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Preface

Hematological complications of obstetrics, pregnancy and gynecology are many,

and, unfortunately, often lead to significant morbidity or mortality for both

mother and child, for example disseminated intravascular coagulation, amniotic

fluid embolism or postoperative deep vein thrombosis/pulmonary embolus, not

only in obstetrical patients but also common in postoperative gynecological

patients – particularly those having surgery for a malignancy. These complications

range from hemorrhagic complications, thrombotic complications, combinations

(such as disseminated intravascular coagulation), various anemias, hemoglobino-

pathies and others. A textbook on this topic was last written in the 1970s, and for

the past several decades, hematologists, obstetricians, gynecologists, reproductive

medicine specialists, internists, anesthesiologists and others have had to rely upon

research reports, small clinical trials, opinion, rare review articles and very brief

chapters in obstetrical and gynecological textbooks. An additional problem is that

busy specialists in the aforementioned areas have a difficult time keeping up with a

logarithmic increase in medical information relative to their particular areas.

Thus, we have compiled a textbook, written by experienced experts in the various

aspects of hematological complications of obstetrics, pregnancy and gynecology to

serve as a ready reference for practicing physicians in these specialties to quickly

find information relative to these problems. In each instance, where appropriate,

the etiology, pathophysiology, clinical and laboratory diagnosis and management

are discussed. It is hoped this text will help the practicing specialists caring for

women with these hematological complications of pregnancy and the end result

will be improved understanding, improved diagnosis, improved principles of

management, and enhanced morbidity and mortality for these too often cata-

strophic problems.
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Disseminated intravascular coagulation in
obstetrics, pregnancy, and gynecology: Criteria
for diagnosis and management

Rodge r L. Bick, M.D., Ph.D., F.A.C.P. 1 and
D eborah Hoppensteadt , Ph.D., D.I.C. 2

1Clinical Professor of Medicine and Pathology, University of Texas Southwestern Medical Center, Director: Dallas

Thrombosis Hemostasis and Vascular Medicine Clinical Center, Dallas, Texas, USA
2Associate Professor of Pathology, Loyola University Medical Center, Maywood, Illinois, USA

Syndromes of disseminated intravascular coagulation

in obstetrics, pregnancy and gynecology

Objective criteria for diagnosis and management

Introduction

Disseminated intravascular coagulation is a confusing syndrome, regarding diag-

nostic and therapeutic modalities. Confusion and controversy stem from (1) the

fact that many unrelated clinical scenario may induce DIC (2) a lack of uniformity

in clinical manifestations (3) confusion regarding appropriate laboratory diagno-

sis and (4) unclear guidelines for management with respect to specific therapeutic

modalities potentially available. Recommendations for and evaluation of manage-

ment becomes even more difficult because: (1) the morbidity and survival is often

dependent on the specific cause of DIC and (2) few of the generally used specific

modes of therapy, heparin, antithrombin concentrate, protein C concentrate, and

others, have been subjected to objective prospective randomized trials, except

antithrombin concentrates.

This chapter provides specific and objective guidelines and criteria for (1) the

clinical diagnosis, (2) laboratory diagnosis, and (3) to provide objective systems to

assess efficacy of any given specific therapeutic modality, independent of influences

of the underlying (inducing) disease causing the DIC in obstetrical, pregnancy or

gynecological patients.1,2 This approach allows for objective decisions regarding

diagnosis and management in particular obstetric and gynecological settings and in

Hematological Complications in Obstetrics, Pregnancy, and Gynecology, ed. R. L. Bick et al. Published by

Cambridge University Press. # Cambridge University Press 2006.



individual patients. A general review of the etiology, pathophysiology, clinical and

laboratory diagnosis, and management modalities suggested for DIC in obstetrics

and gynecology is provided.

Disseminated intravascular coagulation (DIC) is an intermediary mechanism of

disease usually seen in association with well-defined clinical disorders.3,4,5,6 In

obstetrics, pregnancy and gynecology, those disorders include amniotic fluid

embolism, placental abruption, missed abortion, retained fetus syndrome, pla-

centa previa (occasionally), preeclampsia/eclampsia, HELLP syndrome, ovarian

cancer, uterine cancer and breast cancer. Of course, as will be discussed, the

obstetric and gynecologic patient may also develop DIC secondary to other

medical and surgical complications not specifically unique to obstetrics, preg-

nancy and gynecology, for example inflammation, infection, sepsis, etc.

The pathophysiology of DIC serves as an intermediary mechanism in many disease

processes, which sometimes remain organ specific. This catastrophic syndrome

spans all areas of medicine and presents a broad clinical spectrum that is confusing

to many. DIC was called ‘‘consumptive coagulopathy’’ in early literature;7,8 this

is no longer an adequate description as very little is consumed in DIC; most

factors and plasma constituents are plasmin biodegraded. Terminology following

this phrase was ‘‘defibrination syndrome’’. The modern term is disseminated intra-

vascular coagulation; this is a beneficial descriptive pathophysiological term if

one accepts the concept that ‘‘coagulation’’ is expressed as both hemorrhage and

thrombosis.1,3,4,5,6 Most physicians consider DIC to be a systemic hemorrhagic

syndrome however, this is only because hemorrhage is obvious and often impressive.

Less commonly appreciated is the formidable microvascular thrombosis and

sometimes, large vