement 
membrane, hyaline thrombi within the microvas-
culature, and intraglomerular subendothelial 
deposits of IgM, IgG, and complement (Fabrizi 
et al.  2013 ). In patients with HCV-associated 
cryoglobulinemia, kidney biopsies demonstrate a 
deposition of HCV RNA and core protein in the 

   Table 2    Estimated frequencies of common clinical man-
ifestation in cryoglobulinemia patients   

 Clinical symptoms 

 Frequency 

 Type I  Mixed 

 Cutaneous 

   Purpura  45–70 %  50–80 % 

   Ulceration and/or gangrene  20–30 %  5–15 % 

 Vasomotor (Raynaud’s 
phenomenon) 

 10–30 %  10–20 % 

 Renal 

   Membranoproliferative 
glomerulonephritis (MPGN) 

 20–30 %  20–30 % 

 Neurological 

   Peripheral neuropathy  25–50 %  20–75 % 

 Gastrointestinal (hepatic 
involvement/cirrhosis) 

 Rare  5–10 % 

 Musculoskeletal (arthralgia)  10–30 %  20–50 % 
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glomerular and tubular structures highlighting its 
pathologic role (Sansonno et al.  2005 ).  

  Nervous system     Peripheral neuropathy is the 
most common symptom and can range from 
20 % to 75 % in patients with mixed cryoglobu-
linemia (Terrier and Cacoub  2013 ; Bryce et al. 
 2006 ). It tends to cause either symmetrical or 
asymmetrical sensory neuropathy characterized 
by paresthesias and muscle weakness. 
Neuromuscular biopsies demonstrate varying 
degrees of axonal degeneration with or without 
demyelination and small vessel vasculitis 
(Cacoub et al.  2001 ). Central nervous system 
involvement is rare but clinical ischemic strokes 
and transient ischemic attacks have been 
reported (Cojocaru et al.  2005 ).  

  Arthralgias     This is commonly seen in 20–50 % 
of mixed cryoglobulinemia patients. It tends to 
affect small distal joints in symmetrical patterns 
and it can be exacerbated by cold (Trejo et al. 
 2001 ; Gorevic et al.  1980 ).  

  Hepatic     Given that viral hepatitis B and C 
account for most of the association with mixed 
cryoglobulinemia cases, there is a high correla-
tion with liver cirrhosis. A meta-analysis demon-
strated that in patients with mixed 
cryoglobulinemia, the incidence of liver cirrhosis 
was higher when compared to the control group 
(40 % versus 17 %) (Kayali et al.  2002 ). Histologic 
analysis of liver specimens in patients with mixed 
cryoglobulinemia has demonstrated fi ndings such 
as portal fi brosis, active hepatitis, and cirrhosis as 
well as postnecrotic cirrhosis (Dispenzieri and 
Gorevic  1999 ).  

  Pulmonary     Lung involvement has been 
described in patients with mixed cryoglobuline-
mia (Bombardieri et al.  1979 ). In a study of 
patients with HCV-associated mixed cryoglobuli-
nemia, bronchoalveolar lavage suggested the 
presence of subclinical alveolitis that could 
predispose to harmful infectious complications 
and interstitial lung fi brosis (Manganelli et al. 
 1996 ).  

  Question 4.      How common is cryoglobulinemia?   

  Expert Clinical Perspective     Epidemiological 
studies of cryoglobulinemia in the general popu-
lation are scarce. Such studies are diffi cult to 
conduct due to the diverse etiologies and geo-
graphic distribution of the disease. For example, 
a greater number of mixed cryoglobulinemia 
cases are found in areas where HCV infections 
are more prevalent. Secondly, cryoglobulins may 
also be detectable in asymptomatic patients mak-
ing it hard to assess its prevalence (Brouet et al. 
 1974 ; Dispenzieri  2000 ). Nevertheless, it is rela-
tively uncommon and its prevalence has been 
estimated to be approximately 10 per million per-
sons (Terrier and Cacoub  2013 ).  

  Question 5.      When should one consider assess-
ing a patient for cryoglobulinemia?   

  Expert Clinical Perspective     Not all patients 
with detectable cryoglobulins have symptoms 
related to cryoglobulinemia disease (Bryce 
et al.  2006 ; Kallemuchikkal and Gorevic  1999 ). 
Thus, an index of suspicion is still required in 
order to perform cryoglobulin testing in 
patients. We recommend that screening for 
cryoglobulinemia be performed in all patients 
with an active HCV infection and/or clinical 
symptoms that include any of the following: 
purpura, livedo reticularis, cold-induced acro-
cyanosis, cutaneous ulcers, Raynaud’s phe-
nomenon, positive rheumatoid factor, or renal 
dysfunction due to membranoproliferative 
 glomerulonephritis (MPGN).    

    Case 2: To Review the Laboratory 
Evaluation for Cryoglobulins, 
the Associated Laboratory 
Findings, and the Pathogenesis 
of Cryoglobulinemia and Its 
Symptoms 

 A 47-year-old woman was diagnosed with 
Sjogren’s syndrome after having persistent 
enlargement of her parotid glands, arthralgias, and 
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fatigue. She was treated with prednisone as well as 
hydroxychloroquine. However, within a few 
months, she developed a rash on her legs, 
Raynaud’s phenomenon in her hands as well as 
painful paresthesias in her feet. Her serum creati-
nine was normal as was her urine analysis. She had 
an ESR of 47 (0–29 mm/h), elevated rheumatoid 
factor activity, hypocomplementemia (total com-
plement: 12 U/mL, normal 30–75; C3: 121 mg/
dL, normal 75–175 mg/dL; C4: 5 mg/dL, normal 
14–40 mg/dL), and polyclonal hypergammaglob-
ulinemia on her serum electrophoresis. Her cryo-
globulin testing detected a cryocrit of 4 % and 
further immunofi xation confi rmed a type II 
(mixed) cryoglobulinemia with monoclonal IgM 
kappa and a polyclonal IgG immunoglobulins. 

  Question 6.      How is a blood sample evaluated 
for cryoglobulins in the laboratory?   

  Expert Clinical Perspective     When evaluating a 
blood sample for cryoglobulins, it is imperative 
for the blood sample to be collected and trans-
ported at 37 °C in pre-warmed, non-heparinized 
tube. The rationale for this strict adherence to the 
temperature requirement is that if the blood sam-
ple were to cool down, cryoprecipitation could 
occur prior to the separation of the serum from 
the blood cells resulting in a false-negative test 
(Sargur et al.  2010 ).  

 After allowing the blood sample to complete 
clotting, the serum is separated out and cooled 
down to 4 °C for 7 days. If a cryoprecipitate 
develops, the sample is centrifuged at 4 °C to 
measure a “cryocrit” which is the centrifuged 
volume of the precipitate as a percentage of the 
original serum volume at 4 °C (Motyckova and 
Murali  2011 ; Damoiseaux  2014 ). A cryocrit less 
than 0.5–1 % or a cryoglobulin concentration less 
than 20 mcg/mL is usually considered clinically 
insignifi cant (Kallemuchikkal and Gorevic 
 1999 ). It is typically over 10 % in type I cryo-
globulinemia but lower in patients with mixed 
cryoglobulinemias (Kallemuchikkal and Gorevic 
 1999 ). The time required for cryoprecipitation 
generally differs for type I cryoglobulins and 

mixed-type cryoglobulins. The former tends to 
precipitate within minutes–hours, while the latter 
require hours–days (Vermeersch et al.  2008 ). 

 One fraction of the cryoprecipitate may be 
rewarmed to 37 °C in order to establish revers-
ibility of the cryoprecipitation, whereas the 
remaining cryoprecipitate is purifi ed by repeated 
iced saline washes and then characterized using 
immunofi xation electrophoresis (Motyckova and 
Murali  2011 ; Damoiseaux  2014 ). This helps 
determine the clonality and isotype of immuno-
globulins present in order to categorize them by 
the Brouet’s classifi cation system (Brouet et al. 
 1974 ). Newer methods utilizing fl ow cytometry 
are equally specifi c but much more sensitive in 
the detection of cryoglobulins than visual inspec-
tion and may be utilized in the future (Muller 
et al.  2012 ). It is important to note that a normal 
serum protein electrophoresis and serum immu-
nofi xation test do not rule out the presence of 
cryoglobulins in a patient (Bryce et al.  2006 ). 

  Question 7.      What other laboratory test 
abnormalities are associated with the diagno-
sis of cryoglobulinemia?   

  Expert Clinical Perspective     Other laboratory 
abnormalities in the blood that are associated 
with the presence of cryoglobulinemia include a 
decreased total complement activity (CH50) and 
early complement proteins such as C1q, C2, and 
C4 (Tarantino et al.  1978 ; Hebert et al.  1991 ). 
These likely refl ect ongoing consumption by the 
cryoglobulin-containing immune complexes. 
However, levels of C3 may remain relatively sta-
ble or mildly reduced. In mixed cryoglobuline-
mias, the IgM immunoglobulins have rheumatoid 
factor (RF) activity since they are able to bind to 
the Fc portion of IgG immunoglobulins (Gorevic 
 2012 ). It is important to not confuse a patient for 
having rheumatoid vasculitis due to a failure to 
recognize the presence of mixed cryoglobuline-
mia. A detectable serum monoclonal immuno-
globulin is also commonly present (Trejo et al. 
 2001 ; Monti et al.  1995 ). Serum cryoglobulins 
may interfere with a variety of laboratory tests 
leading to spurious quantitation of peripheral 
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blood counts such as pseudo-leukocytosis, 
thrombocytosis, or macrocytosis (Zandecki et al. 
 1989 ; Hutchinson et al.  2006 ). Tests sensitive to 
acute phase reactants such as the erythrocyte sed-
imentation rate and C-reactive protein are also 
generally elevated (Haeney  1976 ).  

  Question 8.      What mechanisms are associated 
with the development of cryoglobulins?   

  Expert Clinical Perspective     Cryoglobulins are 
produced by clonal lymphoid cells as a result of 
either (1) a lymphoproliferative disorder or (2) 
immune stimulation from infections or autoim-
mune disorders. The former has been mostly asso-
ciated with the production of monoclonal 
immunoglobulins that lead to type I cryoglobuli-
nemia but occasionally that may lead to the forma-
tion of type II cryoglobulinemias. For the latter, 
chronic infections such as HCV and autoimmune 
conditions such as Sjogren’s syndrome can lead to 
mixed (type II and III) cryoglobulinemias.  

 HCV serves as a well-described model for the 
development of mixed cryoglobulinemia. In a 
chronic HCV-infected patient, the HCV envelope 
protein (E2) interacts with CD81 that is expressed 
on B and T lymphocytes (Pileri et al.  1998 ). This 
interaction may trigger chronic B-cell stimula-
tion and replication within the peripheral blood, 
bone marrow, and liver of patients with HCV, 
especially in those with type II cryoglobulinemia 
(Rosa et al.  2005 ; Sansonno et al.  2004 ). These 
B-cell clones can then produce monoclonal IgM 
that bind immunoglobulins directed against the 
anti-HCV core protein (Chen et al.  1988 ). This 
clonal expansion of the B cells upon HCV infec-
tion can be self-renewing as these B cells are 
nonfunctional and undergo proliferation indepen-
dent of their prior stimulus (Chen et al.  1988 ). 
Analysis of the cryoprecipitates demonstrates 
HCV viral proteins and RNA confi rming the crit-
ical role of HCV in the formation of the cryo-
globulins (Sansonno et al.  2003 ,  1995 ). 

  Question 9.      How do cryoglobulins cause injury 
to organ tissues?   

  Expert Clinical Perspective     Tissue or organ 
injury secondary to cryoglobulins can occur via 
two mechanisms:

    (a)    Direct cryoglobulin precipitation in the 
microcirculation causing vascular occlusion 
and ischemia: This is frequently caused by 
cryoglobulins with a monoclonal component 
and high concentration (type I) (Ramos- 
Casals et al.  2012 ). It can cause hyperviscos-
ity symptoms and thrombosis-related 
symptoms such as Raynaud’s phenomenon, 
purpura, livedo reticularis, and digital isch-
emia. Histologically, the precipitated cryo-
globulins appear in vivo as hyaline thrombi 
that occlude small blood vessels within 
organs causing their dysfunction (Dispenzieri 
and Gorevic  1999 ).   

   (b)    Immune-complex-mediated infl ammation of 
blood vessels or vasculitis: This is more 
likely to occur in type II mixed cryoglobuli-
nemias where the monoclonal IgM immuno-
globulin can generate large immune 
complexes with the polyclonal IgG immuno-
globulins and complement proteins (Ramos- 
Casals et al.  2012 ). These immune complexes 
can deposit along the endothelium triggering 
the development of vasculitis (Sansonno 
et al.  2009 ). This occurs mainly in small- and 
medium-sized vessels.       

    Case 3: To Review the Management 
of Symptomatic Type 
I Cryoglobulinemia 

 A 64-year-old male presented with a painful skin 
lesion along his legs as well as bilateral lower 
extremity peripheral neuropathy. These had been 
present for more than a month. No lymphadenop-
athy was detectable on physical exam. He had a 
normal complete blood count, creatinine, liver 
enzymes, and urinalysis. Hepatitis B and C serol-
ogies and human immunodefi ciency virus tests 
were negative. Quantitative serum immunoglob-
ulin testing showed an elevated IgM of 2,010 mg/
dL and a serum viscosity of 1.9 centipoise. A 
skin punch biopsy revealed leukocytoclastic 
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vasculitis with cryoglobulin deposits. A serum 
protein electrophoresis revealed an IgM kappa 
monoclonal gammopathy of 1.2 g/dL. Serum 
cryoglobulins were present at 13 % and electro-
phoresis of the cryoglobulin precipitate revealed 
an IgM kappa consistent with type I cryoglobuli-
nemia. A bone marrow aspiration revealed 20 % 
clonal lymphoplasmacytic cells consistent with 
Waldenstrom’s macroglobulinemia. 

  Question 10.      How does one approach the 
management of patients with symptomatic 
cryoglobulinemia?   

  Expert Clinical Perspective     The general para-
digm of managing cryoglobulinemia is to direct 
treatment against the underlying cause leading to 
the formation of cryoglobulins. Thus, accurate 
typing of the cryoglobulins as well as testing for 
the various infectious and autoimmune condi-

tions associated with cryoglobulinemia is essen-
tial. It is also important to gauge the severity of 
the cryoglobulinemia symptoms when choosing 
an appropriate therapeutic regimen. For mild 
symptoms such as purpura, arthralgias, or mild 
neuropathy, observation, avoidance of cold tem-
peratures, or wearing warm clothing should suf-
fi ce. However, for moderate to severe symptoms, 
Fig.  1  outlines an approach to selecting therapies 
based on the subtype and etiology of the 
cryoglobulinemia.

     Question 11.      How does one approach the 
management of patients with symptomatic 
type I cryoglobulinemia ?  

 Type I cryoglobulinemia should be managed with 
therapies directed against eradicating the under-
lying clonal cells responsible for producing the 
offending immunoglobulin. In cases  secondary to 

Symptomatic
Cryoglobulinemia

Type I

Indolent Clonal
Process

MGUS**

- Corticosteroids
- Alkylators
- Proteasome inhibitors
- Immunomodulators

Malignant
Clonal Process

Chemotherapy **  

- Purine Analogues
- Proteasome inhibitors
- Immunomodulators
- Alkylator based therapy
- ASCT

Mixed
(Type II and III)

Infectious
Causes

Hepatitis C Virus **
- IFN-α + Ribavarin
+/- Rituximab

Hepatitis B Virus **
- Entacavir
- Lamivudine
  +/- Corticosteroids

HIV **

- HAART 

Non-Infectious
Causes

Autoimmune d/o **
- Rituximab +
Corticosteroids

Lymphoproliferative
d/o **
- Chemotherapy
- Rituximab +
Corticosteroids

  Fig. 1    Suggested approach to the initial management of 
symptomatic cryoglobulinemia. ** Initiate concurrent 
plasmapheresis for life-threatening or severe clinical 

symptoms. Ψ Chemotherapy regimen selected based on 
the sensitivity of the underlying malignant clonal process       
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overt neoplastic disorders such as MM, non-
Hodgkin’s lymphoma, or Waldenstrom’s macro-
globulinemia, established chemotherapeutic 
regimens for each of those respective malignant 
conditions should be utilized to halt the produc-
tion of cryoglobulins (Harel et al.  2014 ; Payet 
et al.  2013 ; Saadoun et al.  2013 ). In one series, 
high-dose melphalan chemotherapy has been uti-
lized in four patients with type I cryoglobuline-
mia due to MM, all of whom derived disease 
control for at least 18 months or more (Payet 
et al.  2013 ). However, more indolent clonal pro-
cesses such as MGUS can be treated with agents 
ranging from corticosteroids or alkylating agents 
(Terrier et al.  2013 ; Fermand et al.  2013 ). Novel 
biological agents such as bortezomib, thalido-
mide, and lenalidomide may be used in severe 
and/or refractory patients (Terrier et al.  2013 ; 
Fermand et al.  2013 ; Ninomiya et al.  2010 ; Cem 
Ar et al.  2005 ; Besada et al.  2013 ). 

 Retrospective series of patients with type I 
cryoglobulinemia demonstrate a 5-year and 
10-year survival range of 80–94 % and 60–87 %, 
respectively (Neel et al.  2014 ; Harel et al.  2014 ; 
Terrier et al.  2013 ). One study suggests that 
response to therapy tends to be higher and 
relapses less common in patients with a malig-
nant hematologic clone than in those patients 
whose cryoglobulins were produced by a more 
indolent and possibly low proliferating clonal 
process like MGUS (Vermeersch et al.  2008 ). 
Older age and the presence of nephropathy at 
diagnosis may be poor predictors of survival 
(Neel et al.  2014 ).  

    Case 4: To Review the Management 
of Symptomatic Mixed 
Cryoglobulinemia and Indications 
for Plasmapheresis 

 A 60-year-old male presents with progressive 
fatigue, bilateral lower extremity edema, and a 
painful lower extremity rash for several months. 
The rash consists of 2–5 mm tender, non- blanching 
macules. His complete blood count, liver enzymes, 
and lactate dehydrogenase were normal, but his 
creatinine was elevated at 3.6 mg/dL (previously 

1.0 mg/dL). He had nephrotic range proteinuria of 
about 4–5 g per day. Serum HCV antibodies were 
present and the serum HCV RNA test was positive 
by qualitative PCR. He also had a positive rheuma-
toid factor activity and he had hypocomplemente-
mia with the C4 almost undetectable and the C3 
mildly reduced. Serum cryoglobulins were 
detected with a cryocrit of 5 %. Immunofi xation of 
the cryoglobulin precipitate revealed polyclonal 
IgG kappa and monoclonal IgM kappa immuno-
globulins consistent with type II mixed cryoglobu-
linemia. A percutaneous kidney biopsy 
demonstrated hyaline thrombi within the microvas-
culature and intraglomerular subendothelial depos-
its of IgM, IgG, and complement consistent with 
cryoglobulinemic nephropathy. 

  Question 12.      How does one approach the 
management of patients with symptomatic 
mixed cryoglobulinemia?   

 Patients with mixed cryoglobulinemia should be 
tested for a coexisting HCV infection. If positive, 
eradication of the HCV and its associated cryo-
globulinemic proteins is the main goal of treat-
ment. Combination therapy of interferon- alpha 
(IFN-a) with ribavirin represents the standard 
treatment for HCV-associated mixed cryoglobu-
linemia (Cacoub et al.  2005 ; Saadoun et al. 
 2006b ). Specifi c HCV polymorphisms at the 
IL-28B gene (rs12979860 C/C genotype) have 
been associated with higher virological responses 
(Sansonno et al.  2014 ). Similarly, patients with 
HCV genotypes 2 and 3 are also more responsive 
to the combination of IFN-α and ribavirin in 
terms of sustained virological response at 
24 weeks when compared to patients with geno-
types 1 and 4 (Hadziyannis et al.  2004 ; Fried 
et al.  2002 ). Thus, the former group requires a 
shorter treatment course of 24 weeks in compari-
son to 48 weeks for the latter (Ramos-Casals 
et al.  2012 ; Ghany et al.  2009 ). The addition of 
protease inhibitors such as telaprevir or bocepre-
vir to the combination of IFN-α and ribavirin are 
more effective than the standard IFN-α and riba-
virin alone. However, this triple combination is 
associated with higher rates of adverse events 
and side effects (Saadoun et al.  2014 ,  2015 ; 
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Gragnani et al.  2014 ). These triple-drug combi-
nation regimens may be useful in refractory cases 
of HCV-associated cryoglobulinemia. 

 Recent studies have utilized B-cell-depleting 
therapies such as rituximab for the treatment of 
HCV-associated cryoglobulinemia. A prospec-
tive study compared patients treated with IFN-α 
and ribavirin for 48 weeks to patients given a 
sequential regimen of rituximab followed 
1 month later by IFN-a and ribavirin for 48 weeks 
(Saadoun et al.  2010 ). The rituximab-treated 
group had a shorter time to clinical remission 
(5.4 vs 8.4 months), better renal response rates 
(81 % vs 40 %), and higher rates of cryoglobulin 
clearance (68 % vs 44 %) (Saadoun et al.  2010 ). 
A similar randomized study also demonstrated a 
higher complete response rate in the rituximab 
group when compared to the IFN-α and ribavirin 
combination alone (55 % vs 33 %) (Dammacco 
et al.  2010 ). Treatment with rituximab has also 
been found to be associated with a reduction of 
liver stiffness, a surrogate for parenchymal fi bro-
sis (Stasi et al.  2014 ). Patients with severe cryo-
globulinemia have also reported improvements in 
both their physical and mental domains of their 
quality of life (Quartuccio et al.  2013 ). Rituximab 
reverses the abnormalities present in the distribu-
tion of peripheral B- and T-cell subsets in patients 
with HCV-associated cryoglobulinemias who 
achieve a complete response (Saadoun et al. 
 2008 ). Thus, in severe and/or refractory HCV- 
associated mixed cryoglobulinemia, it may not 
be unreasonable to add rituximab to the combina-
tion of IFN-α and ribavirin. 

 For all other infectious causes of mixed cryo-
globulinemia such as HBV, HIV, etc., therapy 
must be instituted to treat the underlying  infection 
(Stecevic et al.  2003 ; Kawakami et al.  2008 ; 
Kosmas et al.  2006 ). For patients with mixed 
cryoglobulinemia due to noninfectious causes 
such as autoimmune and lymphoproliferative dis-
orders, there are no randomized trials specifi c for 
their management. The largest study to date by 
Terrier et al. evaluated 242 patients and demon-
strated that the use of rituximab and corticoste-
roids showed the greater therapeutic effi cacy 
compared with either corticosteroids alone or a 
combination of alkylating agents and corticoste-

roids to achieve complete clinical, renal, and 
immunologic responses (Terrier et al.  2012 ). 
Patients with noninfectious mixed cryoglobuline-
mia often have coexisting autoimmune and malig-
nant B-cell conditions, especially B-cell 
lymphomas. Thus, this approach remains appro-
priate given its therapeutic effi cacy in clonal 
B-cell lymphoproliferative disorders (Gertz 
 2012 ). If no obvious autoimmune or infectious 
etiology is detected, one should consider perform-
ing thorough staging studies to rule out the possi-
bility of an occult lymphoma. Terrier et al. noted 
that the presence of purpura, articular involve-
ment, skin necrosis, and absence of complete 
immunological response during follow-up was 
associated with early relapse (Terrier et al.  2014 ). 
Pulmonary or gastrointestinal involvement, renal 
failure, and age older than 65 were all associated 
with worse survival (Terrier et al.  2014 ). 

  Question 13.      When   should plasmapheresis 
be utilized in the management of 
cryoglobulinemia?   

  Expert Clinical Perspective     Patients with 
life- threatening vasculitis including cryoglobu-
linemic nephropathy, skin ulcers, or symptoms 
related to hyperviscosity may require the use of 
plasmapheresis to help reduce the levels of cir-
culating cryoglobulin complexes (Sinico et al. 
 1985 ; Stone and Bogen  2012 ; Rockx and Clark 
 2010 ) (Fig.  1 ). However, this does not treat the 
underlying disease and is unable to achieve 
long- term disease control. Furthermore, there 
can be rebound elevation in cryoglobulin pro-
duction after the cessation of plasmapheresis 
(Dispenzieri  2000 ). Thus, cytotoxic therapy 
must be instituted concurrently to help maintain 
disease control.   

    Future Directions 

•     Development of large, prospective, multi-
center databases in order to better understand 
the epidemiological aspects of the different 
types of cryoglobulinemias.  
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•   To better understand the pathogenesis and 
etiology of symptomatic essential 
cryoglobulinemia.  

•   Identify more sensitive and reproducible labo-
ratory techniques to detect and classify 
cryoglobulins.  

•   Evaluate the future role of newer antiviral 
agents in severe and/or refractory HCV- 
associated cryoglobulinemias.  

•   Evaluate the role of newer anti-CD20 B-cell 
depleting therapies such as ofatumumab and 
obinutuzumab as more potent options for 
therapy.        
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         Introduction 

 Many women would prefer to view pregnancy 
as a natural part of life rather than as a medical 
condition. When faced with underlying disor-
ders that require treatment, or frequent compli-
cations as a result of such conditions, this can 
pose both a physical and an emotional chal-
lenge. Furthermore, clinical experience has 
shown that many but not all women give higher 
priority to the health of their unborn child than 
to themselves (Bates et al.  2012 ). As clinicians 
it is therefore important to consider benefi ts and 
risks of treatments carefully for both mother and 
child and use the best available evidence to 
guide patient care. 

 Common problems faced in this setting are 
discussed in the cases below.  

    Case 1: Antiphospholipid Syndrome 

 A 28-year-old woman is referred with a history 
of three miscarriages in the fi rst 10 weeks of ges-
tation. She has previously been demonstrated to 
have a positive lupus anticoagulant (LA) on two 
occasions, 12 weeks apart. On both occasions 
anticardiolipin antibodies (aCL) IgM and IgG 
were consistently below 10 iu. 

  Question 1.      How would you manage future 
pregnancies? 

    A.    Prophylactic UFH plus low-dose aspirin 
(LDA)   

   B.    Intermediate-dose UFH plus aspirin   
   C.    Prophylactic LMWH plus aspirin   
   D.    Aspirin alone/no anticoagulation   
   E.    Choice of A–C    

   Antiphospholipid syndrome (APS) carries a 
 signifi cant risk of pregnancy complications and fail-
ure. Antiphospholipid (aPL) antibodies are identi-
fi ed in 15 % of women with recurrent miscarriage 
(Rai et al.  1995 ), compared to less than 2 % in 
women with a low-risk obstetric history (Pattison 
et al.  1993 ). A variety of mechanisms leading to 
poor pregnancy outcomes in patients with APS 
have been described. In the early stages of preg-
nancy, aPL antibodies, specifi cally anti- β 2 GP- I, 
may inhibit trophoblast proliferation and function 
(Meroni et al.  2004 ; Katsuragawa et al.  1997 ). It has 
been proposed that Annexin V, an anticoagulant 
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protein highly expressed on the apical surfaces of 
syncytiotrophoblasts, may play a role in the patho-
genesis of APS. Studies describe interference with 
the binding of Annexin V to phospholipid surfaces 
due to aPL antibodies and subsequent risk of throm-
bosis and pregnancy loss. Annexin V is reduced in 
some placentas obtained from women with APS 
presenting with pre-eclampsia and fetal growth 
restriction, further supporting this link (Rand et al. 
 2010 ). Studies have also shown a role for comple-
ment activation and a local infl ammatory response 
at the fetal-maternal junction (Cohen et al.  2011 ; 
Shamonki et al.  2007 ; Salmon et al.  2003 ). APL 
antibodies are most commonly associated with 
venous and arterial thrombosis, and thrombosis of 
placental vessels may lead to placental insuffi ciency 
at any stage of pregnancy and subsequent fetal 
death (Salafi a and Cowchock  1997 ). A study of pla-
cental histology from patients with APS found 
more thrombotic characteristics as compared to 
control placenta. However, similar histological fi nd-
ings were identifi ed in cases of women without aPL 
antibodies but with a similar clinical history (Van 
Horn et al.  2004 ). 

 Further investigations are required to enable 
us to identify the important pathological mecha-
nisms and therefore therapeutic targets in APS 
(Marchetti et al.  2013 ). 

 Reports have suggested that the above mecha-
nisms may be reversed with heparin therapy 
(Kwak-Kim et al.  2013 ; Quenby et al.  2004 ). 
Anticoagulation is effective treatment for APS 
with associated thrombosis. Based on the prem-
ise that the pregnancy complications of APS have 
a procoagulant mechanism, antithrombotic inter-
ventions in patients with obstetric APS (Table  1 ) 
and the presence of aPL antibodies have been 
assessed in clinical trials. A systematic review in 
2005 summarised 13 randomised trials, compar-
ing the effectiveness of different anticoagulant 
regimes (Empson et al.  2005 ). Only UFH com-
bined with low-dose aspirin (LDA) was shown to 
reduce the number of pregnancy losses (RR 0.46, 
95 % CI 0.29–0.71), when compared with LDA 
alone. However, this fi nding was from two small 
trials only (Kutteh  1996 ; Rai et al.  1997 ). There 
was no difference between high- versus low-dose 
UFH given to achieve an aPTT either 1.2–1.5 

times the baseline (high dose) or at the upper 
limit of the normal (low dose) (Kutteh and Ermel 
 1996 ). LMWH combined with LDA did not have 
a statistically signifi cant effect when compared 
with aspirin alone (Farquharson et al.  2002 ). 
Furthermore, aspirin alone failed to demonstrate 
an effect on pregnancy loss when compared with 
placebo or usual care (Pattison et al.  2000 ).

   A later meta-analysis comparing heparin 
(UFH or LMWH) and aspirin with aspirin alone 
found that the frequency of live births was sig-
nifi cantly higher in the aspirin and heparin group 
(Mak et al.  2010 ). However, a further randomised 
controlled trial did not demonstrate any benefi t 
of using LMWH and aspirin compared with 
aspirin alone and reported much better  pregnancy 

    Table 1    Diagnostic criteria for APS – Miyakis et al. ( 2006 )   

 Antiphospholipid syndrome is present if at least one of 
the vascular criteria and one of the laboratory criteria 
that follow are met 

 Clinical criteria: 

   1.  Vascular thrombosis – one or more clinical 
episodes of arterial, venous or small vessel 
thrombosis, in any tissue or organ 

   2. Pregnancy morbidity 

    (a)  One or more unexplained deaths of a 
morphologically normal fetus at or beyond the 
10th week of gestation, with normal fetal 
morphology documented by ultrasound or by 
direct examination of the fetus 

    (b)  One or more premature births of a 
morphologically normal neonate before the 
34th week of gestation because of (i) 
eclampsia or severe pre-eclampsia defi ned 
according to standard defi nitions or (ii) 
recognised features of placental insuffi ciency 

    (c)  Three or more unexplained consecutive 
spontaneous abortions before the 10th week 
of gestation, with maternal anatomic or 
hormonal abnormalities and paternal and 
maternal chromosomal causes excluded 

 Laboratory criteria a : 

   1. Lupus anticoagulant (LA) present in plasma 

   2.  ACL antibody of IgG and/or IgM isotype in 
serum or plasma, present in medium or high titre 
(i.e. >40 GPL or MPL or >99th percentile) 

   3.  Anti-β 2  glycoprotein-I antibody of IgG and/or 
IgM isotype in serum or plasma (in titre >99th 
percentile) 

   a Positive test on two or more occasions at least 12 weeks 
apart, measured by standardised testing methods  
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outcomes in their patient group than had been 
described in older studies (Laskin et al.  2009 ). 
Almost 80 % of their patients with a history of 
recurrent fetal loss achieved a successful preg-
nancy outcome, regardless of therapy given. 

 Many of the studies described had limitations 
such as differing defi nitions of a positive aPL 
antibody, number and timing of previous fetal 
losses and weaknesses in statistical analyses. 

 An observational study compared the out-
comes in treated obstetric APS with LMWH and 
LDA (Bouvier et al.  2014 ). Whilst this showed a 
higher risk in this group of pre-eclampsia, 
placenta- mediated complications and neonatal 
mortality, they had a lower risk of pregnancy loss 
as compared to controls. The control group were 
women negative for aPL antibodies but with the 
same obstetric history of three consecutive mis-
carriages before the tenth week of gestation or 
one fetal loss beyond the tenth week. 

 Despite the limited and confl icting evidence, 
there is guidance for treating women who fulfi l the 
criteria for obstetric APS. Currently it is recom-
mended that these women receive antepartum 
administration of prophylactic- or intermediate- 
dose UFH or prophylactic LMWH combined with 
LDA (Bates et al.  2012 ), and these would be the 
suggested treatment options in the described case. 
When choosing between UFH and LMWH, there 
is a preference for LMWH because of once daily 
dosing, lower risk of heparin-induced thrombocy-
topenia and osteoporosis. LMWH has been shown 
to be safe in pregnancy, with low rates of bleeding 
complications (Greer and Nelson-Piercy  2005 ). 
However, current literature suggests that UFH 
may be more effective (although no direct com-
parison has been made). This difference may be 
due to differing modes of action and effects on tro-
phoblast differentiation as described in vitro 
(Nelson and Greer  2008 ; Quenby et al.  2004 ). 

 Further studies are needed, including a direct 
comparison between UFH and LMWH, to enable 
best possible outcomes in patients with a history 
of recurrent pregnancy loss and positive aPL 
antibodies. Alternatives to anticoagulation, spe-
cifi cally therapies aimed at limiting the aPL anti-
body-mediated complement activation capacity, 
are currently in development (Greer et al.  2014 ). 

  Question 2.      When would you stop anticoagu-
lation in this case? 

    A.    Immediately after delivery   
   B.    Seven days postpartum   
   C.    Six weeks postpartum   
   D.    Continue anticoagulation indefi nitely    

   The data regarding postpartum anticoagula-
tion in a patient with no prior history of venous 
thromboembolism but APS with pregnancy- 
associated morbidity is limited. In the trials 
described above investigating the use of antico-
agulation in improving pregnancy outcome, ther-
apy was typically stopped between 35 weeks and 
delivery with no reported thromboembolic events 
(Rai et al.  1997 ; Farquharson et al.  2002 ). 

 The Royal College of Obstetricians and 
Gynaecologists currently recommends that 
patients with prior thrombosis and APS should be 
offered antenatal and 6 weeks of postpartum 
thromboprophylaxis, if not on long-term antico-
agulation. They also suggest that those with per-
sistent aPL antibodies with no previous thrombosis 
and no fetal indications for LMWH may be man-
aged with close supervision antenatally but con-
sidered for 7 days of LMWH postpartum. 
However, there is no direct guideline in the case 
of obstetric APS postpartum management. 

 In this situation, based on current expert opin-
ion, unless there is a contraindication, patients 
should receive 6 weeks of postpartum prophy-
laxis in addition to their antenatal therapy. 

 With regard to timing after delivery, UFH or 
LMWH can be restarted 4–6 h after vaginal 
delivery or 6–12 h after caesarean section 
(ACOG  2013 ). 

  Question 3.      How would you manage the same 
patient if she had a negative LA on two 
 occasions but positive aCL IgG of 14 iu and 
19 iu? ACL IgM was below 10 iu both times. 

    A.    Prophylactic UFH plus LDA   
   B.    Intermediate-dose UFH plus LDA   
   C.    Prophylactic LMWH plus LDA   
   D.    Aspirin alone/no anticoagulation   
   E.    Choice of A–C    
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   The association between aPL antibodies and 
recurrent or late pregnancy loss is well described 
(Robertson et al.  2005 ). At present, those tested 
for are the LA, aCL antibodies and anti-β 2 GP-I 
antibodies. ACL antibodies may be positive in 
between 2.7 and 7 % of general obstetric patients. 
Prospective studies have demonstrated that such 
antibodies may lead to an increased risk of fetal 
loss (Yasuda et al.  1995 ; Lynch et al.  1994 ). 

 Some authors suggest that aCL-associated 
early recurrent pregnancy loss should be 
removed from the classifi cation criteria (Clark 
et al.  2012 ), due to evidence often demonstrating 
no link between aCLs and pregnancy loss. 
However, a meta-analysis in 2006 did demon-
strate that IgG aCL was associated with both 
early and late recurrent fetal loss (Opatrny et al. 
 2006 ), with increasing strength of association 
when isolated to moderate to high titres. IgM 
aCL was shown to have a link with late recurrent 
fetal loss, with no association found with anti-
β 2 GP-I antibodies. The strongest evidence was 
for a link between a positive LA and late recur-
rent fetal loss, which has also been shown by 
Lockshin et al. in adverse pregnancy outcomes 
after 12 weeks gestation. A positive LA was the 
strongest predictor of serious pregnancy compli-
cations, with no association demonstrated with 
IgG or IgM aCL or anti- β 2 GP- I (Lockshin et al. 
 2012 ). A retrospective study from a specialist 
clinic for recurrent miscarriage found that a con-
fi rmed, repeated LA result was an infrequent 
fi nding in their high-risk setting. They also iden-
tifi ed a higher risk in LA-positive patients of late 
pregnancy loss but signifi cantly fewer cases of 
recurrent early fetal loss than in the LA-negative 
group (Clark et al.  2013 ). 

 A meta-analysis investigating the link between 
aPL antibodies and placenta-mediated pregnancy 
complications found that studies were often 
underpowered (Abou-Nassar et al.  2011 ) and 
reiterated that the link with anti-β 2 GP-I antibod-
ies was particularly controversial. 

 In the described case, the patient has low-level 
positivity for IgG aCL and does not meet the 
diagnostic criteria for APS (Table  1 ). Current evi-
dence does not support the use of anticoagula-
tion. There is insuffi cient robust data published to 

allow better individualised treatment planning, 
demonstrating the need for further studies to 
allow management of patients according to dif-
ferent antiphospholipid antibodies assay results 
and specifi c previous morbidity experienced 
(Greer et al.  2014 ).  

    Case 2: Heritable Thrombophilia 

 A 34-year-old woman with a history of three 
early miscarriages has been referred to the hae-
matology clinic to discuss the results of a throm-
bophilia screen recently undertaken at the time of 
her last miscarriage. The results show that she is 
heterozygous for the factor V Leiden mutation 
(molecular nomenclature) and has a reduced 
level of protein S. 

  Question 4.      Should thrombophilia testing 
have been done in this case?   

 The fi rst problem in this case is thrombophilia 
testing around the time of pregnancy and inter-
pretation of results. Free protein S is reduced in 
pregnancy, and therefore, a defi ciency cannot be 
diagnosed in this setting (Oruc et al.  2000 ). Other 
changes that occur during normal pregnancy in 
order to prepare for the haemostatic challenge of 
delivery include an increase in fi brinogen, von 
Willebrand factor and factors VII, VIII, X and 
XII (Chi and Kadir  2012 ). 

 The main debate continues to be the investiga-
tion and management of patients with recurrent 
pregnancy loss. The association between fetal 
loss and inherited thrombophilia has been well 
described (Alfi revic et al.  2002 ; Robertson et al. 
 2005 ; Rodger et al.  2010 ). An early meta- analysis 
in 2003 of 31 studies identifi ed an increased risk 
of miscarriage in patients with factor V Leiden, 
activated protein C resistance (APCR), prothrom-
bin G20210A mutation and protein S defi ciency 
(Rey et al.  2003 ). In this report, fetal loss was not 
associated with methylenetetrahydrofolate reduc-
tase (MTHFR C677T) mutation, protein C and 
antithrombin defi ciencies. 

 A later systematic review examined the 
association between thrombophilia and early 
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pregnancy loss in 25 studies (Robertson et al. 
 2005 ). Positive associations were identifi ed, 
particularly in women with homozygous factor 
V Leiden, heterozygous factor V Leiden, pro-
thrombin G20210A heterozygosity, aCL anti-
bodies, LA, APCR and hyperhomocysteinaemia. 
Late pregnancy loss in 15 studies was positively 
associated in particular with heterozygous fac-
tor V Leiden, heterozygous prothrombin gene 
mutation, protein S defi ciency and aCL anti-
bodies. However, a systematic review that 
included only prospective cohort studies found 
a weaker association with a small absolute 
increased risk of late pregnancy loss in women 
with factor V Leiden. In this meta- analysis, 
there was no increased risk of pre- eclampsia or 
birth of small for gestational age infants in 
women with factor V Leiden or prothrombin 
gene mutation (Rodger et al.  2010 ). 

 The Danish National Birth Cohort investigat-
ing the link between thrombophilia and adverse 
pregnancy outcomes compared 2032 cases 
against 1851 controls, specifi cally assessing for 
risk of severe pre-eclampsia, fetal growth 
restriction, very preterm delivery, placental 
abruption and a composite of these including 
stillbirth. It was identifi ed that in Scandinavian 
women, factor V Leiden increased the risk of 
the composite outcome, severe pre-eclampsia, 
fetal growth restriction and placental abruption. 
Prothrombin gene mutation (G20210A) was not 
signifi cantly associated with any outcomes, and 
MTHFR C677T mutation was only signifi cantly 
associated with severe pre-eclampsia (Lykke 
et al.  2012 ). 

 Current guidelines are confl icting. Bates et al. 
( 2012 ) recommend that patients with recurrent 
pregnancy loss should be screened for aPL anti-
bodies but heritable thrombophilia testing should 
not be performed in any cases of pregnancy com-
plications. The Royal College of Obstetricians 
and Gynaecologists, however, suggests screening 
for inherited thrombophilia in second-trimester 
miscarriage, specifi cally including factor V 
Leiden, factor II (prothrombin) gene mutation 
and protein S. This is on the basis of the studies, 
which demonstrate this link, although there is no 
evidence of benefi t from an intervention based on 

such screening. The American College of 
Obstetricians and Gynecologists recommend 
against thrombophilia screening in this clinical 
setting (ACOG  2013 ). 

  Questions 5.      The patient is keen to try any 
intervention that may improve future preg-
nancy outcomes.  

  How would you proceed ?

    A.    Discuss the benefi ts and risks of heparin ther-
apy and allow patient choice.   

   B.    Recommend intermediate-dose or prophylac-
tic UFH.   

   C.    Recommend against any anticoagulation.   
   D.    Recommend prophylactic LMWH.    

   A recent systematic review evaluated the effi -
cacy of aspirin or heparin on pregnancy outcomes 
in patients with unexplained recurrent miscar-
riage with or without inherited thrombophilia (de 
Jong et al.  2014 ). Nine studies with data for 1228 
women were included, comparing the chance of 
live birth in women with recurrent miscarriage 
when treated with LDA, LMWH, combination of 
LDA and LMWH or no therapy. With the exclu-
sion of studies considered to be at high risk of 
bias, anticoagulants did not have a benefi cial 
effect on live birth, regardless of which antico-
agulant was used. Furthermore, obstetric compli-
cations such as pre-eclampsia and fetal growth 
restriction were not affected by anticoagulant 
therapy. Combination therapy with LDA and 
LMWH increased bleeding risk signifi cantly in 
one study. Pregnancy outcome in women with 
inherited thrombophilia, in a subgroup analysis, 
showed no benefi t from such intervention. 

 The HAPPY (heparin for prevention of preg-
nancy complication) trial assessed the use of 
LMWH in preventing recurrence of late preg-
nancy complications in women with a previous 
history of pre-eclampsia, haemolytic anaemia, 
elevated liver enzymes and low platelet count 
syndrome, intrauterine fetal death, fetal growth 
restriction or placental abruption. There was no 
benefi t demonstrated in such cases (Martinelli 
et al.  2012 ). A randomised trial in women with 
recurrent miscarriage compared LMWH and 
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LDA, along with intensive pregnancy surveil-
lance, against intensive pregnancy surveillance 
alone. There was no reduction in pregnancy loss 
rate with antithrombotic intervention in pregnant 
women with two or more consecutive previous 
pregnancy losses (Clark et al.  2010 ). Similar 
results were found when comparing LMWH with 
placebo, LMWH with LDA or LDA alone in 
women with recurrent miscarriages, with or with-
out thrombophilia. No signifi cant difference in 
live birth rate was found (Visser et al.  2011 ). A 
further randomised trial focusing on early-onset 
hypertensive disorders of pregnancy found that 
LMWH and LDA (versus LDA alone) reduced 
recurrent hypertensive disorders <34 weeks’ ges-
tation in women with inheritable thrombophilia 
(de Vries et al.  2012 ). 

 More recently a randomised controlled trial 
assessed the use of LMWH in attempting to 
reduce adverse pregnancy outcomes in patients 
with inherited thrombophilia (Rodger et al. 
 2014 ). In this study, 289 patients with thrombo-
philia were randomised to receive antepartum 
prophylactic-dose dalteparin versus no treatment. 
Here, the use of dalteparin did not reduce the 
occurrence of venous thromboembolism, preg-
nancy loss or placenta-mediated pregnancy com-
plications in this group. It did however lead to an 
increased risk of minor bleeding. 

 Despite these data LMWH has been used to 
prevent pregnancy complications in women with 
and without heritable thrombophilia predicated 
on the association of thrombophilia with adverse 
outcomes, the effectiveness of antithrombotics in 
APS, the lack of alternative treatment and the 
underlying biological plausibility for LMWH. On 
this basis, the Royal College of Obstetricians and 
Gynaecologists advocates the use of heparin 
therapy to try to improve the live birth rate in 
women with second-trimester miscarriage asso-
ciated with inherited thrombophilia. However, 
this is not supported by an evidence base. 

 In conclusion, there is not suffi cient evidence 
to advocate the use of anticoagulants in women 
with unexplained recurrent miscarriage and 
inherited thrombophilia, and their use is likely 
to lead to unnecessary side effects without 

demonstrable benefi t. This also supports the 
advice not to test for inherited thrombophilia in 
any cases of recurrent fetal loss, as management 
will not be altered.  

    Case 3: ITP 

 A 28-year-old woman has been found to have a 
platelet count of 80 × 10 9 /L at her fi rst booking 
blood count in the antenatal clinic. She is 
12 weeks pregnant and clinically well with no 
personal or family history of bleeding. 

  Question 6.      What is the most likely diagnosis? 

    A.    Gestational thrombocytopenia   
   B.    Primary immune thrombocytopenia   
   C.    Inherited bleeding disorder    

   The most common cause of isolated throm-
bocytopenia in pregnancy is gestational throm-
bocytopenia, followed by primary immune 
thrombocytopenia (ITP). In the absence of per-
sonal or family history, an inherited bleeding 
disorder is unlikely. Folate defi ciency should be 
excluded. Platelet counts are typically lower in 
pregnant women due to a combination of hae-
modilution with an increase in plasma volume 
and increased platelet activation and clearance 
(Provan et al.  2010 ). This can result in a relative 
thrombocytopenia termed gestational thrombo-
cytopenia, classically occurring in the third 
 trimester of pregnancy. Prevalence of thrombo-
cytopenia in pregnancy, defi ned as a platelet 
count of <150 × 10 9 /L, has been reported in case 
series as up to 11.6 % (Boehlen et al.  2000 ), and 
therefore it is important to identify cases in 
which further investigation is warranted. 

 In the described case, there are two features 
that raise concern, the platelet count of 80 × 10 9 /L 
and the timing in pregnancy (end of the fi rst tri-
mester). These features are more consistent with 
ITP than the alternative diagnoses. There is no 
consensus on the platelet level that triggers fur-
ther investigation, with opinion varying from a 
count of <115 × 10 9 /L (Boehlen et al.  2000 ) and 
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<80 × 10 9 /L (Gernsheimer et al.  2013 ), so experi-
ence and individual case features will often guide 
physicians. In later pregnancy it is important to 
exclude a thrombotic microangiopathy of preg-
nancy, as these conditions can be life-threatening 
and require a separate approach. 

 The estimated frequency of ITP in association 
with pregnancy is 1–2 per 1000 live births (Gill 
and Kelton  2000 ). This includes new cases and 
women with known ITP that experience exacer-
bation or relapse. To diagnose ITP includes the 
same work-up as in non-pregnant patients and is 
mainly aimed at excluding alternative causes of 
thrombocytopenia. Table  2  shows those investi-
gations felt to be of benefi t in diagnosis of ITP 
(Provan et al.  2010 ).

   These investigations should help in excluding 
differential diagnoses of thrombocytopenia in 
pregnancy including pre-eclampsia, HELLP syn-

drome, DIC, folate defi ciency and acute fatty liver 
of pregnancy. Close examination of a blood fi lm 
is particularly important. It is also worthwhile 
 performing a von Willebrand disease screen as 
type IIB von Willebrand disease may be picked up 
when screening bloods in pregnancy reveal a 
thrombocytopenia (Kujovich  2005 ). 

 Management of ITP in pregnancy requires a 
multidisciplinary approach, with close collabora-
tion between the obstetrician, haematologist, 
obstetric anaesthetist and neonatologist. It is rec-
ommended that women have platelet checks 
every 1–2 weeks when ITP is suspected, although 
this may be adjusted depending on individual cir-
cumstances and platelet counts. During preg-
nancy, well in advance of delivery, treatment may 
be initiated when a patient becomes symptomatic 
with bleeding complications, if a procedure needs 
to be performed that is safer with a higher platelet 
count, or when platelet counts fall to below 
20–30 × 10 9 /L. Nearing delivery there remains 
some debate about the platelet count that needs to 
be attained. Obstetric anaesthetists may prefer a 
platelet count of >75 × 10 9 /L to enable safe spinal 
or epidural anaesthesia. However, a small con-
sensus group suggest no change to regular prac-
tice unless platelet count falls to below 50 × 10 9 /L 
(Provan et al.  2010 ). 

 Treatment of ITP in pregnancy is similar to 
other adult ITP patients, and fi rst-line therapy 
includes corticosteroids and IVIg. Initially the 
recommendation is that prednisolone be started 
at a low dose (10–20 mg daily), and this dose is 
adjusted according to response in platelet counts 
(Provan et al.  2010 ). Short-term prednisolone is 
generally considered safe in pregnancy. However, 
physicians must be vigilant for any signs of 
adverse effects including hyperglycaemia, hyper-
tension, excessive weight gain and psychosis. If 
there is not a suffi cient rise in platelet count with 
prednisolone or a quicker rise in platelet count is 
required, IVIg can be added to therapy (or used in 
place of prednisolone if too many adverse effects 
are experienced). 

 There is limited evidence for the use of IV anti-
D, splenectomy or azathioprine. These should only 
be considered by a specialist centre that is familiar 

   Table 2    Recommendations for the evaluating the diag-
nosis of ITP in children and adults – Provan et al. ( 2010 )   

  Basic evaluation  

 Patient history  Bone marrow 
examination (in selected 
patients) 

 Family history  Blood group (Rh) 

 Physical examination  Direct antiglobulin test 

 Complete blood count and 
reticulocyte count 

  H. pylori  

 Peripheral blood fi lm  Human 
immunodefi ciency virus 

 Quantitative 
immunoglobulin 
measurement (children) 

 Hepatitis C virus 

  Tests of potential utility in the management of an ITP 
patient : 

 Glycoprotein-specifi c 
antibody 

 Pregnancy test in women 
of childbearing potential 

 Antiphospholipid 
antibodies (including 
anticardiolipin and lupus 
anticoagulant) 

 Antinuclear antibodies 

 Antithyroid antibodies and 
thyroid function 

 Viral PCR for parvovirus 
and cytomegalovirus 

  Test of unproven or uncertain benefi ts : 

 Thrombopoietin (TPO)  Platelet survival study 

 Reticulated platelets  Bleeding time 

 Platelet-associated IgG  Serum complement 
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with their use in pregnancy. Other therapies are not 
considered safe in pregnancy, including vinca alka-
loids, rituximab, danazol, TPO-receptor agonists 
and some immunosuppressive drugs. 

  Question 7.      In a pregnant patient with diag-
nosed ITP, the following recommendations 
should be adhered to at delivery (true/false): 

   Elective caesarean section should be arranged 
where possible (F).  

  Scalp blood sampling of the fetus is recom-
mended to assess neonatal platelet count (F).  

  In the case of vaginal delivery, ventouse and rota-
tional forceps should be avoided (T).  

  Intramuscular injections can be given to the neo-
nate before determining platelet count (F).  

  Neonates should have a transcranial ultrasound if 
the platelet count is <50 × 10 9 /L at delivery (T).     

 The current recommendation is that the mode of 
delivery for pregnant women with ITP should be 
based on obstetric indications (Neunert et al.  2011 ; 
Letsky and Greaves  1996 ). This practice refl ects 
observational studies showing no difference in 
maternal or neonatal outcome depending on mode 
of delivery (Webert et al.  2003 ; Veneri et al.  2006 ). 

 Fetal blood sampling prior to delivery is con-
sidered to carry too high risk for the fetus if 
affected; specifi cally, it is recommended to 
avoid cordocentesis and scalp blood sampling 
(Provan et al.  2010 ). These guidelines also 
advise against procedures with increased haem-
orrhagic risk to the fetus including fetal scalp 
electrodes, ventouse delivery and rotational for-
ceps. Observational studies have demonstrated 
that between 10 and 20 % of neonates born to 
mothers with ITP may have thrombocytopenia 
(Song et al.  1999 ; Subbaiah et al.  2014 ), and so 
intramuscular injections should be avoided until 
fetal platelet count has been assessed. 
Furthermore, cranial ultrasonography is recom-
mended to exclude intracranial haemorrhage. 

 If a neonate requires treatment for thrombocy-
topenia, such as in the context of intracranial 
haemorrhage, the recommendation is to give 
IVIG fi rst and occasionally platelet transfusion 
(van der Lugt et al.  2013 ). 

   Answers 

    Question 1. E  
  Question 2. C  
  Question 3. D  
  Question 4. No  
  Question 5. C  
  Question 6. B         
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      Pregnancy in Subjects 
with Hemoglobinopathies: 
Precautions and Management                      

     Rakhi     P.     Naik       and     Sophie     Lanzkron     

         Introduction 

 Severe hemoglobin disorders, including sickle 
cell disease (SCD) and β-thalassemia, affect a 
considerable number of individuals worldwide. 
SCD affects approximately 90,000–100,000 indi-
viduals in the United States (Hassell  2010 ). 
While only 1,000 individuals in the United States 
have β-thalassemia major (TM) (Centers for 
Disease Control and Prevention (CDC)  2012 ), 
β-thalassemia intermedia (TI) affects a large pro-
portion of individuals in the United States and 
worldwide, especially in those from high carrier 
regions such as India and Southeast Asia 
(Weatherall  2010 ). SCD is caused by a point 
mutation in the β-globin gene resulting in an 
abnormal hemoglobin (Hb S) that polymerizes in 
low oxygen states and can lead to sickling of 
erythrocytes (Bunn  1997 ). SCD phenotype can 
vary considerably dependent on patient and 
genetic factors, and clinical manifestations can 
range from acute complications such as vaso- 
occlusive crisis and acute chest syndrome to 
more long-term organ dysfunction such as pul-
monary hypertension and renal disease (Gladwin 
and Vichinsky  2008 ). β-thalassemia, on the other 
hand, is caused by decreased or absent produc-

tion of β-globin, resulting in ineffective erythro-
poiesis. Similar to SCD, clinical phenotype in 
β-thalassemia can vary widely depending on 
genotype. Transfusion dependence and iron over-
load underlie the major complications in clini-
cally signifi cant β-thalassemia syndromes 
(Rachmilewitz and Giardina  2011 ). 

 As treatments for hemoglobinopathies 
improve, more patients are surviving into adult-
hood and deciding to have families. The care of 
pregnant females with SCD and β-thalassemia 
syndromes requires coordination between 
maternal- fetal specialists and trained hematolo-
gists. This chapter will work through common 
prenatal and antenatal concerns in pregnant 
patients with hemoglobinopathies and provide 
expert opinion about management.  

    Case 1: Prepregnancy Counseling 
in Sickle Cell Disease 

  Question 1.     During a routine outpatient visit, a 
32-year-old female with sickle cell disease men-
tions that she has been trying to get pregnant. 
She has been taking hydroxyurea for the past 
5 years. She has a history of frequent vaso-
occlusive crises requiring about four hospital-
izations per year, but after starting hydroxyurea, 
the frequency of her pain crises has signifi cantly 
decreased.         R.  P.   Naik ,  MD, MHS      •    S.   Lanzkron ,  MD, MHS      (*) 
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  Which of the following statements is most 
accurate regarding prepregnancy counseling 
for this patient? 

    A.    She should  stop  her hydroxyurea and should 
be counseled that she is  unlikely  to experience 
vaso-occlusive crises during her pregnancy.   

   B.    She should  stop  her hydroxyurea and should 
be counseled that she is  likely  to experience 
vaso-occlusive crises during her pregnancy.   

   C.    She should  continue  her hydroxyurea and 
should be counseled that she is  unlikely  to 
experience vaso-occlusive crises during her 
pregnancy.   

   D.    She should  continue  taking her hydroxyurea 
and should be counseled that she is  likely  to 
experience vaso-occlusive crises during her 
pregnancy.    

    Expert Perspective:     Hydroxyurea remains the 
mainstay of therapy in patients with SCD, espe-
cially in those with frequent acute complica-
tions or end-organ damage. Hydroxyurea is 
associated with teratogenic effects including 
brain, cardiac, and skeletal deformities in both 
rats and primates in experimental studies 
(Wilson et al.  1975 ). In humans, only a few 
observational studies have published fi ndings 
on fetal outcomes in pregnant females using 
hydroxyurea during pregnancy. One case series 
of 31 females taking hydroxyurea for varied 
indications did not note fetal anomalies in any 
of the exposed fetuses; however, three of the 
pregnancies did result in in utero death or spon-
taneous abortion (Thauvin-Robinet et al.  2001 ). 
Because of these experimental and human data, 
a National Toxicology Program has recom-
mended against the use of hydroxyurea during 
pregnancy (Lanzkron et al.  2008 ). Although the 
recommendation leaves the ultimate decision 
about continuation of hydroxyurea to the spe-
cialists, our practice is to discourage pregnancy 
while on hydroxyurea and to discontinue its use 
in suspected or confi rmed pregnancy. We often 
replace hydroxyurea therapy with chronic 
transfusion therapy for the duration of preg-
nancy and breastfeeding. Chronic transfusion 
therapy is often not available in resource poor 

regions, and so some argue that more consider-
ation/investigation into the use of hydroxyurea 
should be done.  

 Vaso-occlusive crisis (VOC) is common in 
pregnancy, though data regarding an increased 
incidence of VOC compared to baseline is con-
fl icting. The prevalence of VOC in pregnant 
women with SC disease ranges from % 20 to 
30 % and can reach nearly 50 % in pregnant 
patients with SS, Sβ 0 , and Sβ +  genotypes (Smith 
et al.  1996 ; Serjeant et al.  2004 ). The need for 
inpatient management of VOC is not uncommon 
during pregnancy, and patients should be coun-
seled that they are likely to develop a VOC dur-
ing the gestational period. Although the 
Cooperative Study of Sickle Cell Disease 
(CSSCD) did not demonstrate an increased inci-
dence of VOC during pregnancy compared to 
prepregnancy rates (Smith et al.  1996 ), in our 
practice, we offer chronic simple or exchange 
transfusion regimens to patients who have fre-
quent acute complications during pregnancy, 
who had previous frequent crises, or who had 
been prescribed hydroxyurea prior to pregnancy 
since the rates of VOC events during pregnancy 
remain high. 

  Question 2.      In addition to monitoring and 
treating this patient for SCD-related compli-
cations, what additional maternal and/or fetal 
complications should her providers be vigilant 
about during her pregnancy? 

    A.    Asymptomatic bacteriuria   
   B.    Intrauterine growth restriction   
   C.    Preeclampsia   
   D.    All of the above   
   E.    None of the above    

    Expert Perspective:     Specifi c non-SCD-related 
complications are also more prevalent among 
pregnant females with SCD compared to controls 
and include increased risk of thrombosis, infec-
tion, and fetal/maternal complications (Villers 
et al.  2008 ; James et al.  2006 ; Oteng-Ntim et al. 
 2015 ). Table  1  provides a comprehensive list of 
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these complications. A recent systematic review 
demonstrated an increased risk of maternal com-
plications in pregnant females with hemoglobin 
SS, including preeclampsia (relative risk (RR) 
2.43, confi dence interval (CI) 1.75–3.39), eclamp-
sia (RR 4.89; 95 % CI 1.97–12.16), and even 
maternal death (RR 5.98; 95 % CI 1.94–18.44). In 
that study, an increased risk of fetal complica-
tions, such as stillbirth (RR 3.94; 2.60–5.96), pre-
term delivery ((RR 2.21; 1.47–3.31), and 
intrauterine growth restriction (RR 3.72; 2.32–
5.98), was also found (Oteng-Ntim et al.  2015 ). 
Interestingly, lower gross national income was 
associated with increased RR on meta- regression, 
especially for maternal death and stillbirth, sug-
gesting that poor access to specialty care may 
contribute to these complications in pregnant 
patients with SCD (Oteng-Ntim et al.  2015 ).

     Question 3.     The patient reports that she has 
three sisters, all of whom have sickle cell trait, 
but that she is the only member of her family with 
sickle cell disease. Her sickle cell disease geno-
type is Sβ+ thalassemia. Her husband is Hispanic 
and was born in the United States. 

  Which of the following statements is most 
accurate regarding prepregnancy counseling 
for this patient? 

    A.    Genetic testing for hemoglobin variants 
 should not  be performed on the father since 
he is in a low-risk ethnic group.   

   B.    Genetic testing for hemoglobin variants 
 should not  be performed on the father since 
she does not have homozygous SS disease.   

   C.    Genetic testing for hemoglobin variants 
 should  be offered to the father in order to 
inform counseling about the child’s risk of 
sickle cell disease or thalassemia.   

   D.    Genetic testing for hemoglobin variants 
 should  be offered to the father in order to 
inform counseling about the child’s risk of 
hydrops fetalis.    

    Expert Perspective:     In general, genetic testing 
and counseling should be offered to any partner 
of a pregnant patient with SCD to inform the risk 
of hemoglobinopathy in the child. Testing should 
not be restricted to particular ethnic groups in 
the United States as sickle cell trait and thalas-
semia defects can occur in any racial or ethnic 
population. Recent data from the Newborn 
Screening Program (NBS) estimates that approx-
imately 6.9 per 1,000 newborn who are identi-
fi ed as Hispanic screen positive for sickle cell 
trait, with approximately 3.0 per 1,000 white 
newborns also harboring the mutation (Ojodu 
et al.  2014 ). In this case, if the partner carries a 
sickle cell trait mutation, the couple should be 
counseled that the child has a 50 % chance of 
having SCD (25 % chance of hemoglobin SS 
genotype and 25 % chance of Sβ+ thalassemia). 
However, they should be reassured that inherit-
ing SCD or β-thalassemia will not result in an 
increased risk of fetal abnormalities or hydrops 
fetalis since the β-globin gene is not signifi cantly 

   Table 1    Complications of pregnancy among women 
with sickle cell disease   

 Diagnosis 

 Sickle cell disease-related complications 

   Transfusion-dependent anemia 

   Vaso-occlusive crisis 

   Acute chest syndrome 

 Thrombotic complications 

   Venous thromboembolism 

   Cerebral vein thrombosis 

 Infectious complications 

   Asymptomatic bacteria 

   Genitourinary tract infection 

   Pyelonephritis 

   Pneumonia 

   Systemic infl ammatory response syndrome 

   Sepsis 

   Postpartum infection 

 Fetal complications 

   Intrauterine growth restriction 

   Stillbirth 

   Preterm labor 

 Obstetric complications 

   Maternal mortality 

   Gestational hypertension and preeclampsia 

   Eclampsia 

   Antepartum bleeding 

   Postpartum hemorrhage 

   Abruption 
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expressed until well after birth (Hassell  2005 ). 
Prompt pediatric care should be initiated for 
those newborns who screen positive for SCD at 
birth so that they can receive early monitoring 
and treatment.  

  Question 4.     The patient has a history of venous 
thromboembolism (VTE) at age 19, which 
occurred in the setting of oral contraceptive use. 
She was treated with 6 months of anticoagulation 
and has not had a recurrence. 

  Which of the following statements is most 
accurate regarding VTE prophylaxis manage-
ment in this patient during her pregnancy? 

    A.    VTE prophylaxis  should not  be considered 
because sickle cell disease is not a hereditary 
thrombophilia.   

   B.    VTE prophylaxis  should not  be considered 
because she had a triggered VTE.   

   C.    VTE prophylaxis  should  be considered 
because sickle cell disease itself is an indica-
tion for anticoagulation in pregnancy.   

   D.    VTE prophylaxis  should  be considered 
because she had a hormone-related VTE.    

    Expert Perspective:     Hemolytic anemias are 
associated with an increased risk of VTE, and 
several studies have demonstrated an increased 
risk of VTE events, including cerebral vein 
thrombosis, in pregnant SCD patients compared 
to controls (Villers et al.  2008 ; James et al.  2006 ). 
To date, there have been no prospective trials 
investigating the optimal management for VTE 
prophylaxis during pregnancy in individuals with 
SCD; therefore, decisions regarding prophylaxis 
should be made based on consensus guidelines. 
Current American College of Chest Physicians 
(ACCP) guidelines recommend consideration of 
antepartum and postpartum prophylaxis with 
low-molecular-weight heparin (LMWH) in preg-
nant females with prior estrogen-related VTE, 
prior idiopathic VTE, and prior recurrent VTE 
(Bates et al.  2012 ). A comprehensive history of 
prior VTE should be performed on all patients 
with SCD as VTE events are common in SCD 
and occur at an early age, with a median age at 

diagnosis of fi rst VTE of about 30 years (Naik 
et al.  2013 ,  2014 ). In the CSSCD, the cumulative 
incidence of VTE was 11.3 % (CI 8.3–15.3) by 
age 40 among all SCD patients and 15.9 % (CI 
11.2–22.3) among those with SS genotype (Naik 
et al.  2014 ).   

    Case 2: Antepartum Management 
of Sickle Cell Disease 

  Question 5.     A 22-year-old patient with hemo-
globin SS who is 31 weeks pregnant is admitted 
for vaso-occlusive crisis. She reports nine out of 
ten pain in her arms, legs, and chest, which is 
typical of her prior painful episodes. She is afe-
brile on admission with stable vital signs. Labs 
reveal a hemoglobin of 7.5 g/dL. 

  What is the most appropriate next step in 
the management of this patient? 

    A.    Intravenous opiate therapy   
   B.    Intravenous nonsteroidal anti-infl ammatory 

drug (NSAID) therapy   
   C.    Simple transfusion   
   D.    Exchange transfusion    

    Expert Perspective:     Just as in nonpregnant 
patients with SCD, the management of acute 
VOC includes administration of intravenous fl u-
ids, supplemental oxygen, and intravenous opi-
ates. Intravenous opiates are considered safe 
during pregnancy and can be dosed to optimize 
pain relief (Winklbaur et al.  2008 ). NSAID ther-
apy is generally not recommended in the third 
trimester as it can be associated with premature 
closure of the ductus arteriosus in the fetus and 
oligohydramnios (Antonucci et al.  2012 ).  

 Specifi c transfusion goals have not been 
established for SCD; however, we generally rec-
ommend a goal of ≥6 g/dL as this is the thresh-
old that has been associated with fetal hypoxia 
and death in non-SCD females and is recom-
mended by the American College of Obstetrics 
and Gynecology (Preboth  2000 ). A higher 
 transfusion threshold may need to be used in 
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patients experiencing complicated VOC, acute 
chest syndrome, or obstetric complications. 

 There have been few studies investigating the 
benefi ts of empiric transfusion or exchange trans-
fusion therapy to decrease the risk of maternal and 
fetal events in SCD (Koshy et al.  1988 ; Howard 
et al.  1995 ; Grossetti et al.  2009 ; Gilli et al.  2007 ; 
Morrison et al.  1991 ). A randomized trial compar-
ing chronic transfusion to maintain a hemoglobin 
of 10–11 g/dL in pregnant females with SS geno-
type failed to show a reduction in fetal adverse 
outcomes compared to a transfusion threshold of 
6 g/dL (Koshy et al.  1988 ). Chronic exchange 
transfusion during pregnancy, on the other hand, 
has been associated with a decreased risk of SCD-
specifi c maternal complications such as ACS and 
fetal complications such as intrauterine growth 
restriction and low birth weight, though these 
results are based on small nonrandomized studies 
(Gilli et al.  2007 ; Morrison et al.  1991 ). As men-
tioned above, in our practice, we do not routinely 
offer empiric or high-threshold transfusion ther-
apy to pregnant SCD patients, but we do consider 
initiation of chronic or simple transfusion during 
pregnancy for patients who experience frequent 
complications during pregnancy or have a history 
of prior frequent SCD-related morbidity. Both 
simple and exchange transfusion protocols do 
appear to decrease the frequency of VOC during 
pregnancy in prior studies (Koshy et al.  1988 ; 
Howard et al.  1995 ; Grossetti et al.  2009 ; Gilli 
et al.  2007 ; Morrison et al.  1991 ). 

  Question 6.     During her admission for vaso- 
occlusive crisis, the patient experiences a pro-
gressive drop in her hemoglobin to 5 g/dL. She 
has a history of alloantibodies but has never had 
a delayed transfusion reaction. She is otherwise 
clinically stable. 

  What is the most appropriate next step in 
the management of this patient? 

    A.    Avoid transfusion given the history of 
alloantibodies.   

   B.    Check a type and screen and transfuse with 
phenotypically matched blood only if anti-
bodies are found.   

   C.    Check a type and screen and transfuse with 
phenotypically matched blood based on the 
ABO and alloantibody results.   

   D.    Check a type and screen, obtain records 
about her previous alloantibody history, 
and transfuse with phenotypically matched 
blood based on her current and prior 
history.    

    Expert Perspective:     Alloimmunization is 
common in patients with SCD. In studies of 
pregnant females with SCD, up to 30 % have 
had a history of alloantibodies prior to concep-
tion (Gilli et al.  2007 ). Because alloantibody 
titers can wane over time and may not be detect-
able on routine ABO screening, it is imperative 
that a comprehensive history of prior alloimmu-
nization be obtained prior to non-emergent 
transfusion. Morbidity related to alloimmuniza-
tion has been described in pregnant SCD 
patients, including delayed hemolytic transfu-
sion reactions and hemolytic disease of the new-
born (Howard et al.  1995 ; Narchi and 
Ekuma-Nkama  1998 ; Nassar et al.  2008 ; Origa 
et al.  2010 ). Pregnancy itself may also be a risk 
factor for alloantibody production due to expo-
sure to fetal antigens, and approximately 5–20 % 
of SCD patients may develop new antibodies 
during pregnancy (Howard et al.  1995 ; Narchi 
and Ekuma-Nkama  1998 ). In our practice, we 
perform phenotype matching for blood in any 
pregnant SCD patient with history of prior allo-
immunization, as minor antigen matching has 
been shown to be effective in reducing rates of 
alloantibody production in SCD (Vichinsky 
et al.  2001 ).   

    Case 3: Complications 
in β-Thalassemia and Pregnancy 

  Question 7.     A 36-year-old female with 
β-thalassemia major on chronic transfusion and 
chelation therapy states that she has recently found 
out that she is pregnant. She is worried about poten-
tial complications during her  pregnancy given her 
underlying hemoglobinopathy and iron overload. 
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  Which of the following comorbidities, if 
present, poses the highest maternal mortality 
risk for this patient? 

    A.    Cardiac dysfunction due to myocardial iron 
overload   

   B.    Cirrhosis due to hepatic iron overload   
   C.    Diabetes due to pancreatic iron overload   
   D.    Hypothyroidism due to thyroid iron overload    

    Expert Perspective:     Transfusional iron overload 
is common in patients with β-thalassemia major, 
as hypertransfusion therapy is the mainstay of 
treatment in these patients. Iron deposition can 
affect the liver, endocrine organs (thyroid, pan-
creas), and heart in β-thalassemia; therefore, stan-
dard care of these patients often involves routine 
screening for organ dysfunction. In general, car-
diac siderosis is a leading cause of mortality in 
patients with β-thalassemia major secondary to 
heart failure or arrhythmia (Rachmilewitz and 
Giardina  2011 ). During pregnancy, several hemo-
dynamic changes can induce maternal cardiac 
stress and worsen underlying cardiac dysfunction. 
In particular, an increase in blood volume, decrease 
in systemic vascular resistance, and increase in 
cardiac output throughout the pregnancy can lead 
to signifi cant morbidity and mortality in individu-
als with underlying myocardial disease (Hill and 
Pickinpaugh  2008 ). High rates of maternal mortal-
ity have been reported in pregnant females with 
β-thalassemia major and known cardiac iron depo-
sition. In one series, 2/29 (6.9 %) of pregnancies 

resulted in maternal death, both of which 
occurred in females with preexisting cardiac 
dysfunction (Tuck  2005 ). Other reports have simi-
larly noted high maternal mortality rates in females 
with cardiac iron overload (Aessopos et al.  1999 ). 
As a result, many physicians strongly recommend 
against pregnancy in females with β-thalassemia 
major and underlying cardiac impairment (Tuck 
 2005 ; Aessopos et al.  1999 ). In pregnant females 
without a history of cardiac involvement, active 
surveillance with echocardiography is advocated. 
Referral to a cardiologist should be performed if 
there is any clinical or radiographic evidence of 
cardiac dysfunction, and consideration can be 
taken to initiate chelation therapy as early as the 
second trimester to prevent worsening morbidity 
(Singer and Vichinsky  1999 ).  

 Endocrine abnormalities including diabetes, 
gestational diabetes, and hypothyroidism second-
ary to iron overload are also common in 
β-thalassemia (Cunningham et al.  2004 ). Per 
obstetric guidelines, universal screening for ges-
tational diabetes is recommended at 24–32 weeks 
gestation to decrease the risk of fetal complica-
tions such as macrosomia, birth injury, and pre-
mature delivery (Study Cooperative Research 
Group et al.  2008 ). However, given the high prev-
alence of diabetes in patients with β-thalassemia, 
it is recommended that screening be performed at 
their fi rst prenatal visit to allow for early treat-
ment. A similar strategy should be employed for 
screening for hypothyroidism given the high 
prevalence in β-thalassemia major and associa-
tion with adverse fetal outcomes such as miscar-
riage and preterm delivery (Stagnaro-Green et al. 
 2011 ).  

  Answers 

    Question 1. B  
  Question 2. D  
  Question 3. C  
  Question 4. D  
  Question 5. A  
  Question 6. D  
  Question 7. A         

 Controversies 

•     Benefi t of empiric simple or exchange 
transfusion for all pregnant patients 
with SCD  

•   Prophylaxis for VTE among pregnant 
patients with SCD and β-thalassemia 
syndromes  

•   Safety of hydroxyurea during pregnancy 
in SCD and chelation therapy in 
β-thalassemia major    
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      Neonatal Thrombosis 
and Coagulopathies                      

     Ahmar     U.     Zaidi    ,     Michael     U.     Callaghan    , 
    Tania     Sarker    , and     Meera     Chitlur    

         Neonatal Thrombosis Cases 

    Case 1: Management of Acute Bluish 
Discoloration of Foot in a Neonate 
2 Weeks After Birth, Indications 
for Use of Fresh Frozen Plasma, 
Unfractionated Heparin, or Protein C 
Concentrate in This Setting 

 A 2-week-old African American boy born via 
spontaneous vaginal delivery at 25 weeks with 
low Apgar score (Brandao et al.  2011 ; Van 
Winckel et al.  2009a ) and in severe respiratory 
distress was found to have bluish discoloration of 
his left foot. A venous Doppler ultrasound study 
revealed no acute, chronic, superfi cial, or deep 
venous thrombosis of the left lower extremity. 

  Question 1.      Which diagnosis would this clini-
cal scenario best fi t? 

    A.    Methemoglobinemia   
   B.    Neonatal purpura fulminans   
   C.    Deep venous thrombosis    

    Expert Perspective:     Neonatal purpura fulmi-
nans is a hematologic emergency characterized 
by skin necrosis and disseminated intravascular 
coagulation and can progress rapidly to multior-
gan failure due to microvascular thrombosis. 
Protein C is a natural anticoagulant and is a vita-
min K-dependent serine protease that undergoes 
proteolytic activation on the surface of the endo-
thelial cell. Activated protein C (APC) acts as an 
anticoagulant by inactivating FVa and FVIIIa, 
thereby downregulating thrombin generation, in 
conjunction with protein S. Neonatal purpura ful-
minans secondary to protein C defi ciency can 
result from congenital and acquired causes. 
Congenital defi ciency of protein C typically pres-
ents within a few hours of birth (Wypasek and 
Undas  2013 ) although delayed onset of symp-
toms, at 6–12 months of age, have been reported. 
Acquired causes of protein C defi ciency are more 
common and include group B streptococcal 
infections; conditions associated with increased 
consumption of protein C such as DIC, antiphos-
pholipid antibodies, or cardiac bypass; and con-
ditions resulting in decreased synthesis such as 
severe hepatic dysfunction, galactosemia, severe 
congenital heart disease, and warfarin therapy 
(Price et al.  2011 ). In addition to skin necrosis, 
severe protein C defi ciency can also result in 
cerebrovascular thrombosis and ophthalmologic 
complications.  

      A.  U.   Zaidi,     •    M.  U.   Callaghan,     •    M.   Chitlur      (*) 
  Division of Hematology/Oncology, 
Carmen and Ann Adams Department of Pediatrics , 
 Children’s Hospital of Michigan, 
Wayne State University ,   Detroit ,  MI ,  USA   
 e-mail: mchitlur@med.wayne.edu  

    T.   Sarker   
  Pediatrician ,  Western Wayne Family Health Centers , 
  Lincoln Park ,  MI ,  USA    

mailto:mchitlur@med.wayne.edu


670

  Question 2.      Which of the following agents 
would be preferred as an immediate treatment 
modality if his head ultrasound is negative for 
intracranial bleeding? 

    A.    Intravenous unfractionated heparin   
   B.    Fresh frozen plasma (FFP)   
   C.    Cryoprecipitate   
   D.    Low-molecular-weight heparin    

    Expert Perspective:     If the diagnosis of purpura 
fulminans is suspected, it is important to obtain a 
sample of citrated plasma for protein C and S 
activity and antigen prior to initiating treatment. 
FFP and FP are the mainstay of treatment for 
replacement of protein C and S. In acquired 
causes, it is extremely important to aggressively 
treat the underlying condition. The dose of FFP is 
10–20 mL/kg given every 6–12 h (half-life of 
protein C). 1 mL/kg of FFP increases the protein 
C levels by 1 IU/dL, and the aim is to keep the 
protein C activity >10 IU/dL.  

  Question 3.     On further investigation, we found 
out that our patient’s mother has a prior history of 
premature delivery at 23 weeks of gestation age 
and death of the neonate immediately after birth 
due to complex medical problems. Maternal aunt 
also has a history of premature delivery. The 
patient’s father is healthy, and no other family 
members have had thrombotic events. Protein C, 
protein S, and anti-thrombin III (AT III) levels 
are normal in both parents. The baby continues to 
have worsening ischemia/bluish discoloration of 
left foot despite receiving FFP twice daily. 

  What would you consider now for ongoing 
ischemia of left foot provided head ultrasound 
remains negative for bleeding? 

    A.    Start intravenous unfractionated heparin.   
   B.    Start low-molecular-weight heparin.   
   C.    Continue Protein C concentrate.   
   D.    Both A and C.    

    Expert Perspective:     In the United States and 
Europe, a human-derived, virally inactivated pro-
tein C concentrate is available (Ceprotin-Baxter 

Bioscience, Glendale, CA, USA), while a second 
product is licensed for use in Europe only 
(Protexel-LFB, Lille, France). Both products are 
dosed at 100 U/kg bolus followed by 50 U/kg 
every 6 h, to maintain a target trough of 50 IU/dL, 
and are licensed for use in congenital defi ciency 
only but have been used off label in acquired defi -
ciency as well (Price et al.  2011 ). Recombinant 
activated protein C is not recommended in neo-
natal purpura fulminans because it is associated 
with an increased risk of major bleeding. In addi-
tion to replacing the missing protein, it is also 
important to initiate anticoagulation with unfrac-
tionated (UFH, 28 U/kg/h with a target anti-Xa of 
0.3–0.5 U/mL) or low-molecular-weight heparin 
(LMWH, 1–1.5 mg/kg/dose every 12 h with a tar-
get anti-Xa of 0.5–1 U/mL). The anticoagulation 
may be switched to warfarin to achieve a target 
INR of 2.5–3.5 in the maintenance phase. 
Treatment should be continued with protein C 
concentrate until all skin, CNS, or occular lesions 
have resolved or underlying causes have been 
adequately treated and protein C levels are main-
tained in the normal range without supplementa-
tion. Early recognition, prompt diagnosis, and 
aggressive supplementation are key to decrease 
the morbidity and mortality associated with this 
condition.   

    Case 2: Indications for 
Anticoagulation in Catheter- 
Associated Thrombosis and Further 
Management 

 A 3-day-old African American boy born via 
spontaneous vaginal delivery at 39 weeks of ges-
tational age with low Apgar score of 5 (at 1 min) 
and 6 (at 5 min), is noted to have severe respira-
tory distress requiring intubation at birth. He has 
trisomy 18 diagnosed prenatally and polysub-
stance abuse by mother during pregnancy. He had 
umbilical arterial and venous catheters placed 
immediately after birth. Two days after birth, fol-
lowing umbilical arterial line removal, he is 
found to have cold and pulseless left lower 
extremity. An arterial vascular ultrasound shows 
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arterial occlusion on the left side of left external 
iliac artery, left posterior tibial, anterior tibial, 
and peroneal arteries. Head ultrasound does not 
show evidence of intracranial bleeding. He 
remains critically ill in the NICU. 

  Question 4.      What would be your fi rst treat-
ment modality given the fi ndings on vascular 
study? 

    A.    IV unfractionated heparin   
   B.    Low-molecular-weight heparin   
   C.    Systemic thrombolysis with TPA   
   D.    Catheter-related thrombolysis    

    Expert Perspective:     Neonatal femoral artery 
thrombosis secondary to cardiac catheterization 
is a common complication and is usually treated 
with unfractionated heparin. Seventy percent of 
these are noted to resolve with heparin alone. 
Low molecular heparin is sometimes considered 
an alternative but must only be considered in 
neonates with good renal function and no 
planned surgical interventions requiring heparin 
reversal.  

  Question 5.     The patient continues to be on IV 
unfractionated heparin with improvement in 
pulse and color of left lower extremity. He was 
changed to subcutaneous low-molecular-weight 
heparin after the therapeutic goal was achieved 
on IV unfractionated heparin. Arterial thrombus 
in left lower extremity was persistently demon-
strated on the 1-week ultrasound study. 

  What would be your further intervention? 

    A.    Switch to IV unfractionated heparin.   
   B.    Discontinue low-molecular-weight heparin.   
   C.    Continue low-molecular-weight heparin.   
   D.    Initiate a thrombophilia work-up now.    

    Expert Perspective:     Recommendations for 
treatment of femoral artery thrombosis in neo-
nates are based mostly on information from case 
series. ACCP guidelines recommend treatment of 
femoral artery thrombosis for 5–7 days only as 
no benefi t is seen with prolonged 
anticoagulation.   

    Case 3: Management of Acute Renal 
Vein Thrombosis in a Neonate 

  Question 6.     A 19-h-old baby boy was born at 35 
5/7 weeks gestational age to a 19-year-old G1P0 
mom via urgent cesarean section due to fetal 
 distress. He was born limp and blue without any 
crying. He was intubated and placed on mechani-
cal ventilator, and umbilical catheters were 
placed. Soon after this, the NICU team noted a 
right abdominal mass. An abdominal ultrasound 
demonstrated right renal swelling (no renal mass 
or cyst) and a right renal vein thrombus extending 
into the inferior vena cava (IVC), causing partial 
occlusion of IVC fl ow. A baseline head ultra-
sound is negative for intracranial bleeding. 

  What will be your fi rst step in management? 

    A.    Obtain thrombophilia work-up.   
   B.    Confi rm presence of thrombus and check 

renal function (BUN/creatinine).   
   C.    Start IV unfractionated heparin.   
   D.    All of the above.    

    Expert Perspective:     Renal vein thrombosis 
(RVT) is the second most prevalent VTE event 
after catheter-related VTE in neonates and makes 
up 16–20 % of VTEs in the newborn period 
(Pergantou et al.  2014 ). Neonatal RVT presents 
with hematuria, renal mass, and thrombocytope-
nia. A majority of the cases occur after birth, but 
some may have a prenatal onset. Majority of 
RVT is unilateral (70 %), with a predilection for 
the left side (63 %), and is more common in 
males. Risk factors for the development of RVT 
include maternal diabetes mellitus, prematurity, 
perinatal asphyxia, congenital heart disease, 
polycythemia, sepsis, umbilical venous catheter-
ization, and conjoined twin pregnancy. The asso-
ciation between hereditary thrombophilia and 
development of RVT is unclear (Marks et al. 
 2005 ; Brandao et al.  2011 ). Many centers per-
form the testing to rule out protein C, protein S, 
and ATIII defi ciency as they may carry long-term 
implications for anticoagulation. RVT is usually 
diagnosed using the color Doppler ultrasonogra-
phy which is available in most centers and has a 
high sensitivity. 
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 The ACCP guidelines (2012) for management 
of RVT in neonates are as follows:

 Unilateral RVT, no 
renal impairment, 
no IVC extension 

 Supportive care with radiologic 
monitoring. Initiate 
anticoagulation if extension 
occurs or therapeutic 
anticoagulation with UFH/
LMWH for 6 weeks to 3 months 
(Grade 2C) 

 Unilateral RVT 
with IVC 
extension 

 Therapeutic anticoagulation with 
UFH/LMWH for 6 weeks to 
3 months (Grade 2C) 

 Bilateral RVT with 
renal impairment 

 May consider initial 
thrombolysis with tPA followed 
by therapeutic anticoagulation 
with UFH/LMWH for 6 weeks 
to 3 months (Grade 2C) 

   Indications for thrombolysis using tPA in pedi-
atrics include bilateral RVT (organ threatening) in 
the absence of contraindications (Raffi ni  2009 ). 

 The outcomes of heparin-based anticoagula-
tion are unclear as many infants are managed 
with observation alone. The long-term conse-
quence of RVT is renal atrophy, renal failure, 
and/or secondary hypertension. Appropriate sup-
portive management during the acute phase is 
deemed to be more important in preventing long- 
term morbidity than anticoagulation alone.  

  Question 7.     The patient was started on an unfrac-
tionated heparin drip after obtaining thrombo-
philia work-up. The patient’s mother is a 
19-year-old African American with history of 
deep vein thrombosis (unprovoked) at 18 years of 
age, treated with aspirin. There is a signifi cant 
family history of thrombosis among maternal rela-
tives with no diagnosis of thrombophilia. One day 
after starting IV unfractionated heparin, the patient 
develops a new CNS bleed into his ventricles. 

  How would you manage renal vein throm-
bosis in this case with a severe bleeding 
complication? 

    A.    Continue anticoagulation with unfractionated 
heparin.   

   B.    Change to low-molecular-weight heparin.   
   C.    Discontinue anticoagulation.   

   D.    Monitor progression of thrombus with daily 
abdominal ultrasound.   

   E.    C and D.     

   Expert Perspective:     In the presence of a severe 
bleeding complication such as intracranial hem-
orrhage, anticoagulation must be discontinued to 
prevent further bleeding. As mentioned above, 
the outcomes of anticoagulation in neonatal RVT 
are unclear and observation and supportive care 
would be recommended in this scenario, espe-
cially in the absence of bilateral RVT. Monitoring 
of the thrombus to determine extension by weekly 
ultrasound doppler may be considered.  

 The appropriate time to resume anticoagula-
tion after ICH in pediatrics is unknown. This 
has been reviewed in adult patients with ICH 
following anticoagulation for stroke or atrial 
fi brillation and the recommendations are based 
on data primarily from non-randomized retro-
spective studies. The recommendations are vari-
able and indicate that anticoagulation may be 
restarted 10 days to 4 weeks following ICH if 
imaging studies do not show any evidence of 
bleeding progression (Molina and Salim  2011 ; 
Maeda et al.  2012 )    

    Neonatal Bleeding Cases 

    Case 1: Bleeding Related 
to Hemorrhagic Disease 
of the Newborn 

 A 3-month-old infant presents to the pediatrician 
with bloody stool. The infant was born at home 
and has been exclusively breastfed. Both the PT 
and aPTT are markedly prolonged. 

  Question 8.      In children with vitamin K defi -
ciency, which coagulation labs are abnormal? 

    A.    PT   
   B.    PTT   
   C.    Platelet count   
   D.    A and B    
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    Question 9.      If vitamin K defi ciency is sus-
pected, the next best step is :

    A.    Obtain vitamin K levels.   
   B.    Obtain PT and PTT.   
   C.    Obtain PIVKA.   
   D.    Treat with vitamin K empirically.    

    Expert Perspective:     Hemorrhagic disease of 
the newborn (HDN) was fi rst reported in 1894 by 
Townsend ( 1894 ) who noted hemorrhage on days 
1 through 5 in otherwise healthy children. After, 
the link between vitamin K defi ciency and bleed-
ing (VKDB) was recognized in 1929. Treatment 
of infants with HDN by administering VK 
resulted in excellent clinical outcomes. 
Standardization of VK prophylaxis at birth was 
on the basis of these observations. The paucity of 
HDN seen in clinical practice today is a direct 
result of this practice. However, in this age of 
parent-directed medical care of infants, the inci-
dence of HDN is on the rise, and it is imperative 
for physicians to be aware of the variable clinical 
manifestations of VKDB.  

 VKDB has three time periods in which it is 
likely to present; these can be classifi ed as the 
early, classic, and late forms corresponding to 
less than 24 h, 2–7 days, and 2–24 weeks. The 
early form of VKDB is often the result of mater-
nal medications that interfere with VK storage or 
function such as anticonvulsants and antibiotics. 
Intracranial hemorrhage, bleeding from the 
umbilicus and gastrointestinal tract, intra- 
abdominal bleeding, and cephalohematoma are 
common manifestations of early VKDB. Even 
without VK prophylaxis, the occurrence is very 
rare. Anticipatory cessation of medications that 
lead to vitamin K defi ciency, when possible, and 
maternal VK prophylaxis are the most effective 
strategies to prevent early VKDB. 

 Classic VKDB is associated with breastfeed-
ing and inadequate VK intake. The localizations 
of bleeding are similar to the sites of bleeding in 
early VKDB but also include the epistaxis, bleed-
ing at sites of injection and circumcision site. 
Without VK prophylaxis, incidence is estimated 

at 0.01–1.5 % (Van Winckel et al.  2009b ; Autret- 
Leca and Jonville-Béra  2001 ). 

 The late form of VKDB is associated with 
exclusive breastfeeding and can occur at any time 
between 2 and 24 weeks. This is generally the 
most severe presentation with high mortality rate 
and intracranial hemorrhage occurring in almost 
half of the children it affects. In those who did not 
obtain prophylactic VK at birth, the incidence is 
around 1 in 15–20,000. Cholestasis and malab-
sorption, affecting the levels of fat-soluble vita-
mins such as vitamin K, are risk factors (Van 
Winckel et al.  2009b ). 

 Tests used to determine defi ciency of VK 
include PT, PTT, factor assays, and measure-
ment of decarboxylated forms of VK-dependent 
factors, protein induced by VK antagonists 
(PIVKA), and VK levels (Bovill et al.  1993b ). 
When a child with suspected VKDB is evalu-
ated, treatment should begin prior to laboratory 
confi rmation. VK can be given either via intrave-
nous or subcutaneous routes, to avoid hemato-
mas with intramuscular administration. 
Treatment with plasma products will rapidly 
increase VK-dependent proteins, and this is the 
treatment of choice in the setting of signifi cant 
or life-threatening bleeds.   

    Bleeding Related 
to Thrombocytopenia 

 A 4-h-old full-term child is found to have signifi -
cant intracranial hemorrhage on head ultrasound. 
His initial blood counts are signifi cant for hemo-
globin 11.5 g/dL and platelets 8,000/mm 3 . 

  Question 10.      What is the best predictor of 
neonatal thrombocytopenia? 

    A.    Maternal platelet count   
   B.    Gestational age   
   C.    Degree of complexity in pregnancy   
   D.    B and C    

    Question 11.      In a child with thrombocytope-
nia at 4 h of age, the least likely cause is: 
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    A.    Perinatal depression   
   B.    Pregnancy induced hypertension   
   C.    NAIT   
   D.    Sepsis    

    Expert Perspective:     The long-standing defi ni-
tion of normal platelet value in neonates has been 
150,000–450,000/uL and has been challenged by 
several groups as inaccurate. Neonates of all ges-
tational ages have a lower limit (5th percentile) 
signifi cantly lower than the currently recognized 
norm. Population studies by Wiedmeier and 
Henry (Wiedmeier et al.  2009 ) found that the 5th 
percentile at ≤32-week gestation was 105,000 
and 123,000/uL for late-preterm and term neo-
nates. They also described a sinusoidal pattern 
with two peaks, one at 2–3 weeks and 6–7 weeks. 
The upper limit in these infants was as high as 
750,000/uL and frequently above 450,000/uL.  

 The strongest predictive factors for neonatal 
thrombocytopenia are gestational age at birth and 
whether or not neonates were products of a com-
plicated pregnancy. 

 Causes of thrombocytopenia can be classifi ed 
based on age at onset of thrombocytopenia. 
Early-onset thrombocytopenia (<72 h) is related 
to congenital or in utero causes: chronic fetal 
hypoxic states (pregnancy-induced hypertension, 
IUGR, diabetes), perinatal asphyxia, perinatal 
infection, DIC, neonatal alloimmune thrombocy-
topenia, neonatal autoimmune thrombocytope-
nia, congenital infection, thrombosis, congenital 
leukemias, Kasabach-Merritt syndrome, meta-
bolic disease, or inherited causes (e.g., congenital 
amegakaryocytic thrombocytopenia). Late-onset 
thrombocytopenia (>72 h) necessitates evalua-
tion for sepsis. Other causes include necrotizing 
enterocolitis, congenital infection, autoimmune 
disease, Kasabach-Merritt syndrome, metabolic 
disease, or inherited causes. 

 Seven to 8 % of pregnant women are known to 
have thrombocytopenia at some point in their 
pregnancy (Burrows and Kelton  1990 ). There is 
no consensus on the fetal risk in the setting of 
maternal ITP. Several studies describe both low 
and high risk (Marti-Carvajal et al.  2009 ). The 
incidence of severe bleeding manifestations 

(intracranial hemorrhage) is reported to be 
between 0 and 2.9 %. Maternal platelet counts, 
presence of antiplatelet antibodies in maternal 
serum, and maternal treatment with steroids or 
IVIG do not correlate with neonatal platelet 
count at birth (van der Lugt et al.  2013 ). The nat-
ural course for infants with maternal ITP is gen-
erally accepted to have a platelet nadir on day of 
life 3–5, after which point, the platelet count 
spontaneously increases (Cook et al.  1991 ; 
Al-Jama et al.  1998 ; Borna et al.  2006 ). To main-
tain platelet counts >50,000/uL, as was the goal 
for the patient above, it may require multiple 
platelet transfusions and IVIG. Multiple transfu-
sions are sometimes avoidable with early initia-
tion of IVIG (van der Lugt et al.  2013 ).  

    Bleeding Related to Rare Factor 
Defi ciencies of the Newborn 

 A 10-day-old infant is brought to the pediatrician 
with bleeding from the umbilical stump. On 
exam, he is noted to have superfi cial swelling on 
the occiput. 

  Question 12.      Compared to hemophilia, factor 
XIII defi ciency has a higher incidence in the 
neonatal period of: 

    A.    Bruising   
   B.    Hematuria   
   C.    Intracranial hemorrhage   
   D.    Epistaxis    

    Question 13.      The treatment of factor XIII 
defi ciency may be managed by administra-
tion of: 

    A.    PRBCs   
   B.    FFP   
   C.    Cryoprecipitate   
   D.    Factor XIII concentrate   
   E.    B, C, and D    

    Expert Perspective:     Hemophilia A and B, due 
to defi ciencies of factors VIII and IX,  respectively, 
are the most frequent inherited coagulopathy. 
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Other defi ciencies of coagulation factors have 
prevalence varying between 1:500,000 and 
1:2,000,000 (Peyvandi et al.  2002 ). Though rare, 
many rare coagulation factor defi ciencies in new-
borns manifest in a similar fashion. Intracranial 
hemorrhage, umbilical stump bleeding, soft tis-
sue hematomas, and gastrointestinal bleeding are 
often reported.  

 Factor XIII defi ciency is associated with very 
severe bleeding. The neonatal period classically 
manifests with umbilical stump bleeding or 
ICH. The fi nding of umbilical bleeding is as high 
as 80 %, and ICH is about 30 %, both of which are 
signifi cantly higher than that reported in hemo-
philia A or B. In these patients, clots may form 
normally but break down within 24–48 h due to 
weak cross-linking of fi brin. Traditional treatment 
includes FFP and cryoprecipitate; however, FXIII 
concentrates are available. Interestingly, concen-
trations of 1 % or higher are effective, and given 
the very long half-life of factor XIII, patients may 
be treated with monthly prophylactic infusions. 

  Answers 

    Question 2. B  
  Question 3. D  
  Question 4. A  
  Question 5. B  
  Question 6. D  
  Question 7. E  
  Question 8. C  
  Question 9. D  
  Question 10. D  
  Question 11. D  
  Question 12. C  
  Question 13. E         
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      Bleeding and Thrombosis 
in the Elderly                      

     Manila     Gaddh     

         Introduction 

 The population in United States is undergoing a 
signifi cant change in age composition. Between 
2010 and 2050, the US census bureau projects the 
number of individuals over the age of 65 years to 
double and those over the age of 85 years to tri-
ple. Although geriatric health is receiving 
increasing attention from the healthcare commu-
nity, disorders of bleeding and clotting remain 
among the less well-studied health problems in 
this population. 

 There are no signifi cant physiologic changes 
with aging in clotting factors, fi brinolytic sys-
tem, or platelets that contribute to increased risk 
of bleeding with age (Hamilton et al.  1974a ,  b ; 
Todd et al.  1973 ). Instead, several primary 
bleeding diathesis have a predilection for the 
elderly or develop in association with other 
common chronic comorbidities prevalent in this 
population. 

 On the other hand, venous thromboembolism 
(VTE) is predominantly a disease of the elderly. 
There is an increase in several clotting factors 
and fi brinolysis inhibitors and a decrease in natu-
ral anticoagulants with aging that promote clot-
ting (Hager et al.  1989 ). Comorbid conditions, 

general frailty and reduced mobility, surgery, 
hospitalizations, cancer, neurologic diseases, and 
nursing home confi nement are some of the other 
age-associated risk factors for thrombosis. 
Although the reported incidence of VTE varies 
across studies, rise in incidence with age is a con-
sistent fi nding. The overall incidence of VTE in 
US adults is 117 per 100,000, with a 1,000-fold 
higher rate by age 80 as compared to adults 
younger than 45 years (Silverstein et al.  1998 ). 
The pulmonary embolism (PE) rate is increased 
more than that of deep venous thrombosis (DVT) 
for uncertain reasons, resulting in poorer out-
comes, further complicated by increased risk of 
bleeding because of common comorbidities. 

 The following cases focus on some such 
important issues surrounding diagnosis and treat-
ment of bleeding and clotting disorders in the 
elderly.  

    Case 1: Review of Common Bleeding 
Diatheses in the Elderly 

 An 80-year-old man is seen in the clinic for easy 
bruising, melena, and petechiae going on for 
4–6 weeks. Past history is signifi cant for prostate 
cancer treated with pelvic irradiation 2 years ago, 
hypertension, diabetes mellitus, and congestive 
heart failure (CHF). He has noticed gradually 
worsening shortness of breath and bilateral lower 
extremity swelling. He has no prior history or 
family history of bleeding disorders. 
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  Question 1.      What tests would you order? 

    A.    Complete blood count with differential with 
review of peripheral smear   

   B.    Kidney and liver function tests   
   C.    Prothrombin time (PT), activated partial 

thromboplastin time (APTT), and thrombin 
time (TT)   

   D.    Von Willebrand disease (VWD) profi le   
   E.    All of the above    

    Expert Perspective:     Most common causes of 
bleeding in the elderly are (1) structural abnor-
malities like arteriovenous malformations, ulcers, 
and vascular fragility associated with degenera-
tion and loss of dermal collagen and (2) acquired 
coagulopathies that may be primary or secondary 
to medications or systemic diseases like renal 
disorders; liver diseases; nutritional defi ciencies 
of Vitamin C, K, or zinc; and rheumatologic, 
malignant, or autoimmune disorders, all of which 
can affect the hemostatic system. Occasionally, 
mild forms of inherited bleeding disorders may 
present at an advanced age. Bleeding from more 
than one site usually indicates a nonstructural 
cause of bleeding. The test options presented in 
the question above can be used as a fi rst tier or 
screening panel to narrow down the differentials. 
The results of this panel can guide further second 
tier or confi rmatory testing including fi brinogen 
level, factor XIII level, and vWF multimer analy-
sis as indicated (Nicolle et al.  2005 ).  

  Case continues:     You ordered the above tests 
and the signifi cant abnormalities are as follows:  

 WBC, 1.2 × 10 9 /L; hemoglobin, 6.7 g%; and 
platelet count, 20 × 10 9 /L. Review of peripheral 
smear shows dysmorphic white cells, with no 
fragmented red cells or spherocytes. 

 Patient has mild transaminitis and hyperbiliru-
binemia, with slightly low total protein and albu-
min level. PT and APTT are within normal range. 

  Question 2.      How will you manage the patient? 

    A.    Transfusions of platelets and red blood cells   
   B.    Fresh frozen plasma (FFP)   

   C.    Liver biopsy   
   D.    Perform a diagnostic bone marrow biopsy   
   E.    A and D    

    Expert Perspective:     The patient has pancyto-
penia, dysplasia in neutrophil lineage with nor-
mal clotting assays, raising the suspicion for 
bone marrow pathology like myelodysplastic 
syndromes (MDS) in correct clinical setting. Past 
history of pelvic radiation therapy is a known risk 
factor for developing secondary bone marrow 
disorders like MDS and acute myeloid leukemia 
(AML). The patient’s liver dysfunction is likely 
due to congestive hepatopathy from decompen-
sated congestive heart failure due to severe ane-
mia. It is important to review the peripheral smear 
to evaluate any cytopenias to study cell morphol-
ogy and look for possibility of other serious red 
cell fragmentation disorders like thrombotic 
microangiopathies.  

 Given symptomatic anemia and thrombocyto-
penia, patient needs supportive transfusions fol-
lowed by a bone marrow biopsy to establish his 
diagnosis. Defi nitive treatment of MDS rests on 
risk stratifi cation based on cell counts, chromo-
some analysis, and percentage of blasts. 
Treatment options include monitoring, hemato-
poiesis stimulating agents and immunosuppres-
sives for low-risk disease, and hypomethylating 
agents and hematopoietic cell transplant for high- 
risk disease (Steensma  2015 ).  

    Case 2: Review of Management 
of Acquired Inhibitors of Clotting 
Factors in Elderly 

 A 75-year-old man with history of hypertension 
and diabetes mellitus is referred to the hematol-
ogy clinic for isolated prolonged APTT. The 
abnormality was incidentally noted on screening 
preoperative labs before knee replacement sur-
gery. Patient has had two uneventful major sur-
geries in the past and has no family history of 
abnormal bleeding. He takes 81 mg of aspirin 
daily and is not taking any anticoagulant medica-
tions, herbal medicines, or supplements. Patient 
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reports that he has noticed some pain and bruis-
ing over the right buttock over the past week. On 
exam, you notice large ecchymoses in his right 
gluteal region. 

  Question 3.      What is the next step in this 
patient’s evaluation? 

    A.    No further evaluation is needed since patient 
has had uneventful major surgeries in the 
past.   

   B.    Recheck to confi rm isolated prolonged APTT 
and proceed with APTT mixing study.   

   C.    Recheck to confi rm isolated prolonged APTT 
and check coagulation factors XII, XI, IX, 
and VIII.   

   D.    Recheck to confi rm isolated prolonged APTT 
and request a factor VIII inhibitor screen.    

    Expert Perspective:     Guidelines from the 
American Association of Anaesthesiologists 
(Anaesthesiology 2002) and British Committee 
for Standards in Haematology (Chee et al.  2008 ) 
recommend preoperative hemostasis tests to be 
done only in patients who have a positive history 
of abnormal bleeding, are on anticoagulant medi-
cations, or have comorbidities that can infl uence 
hemostasis. In the absence of a bleeding history, 
the positive predictive value (0.03–0.22) and 
likelihood ratio (0.94–5.1) for coagulation tests is 
low indicating that they are poor predictors of 
bleeding by themselves. The National College of 
Surgeons National Surgical Quality Improvement 
Plan (NCS NSQIP)/American Geriatric Society 
(AGS) best practice guidelines on the optimal 
preoperative assessment of the geriatric surgical 
patient endorses the above recommendation and, 
additionally, recommends screening before spe-
cifi c surgical procedures where a small amount of 
bleeding can have serious consequences.  

 In the elderly population, acquired bleeding 
diatheses are more common than inherited disor-
ders. Therefore, past history of uneventful sur-
geries alone should not deter clinicians from 
pursuing evaluation for any signifi cant new 
bleeding. A thorough history incorporating 
details of any abnormal bleeding or delayed 

wound healing in the patient or any family mem-
ber must be obtained. Attention must be paid to 
comorbidities, all prescription and over-the- 
counter medications, and their potential effects 
on the coagulation system. It is important to 
remember that all test results, especially values 
that lie in the intermediate or indeterminate 
range, need to be interpreted in the context of the 
clinical presentation. 

 Although relative frequencies of inherited and 
acquired causes of bleeding are different in 
elderly as compared to younger populations, the 
basic approach to evaluation of prolonged PT or 
APTT remains the same. The initial step follow-
ing identifi cation of a prolonged PT or APTT is 
to do a mixing study which helps differentiate 
between two broad categories of bleeding disor-
ders: clotting factor defi ciencies and presence of 
clotting factor inhibitors. Mixing study corrects 
the clotting assay abnormality in factor defi cien-
cies whereas it remains uncorrected in the pres-
ence of a factor inhibitor. 

  Case continues:     An APTT mixing study is 
ordered that corrects immediately, but is abnormally 
elevated again after 2 h’ incubation. Addition of 
phospholipid source does not correct the 
APTT. Factor VIII activity is 8 %, vW antigen and 
activity assays are unremarkable. Factor VIII inhib-
itor titer returns at 20 Bethesda Units (BU)/ml.  

  Question 4.      What is the diagnosis?  

     A.    Acquired hemophilia A (AHA)   
   B.    Lupus anticoagulant   
   C.    Acquired von Willebrand syndrome (AvWS)   
   D.    Test results are inconclusive      

  Expert Perspective:     Acquired inhibitors of 
clotting factors are autoantibodies affecting the 
activity or accelerating the clearance of clotting 
factors. These are more common in the elderly 
and can develop in association with pregnancy 
and puerperium, autoimmune, or malignant dis-
orders, but about half the cases do not have an 
apparent underlying condition. Most frequently, 
the acquired antibodies are directed against  factor 
VIII (AHA) or vW factor (AvWS), and rarely, 
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against other clotting factors (Franchini and 
Lippi  2011 ; Coppola et al.  2012 ). Given their rar-
ity, experience with AHA guides the understand-
ing of presentation and management of acquired 
inhibitors of other clotting factors as well.  

 In contrast to congenital factor defi ciencies 
which commonly cause hemarthrosis, acquired 
factor inhibitors usually present with more severe 
bleeding affecting mucous membranes and soft 
tissues and are associated with high rate of mor-
tality of up to 41 %. Diagnosis of AHA is sus-
pected by a normal PT and a prolonged APTT 
that does not correct with mixing study. The 
results of the mixing study must be determined 
before and after incubation at 37 °C for at least 
2 h, because the inactivation of FVIII by autoan-
tibodies is time dependent. The diagnosis of 
inhibitor is then confi rmed by a reduced factor 
VIII level and evidence of inhibitor activity 
titrated by Bethesda assay or its Nijmegen modi-
fi cation (Delgado et al.  2003 ). 

 An important differential diagnosis for a non- 
correcting APTT mixing study is presence of 
lupus anticoagulant (LAC), which is a pro- 
thrombotic rather than a bleeding disorder. The 
diagnosis of LAC involves screening with aPTT- 
based clotting assay at low phospholipid concen-
tration (diluted Russell viper venom time, 
PTT-LA, the kaolin clotting time, and silica clot-
ting time), followed by confi rmatory tests at high 
phospholipid concentrations, such as the platelet 
neutralization procedure or hexagonal phase 
phospholipid test (Pengo et al.  2009 ). 

  Question 5      The patient’s Bethesda titer is 
20 BU/ml. What is an appropriate treatment 
regimen for this patient? 

    A.    Bypassing agents   
   B.    Cyclophosphamide and steroids   
   C.    Rituximab   
   D.    A and B    

    Expert Perspective:     Treatment of AHA and of 
acquired inhibitors of other clotting factors in 
general, has two essential components: (a) con-
trol of bleeding and (b) eradication of the inhibi-

tor. Given complex decision making process, 
special laboratory support required, and risk of 
severe complications, treatment should be given 
at specialized centers with experience in the care 
of bleeding disorders.  

     (a)    Control of bleeding: For low titer inhibitors 
(<5 BU/ml) and measurable factor VIII 
activity, treatments aimed at increasing fac-
tor VIII levels like DDAVP and replacement 
with factor VIII concentrates can be consid-
ered. For high titer inhibitors and/or severe 
bleeding, one of the two currently available 
bypassing agents including recombinant- 
activated factor VII concentrate (rFVIIa) and 
activated prothrombin complex concentrate 
(APCC) should be used promptly. The initial 
dose of rFVIIa should be 90–120 μg/kg, with 
repeat doses as needed every 2–3 h, while 
that of APCC should be 50–100 U/kg every 
8–12 h, with the maximum daily dose not 
exceeding 200 U/kg. In case of failure of one 
agent, change to the alternative agent should 
be instituted (Collins et al.  2013 ). While 
there are no comparative trials available, 
both agents have been reported to have simi-
lar effi cacies in controlling bleeding (92 % 
for rFVIIa and 93 % for APCC) and similar 
risk of thrombosis (Baudo et al.  2012 ).   

   (b)    Eradication of the inhibitor: Immuno-
suppressive therapy is the hallmark of treat-
ment for inhibitor eradication and is 
successful in 70–80 % cases (Franchini et al. 
 2015 ). The underlying associated condition, 
if identifi ed and treated, may result in resolu-
tion of the inhibitor and therefore should be 
addressed promptly. The commonly used 
immunosuppressive agents are prednisone, 
cyclophosphamide, rituximab (anti-CD20 
monoclonal antibody), azathioprine, vincris-
tine, cyclosporine, and HDIgG administered 
as single therapies or in various combina-
tions. Prospective, controlled clinical trials to 
evaluate the effi cacy of the different treat-
ments are not available. First-line treatment 
usually is oral prednisone at a daily dose of 
1–2 mg/kg either alone or in combination 
with oral cyclophosphamide at a daily dose 
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of 1–2 mg/kg. Rituximab (375 mg/m 2  once a 
week for four doses overall) may be indi-
cated as fi rst- line therapy in patients with 
contraindications to the use of standard 
immunosuppressive drugs and at many cen-
ters has become the fi rst-line therapy despite 
lack of robust data to support this. Patients 
with risk factors for thromboembolism 
should receive mechanical and/or pharmaco-
logical thromboprophylaxis, particularly in 
case of excessively high levels of FVIII dur-
ing or at the end of eradication therapy. The 
available data do not support better effi cacy 
of immune tolerance induction regimen 
using factor VIII replacement along with 
immunosuppressive regimen as the fi rst-line 
therapy.     

  Case continues:     After 4 weeks of treatment 
with steroids and cyclophosphamide, the patient 
has resolution of coagulopathy, eradication of 
inhibitor, and normalization of Factor VIII level. 
Thereafter, he undergoes an uneventful knee 
replacement surgery. Eight months later, he 
returns with severe right hip pain with CT scan 
showing large hematoma in the gluteal region, 
and labs showing recurrence of factor VIII inhib-
itor (10 BU/ml).  

  Question 6.      How should he be treated now? 

    A.    Retreat with immune suppression regimen   
   B.    Immune tolerance induction   
   C.    Enrollment in clinical trial   
   D.    Palliative care and refer to hospice   
   E.    A, B, or C    

    Expert Perspective:     Reports from United 
Kingdom and a recent EACH2 registry showed 
that the risk of recurrence of acquired factor 
inhibitors is 10–20 %, occurring at a median of 4 
and 7.5 months with range being 1 week to 
14 months post successful completion of therapy 
(Collins et al.  2007 ; Baudo et al.  2012 ). Therefore, 
it is recommended that after eradication of inhib-
itor, APTT and factor level be checked monthly 
for the fi rst 6 months, then every 3 months until 
12 months, and every 6 months during the second 

year and possibly beyond (Huth-Kuhne et al. 
 2009 ). In case of nonresponse to fi rst-line treat-
ment after 8–12 weeks or recurrence after initial 
inhibitor eradication, the use of alternative immu-
nosuppressives is recommended. Most reported 
experience is with cyclosporine and steroids 
(Petrovic et al.  2000 ) and single agent rituximab 
(Field et al.  2007 ). An alternative strategy is use 
of immune tolerance induction similar to that 
used in treatment of alloantibodies in congenital 
hemophilia (Coppola et al.  2010 ) or enrolment in 
clinical trial, if available.   

    Case 3: Review of Management 
of Venous Thrombosis in Elderly 

 An 81-year-old man with past history of diver-
ticulosis, coronary artery disease, systolic heart 
failure, and mild renal insuffi ciency with creati-
nine clearance of 42 ml/min presents with chest 
pain and shortness of breath. He reports chronic 
bilateral lower extremity edema with acute wors-
ening in the left leg for 1 week. Patient is diag-
nosed with left femoropopliteal DVT and bilateral 
segmental PE. There is no evidence of right heart 
strain and patient’s vitals are stable. 

  Question 7.      What is your initial management? 

    A.    Discharge with outpatient anticoagulation   
   B.    Admit to the hospital and start UFH or renally 

adjusted low-molecular-weight heparin 
(LMWH) and vitamin K antagonist (VKA)   

   C.    Admit to the hospital and start a direct oral 
anticoagulant (DOAC)   

   D.    Admit to the hospital and place an inferior 
vena cava (IVC) fi lter   

   E.    B or C    

    Expert Perspective:     According to the com-
monly used PE severity indices, age and presence 
of chronic cardiopulmonary diseases are inde-
pendent predictors of poor outcomes in patients 
presenting with PE and warrant admission despite 
stable vital signs on presentation (Aujesky et al. 
 2005 ; Jimenez et al.  2010 ). In addition, this 
patient also has risk factor for bleeding and needs 

Bleeding and Thrombosis in the Elderly



682

close monitoring during initiation of anticoagu-
lant treatment. Clinical data on use of DOACs in 
elderly patients is limited by the fact that patients 
over the age of 75 years represented only 10–18 % 
of total patients enrolled in the trials of DOACs 
versus VKA for treatment of VTE. Nevertheless, 
a recent meta-analysis of safety and effi cacy of 
DOACs versus VKA in this subgroup of patients 
over 75 years showed that DOACs were more 
effective in reducing VTE recurrence (RR 0.83, 
95 % CI 0.59–1.15) and were associated with a 
reduced risk of major bleeding (RR 0.39, 95 % CI 
0.17–0.90) as compared to VKA (Geldhof et al. 
 2014 ). If a DOAC is used, dose should be adjusted 
for renal insuffi ciency based on the individual 
drug package insert. Therefore, both B and C are 
appropriate choices for our patient. In clinical 
practice, it is advisable to have a thorough discus-
sion with the patient about pros and cons of 
DOACs vs VKA, thus helping the patient make 
an informed decision about the choice of antico-
agulant therapy.  

 There is little data available on the use of IVC 
fi lters in the elderly, but overall, there are no 
independent age-related indications or contrain-
dications for the procedures. Filters are benefi cial 
in elderly when used in unstable patients with 
contraindication for anticoagulant therapy (Stein 
and Matta  2014 ). 

  Case continues:     The patient is discharged from 
the hospital on VKA (because of patient prefer-
ence) with regular follow-up at the anticoagula-
tion clinic.  

  Question 8.      How long should he continue 
anticoagulation? 

    A.    3 months   
   B.    6 months   
   C.    12 months   
   D.    Indefi nitely with periodic reassessment of 

risk of bleeding    

    Expert Perspective:     Age as a risk factor for 
recurrent VTE is not well understood. While 
some studies suggest a 15–20 % increase in 

risk of recurrent VTE with each decade, the 
DASH score reports younger age as a risk fac-
tor for recurrence (Tosetto et al.  2012 ). D-dimer 
as a marker for predicting risk of recurrent 
VTE has also not been validated in the elderly 
because of elevated baseline levels in the 
absence of VTE and lack of studies of kinetics 
of D-dimer after a thrombotic episode in this 
population. There is higher prevalence of 
comorbidities that reduce mobility, are persis-
tent and usually non-modifi able risk factors for 
recurrent episodes in elderly. Therefore, in the 
absence of a reliable measureable marker for 
recurrence, the practice is to continue antico-
agulation indefi nitely for an unprovoked VTE, 
especially PE, with periodic reassessment of 
potentially modifi able risk factors for throm-
bosis and risk of bleeding.  

  Case continues:     1 month after the episode of 
VTE, patient presents to the emergency room 
with major gastrointestinal bleeding with a four 
gram drop in hemoglobin and an INR of 3.8.  

  Question 9.      How will you manage this 
patient? 

    A.    Give vitamin K 10 mg and replace clotting 
factors with FFP or prothrombin complex 
concentrate (PCC)   

   B.    IVC fi lter   
   C.    Consult gastroenterology for colonoscopy   
   D.    All of the above    

    Expert Perspective:     The risk of bleeding on 
anticoagulation is higher in the elderly; 2.5 % per 
year in those aged >80 years compared to 0.9 % 
per year in younger patients (Bauersachs  2012 ). 
Several factors including fl uctuating INRs because 
of dietary inconsistencies, underlying absorption 
problems, or frequent need for medication 
changes, other comorbidities, vascular fragility, 
frailty, and increased risk of falls contribute to this 
risk of bleeding. This patient’s INR is supra-thera-
peutic though not very high. Regardless, he has 
major bleeding and requires immediate reversal of 
anticoagulation with  clotting factors; PCC is 
 preferred whenever available because of small 
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 volume involved as compared to fresh frozen 
plasma, which may be especially benefi cial in 
elderly patients at risk of fl uid overload. In addi-
tion, vitamin K supplementation to provide sus-
tained warfarin reversal should be instituted 
immediately. Once stabilized, he needs a colonos-
copy for identifi cation and treatment of the source 
of bleeding. All pathological bleeds need struc-
tural investigation whenever possible, as patients 
tend to bleed from their “weak points” while on 
anticoagulation. Given recent major bleeding, 
patient will need to be off of anticoagulation until 
the source is treated appropriately and therefore, 
he meets the indication for an IVC fi lter placement 
as detailed in previous section. A retrievable fi lter 
should be placed and should be removed after anti-
coagulation is re-initiated and he demonstrates no 
further bleeding.   

  Answers 

    Question 1. E  
  Question 2. E  
  Question 3. B  
  Question 4. A  
  Question 5. D  
  Question 6. E  
  Question 7. E  
  Question 8. D  
  Question 9. D         
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Transfusion Support: Indications, 
Efficacy, and Complications

Kamille A. West and Cathy Cantilena

 Introduction

Transfusion medicine is an increasingly impor-

tant cross-disciplinary field that pertains to clini-

cal hematology and diagnostic pathology, as well 

as to surgery, obstetrics and gynecology, internal 

medicine, pediatrics, and emergency medicine.

Modern transfusion medicine has expanded 

broadly to include advanced procedures, such 

as therapeutic apheresis, blood group genotyp-

ing, and cellular therapies; however, routine 

blood transfusion support remains an important 

mainstay of clinical hematologic practice. 

Blood transfusion is the most common medical 

procedure performed in hospitals in the United 

States (Pfuntner et al. 2013), but the complica-

tions of transfusion, although uncommon, may 

be dire.

Contemporary transfusion strategies, there-

fore, have shifted to optimizing patient blood 
management, that is, the right amount of transfu-

sion for the right patient at the right time. It is 

important to avoid unnecessary transfusion in 

order to minimize risks to patients.

Hematologic patients often require transfu-

sion support, and awareness of current evidence- 

based practice is key. Such patients are also prone 

to require repeat transfusion events and hence 

multiple donor exposures, with all their attendant 

risks (including infectious diseases, alloimmuni-

zation, and transfusion reactions). Indications for 

transfusion of different components and their 

efficacy with particular regard to clinical circum-

stances and complications of transfusion will be 

explored in the cases below.

 Case 1: Platelet Transfusion 
in Prophylactic and Therapeutic 
Settings

A 34-year-old Hispanic female presents  

with relapsed pre-B cell acute lymphoblastic  

leukemia (ALL) involving peripheral blood 

(WBC = 50 × 109/L, 90 % blasts) and bone marrow 

(95 % blasts). Cerebrospinal fluid (CSF) is negative 

for blasts by flow cytometry. She has no constitu-

tional symptoms and no other significant medical 

problems. During the course of chemotherapy, she 

develops thrombocytopenia (platelet count range 

15–20 × 109/L,). There is no evidence of bleeding.

Question 1. What is the best strategy for 
management of thrombocytopenia in this 
patient?

 A. Prophylactic platelet transfusion for platelet 

counts <20 × 109/L

 B. Prophylactic platelet transfusion for platelet 

counts <10 × 109/L
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 C. Transfusion of low-dose platelets only in case 

of bleeding

 D. Eltrombopag 75 mg po od

Expert Clinical Perspective: Patients with 

hematologic malignancies are at risk of bleeding 

events, which can be fatal, such as intracranial 

hemorrhage or diffuse alveolar hemorrhage (Fritz 

et al. 1959; Han et al. 1966). Current guidelines 

published by the AABB recommend prophylac-

tic platelet transfusion in stable, non-bleeding 

patients with therapy-induced hypoproliferative 

thrombocytopenia if the platelet count is 

<10 × 109/L (Kaufman et al. 2015).

In randomized controlled trials in hospitalized 

patients with hematologic malignancy and 

treatment- induced hypoproliferative thrombocy-

topenia, prophylactic platelet transfusions signif-

icantly reduced the risk for spontaneous grade 2 

or greater bleeding. Prophylactic transfusion at 

thresholds of 20 or 30 × 109/L was not associated 

with a significantly lower incidence of WHO 

grade 2 or greater bleeding or bleeding-related 

mortality (Slichter et al. 2010).

Transfusion of low-dose platelets (half of the 

standard dose) provides equivalent hemostasis to 

that of standard-dose platelets in patients with 

therapy-induced hypoproliferative thrombocyto-

penia, but results in more frequent transfusion 

events.

Eltrombopag, a thrombopoietin receptor ago-

nist (c-MPL ligand), is FDA approved to treat 

chronic immune thrombocytopenic purpura 

(ITP) associated with hepatitis C (HCV) infec-

tion and has been shown to increase platelet as 

well as red cell and white cell counts in patients 

with aplastic anemia (Olnes et al. 2012). Its 

safety and efficacy are still in early stages of 

investigation in the context of thrombocytopenia 

associated with hematologic malignancies or 

chemotherapy (Winer et al. 2012).

Question 2. Three days later, the above patient’s 

platelet count is 5 × 109/L. Her ABO/Rh blood 

type is A, RhD negative; however, all the avail-

able platelet products in the blood bank are from 

RhD+ donors. She remains hemodynamically 

stable with no evidence of bleeding. Her RBC 

antibody screen is negative.

Which of the following are appropriate 
approaches to managing this patient (more 
than one may be correct)?

 A. Wait for an RhD negative unit to become 

available.

 B. Give the RhD-positive unit with Rh immune 

globulin (RhIG).

 C. Give the RhD-positive unit without RhIG.

 D. Give the RhD-positive unit and monitor for 

hemolysis.

Expert Clinical Perspective: The concern with 

administration of RhD+ platelet products in this 

patient is sensitization to the D antigen. Individuals 

who lack the RhD antigen on their red blood cells 

may develop anti-D after exposure from transfu-

sion or pregnancy. The consequences of D alloim-

munization include the risk of hemolytic disease 

of the fetus and newborn (HDFN) with future 

pregnancies or a hemolytic transfusion reaction if 

RhD-positive red cells transfusions were to be 

administered at a future date. However, since 

platelets themselves do not express the D antigen, 

the sensitizing agents are the contaminating red 

blood cells in the platelet product.

In contrast to platelets that were used decades 

ago, modern preparations of whole-blood-derived 

and apheresis-derived platelet concentrates con-

tain minute amounts of RBC (0.036 and 

0.00043 mL, respectively). Recent retrospective 

studies have shown that D alloimmunization after 

D-positive platelet transfusions without RhIg 

administration is minimal (zero to 1.44 %), 

regardless of the underlying diagnosis or the 

immune status of the patient (O’Brien et al. 2014; 

Cid et al. 2015). However, for the sake of caution, 

most authors advocate the administration of RhIg 

to reduce the risk of alloimmunization in females 

of childbearing potential who receive platelets 

from D+ donors (European Committee on Blood 

Transfusion 2010; AABB 2014).

Hemolysis would be not be expected to occur 

with this transfusion, both because of the low vol-

ume of red cells in platelet units and because she 
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does not have preexisting anti-D antibody (as evi-

denced by the negative RBC antibody screen).

Question 3. After salvage chemotherapy, she 

undergoes myeloablative hematopoietic stem cell 

transplant (HSCT) using peripheral blood stem 

cells from an HLA-matched related donor. On 

day 8 posttransplant, her clinical course is com-

plicated by neutropenic fever (ANC 0.02 × 109/L), 

severe mucositis of the oropharynx, nausea, vom-

iting, and diarrhea. She is started on vancomycin 

and meropenem.

She also develops profound thrombocytopenia 

complicated by petechiae, gum bleeding, streaky 

hematemesis, and hematuria. She was noted to be 

refractory to platelet transfusions (see Table 1). Her 

body surface area is 1.76 m2. She reports to the 

transplant team that she required many platelet 

transfusions in her native country in South America 

during her initial treatment for leukemia.

What is the best strategy for platelet 
 transfusion in this patient?

 A. HLA-matched platelets

 B. ABO-compatible platelets

 C. Fresh platelets (<72 h storage)

 D. Larger doses of random platelets

Expert Clinical Perspective: Although this 

patient has multiple risk factors for platelet 

refractoriness (fever, HSCT, vancomycin), the 

pattern of poor increments within 1 h of transfu-

sion is suggestive of immune platelet destruction. 

HLA alloimmunization is the most important 

cause of immune platelet refractoriness (Hod and 

Schwartz 2008). In developed countries, near 

universal pre-storage leukoreduction of cellular 

blood products is effective at reducing, though 

not eliminating, platelet alloimmunization 

(Slichter et al. 1997; Seftel et al. 2004).

Table 1 Platelet transfusions and corresponding platelet count increments

Platelet dose (EUa)

ABO of PLT 

product

Age of PLT 

product

Pre-transfusion 1 h Posttransfusion

PLT count (109/L) PLT count (109/L)

5 U O NEG Day 3 2 1

6 U AB POS Day 3 1 1

7 U O POS Day 4 1 2

7 U O POS Day 4 3 3

6 U AB POS Day 4 3 3

5 U O NEG Day 5 3 2

aEU equivalent units of whole-blood-derived platelets)

 

Corrected count increment CCI
Bodysurfacearea m Platelet c

( ) =
( )´2 oount increment L

Number of platelets transfused

´( )
´( )

10

10

9

11

/

It may take significant amounts of time to 

recruit volunteer community HLA-matched 

platelet donors; and oftentimes, even well- 

matched products fail to achieve desired cor-

rected platelet count increments. It may be 

possible to collect platelets from her HLA- 

matched sibling HSCT donor, if he or she is read-

ily available. Other first-degree family members 

may also be suitable platelet donors due to HLA 

similarities. Antibodies to human platelet anti-

gens (HPA) are less commonly implicated in 

immune platelet refractoriness (Novotny 1999; 

Norton et al. 2004).

Prolonged storage (>72 h after collection) and 

ABO incompatibility may also contribute to poor 

platelet increments, but in this patient, neither of 

these factors appears to make an appreciable dif-

ference in her responses to platelets.
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 Case 2: Red Cell Transfusion 
Guidelines in Sickle Cell Disease

A 33-year-old female with sickle cell anemia has 

multiple significant complications, including 

recurrent acute chest syndrome, frequent vaso- 

occlusive crises, avascular necrosis of bilateral 

hips, delayed transfusion-related reactions, pul-

monary hypertension, sickle retinopathy, nephrop-

athy, and healing lower extremity wounds.

She presents to your facility with a vaso- 

occlusive crisis (VOC) affecting her right arm 

and Hb 7.0 g/dL. She is in painful distress, but 

vital signs are stable (T- 37.8 °C, HR 88 beats/

min, BP 120/80 mmHg, RR 16/min, O2 sat 97 % 

on room air). According to the blood bank, she 

has a history of multiple alloantibodies identified 

many years ago at an outside institution: anti-K, 

anti-Jkb, anti-M, and anti-S. This outside institu-

tion had been supporting her with phenotypically 

matched red cells for transfusion. She has had a 

negative RBC antibody screen for the past 

10 years.

Question 4. Which of the following is the most 
appropriate next step in management?

 A. Simple transfusion

 B. Exchange transfusion

 C. No transfusion at this time

Expert Clinical Perspective: While transfusion 

is an important disease modifying therapy in 

SCD, there are a number of complications that 

must be borne in mind, including iron overload, 

transfusion-transmitted infection, and red cell 

alloimmunization. Alloimmunization is common 

in sickle cell disease with 30–50 % of patients 

developing one or more RBC alloantibodies 

(Aygun et al. 2002) compared to 5 % of the gen-

eral population. In multiply alloimmunized 

patients, appropriate antigen-negative red cell 

units may be hard to find, and locating enough 

blood for a red cell exchange can take days.

Recent guidelines on the management of 

sickle cell disease discourage transfusion in 

uncomplicated vaso-occlusive crises, without 

other indications for transfusion such as coexist-

ing aplastic crisis or symptomatic acute chest 

syndrome with hemoglobin concentration >1.0 g/

dL below baseline (Yawn et al. 2014). Oxygen 

support and fluid management are indicated and 

are discussed elsewhere in this book. Patients 

with VOC must be monitored for complications, 

such as acute chest syndrome.

Question 5. Despite the absence of a specific 

indication, the treating physician requests two 

units of phenotypically matched RBCs, which 

were transfused uneventfully. However, a third 

transfusion 5 days later in her hospitalization is 

associated with a significant delayed hemolytic 

transfusion reaction, in which her hemoglobin 

drops to 3.0 g/dL. She develops acute renal injury 

and is transferred to the ICU. Blood bank workup 

at that time reveals no new alloantibodies, a nega-

tive direct antiglobulin test (DAT), and no evi-

dence of incompatibility between the patient and 

the transfused units.

How would you manage this complication?

 A. Corticosteroids (0.5–1 g intravenous methyl-

prednisolone and/or subsequent 1 mg/kg 

prednisolone)

 B. Avoid transfusion

 C. IVIG (1 mg/kg/day for 2 days or 0.4 mg/kg/

day for 5 days)

 D. Rituximab 375 mg/m2

Expert Clinical Perspective: Hyperhemolytic 

transfusion reactions are characterized by life- 

threatening hemolysis with reticulocytopenia 

within 10 days after transfusion. It is noted to 

occur in 4 % of pediatric and 1 % adult patients 

with sickle cell disease. Destruction of both 

transfused and autologous red blood cells occurs, 

and further red cell transfusion often exacerbates 

ongoing hemolysis. Serologic workup may or 

may not reveal new alloantibodies or autoanti-

bodies. The optimal management of hyperhemol-

ysis is controversial; multiple regimes have been 

attempted, including erythropoietin, intravenous 

steroids, IVIG, rituximab, and therapeutic plasma 

exchange (Uhlmann et al. 2014), but avoidance 

of transfusion is key.
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 Case 3: Transfusion Support 
in Warm Autoimmune Hemolytic 
Anemia

A 62-year-old female presents with tachycardia, 

shortness of breath, and fatigue and is found to be 

icteric, severely anemic, and thrombocytopenic (see 

Table 2). She denies postmenopausal or gastrointes-

tinal bleeding. She was admitted to an outside hos-

pital where she received 33 RBC transfusions in 

7 days before being transferred to your facility. Vital 

signs on admission are the following: T = 37.2 °C, 

P = 107/min, BP = 131/82 mmHg, RR = 20/min, and 

O2 sat 90 % on room air (97 % on 3 L O2 via nasal 

cannula).

Question 6. The blood bank calls to say that due 
to the strong warm autoantibody, it will take a 
long time for the reference lab to find appropri-
ate blood. What step(s) should be taken first?

 A. Emergency transfusion of uncrossmatched 

blood.

 B. Start definitive therapy with corticosteroids.

 C. Hold definitive therapy until blood bank 

workup is complete.

 D. Transfusion of least-incompatible blood.

Expert Clinical Perspective: This patient 

has warm autoimmune hemolytic anemia 

(WAIHA). There may be a component of immune 

 thrombocytopenic purpura (ITP) as well, i.e., 

Evans syndrome.

Warm autoantibodies interfere with standard 

serologic assays in the blood bank, including red 

cell typing, crossmatch, and identification of clini-

cally significant alloantibodies (Shirey et al. 2002). 

Serologic workup of patients with AIHA is there-

fore extensive and time consuming, especially if the 

patient has been transfused. However, the presence 

of symptoms warrants transfusion of red cells with-

out delay, regardless of positive compatibility tests.

Transfusion of “least-incompatible blood,” i.e., 

with a crossmatch that is no stronger than the 

DAT, may be necessary as a temporizing measure, 

until immunohematologic workup can identify 

appropriate units for this patient. Transfusion 

should be administered slowly to avoid volume 

overload and cardiac decompensation. Promptly 

starting definitive treatment may have a favorable 

effect on transfusion requirements. Corticosteroids 

are the first-line treatment; if steroids are contra-

indicated, other options include high-dose IVIG 

and rituximab.

Red cell genotyping is recommended for 

patients with WAIHA, since this can overcome 

the serologic difficulties associated with the 

workup of this sort of patient (Anstee 2009). One 

platform was recently approved for clinical use by 

the FDA; this approach is likely to become more 

commonplace in blood banks and blood centers.

Table 2 Pertinent laboratory results on admission

Hb 3.5 g/dL Peripheral blood smear

Hct 9.6 % Poikilocytosis Marked (≥15 %)

WBC 16.64 × 109/L Spherocytes Moderate (6–15 %)

Plt 34 × 109/L Polychromasia Mild (1–6 %)

Haptoglobin <10 mg/dL

Bili T 6.7 mg/dL Urinalysis

Bili D 2.1 mg/dL Protein 3+

LDH 914 U/L Hemoglobin 3+

Creatinine 2.69 μmol/L

BUN 142 mg/dL

ABO type: O Rh+

RBC antibody screen: positive

DAT: polyspecific 3+, IgG 3+, C3 2+

Eluate: positive, panagglutinin

Warm autoantibody titer: 1024
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 Case 4: Preoperative Prophylactic 
Plasma Transfusion

A 48-year-old male has hepatitis C complicated 

by thrombocytopenia, portal hypertension, grade 

1 esophageal varices, and splenomegaly. Recent 

abdominal ultrasound and MRI of the liver 

revealed a 2.8 cm mass in the left lobe concern-

ing for hepatocellular carcinoma. Radiofrequency 

ablation and liver biopsy under general anesthe-

sia are scheduled for the next morning, but the 

procedures were canceled because of abnormal 

clotting indices. The primary team consults 

hematology regarding prophylactic plasma trans-

fusion before the procedure.

Pertinent laboratory results:

Hb (g/dL) 12.2

Hct (%) 33.7

Plt (109/L) 40

PT (s) 16.3

PTT (s) 33.7

INR 1.29

Question 7. What do you advise?

 A. Transfuse 1 U of fresh frozen plasma (FFP) 

before the procedure.

 B. Transfuse 3 U of thawed plasma (TP) before 

the procedure.

 C. No transfusion is indicated at this time.

 D. Transfuse pooled cryoprecipitate to treat mul-

tifactor deficiency.

Expert Clinical Perspective: The INR was 

developed to limit inter-laboratory variability 

when assessing anticoagulation in patients on 

warfarin. A slightly elevated INR (<1.5) does 

not, in itself, reflect coagulopathy (Fig. 1) and is 

not an indication for plasma transfusion, given 

that the INR of fresh frozen plasma can be as 

high as 1.3 (Holland et al. 2005; Yazer 2010).

Furthermore, the dose of plasma frequently 

requested for prophylactic transfusion is often 

well below the recommended dose of 

10–15 mL/kg body weight (3–5 U of plasma in 

an adult) required to correct coagulopathy; 1U 

of plasma constitutes an inadequate dose of 

only 3.7 mL/kg. Also, it should be noted that 

fresh frozen and thawed plasma provide equiv-

alent hemostasis in the setting of multiple 

coagulation factor deficiency (Benjamin and 

McLaughlin 2012).

Cryoprecipitate is indicated only in situations 

where fibrinogen is low, e.g., DIC, traumatic 

coagulopathy, and obstetric hemorrhage, or when 

a specific factor concentrate (e.g., FXIII) is 

unavailable.

% Coagulation factors

100

50

D

B

C

A

Zone of normal
hemostasis
(physiologocal
reserve)

%

30

0
PT (sec) 12

1.0
13 15.5 19 21.8 24 30

3.0
32

2.21.7 2.01.3INR

Fig. 1 Theoretical relationship 

between concentration of coagulation 

factors and PT/INR. Based on the 

experience with single factor 

deficiencies, coagulation proceeds 

normally until the concentration of 

factors drops below 30 % (A), when 

INR starts to exceed 1.7. Note that 

abnormal clotting times can occur 

while the levels of clotting factors are 

roughly 40 % (C), 50 % (B), or even 

80 % (D), well within the zone of 

adequate hemostasis. Hence a slightly 

prolonged PT/INR does not 

necessarily predict perioperative 

bleeding, and transfusion of plasma 

may only partially correct an elevated 

PT/INR (Reprinted from Yazer (2010) 

with permission from Yazer M)
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Question 8. Two units of thawed plasma were 

transfused against the recommendation of the con-

sulting physician. Thirty minutes after transfusion, 

the patient complained of increasing shortness of 

breath which was unresponsive to diuresis with 

furosemide; he was treated with nebulized alb-

uterol, but experienced progressive dyspnea fol-

lowed by dizziness. He then became pulseless and 

unresponsive, requiring CPR and intubation. He 

was transferred to the ICU. Posttransfusion CXR 

revealed diffuse bilateral pulmonary infiltrates; 

echocardiogram revealed. It is more consistent 

with TRALI if right-heart pressures and pulmo-

nary arteries are normal.

What is your diagnosis?

 A. Transfusion-associated volume overload 

(TACO)

 B. Transfusion-related acute lung injury (TRALI)

Expert Clinical Perspective: This patient most 

likely suffered from transfusion-associated-lung 

injury (TRALI), the second most common cause 

of transfusion-related fatality. TRALI is not com-

pletely understood, but is thought to be due to the 

interaction of HLA or human neutrophil (HNA) 

antibodies and granulocytes with cognate anti-

gens in the recipient’s pulmonary vasculature. 

Criteria for the diagnosis of TRALI include (1) 

the acute onset of symptoms, (2) bilateral pulmo-

nary infiltrates evident on frontal chest radio-

graph, (3) PA pressures <18 mmHg and the lack 

of other clinical evidence of left atrial hyperten-

sion, and (4) hypoxemia, defined by a PaO2/FiO2 

ratio <300 for ALI or <200 for ARDS (Goldman 

et al. 2005).

Most commonly, the causative agents are 

HLA antibodies derived from donor plasma; 

multiparous females are most likely to develop 

HLA antibodies. One of the TRALI mitigation 

strategies mandated in the 29th edition of the 

AABB standards stipulates that plasma for allo-

geneic transfusion “shall be from males, females 

who have not been pregnant, or females who 

have been tested since their most recent preg-

nancy and results interpreted as negative for HLA 

antibodies.”

That being said, a small number of untrans-

fused males develop HLA or HNA antibodies, 

and anti-HNA3, which would not be detected 

by HLA antibody assays, is associated with 

severe, often fatal episodes of TRALI (Storch 

et al. 2014). Therefore, it should always be 

remembered that plasma transfusions are not 

without risk and should only be used when 

indicated.

TRALI may be distinguished from TACO and 

cardiogenic pulmonary edema by the absence of 

signs of circulatory overload such as a normal 

central venous pressure and normal pulmonary 

capillary wedge pressure. Clinical response to 

diuretics also suggests a diagnosis of TACO 

rather than TRALI. An assessment of patient vol-

ume status before transfusion is warranted.

 Case 5: Granulocyte Support 
in Aplastic Anemia

A 25-year-old Caucasian male with newly 

 diagnosed severe aplastic anemia is started on 

standard immunotherapy with cyclosporine and 

anti-thymocyte globulin (ATG). Meanwhile, he 

develops profound neutropenia, fever, and new 

multifocal pulmonary opacities on chest CT sug-

gestive of fungal infection. He is started on IV 

voriconazole. Granulocyte infusions are requested 

for this patient in the setting of profound neutro-

penia and bacteremia/fungal infection.

Pertinent Laboratory Data:

Hb  

(g/dL)

Hct (%) WBC 

(109/L)

ANC 

(109/L)

Plt 

(109/L)

8.3 23.5 0.79 0.01 21

Question 9. How appropriate is this request?

 A. Appropriate, transfuse granulocytes 

immediately.

 B. Inappropriate, continue treatment with stan-

dard antifungal therapy.

 C. Appropriate, consider granulocyte transfu-

sion if no response to therapy.

 D. Inappropriate, it is too late for granulocyte 

transfusions.
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Expert Clinical Perspective: Granulocyte 

transfusion may be considered if (1) the patient is 

profoundly neutropenic and (2) has failed appro-

priate antimicrobial therapy and (3) marrow 

recovery is expected (Quillen et al. 2009).

Logistically, obtaining granulocytes for trans-

fusion takes some time to coordinate with the 

donor center, since granulocytes are collected by 

donor stimulation (with G-CSF, corticosteroids 

or both) followed by apheresis. Siblings or par-

ents may be used as granulocyte donors, but 

should be avoided if they are to be HSCT donors 

to prevent the formation of donor-specific anti-

bodies before transplant.

Fever, chills, dyspnea, CMV transmission, 

and HLA alloimmunization are more likely to 

occur with granulocyte transfusions than with 

other components. Granulocytes must be irradi-

ated to prevent TA-GVHD, but they are never to 

be infused through a leukoreduction filter. 

Because granulocytes expire 24-h post- 

collection, time does not permit the completion 

of routine testing for agents of transfusion-

transmitted infection before the product is 

issued to a patient. However, granulocyte donors 

are often screened for transfusion-transmitted 

infectious agents within 30 days prior to 

collection.

Question 10. The above patient proves refrac-

tory to immunotherapy and goes on to receive a 

matched unrelated donor peripheral blood stem 

cell transplant (MUD PBSCT). The recipient is 

A, RhD positive, and the donor is O, RhD posi-

tive. On day 7 post-infusion, he becomes febrile 

(39.6 C), with altered mental status; hemoglobin 

drops from 9.8 to 3.8 g/dL), with oxygen desatu-

ration to 83 % O2 sat on 3 L NC. He was trans-

ferred to the ICU and uses 6 RBC group O red 

cell products in 24 h.

Pertinent laboratory results:

Hb (g/dL) 3.8 g/dL

LDH 875 U/L

Bili T 3.0 mg/dL

A type and screen sent to the blood bank 

showed mixed field pattern on the front/forward 

type with acute drop in circulating A+ RBCs 

compared to previous samples.

DAT + (IgG and C3)

Eluate demonstrated anti-A on the surface of 

his red cells.

What is your diagnosis?

 A. Acute hemolytic transfusion reaction

 B. Posttransplant autoimmune hemolytic anemia

 C. Passenger lymphocyte syndrome

 D. Pure red cell aplasia/delayed engraftment

Expert Clinical Perspective: This is an exam-

ple of passenger lymphocyte syndrome (PLS), a 

rare but potentially fatal complication of minor 

ABO-incompatible transplants which usually 

occur 4–14 days posttransplant. Circulating 

donor B-lymphocyte-derived anti-A isohemag-

glutinins bind to recipient native red cells, caus-

ing hemolysis. Most cases are mild, but brisk 

hemolysis, profound anemia, and death can occur 

(Daniel-Johnson and Schwartz 2011).

As a prophylactic measure, maintaining a 

hemoglobin of 9–10 g/dL is warranted in the 

2 weeks after a minor ABO-mismatched trans-

plant. Close monitoring of the patient’s hemoglo-

bin and aggressive transfusion with donor 

compatible blood as necessary can prevent cata-

strophic anemia from occurring.

Management also includes fluid replacement 

to maintain renal function and correction of any 

resultant coagulopathies. Hemolysis lasts 

5–10 days until recipient RBCs are destroyed; the 

event is self-limiting and immunosuppressive 

therapy not necessary. Antibody titers persist 

until passenger lymphocytes reach the end of 

their lifespan. Passenger lymphocytes do not 

engraft.

Posttransplant autoimmune hemolytic anemia 

is caused by autoantibody bound to red cells, not 

donor-derived isohemaglutinins. Pure red cell 

aplasia (PRCA) occurs in the context of major 

ABO-incompatible transplant, due to recipient 

ABO isohemaglutinins binding to erythroid pre-

cursors produced by the graft. PRCA is charac-

terized by marrow failure rather than hemolysis 

and occurs later in the transplant course 

(3 months).
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Answers

Question 1. B

Question 2. B or C

Question 3. A

Question 4. C

Question 5. B (with A, C, or D)

Question 6. B and D

Question 7. C

Question 8. B

Question 9. C

Question 10. C
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         Introduction 

 Many patients with hematological disorders rely 
on blood transfusion at some point in the course 
of their treatment. Additionally, these patients 
may require modifi cations to blood products to 
prevent alloimmunization or complications from 
iatrogenic immunosuppression. Occasionally, 
these patients may become transfusion dependent 
for a period of time, if not indefi nitely, and thus 
are at increased risk for experiencing complica-
tions. The case scenarios in this chapter will help 
the reader develop a better understanding on how 
to select platelet (PLT) products, manage transfu-
sions in patients with sickle cell disease, and dis-
cuss some of the newest literature from 
randomized controlled trials on the red blood cell 
(RBC) (Table  1 ).

       Case 1: Review of ABO 
Compatibility for PLT Transfusion 
in Adults and Management 
of Platelet Refractoriness 

 A 42-year-old male with acute myelogenous leu-
kemia (AML) presented for induction therapy. 
Shortly after induction, the patient became pancy-
topenic and transfusion dependent. The patient 
was blood type A negative. He had been receiving 
ABO type-specifi c platelets (i.e., group A) every 
3–4 days to keep his platelet count above 
10 × 10 9 /L. This morning his platelet count was 
6 × 10 9 /L and he was having some minor epistaxis. 
The hematologist ordered a unit of single donor 
platelets (SDP) for the patient, but the only avail-
able SDP were an O− or an A+ SDP. 

  Question 1.      Which of the two units available 
(O− or A+ SDP) should the clinician choose or 
should they wait for type-specifi c platelets to 
be available? (Select all correct answers.) 

    A.    O− SDP, if titer of anti-A and anti-B are low.   
   B.    A+ SDP (Note: the patient is Rh negative).   
   C.    Wait for type-specifi c platelets (A–) to 

become available as the patient is only expe-
riencing minor bleeding.    

    Expert Perspective:     Before a discussion of 
selecting ABO groups for platelet transfusion, it 
is important to understand the different types of 
platelet products that are available. A therapeutic 
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dose of platelets can be collected through an 
apheresis procedure from a single donor or 
through a process in which multiple platelet frac-
tions from several whole blood donations are 
pooled together. The former are termed “aphere-
sis platelets” although they are also known as 
“single donor platelets” due to the method by 
which they are collected; the latter are known as 
“whole blood-derived platelets” (WBDP) or 
“random donor platelets.” Both types of platelets 
are stored at room temperature with a shelf life 
limited to 5 days due to the risk of bacterial 
growth and potentially a septic transfusion reac-
tion. Due to this short shelf life, shortages of 
PLTs are frequent, especially for certain ABO 
blood types.  

 The potential issue for this patient is that an 
ABO-mismatched transfusion is being consid-
ered. There are two types of ABO mismatches 
that are possible. In this situation, an ABO minor 
mismatch would occur if the group O PLT was 
transfused to the group A recipient. A minor ABO 
mismatch occurs when the donor has isohemag-
glutinins against the recipient’s A or B antigens 
(or both). A minor mismatch might cause hemo-
lysis during or after the transfusion if the titer of 
the donor’s anti-A and/or anti-B antibodies are 
high. However, “high titer” is a relative term and 
there is no absolute titer above which a hemolytic 
reaction is guaranteed to occur. In fact, anti-A and 
anti-B titers can vary between donors and even 

over time in the same donor depending on envi-
ronmental factors including their diet. The method 
by which the titer is performed can also infl uence 
the result – there is no currently accepted refer-
ence method by which anti-A and anti-B antibod-
ies are titered or whether the result should include 
reporting the IgM and/or IgG antibody isotype. 
Thus it is often diffi cult to compare the reported 
titers between studies (Josephson et al.  2004 ; 
Karafi n et al.  2012 ; Cooling et al.  2008 ). 
Nevertheless, the incidence of hemolytic transfu-
sion reactions related to minor mismatches is 
uncommon (Menis et al.  2012 ), possibly due to 
the dilution or neutralization of donor antibodies 
once they have been transfused. At the author’s 
institution, the anti-A and anti-B antibodies from 
group O SDPs are titered and reported as being 
high titer if either or both exceeds 100. High-titer 
units are transfused to O recipients only, whereas 
non- high- titer group O PLTs can be used indis-
criminately (Cid et al.  2013 ). 

 Conversely, a major ABO mismatch occurs 
when a recipient has isohemagglutinins against 
the PLT donor’s A or B antigens. If coated with 
antibody, opsonized platelets may be cleared 
from the circulation quickly, which might 
decrease the effectiveness of the transfusion. 
However, the PLADO (platelet dose) study has 
recently demonstrated that while ABO major- 
mismatched PLT transfusions led to signifi cantly 
lower posttransfusion platelet increments 
 compared to ABO identical platelet transfusions, 

   Table 1    Red cell storage age and clinical outcome   

 Study  Study design  Storage duration  Clinical setting 
 No. of 
patients  Outcome 

 ARIPI a   Prospectively 
randomized 
multicenter 

 <7 days vs. 
standard of 
care 

 Premature 
infants 

 377  No difference for 
mortality 
 No difference for rate 
of complications 

 RECESS b   Prospectively 
randomized 
multicenter 

 ≤10 vs. 
≥21 days 

 Cardiac surgery  1098  No difference for 
changes in MODS, 
adverse events, or 
28-day mortality rate 

 ABLE c   Prospectively 
randomized 
multicenter 

 <8 days vs. 
standard of 
care 

 ICU (on MV)  2420  No difference for 
mortality 

   a Fergusson et al. ( 2012 ) 
  b Steiner et al. ( 2015 ) 
  c Lacroix et al. ( 2015 )  
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there was no difference in minor and major 
 bleeding events in hospitalized hematology/
oncology patients between recipients of major 
mismatched or ABO identical PLTs (Triulzi et al. 
 2012 ). Additionally, a secondary analysis of the 
data collected during PLADO showed that only 
the administered PLT dose, not the platelet type 
(WBP or SDP) or the ABO matching status, was 
statistically associated with a higher rate of 
transfusion- associated adverse events (Kaufman 
et al.  2015 ). 

 Platelets do not express the D antigen; how-
ever, there is a small amount of RBC contamina-
tion in platelet products. In both WBP and SDP, 
the RBC contamination is on the order of a frac-
tion of a mililiter (ADAPT study, Cid et al.  2015 ). 
Nevertheless, this small quantity of RBCs can be 
suffi cient to cause alloimmunization in a D- 
recipient. In the largest multicenter study per-
formed to date on the topic of D alloimmuniza-
tion in D- recipients following D+ PLT 
transfusion, it was determined that the frequency 
of anti-D alloimmunization was 1.44 % (ADAPT 
study, Cid et al.  2015 ). This study included D- 
recipients of D+ PLTs with many different diag-
noses, not just hematology/oncology patients, 
where the rate of D alloimmunization has been 
shown in some studies to be even lower. Despite 
this overall low alloimmunization rate, it is rec-
ommended that D- platelet products be trans-
fused to D- women of childbearing age to prevent 
the development of anti-D, which could result in 
hemolytic disease of the fetus and newborn 
(HDFN). If D- platelets are not available and D+ 
PLTs must be transfused due to clinical urgency, 
RhIg should be administered. A standard dose of 
RhIg is 300 μg (1500 IU). This dose is suffi cient 
to neutralize up to 15 mL of packed RBCs, which 
represents many doses of PLTs. 

  Question 2.     After a few weeks of platelet trans-
fusions, the patient stopped demonstrating the 

expected posttransfusion PLT increment. His 
 clinicians began to wonder if the patient was 
becoming refractory to the transfusions. 
Clinically the patient was not bleeding, febrile, or 
septic. Thus, 1 h following the most recent PLT 
transfusion, a PLT count was drawn. The patient’s 
PLT count was 9 × 10 9 /L prior to transfusion, 
12 × 10 9 /L one hour post transfusion, and 7 × 10 9 /L 
24 h post transfusion. Thus, the physicians con-
cluded that the patient was refractory to PLTs and 
called the blood bank to explore their manage-
ment options. 

  The use of crossmatched platelets versus 
randomly selected platelets in patients with 
antibody-mediated platelet refractoriness 
have been shown to do which of the following? 
(Mark all correct answers.) 

    A.    Reduce mortality   
   B.    Increase platelet increments   
   C.    Reduce hemorrhage    

    Expert Perspective:     Platelet refractoriness is 
defi ned as a failure to achieve the expected post-
transfusion platelet count increase. Refractoriness 
can be due to immune or nonimmune causes. In 
addition to simply measuring a posttransfusion 
increment, a corrected count increment (CCI) can 
also be calculated following a PLT transfusion. 
The advantage of a CCI is that it accounts for the 
patient’s blood volume using body surface area 
as a surrogate and the number of PLTs transfused 
(see Fig.  1 ). Patients with a one-hour posttransfu-
sion CCI of <5000–7500 on two consecutive 
transfusions are considered refractory (Technical 
Manual 18th Edition). However, a low CCI does 
not indicate the mechanism of refractoriness – 
this must be determined clinically and perhaps 
with other laboratory testing.

    Contrary to popular belief, nonimmune etiolo-
gies for poor CCIs are far more common than 

CCI=(CI X BSA)/unit content (X 1011)
                          CI=count increment=(posttransfusion count - pretransfusion count), BSA= Body Surface Area (m2),
        Unit content= (platelet count in unit X volume of unit)

  Fig. 1    Corrected count increment (CCI) calculation       
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immune-mediated PLT refractoriness. Some 
common etiologies of the former include ongo-
ing coagulopathy or bleeding, fever, sepsis, or 
splenic sequestration. It is also important to 
remember that PLTs have a volume of distribu-
tion that is greater than the patient’s blood vol-
ume; thus overweight patients should receive a 
dose of PLTs commensurate with their weight. 
Lower doses of PLTs might be hemostatic in 
these patients, but will not yield many “spare” 
PLTs to be counted, and so the patient will appear 
to be refractory due to low posttransfusion 
 increments. Thus, before a potentially expensive 
investigation into immune-mediated causes of 
refractoriness is undertaken, it is imperative to 
exclude these more common clinical causes of 
refractoriness. Immune-mediated platelet refrac-
toriness is primarily caused by antibodies directed 
against class I HLA-A and HLA-B loci on the 
PLTs. Rarely are antibodies directed specifi cally 
against PLT antigens (HPA (human platelet anti-
gens)) solely responsible for immune-mediated 
refractoriness (Yankee et al.  1973 ; Hogge et al. 
 1983 ). The tissue typing laboratory can perform a 
panel reactive antibody test to determine if the 
recipient has produced anti-HLA antibodies. 
Testing for PLT-specifi c antibodies can require a 
specialized reference laboratory. 

 Management of the refractory patient 
depends on the etiology of their refractoriness. 
For most of the nonimmune causes of refractori-
ness, the simple solution is to administer a larger 
dose of PLTs. If the patient is bleeding, then 
supplementing their PLT transfusion with an 
antifi brinolytic drug such as epsilon-aminoca-
proic acid can also be a safe and effective hemo-
static adjunct. HLA- sensitized recipients can 
benefi t from the provision of PLTs from HLA-
matched donors, although the HLA system is 
complex, and antibodies can cross-react with 
different HLA antigens. Thus, there are various 
qualities of HLA matches that depend on the 
number and type of antigen mismatches between 
donor and recipient. An alternative to HLA-
matched PLTs is to crossmatch the PLTs with 
the recipient’s plasma in an attempt to fi nd units 
that are compatible. A recent systematic review 
concluded that crossmatch- compatible PLTs led 

to a higher posttransfusion increment compared 
to nonmatched PLTs in patients with hypopro-
liferative thrombocytopenia. However, there 
was not enough data to draw conclusions about 
the effect on mortality or bleeding (Vassallo 
et al.  2014 ). The only prospective study compar-
ing HLA-matched platelets to crossmatching 
found that HLA-identical matches had higher 
one-hour increments (Moroff et al.  1992 ).  

    Case 2: Review of Blood Transfusion 
Strategies to Mitigate 
Alloimmunization and Delayed 
Hemolytic Reactions (DHTR) 
in Sickle Cell Disease (SCD) Patients 

 An 8-year-old African American female with SCD 
presented to the emergency room with tachypnea, 
dyspnea, and cough for 10 days. The chest X-ray 
showed bilateral infi ltrates. Vital signs in the ER 
were pulse 95 bpm, blood pressure (BP) 
105/85 mmHg, the temperature 38.6 °C, respira-
tory rate 38 breaths per minute, and O 2  saturation 
85 % on room air, and she required 4 L of oxygen 
by nasal cannula to maintain her saturation >92 %. 
CBC: hemoglobin (Hgb) and hematocrit (Hct) 
were 7 g/dL and 23 %, respectively. Her white 
blood cell count (WBC) was 17 × 10 9 /L and platelet 
count 194 × 10 9 /L. Her Hgb and Hct from 2 months 
prior were 11 g/dL and 34 %, respectively. She was 
diagnosed with acute chest syndrome. Due to her 
hypoxemia, she was given antibiotic prophylaxis 
and an exchange transfusion was ordered. Her par-
ents indicated that she had been multiply transfused 
at other hospitals. She received a 5-unit RBC 
exchange transfusion without event, which were 
matched to her Rh and Kell antigen phenotype to 
prevent alloimmunization. Her posttransfusion 
hemoglobin was 9.5  g/dL. 

 She was discharged 7 days later but returned 
to her pediatrician 9 days after her transfusion 
reporting dark red urine and fatigue. Her blood 
work revealed anemia (Hgb/Hct: 5 g/dL/14 %), 
elevated lactate dehydrogenase (LDH), and ele-
vated total serum bilirubin. A type and screen 
was performed and demonstrated a newly formed 
antibody. Her direct antiglobulin test (DAT) was 
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positive for IgG only and an eluate showed anti-
Jk a . Additionally, as part of the workup for the 
anti-Jka, the reference lab performed a red cell 
genotype. 

  Question 3.      What is the most likely cause of 
the signs and symptoms that made her visit 
her pediatrician following the transfusion? 

    A.    Intravascular hemolysis due to naturally 
occurring RBC antibody   

   B.    Extravascular hemolysis due to an anamnes-
tic RBC antibody   

   C.    Bacterial contamination of the transfused prod-
uct resulting in a septic transfusion reaction   

   D.    Mechanical hemolysis as a result of transfus-
ing blood and antibiotics through the same IV   

   E.    Drug-induced hemolytic anemia due to 
antibiotics    

    Expert Perspective:     Hemolytic transfusion 
reactions (HTRs) are adverse events caused by 
antibodies binding to their target on transfused 
RBCs and causing their destruction. Acute 
hemolytic reactions (AHTR) occur within 24 h 
of the transfusion and are caused by preformed 
antibodies that bind to and destroy the trans-
fused antibodies almost immediately after they 
have been transfused (Davenport  2012 ). Data 
from the United Kingdom’s serious hazards of 
transfusion (SHOT) biovigilance database from 
2005 to 2010 (reviewed in Popovsky Transfusion 
reactions 2012) showed that nearly 80 % of 
AHTRs reported were caused by antibodies to 
antigens other than those in the ABO system. 
Delayed hemolytic reactions (DHTR) occur 
>24 h following the transfusion and are typi-
cally caused by anamnestic antibody reactions, 
i.e., an RBC antibody whose titer had decreased 
below the level of detection of the method used 
to perform the antibody screen, can increase fol-
lowing a second exposure to RBCs containing 
that antigen. This increase can occur over days 
or weeks and lead to the destruction of any 
remaining transfused cells, as occurred to the 
patient in this case study. Occasionally, new 
alloantibodies formed in a primary immune 
response to an RBC antigen can lead to a DHTR.  

 Alloimmunization mitigation in the transfu-
sion management of SCD is quite variable among 
institutions. The prevalence of RBC alloimmuni-
zation after at least one red cell transfusion ranges 
from 7 to 30 % (Vichinsky et al.  1990 ; Miller et 
al.  2013 ). At the author’s institution, the pattern 
of RBC antigens (i.e., those that are present and 
absent) in a SCD patient is determined on their 
fi rst encounter. This pattern of antigens is known 
as an RBC phenotype (Harm et al.  2014 ). SCD 
patients who have not produced an RBC antibody 
receive RBCs matched to their Rh and Kell phe-
notypes. Once a patient becomes alloimmunized, 
antigen-negative red cells are provided, and every 
effort is made to match the donor’s RBC pheno-
type to that of the recipients in order to minimize 
exposure to foreign antigens. Matching donor 
and recipient RBC phenotypes has been shown to 
reduce alloimmunization (Lasalle-Williams et al. 
 2011 ), and using genetic techniques to facilitate 
donor and recipient matching is becoming more 
mainstream (Wilkinson et al.  2012 ; Klapper et al. 
 2010 ).  

    Case 3: Review of Transfusion- 
Related Acute Lung Injury (TRALI) 
and Transfusion-Associated 
Circulatory Overload (TACO) 

 A sixty-fi ve-year-old male with a history of 
hypertension controlled with medications, angio-
plasty for coronary artery disease, and arthritis 
presents for a hip replacement surgery. His daily 
medications include low-dose aspirin, beta 
blocker, and a statin. He is a nonsmoker. He is 
blood type A+ with a negative antibody screen. 
His surgery was largely uncomplicated; however, 
his postoperative platelet count was 197 × 10 9 /L, 
and his surgeon wondered if his platelets were 
not adequately functional. Due to ongoing oozing 
from the wound, the physician decided to trans-
fuse one unit of apheresis platelets. 

 Thirty minutes into the transfusion, the patient 
became hypoxic and dyspneic. His O 2  saturation 
dropped to 90 % on room air. The transfusion was 
stopped and a chest X-ray was performed. The 
chest X-ray showed bilateral pulmonary edema. 
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Furosemide was immediately administered; how-
ever there was no clinical improvement in his 
respiratory function. The patient continued to 
decompensate and was fi nally intubated and 
mechanically ventilated. The 36 h following the 
transfusion, the CXR showed a decrease in edema 
and the patient was able to be extubated 
uneventfully. 

  Question 4.      Based on these signs and symp-
toms, which is the most likely clinical diagnosis? 

    A.    Transfusion-associated cardiovascular overload   
   B.    Transfusion-related acute lung injury   
   C.    Allergic reaction   
   D.    Acute hemolytic reaction    

    Question 5.      Which of the following donors 
has the highest risk for causing TRALI? 

    A.    A female with one previous pregnancy   
   B.    A male with a previous blood transfusion 

history   
   C.    A man or female with a previous organ 

transplant   
   D.    A multiparous female    

    Question 6.      Prior to the implementation of 
donor TRALI risk mitigation strategies, which 
blood component was most commonly impli-
cated in causing TRALI? 

    A.    Plasma   
   B.    Cryoprecipitate   
   C.    Whole blood-derived platelets   
   D.    Packed red blood cell   
   E.    Whole blood    

    Expert Perspective:     TRALI is an adverse event 
caused by the transfusion of bioactivators present 
in blood components and manifested by non- 
cardiogenic pulmonary edema resulting in dys-
pnea and typically profound hypoxia. Its 
incidence has recently been reported to be 
1:12,000 blood components (Toy et al.  2012 ). 
TRALI is the leading cause of transfusion-related 
mortality reported to the FDA (72/190 (38 %) 
reported fatalities to FDA from 2009 to 2013). It 
is a clinicopathological diagnosis. A patient 

without previous acute lung injury who develops 
bilateral pulmonary edema within 6 h of transfu-
sion and has no signs of cardiogenic edema (i.e., 
left atrial hypertension, a newly increased BNP, 
and/or a lack of response to appropriate doses of 
diuretics) might be experiencing a TRALI.  

 The exact etiological mechanism by which 
TRALI occurs is unknown. However, HLA anti-
bodies that are found in high plasma volume 
blood products are commonly implicated as the 
causative agent in TRALI cases (Middelburg et 
al.  2008 ; Bux and Sachs  2007 ). Multiparous 
females have a much higher prevalence of HLA 
antibodies than male donors or nulliparous 
females (Triulzi et al.  2009 ). Thus the current 
TRALI mitigation strategy, which was recom-
mended by the AABB in 2007 and mandated in 
April 2014, involves identifying multiparous 
females and excluding them from donating high 
plasma volume products either on spec or if they 
are shown to have HLA antibodies. This strategy 
has been successful in reducing reported TRALI 
cases (Eder et al.  2013 ; Müller et al.  2015 ). 

 The second most commonly reported cause of 
transfusion-related fatality to the FDA from 2009 
to 2013 was TACO comprising 24 % of cases. 
TACO, while  appearing  clinically similar to 
TRALI, is primarily a result of circulatory over-
load due to a rate of infusion and/or a quantity of 
transfusion that overwhelms the recipient’s abil-
ity to compensate for the increased intravascular 
volume. There is no minimum volume of trans-
fused blood products that can lead to TACO; even 
younger patients who receive modest amounts of 
blood products can experience this reaction if 
they have other risk factors or are transfused rap-
idly. Recent prospective studies have demon-
strated that the prevalence of TACO is much 
higher than historically reported (1:68–356 units 
of plasma transfused) and is frequently underre-
ported (Narick et al.  2012 ; Rana et al.  2006 ). 
Other predictors may include a history of CHF, 
preexisting left ventricular dysfunction (Li et al. 
 2011 ) and renal failure, in particular if the recipi-
ent requires dialysis. Signs of left heart strain and 
volume overload may help differentiate TRALI 
from TACO, and an elevated B-type naturitic 
peptide can indicate patients both at risk of TACO 
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and those who have experienced this reaction. An 
improvement in the recipient’s breathing follow-
ing diuretic use, administered cautiously in a 
patient with unstable blood pressure, can be both 
diagnostic and therapeutic.  

    Case 4: Review of Red Blood Cell 
age and Clinical Outcome 

  Question 7.     A 57-year-old male with CAD 
presents today for his CABG surgery. The anes-
thesiologist is consenting him for the procedure 
and possible blood transfusion when the patient 
asks, “Is blood transfusion safe?” The patient 
states that he is aware that infectious disease 
risks such as hepatitis C and HIV have been 
greatly minimized but remembers hearing 
something about the deleterious effects of “old 
blood.” 

  Is there a clinically important difference 
between the effect of shorter storage age RBCs 
vs. longer storage age RBC on clinical out-
come and mortality risk in premature neo-
nates, cardiac surgery, and ICU patients?   

  Expert Perspective:     Some observational stud-
ies have suggested that patients who received 
“older” RBCs, typically >14 days old, experi-
enced more adverse events and increased mortal-
ity compared to patients transfused with fresher 
RBCs. Recently three randomized, controlled 
clinical trials that analyzed the frequency of 
adverse events in patients transfused with fresh 
vs. older RBCs have concluded. These studies 
include the red cell storage duration study 
(RECESS) in cardiac surgery patients, the age of 
red blood cells in premature infants (ARIPI), and 
the age of blood study (ABLE) in ICU patients.  

 RECESS is a US, multicenter, partially 
blinded, randomized clinical trial (RCT) which 
sought to evaluate clinical outcomes in patients 
receiving RBCS stored for either ≤10 days or 
≥21 days while undergoing complex cardiac sur-
gery. The primary outcome was a change in mul-
tiple organ dysfunction score (MODS, a predictor 
of mortality) starting before surgery and going 
through day 7, death, or discharge. There were 

1098 evaluable patients. The study found that 
RBC storage duration was not signifi cantly asso-
ciated with a 7-day change in MODS, serious 
adverse events, or 28-day all-cause mortality 
(Steiner et al.  2015 ). 

 ARIPI is a Canadian, multicentered, random-
ized study of premature neonates (Fergusson 
et al.  2012 ) that evaluated the impact of the trans-
fusion of RBCs that were <7 days old against 
RBCs issued according to the standard of care. 
The primary outcome was a composite score of 
necrotizing enterocolitis (NEC), retinopathy of 
prematurity (ROP), bronchopulmonary dysplasia 
(BPD), intraventricular hemorrhage (IVH), and 
death. There was no statistically signifi cant dif-
ference in the primary outcome between the neo-
nates who received fresh RBCs (mean storage 
age 5.1 days) and those who received RBCs 
issued according to the standard of care (mean 
storage age 14.6 days). 

 ABLE is another multicenter, RCT per-
formed in centers around the world that investi-
gated the effect of stored blood in critically ill 
patients (≤8 days old versus RBCs issued 
according to the standard of care) (Lacroix et al. 
 2015 ). The primary endpoint was a 90-day mor-
tality, and there was no difference in recipient 
outcomes between those who received the 
fresher units compared to those who received 
the older units. 

 When the confounding that led the observa-
tional studies to conclude that older RBCs have 
deleterious adverse effects on the recipients was 
removed by randomization, no such effects were 
detected. Thus the current blood bank issuing 
practice of “fi rst in fi rst out,” akin to the way 
supermarkets manage perishable foodstuffs, does 
not appear to be harmful to recipients.  

 Controversies 

•     Hemolytic transfusion reactions related 
to ABO minor-mismatched platelets are 
uncommon.  

•   Apheresis PLTs are not superior to 
whole blood PLTs in terms of prevent-
ing bleeding.  
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  Answers 

    Question 1. A and B  
  Question 2. B  
  Question 3. B  
  Question 4. B  
  Question 5. D  
  Question 6. A  
  Question 7. No         
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      Therapeutic Apheresis 
in Hematologic Disorders: 
When and Why?                      

     Kamille     A.     West       and     Susan     F.     Leitman     

         Introduction 

 Therapeutic apheresis refers to a group of related 
interventions characterized by the use of extra-
corporeal blood separation in the treatment of 
disease. The establishment of therapeutic apher-
esis in modern transfusion practice is due in large 
part to technological advances such as automa-
tion and optimization of equipment and to the 
formalization of evidence-based guidelines for 
appropriate use. 

 Applications of therapeutic apheresis are 
cross-disciplinary and include renal, neurologi-
cal, dermatologic, oncologic, and hematologic 
disorders. Apheresis has also become an impor-
tant facilitator in the expanding world of hemato-
poietic progenitor cell (HPC) transplantation and 
cellular therapies. 

 The decision to embark on a course of thera-
peutic apheresis is not always straightforward and 
depends both on the presence of an appropriate 
indication and the suitability of the patient to 

undergo the procedure. Furthermore, because the 
procedures are complex, requiring specially 
trained staff and expensive equipment, the logisti-
cal arrangement of apheresis procedures requires 
planning and consideration of multiple factors. 

 In this chapter, we will discuss clinical vignettes 
that highlight the issues that must be considered 
when deciding when and why to employ therapeu-
tic apheresis in hematologic disorders.  

    Case 1: Hemolysis and Renal Failure 
After Hematopoietic Progenitor 
Cell Transplantation 

 A 25-year-old Hispanic male with myeloid sar-
coma in remission after chemotherapy underwent 
peripheral blood hematopoietic cell transplantation 
(HCT) with the use of an HLA-identical  sibling 
donor. The recipient’s ABO/Rh type is  B, RhD 
positive; his sibling donor is O, RhD positive. He 
received a preparative regimen of fl udarabine, 
cyclophosphamide, and total body irradiation, 
with cyclosporine for graft-versus- host disease 
(GvHD) prophylaxis. 

 His posttransplant course is complicated by 
CMV and HHV6 reactivation and subsequent 
graft failure. He develops worsening anemia and 
oliguric renal impairment requiring dialysis. On 
day+25 posttransplant, workup reveals rising 
LDH and total bilirubin, undetectable 
 haptoglobin, and pancytopenia requiring red cell 
and platelet transfusions almost daily. There is no 
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evidence of bleeding. Peripheral blood smear 
reveals many schistocytes; coagulation indices 
are normal. Von Willebrand factor-cleaving pro-
tease (ADAM-TS 13) level is 46 %. Direct anti-
globulin test (DAT) is negative. 

  Pertinent laboratory indices :

 Day 0 
 Day+25 
posttransplant 

 Reference 
ranges 

 Hemoglobin 
(g/dL) 

 10.4  7.2  13.5–17.5 

 WBC (K/uL)  0.40  0.03  4.0–10.0 

 Platelets (K/uL)  51  13  150–400 

 BUN (mg/dL)  11  139  6–20 

 Creatinine (mg/dL)  0.74  4.88  0.67–1.17 

 AST (U/L)  10  84  0–40 

 Total bilirubin 
(mg/dL) 

 0.6  5.9  0.0–1.2 

 Direct bilirubin 
(mg/dL) 

 <0.2  1.7  0.0–0.3 

 Haptoglobin 
(mg/dL) 

 NT  <10  30–200 

 LDH (U/L)  125  1698  113–226 

 ADAM-TS 13  NT  46 %  38–162 % 

   * NT  not tested 

  Question 1.      What is the most likely diagnosis? 

    A.    Passenger lymphocyte syndrome   
   B.    Thrombotic thrombocytopenic purpura   
   C.    Transplant-associated thrombotic 

microangiopathy   
   D.    Atypical hemolytic uremic syndrome    

    Expert Clinical Perspective:     In this patient, 
there is laboratory evidence of active hemolysis 
and renal impairment on a background of graft 
failure without autologous marrow reconstitution. 
Passenger lymphocyte syndrome (PLS), caused by 
donor-derived isohemagglutinins leading to hemo-
lysis of recipient red cells, is a reasonable consid-
eration, as this is a minor ABO-incompatible 
HCT. However, in PLS the DAT is generally posi-
tive and donor-derived antibody (in this case, anti-
B) would be eluted from circulating red cells.  

 The coexistence of schistocytes, thrombocyto-
penia, and renal impairment suggests a microan-

giopathic hemolytic anemia rather than immune 
red cell destruction. Normal ADAM-TS 13 levels 
speak against TTP. Atypical HUS is usually a 
chronic disorder due to abnormalities of comple-
ment associated with a number of genetic muta-
tions; the disease generally manifests in early 
childhood and would be unlikely in this case. 

 This constellation of clinical fi ndings is best 
attributed to transplant-associated thrombotic 
microangiopathy (TA-TMA). TA-TMA is more 
common after allogeneic HCT, but also occurs in 
the autologous setting; the reported prevalence 
varies widely, refl ecting disparities in awareness 
as well as diagnostic diffi culty. 

 TA-TMA is of unclear etiology but is thought 
to be due to endothelial damage and activation 
and is frequently seen alongside other HCT com-
plications such as infections and GvHD. It is pos-
sible that TA-TMA represents the fi nal pathway 
of endothelial injury secondary to multiple 
causes. Furthermore, the diagnosis is often con-
founded by renal injury from underlying disease 
or medications. 

 An autopsy study (Siami et al.  2008 ) showed 
that although the renal fi ndings are very similar 
to those of TTP or HUS, TA-TMA is distinct in 
that the kidney is often the only affected site. 
Because renal biopsy may be risky in this popula-
tion, noninvasive diagnostic criteria were devel-
oped by two consensus groups (Ho et al.  2005 ; 
Ruutu et al.  2007 ). Hypertension and proteinuria 
are important clinical fi ndings; some cases are 
relatively mild, but in severe cases, patients are 
critically ill and mortality is high. 

  Question 2.      How would you manage TA-TMA? 

    A.    Therapeutic plasma exchange.   
   B.    Replace cyclosporine with mycophenolate 

mofetil or corticosteroids.   
   C.    Rituximab infusion 375 mg/m 2  weekly for 

4 weeks.   
   D.    Supportive care with transfusion and renal 

replacement therapy.    

    Expert Clinical Perspective:     There is no estab-
lished treatment strategy for TA-TMA. Despite 
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clinical and histologic similarities to TTP, early 
cases of TA-TMA were distinguished by the lack 
of response to therapeutic plasma exchange 
(TPE) (George  2008 ). Unlike in TTP, there is no 
known pathogenic antibody or macromolecule 
that is putatively being removed by plasma 
exchange. If TPE is attempted, plasma is gener-
ally used as the replacement fl uid.  

 TA-TMA is a Category III indication for TPE 
according to the 2013 American Society for 
Apheresis (ASFA) guidelines (Schwartz et al. 
 2013 ). The success of TPE is highly variable and 
may be infl uenced by timing of other clinical 
interventions. Multiple published series have 
shown that TPE for TA-TMA is associated with 
poor response and high mortality (Laskin et al. 
 2011 ). The potential complications of apheresis 
(central venous access diffi culties, bleeding, 
hemodynamic instability due to fl uid shifts, and 
transfusion reactions, particularly TRALI) should 
be considered. 

 While a signifi cant proportion (50–63 %) of 
patients respond to withdrawal of the offending 
agent (e.g., calcineurin inhibitors such as cyclo-
sporine), many will require additional treat-
ment to better control the disease. A number of 
pharmacologic agents have been explored for 
the treatment of TA-TMA including rituximab, 
vincristine, pravastatin, and eculizumab, with 
similar overall response rates (69–80 %) but 
signifi cant differences in cost (Kim et al.  2015 ).  

    Case 2: Effect of Therapeutic Plasma 
Exchange on Warfarin 
Anticoagulation 

 A 41-year-old Caucasian male presents with 
myasthenic crisis and is scheduled to undergo 
urgent TPE, using 5 % albumin as a replace-
ment fl uid. His past medical history is also sig-
nifi cant for activated protein C resistance 
(factor V Leiden defect), for which he takes 
warfarin; his INR is currently 2.5. Hematology 
team is consulted to determine whether it is 
necessary to stop his anticoagulation prior to 
the procedure. 

  Question 3.      How do you advise the primary 
clinical team? 

    A.    Correct INR using prothrombin complex 
concentrates (PCC) before apheresis.   

   B.    Discontinue warfarin and delay the procedure 
for 3–5 days to normalize INR.   

   C.    Continue with plasma exchange as planned, 
monitor coagulation indices 24 h after TPE.   

   D.    Plasma exchange is contraindicated in this 
patient, recommend alternative therapy.    

    Expert Clinical Perspective:     Myasthenic crisis 
is a life-threatening condition characterized by 
neuromuscular respiratory failure. Rapid inter-
vention with plasma exchange or IVIG is recom-
mended; but some reports suggest that TPE 
yields faster clinical improvement (Jani-Acsadi 
and Lisak  2007 ). Plasma exchange directly 
removes acetylcholine receptor antibodies from 
the circulation, and its clinical effi cacy roughly 
correlates with the reduction in antibody levels. 
A typical course of treatment consists of fi ve 
exchanges (1–1.5 plasma volumes each) over 
7–14 days, using a mixture of 5 % albumin and 
saline as the replacement fl uid.  

 Coagulation factors are inadvertently removed 
during plasma exchange, resulting in transient 
prolongation of clotting indices in patients on 
warfarin anticoagulation (Zantek et al.  2014 ). 
Immediately post apheresis, the INR rises to 
roughly double the baseline value, but generally 
recovers within 24 h post procedure. 

 Since it is known that the effect is temporary for 
a single-plasma volume TPE, a conservative 
approach is appropriate, with no change to warfarin 
dosing or other treatment plans unless the pre- 
procedure INR is >6. The patient may be monitored 
carefully to ensure that he is in the therapeutic range 
(INR 2.0–3.0), and not higher, before apheresis. 

 The use of PCC is not recommended in this 
case due to the risk of thrombotic events, espe-
cially in a patient with underlying thrombophilia. 
Plasma may be used as a third or more of the vol-
ume of the replacement fl uid if warranted, since 
the patient has a planned surgical procedure 
within 24 h of TPE.  

Therapeutic Apheresis in Hematologic Disorders: When and Why?
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    Case 3: Management of Severe Cold 
Agglutinin Disease 

 A 62-year-old Caucasian female presents with a 
history of worsening shortness of breath and 
fatigue over the past 3 days. On examination, she 
is pale and icteric. Workup reveals profound ane-
mia, elevated LDH, hyperbilirubinemia, and 
hemoglobinuria; peripheral smear shows poly-
chromasia, spherocytosis, and large red cell 
agglutinates. She receives multiple red cell trans-
fusions, but experiences continued severe 
hemolysis. 

  Pertinent laboratory indices :

 Day 0  Reference ranges 

 Hemoglobin (g/dL)  4.7  13.5–17.5 

 Hematocrit (%)  14  40–51 

 WBC (K/uL)  13.25  4–10 

 Platelets (K/uL)  68  150–400 

 Total bilirubin (mg/dL)  6.5  0.0–1.2 

 Direct bilirubin (mg/dL)  2.5  0.0–0.3 

 Haptoglobin (mg/dL)  <10  30–200 

 LDH (U/L)  796  113–226 

  ABO/Rh type: O positive 
 Red cell antibody screen (indirect antiglobulin test): 
positive 
 Direct antiglobulin test (DAT): polyspecifi c 3+, C3d 3+ 
 Eluate: positive, panagglutinin 
 Red cell cold autoantibody titer: 526 

     Question 4.      The clinical team requests 
TPE. What is your recommendation? 

    A.    Red cell exchange transfusion   
   B.    Therapeutic plasma exchange   
   C.    Prednisone 1 mg/kg daily   
   D.    Rituximab 375 mg/m 2  weekly    

    Expert Clinical Perspective:     This patient has 
cold agglutinin disease (CAD), characterized by 
autoimmune hemolytic anemia with intravascu-
lar red cell destruction. Autoantibodies in CAD 
are IgM, primarily intravascular, and bind poorly 
to red cells at body temperature. Initial therapy 
primarily involves avoiding exposure to cold; 
transfusions should be carried out in warm rooms, 
the patient should be kept warm, and blood 
warmers should be used when possible.  

 In cases with severe hemolytic anemia, ritux-
imab is the most effective and best-evaluated 
treatment (Berentsen et al.  2004 ; Schollkopf 
et al.  2006 ). Prednisone and splenectomy are 
generally ineffective, because the liver is the 
dominant site of destruction of C3b-sensitized 
red cells. 

 TPE may be useful in acute hemolytic crisis 
(severe CAD is an American Society of Apheresis 
(ASFA) Category II indication for TPE (Schwartz 
et al.  2013 )), but due to continued production of 
the autoantibody, the effect is modest and tran-
sient. If TPE is used, it should be combined with 
concomitant immunosuppressive therapy. There 
is also the risk that TPE may worsen hemolysis in 
CAD, due to the physical cooling of the patient’s 
blood in the extracorporeal circuit of the aphere-
sis device. 

 Importantly, serum protein electrophoresis, 
immunoglobulin quantifi cation, bone marrow 
biopsy, and fl ow cytometry of bone marrow aspi-
rate may be needed to rule out underlying hema-
tologic malignancy.  

    Case 4: Therapeutic Plasma 
Exchange in Hyperviscosity 
Syndrome 

 A 75-year-old black male presents with confu-
sion, lethargy, and rapid mental status deteriora-
tion. Laboratory testing reveals anemia; elevated 
total and ionized calcium, uric acid, and total 
serum protein; decreased IgG and IgM; and ele-
vated IgA levels. Peripheral blood smear shows 
macrocytosis with rouleaux formation. Skeletal 
survey is remarkable for multiple lytic lesions. 
He is diagnosed with IgA multiple myeloma 
(MM). Results of serum viscosity assessment are 
pending. 

  Pertinent laboratory results :

 Results  Reference ranges 

 Hemoglobin (g/dL)  6.8  13.5–17.5 

 Hematocrit (%)  22.8  40–51 

 WBC (K/uL)  6.34  4.0–10.0 

 Platelets (K/uL)  171  150–400 

 Total protein (g/dL)  10.4  6.4–8.3 
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 Results  Reference ranges 

 Albumin (g/dL)  3.6  3.5–5.2 

 IgA (mg/dL)  5530  70–400 

 IgG (mg/dL)  110  700–1600 

 IgM (mg/dL)  10  40–230 

 Total Ca (mmol/L)  3.59  2.15–2.55 

 Ionized Ca (mmol/L)  1.60  1.12–1.32 

    Question 5.      What is the next best step? 

    A.    Initiate therapeutic plasma exchange 
immediately.   

   B.    Transfuse 2U RBC to optimize patient for TPE.   
   C.    Wait for the serum viscosity result before 

starting TPE.   
   D.    Treatment of hypercalcemia with zoledronic 

acid/steroids before apheresis.    

    Expert Clinical Perspective:     Symptomatic 
hyperviscosity may complicate Waldenström’s 
macroglobulinemia or MM and may occasionally 
be the presenting clinical feature. Hyperviscosity 
in monoclonal gammopathies is an ASFA 
Category I indication for therapeutic plasma 
exchange (TPE) (Schwartz et al.  2013 ). It is 
appropriate to begin hydration with intravenous 
fl uid and treatment with bisphosphonates while 
arranging for plasma exchange, but it is impera-
tive to start TPE as soon as possible to prevent 
further neurologic deterioration. There is no need 
to wait for serum viscosity results; the patient is 
symptomatic and therefore TPE is required. Pre- 
procedure red cell transfusion should be avoided 
as this can increase viscosity and worsen neuro-
logic symptoms.  

 Apheresis may be carried out in such a way as 
to result in a positive fl uid balance. Note that the 
paraprotein contributes signifi cantly to oncotic 
pressure, and signifi cant fl uid shifts may result 
after its removal by TPE. 

 A single-plasma volume exchange using a 
mixture of 5 % albumin and saline as replace-
ment fl uid is recommended. Due to the highly 
effi cient removal of IgA paraprotein by TPE, the 
patient is likely to experience signifi cant 
improvement in mental status and lowering of 
blood viscosity after a single TPE procedure. 

Only one or perhaps two daily TPE procedures 
are generally needed to relieve neurologic symp-
toms in hyperviscosity syndrome, by which time 
more defi nitive therapy has generally been 
initiated.  

    Case 5: ABO-Incompatible Kidney 
Transplantation 

 A 46-year-old female with a long history of focal 
segmental glomerulosclerosis now has dialysis- 
dependent renal failure. She is scheduled to 
undergo kidney transplantation from a living 
unrelated donor. Her ABO/Rh type is O+ and the 
donor has A+ blood group. The recipient has an 
anti-A titer of 256. 

  Question 6.      What are her treatment options? 

    A.    Initiate a course of pre-transplantation plasma 
exchange and immunosuppression.   

   B.    Defer transplantation, continue dialysis, and 
wait for another kidney to become available.   

   C.    Splenectomy   
   D.    Proceed with kidney transplantation; no other 

specifi c interventions are necessary.    

    Expert Clinical Perspective:     Blood group 
incompatibility remains a signifi cant barrier to 
kidney transplantation. Major ABO incompat-
ibility exists in approximately one-third of ran-
dom donor-recipient pairs. Pre-transplant 
conditioning with TPE and immunosuppres-
sive therapy reduce ABO antibody titers, per-
mitting engraftment of ABO-incompatible 
kidney transplants (Tobian et al.  2009 ). ABO-
incompatible kidney transplantation is an 
ASFA Category II indication for TPE (Schwartz 
et al.  2013 ). ABO- incompatible liver trans-
plantation has also been performed with a sim-
ilar TPE-containing preparative regimen 
(Maitta et al.  2012 ).  

 The process requires coordination on the part 
of the apheresis team as well as the transplant 
team. Pre-transplant TPE generally consists of 
exchange of one plasma volume every other day, 
with the use of 5 % human albumin and saline as 
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replacement fl uid. The total number of proce-
dures performed generally correlates with the 
ABO antibody titer in the indirect antiglobulin 
phase of serologic testing; gel microcolumn 
agglutination is considered more reliable than 
tube testing for ABO antibody titer (Shirey et al. 
 2010 ). In some protocols, pre-transplant TPE is 
followed immediately by administration of cyto-
megalovirus hyperimmune globulin (Tobian et al. 
 2008 ) or IVIG. 

 ABO antibody titers are closely monitored 
before and after transplantation. After trans-
plantation, TPE therapy may be performed to 
prevent rebound of anti-A and anti-B titers until 
tolerance or accommodation occurs. TPE is then 
discontinued and reinstituted as needed based 
on creatinine levels, biopsy results, and ABO 
titer. Some protocols have been developed in 
which patients do not require posttransplant 
TPE (Yabu and Fontaine  2015 ). Overall, the 
results are positive, with excellent allograft per-
formance and no episodes of hyperacute 
rejection.  

    Case 6: Red Cell Exchange 
Transfusion in Acute Complications 
of Sickle Cell Disease 

 A 16-year-old female with sickle cell anemia 
presents to the emergency room with new onset 
of left-sided weakness. She has a history of fre-
quent vaso-occlusive crises and multiple episodes 
of acute chest syndrome. Magnetic resonance 
imaging of the brain reveals new cortical infarcts. 

  Pertinent laboratory results :

 Results  Reference ranges 

 Hemoglobin (g/dL)  8.1  13.5–17.5 

 Hematocrit (%)  23.5  40–51 

 WBC (K/uL)  7.6  4.0–10.0 

 Platelets (K/uL)  171  150–400 

  Hemoglobin electrophoresis  

 HbF %  2.8  0.0–2.0 

 HbA 2  %  4.3  2.2–3.2 

 HbA %  6.4  94.8–97.8 

 HbS %  86.5  – 

    Question 7.      What treatment plan do you 
recommend? 

    A.    Simple transfusion of two red cell units   
   B.    Red cell exchange transfusion   
   C.    Immediate administration of tissue plasmino-

gen activator   
   D.    Immediate administration of warfarin plus 

aspirin    

    Expert Clinical Perspective:     Children and 
adults with sickle cell anemia have a high preva-
lence (4.01 %) and incidence (0.61 per 100 
patient years) of cerebrovascular accidents 
(Ohene-Frempong et al.  1998 ). In the absence of 
primary stroke prevention, approximately 10 % 
of children with HbS will have overt stroke and 
an additional 20–35 % will have silent cerebral 
infarction, which can cause cognitive decline and 
predispose them to additional silent infarcts and 
overt strokes (Miller et al.  2001 ).  

 Initial management of a focal neurologic defi -
cit includes evaluation by a multidisciplinary 
team, including a hematologist, neurologist, neu-
roradiologist, and transfusion medicine special-
ist. Prompt neuroimaging and red cell exchange 
transfusion are recommended if the hemoglobin 
is >4 and <10 g/dL (Kassim et al.  2015 ). Oxygen 
therapy should be initiated to maintain >95 % 
oxygen saturation. 

 Acute stroke in sickle cell disease is an ASFA 
Category II indication for red cell exchange, using 
HbS-negative red cell units as the replacement 
fl uid (Schwartz et al.  2013 ). Red cell units should 
ideally be antigen matched with at least the C, E, 
and K antigens on the red cells of the patient. The 
goal of exchange transfusion is to decrease HbS to 
less than 30 %, with a target hematocrit of less than 
30 ± 3 % to avoid hyperviscosity. Limited data 
exist regarding the use of thrombolysis, anti-plate-
let agents, or other anticoagulants in adults with 
sickle cell disease presenting with an acute stroke. 

  Case continues:     Three years later, the above 
patient requires shoulder surgery due to avascular 
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necrosis of the humeral head. Her hemoglobin is 
8.5 g/dL and HbS is 45 %.  

  Question 8.      What is the next best step? 

    A.    Preoperative iron supplements and adminis-
tration of erythropoietin to boost red cell 
production.   

   B.    Prophylactic preoperative red cell exchange 
transfusion.   

   C.    Simple prophylactic red cell transfusion.   
   D.    Prophylactic transfusion is not necessary if 

close attention is paid to intraoperative hydra-
tion and oxygenation.    

    Expert Clinical Perspective:     Chronic red cell 
exchange is indicated for secondary stroke pro-
phylaxis in patients with sickle cell disease and is 
preferable to chronic simple red cell transfusions 
due to the avoidance of iron overload. 
Maintenance of HbS levels at less than 30 % prior 
to the next transfusion is the recommended target 
of long-term transfusion therapy (Yawn et al. 
 2014 ). In patients undergoing major surgical pro-
cedures, preoperative simple transfusion to 
increase hemoglobin levels to 10 g/dL and 
decrease HbS levels to less than 30 % is generally 
recommended. In patients undergoing surgery 
who have a hemoglobin level higher than 8.5 g/
dL without transfusion, are on chronic hydroxy-
urea therapy, or who require particularly high- 
risk surgery (neurosurgery, prolonged anesthesia, 
cardiac bypass), expert guidance may be helpful 
to determine the appropriate transfusion method 
(red cell exchange vs simple transfusion).   

    Case 7: Red Cell Exchange 
in Falciparum Malaria 

 A 45-year-old male Peace Corps volunteer 
returned to the United States from Liberia. He 
presents at the emergency room with fever 
(39 °C), headache, neck stiffness, arthralgia, and 
fatigue. Blood cultures were drawn and lumbar 
puncture was performed: cerebrospinal fl uid 
(CSF) was unremarkable. 

  Pertinent laboratory results :

 Results on 
presentation 

 Reference 
ranges 

 Hemoglobin (g/dL)  8.2  13.5–17.5 

 Hematocrit (%)  24  40–51 

 WBC (K/uL)  10.3  4.0–10.0 

 Platelets (K/uL)  42  150–400 

 Absolute reticulocyte 
count (K/uL) 

 147  26–95 

 LDH (U/L)  536  113–226 

 Total bilirubin (mg/dL)  1.0  0.0–1.2 

 Haptoglobin (mg/dL)  <10 (undetectable)  30–200 

   A peripheral blood smear contains intraeryth-
rocytic ring-shaped trophozoites; the level of 
parasitemia is 15 %. Rapid immunoassay is 
strongly positive for  P. falciparum . The patient 
becomes increasingly lethargic and confused, 
with deep breathing. Additional labs reveal hypo-
glycemia (42 mg/dL) and acidosis (plasma bicar-
bonate level <12 mmol/L). 

  Question 9.      What do you recommend? 

    A.    Artemether-lumefantrine   
   B.    Atovaquone-proguanil   
   C.    Parenteral quinidine gluconate   
   D.    Urgent red cell exchange transfusion    

    Expert Clinical Perspective:     Severe malaria 
is characterized by hyperparasitemia (>5 % in 
non- endemic areas) with or without signs 
 of major organ dysfunction, including pro-
found anemia (hemoglobin <5 g/dL), acidosis, 
hypoglycemia, impaired consciousness, sei-
zures, pulmonary edema, renal failure, shock, 
and disseminated intravascular coagulation. 
The mortality rate of severe falciparum 
malaria ranges from 5 to 20 %. Death due to 
severe malaria can occur within hours of pre-
sentation; therefore, prompt initiation of anti-
malarial therapy and supportive care are 
crucial.  

 Oral agents are not recommended for initial 
treatment of severe malaria; therefore in this 
case, intravenous quinidine gluconate is the best 
available therapy in the United States. 
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 Red cell exchange transfusion has been used 
to treat severe malaria since 1974, but its use is 
controversial. A single two-volume RBC 
exchange can reduce the fraction of remaining 
patient red cells to roughly 10–15 %. However, 
malaria parasite levels may rebound after red cell 
exchange transfusion (Watanaboonyongcharoen 
et al.  2011 ). Furthermore, the procedure is not 
without risks, including circulatory overload, 
transfusion-transmitted infection, hypocalcemia, 
and possible need for central venous access. Case 
reports and short case series show benefi t, but 
this may be due to reporting bias. 

 According to the 2013 ASFA guidelines, severe 
parasitemia (>10 %) and cerebral malaria are con-
sidered Category II indications for red cell exchange 
transfusion. Based on analysis of the literature, the 
CDC no longer recommends the use of exchange 
transfusion as an adjunct to antimalarial drugs for 
the treatment of severe malaria, since a survival 
benefi t was not demonstrated (Tan et al.  2013 ).  

    Case 8: Hereditary 
Hemochromatosis 

 A 52-year-old Caucasian male of Irish ancestry, 
with no known medical illnesses, presented to his 
primary care physician with fatigue and polyar-
ticular arthritis. Routine laboratory workup 
revealed normal blood glucose, slight hyperlipid-
emia, and elevated serum ferritin and transferrin 
saturation (see below). He denies a history of 
blood transfusion or taking iron supplements. He 
admits to social alcohol use on weekends and 
denies thyroid or sexual dysfunction. 

 He is 5′11″ (180 cm) tall and weighs 178 lbs 
(81 kg); physical examination is otherwise unre-
markable. HFE genotyping revealed two copies 
of the p.Cys282Tyr mutation. 

  Pertinent laboratory results :

 Results on 
presentation 

 Reference 
ranges 

 Hemoglobin (g/dL)  15.5  13.5–17.5 

 Hematocrit (%)  44.8  40–51 

 MCV (fL)  96  79–92 

 Results on 
presentation 

 Reference 
ranges 

 WBC (K/uL)  6.1  4.0–10.0 

 Platelets (K/uL)  215  150–400 

 Serum ferritin (ng/mL)  2242  30–300 

 Serum iron (mcg/dL)  279  59–158 

 Transferrin (mcg/dL)  292  200–360 

 Transferrin saturation (%)  100  20–50 

 ALT (U/L)  48  6–41 

    Question 10.      He is referred to your practice 
for further management. What do you 
recommend? 

    A.    Iron chelation with deferoxamine   
   B.    Therapeutic phlebotomy of 500 mL whole 

blood (220 mL of packed red cells) every 
2 weeks   

   C.    Erythrocytapheresis with removal of 400 mL 
of packed red cells every 4 weeks   

   D.    Referral to a gastroenterologist for liver biopsy    

    Expert Clinical Perspective:     This patient has 
classic HFE hereditary hemochromatosis, the 
most common inherited disorder in persons of 
Northern European descent (Merryweather- Clarke 
et al.  1997 ). Therapeutic phlebotomy, either by 
removal of 500 mL of whole blood per visit or by 
double red cell unit removal by apheresis (DRCA), 
is the only effective therapy for this disorder. The 
target of phlebotomy is a ferritin level of about 
50–75 ng/dL. Advantages of erythrocytapheresis 
versus simple whole blood phlebotomy include 
removal of nearly twice the volume of packed red 
cells per procedure, and thus nearly twice the 
amount of iron per visit, and replacement of lost 
volume with an equal volume of saline. Although 
there is a moderate increase in cost associated with 
the use of the double red cell apheresis device, the 
procedures are well tolerated and the number of 
outpatient visits required to achieve the targeted 
level of iron removal is halved.  

 DRCA results in faster initial drop in ferritin, 
but same time to normalization of ferritin, and 
higher cost of the DRCA procedure itself. In 
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another study, the use of DRCA actually saved 
costs by limiting loss of productivity (patients 
spent less time coming to phlebotomy 
appointments). 

 Apheresis devices for collection of double red 
cell units are generally available only in transfusion 
services of blood centers. However, referral to a 
blood center optimizes care of the hemochromato-
sis patient and is a cost-effective approach to ther-
apy (Leitman et al.  2003 ). More than 70 % of 
patients with hemochromatosis meet eligibility cri-
teria for blood donation. Making hemochromatosis- 
donor blood available for transfusion minimizes 
costs (no charge for the procedure), reduces wast-
age, and also provides a benefi t to the community. 
The height and weight requirements for double red 
cell donation by apheresis may be waived by the 
blood center if the procedure is performed with 
therapeutic intent. 

 Liver biopsy is no longer required as a diag-
nostic procedure; the HFE genotype combined 
with the complete blood count, ferritin, transfer-
rin saturation, and ALT provide all information 
necessary to make the diagnosis. The elevated 
ALT should normalize within the fi rst months of 
phlebotomy therapy; if it remains elevated despite 
steady decreases in ferritin, another process such 
as steatohepatitis should be suspected.  

    Case 9: Extracorporeal 
Photopheresis for Treatment 
of Acute Graft-Versus-Host Disease 

 A 27-year-old woman with acute myeloid leuke-
mia received a peripheral blood-derived hemato-
poietic cell transplant (HCT) from a matched 
unrelated donor. By day+28 posttransplant, her 
clinical course is complicated by thrombocyto-
penia, upper gastrointestinal bleeding, and 
biopsy- proven acute graft-versus-host disease 
(GvHD) of the skin and gastrointestinal system 
including the liver. For management of acute 
GvHD, she is currently on methylprednisolone 
and cyclosporine; she completed a course of inf-
liximab and basiliximab without improvement. 
On day 56 posttransplant, the team requests 

extracorporeal photopheresis (ECP) to treat her 
acute GvHD. 

  Pertinent laboratory results :

 Results 
 Reference 
ranges 

 Hemoglobin (g/dL)  8.9  13.5–17.5 

 Hematocrit (%)  23.0  40–51 

 MCV (fL)  78.5  79–92 

 WBC (K/uL)  5.58  4.0–10.0 

 Platelets (K/uL)  21  150–400 

 PT (s)  17.8  11.6–16.2 

 PTT (s)  58.7  25.3–37.3 

 ALT (U/L)  129 U/L  6–41 

 AST (U/L)  103 U/L  9–34 

 Total bilirubin (mg/dL)  31.4  0.0–1.2 

 Direct bilirubin (mg/dL)  27.0  0.0–0.3 

    Question 11.      What is your recommendation ?  

  Expert Clinical Perspective:     This critically ill 
patient has severe grade IV steroid-refractory 
acute GvHD of the skin and gastrointestinal sys-
tem including the liver, further complicated by 
coagulopathy and active intestinal bleeding. 
While ECP is approved for use in chronic GvHD 
of the skin, evidence for effi cacy in acute GvHD 
is less robust. While overall published response 
rates in steroid-refractory acute GvHD range 
from 66 to 100 % in skin to 27–71 % in liver, ECP 
usually fails to benefi t patients with grade IV 
acute GvHD (Couriel et al.  2006 ). Nevertheless, 
a trial of ECP may be suggested for a specifi ed 
time period in this patient. A typical course con-
sists of two treatments per week for approxi-
mately 4 weeks and less frequently thereafter.  

 Complex technical planning is necessary to 
initiate a course of ECP. This patient will likely 
need placement of a fresh indwelling central 
venous access catheter. A hematocrit of greater 
than 28 % must be maintained to achieve a safe 
extracorporeal volume while undergoing the 
procedure. In view of the thrombocytopenia and 
the prolonged clotting times, the use of citrate 
rather than heparin to anticoagulate    the extra-
corporeal circuit should be recommended.  
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    Case 10: Hematopoietic Cell 
Collection in Allogeneic Healthy 
Donors 

 A 17-year-old African-American girl presents to 
a hematology clinic with a diagnosis of severe 
aplastic anemia (SAA). Hematopoietic cell trans-
plantation (HCT) is advised, and her siblings are 
investigated as potential hematopoietic progeni-
tor cell (HPC) donors. Her 26-year-old healthy 
sister is a 10/10 HLA match. She has ten poten-
tial donors in NMDP registry. 

  Question 12.      What is the ideal source of 
hematopoietic CD34 +  cells for her 
transplant ?

    A.    Matched related bone marrow   
   B.    Matched unrelated cord blood   
   C.    Matched related-donor peripheral blood cells   
   D.    Matched unrelated-donor peripheral blood 

cells    

    Expert Clinical Perspective:     Human leuko-
cyte antigen (HLA)-matched sibling-donor 
HCT is the treatment of choice for a young 
patient (<40 years) with SAA (Marsh et al. 
 2009 ). Immunosuppressive therapy using 
horse antithymocyte globulin (ATG) plus 
cyclosporine is first- line therapy for patients 
with SAA who are older than 40 years and as 
second-line therapy in younger patients if an 
HLA–matched sibling donor is not available. 
Unrelated-donor HCT is currently justified 
only if the donor is a full HLA match and if 
immunosuppressive therapy or treatment as 
part of a clinical trial fails.  

 Evidence from several large studies now uni-
formly favors the use of bone marrow as the stem 
cell source for patients with SAA undergoing 
allogeneic HSCT (Schrezenmeier et al.  2007 ). 
There are a few clinical indications for using 
mobilized peripheral blood grafts in SAA, such 
as repeat transplantation of patients following 
rejection of the fi rst graft. Otherwise, specifi c 
donor health risks may preclude the use of 
 general anesthesia, which is required for a bone 
marrow harvest procedure. 

  Case continues:     Her HLA-matched sibling 
donor has a history of signifi cant adverse reac-
tions to general anesthesia, precluding marrow 
donation. She presents to donate peripheral blood 
HPC after 5 days of stimulation with G-CSF. The 
procedure is complicated by circumoral tingling 
and cramping sensation in arms and legs. Her 
symptoms are partially relieved by increasing the 
rate of the prophylactic intravenous calcium 
chloride infusion and decreasing the apheresis 
device inlet blood fl ow rate, but then worsen. The 
procedure is terminated after 17 L of blood are 
processed, due to donor discomfort. The trans-
plant team is concerned that the collection will 
not yield enough CD34+ cells for successful 
engraftment.  

  Question 13.      What factors are associated 
with better mobilization of peripheral blood 
cells in adult donors ?

    A.    Race   
   B.    Age   
   C.    Baseline WBC count   
   D.    Weight    

    Expert Clinical Perspective:     In adults, multi-
variate analysis of factors associated with more 
robust CD34+ mobilization reveals that donors 
who are Caucasian, female, and lighter in weight 
have poor HPC mobilization after stimulation 
with G-CSF. In contrast, robust HPC mobiliza-
tion was associated with being African-American, 
male, and heavier in weight (Panch et al.  2013 ). 
Plerixafor 240 mcg/kg may be added on the day 
prior to apheresis to improve CD34+ cell mobili-
zation in donors predicted to have a poor mobili-
zation response to G-CSF alone. In addition to 
predictions based on donor demographic factors, 
rapid quantitation of the pre-apheresis circulating 
CD34+ cell count is critically important in pre-
dicting the CD34+ cell yield of apheresis and 
determining the optimal volume to be processed.  

 Citrate is the standard anticoagulant used to pre-
vent clotting in the extracorporeal circuit of the 
apheresis device. However, citrate acts by chelating 
calcium, and sustained administration of citrate 
during long leukapheresis procedures in which 
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12–25 L of blood are processed can lead to marked, 
symptomatic, and even life-threatening decreases 
in ionized calcium levels (Bolan et al.  2002 ). 
Donors with smaller bone mass may be particu-
larly at risk since they are less able to mobilize cal-
cium in response to the parathyroid hormone surge 
that results from acute hypocalcemia. Prophylactic 
intravenous calcium administration is one of sev-
eral effective strategies used to mitigate hypocalce-
mia during HPC collection by apheresis. 

   Answers 

    Question 1. C  
  Question 2. B, C, and D  
  Question 3. C  
  Question 4. D  
  Question 5. A and D  
  Question 6. A  
  Question 7. B  
  Question 8. B or C  
  Question 9. C  
  Question 10. B or C  
  Question 12. A  
  Question 13. A, C, and D         
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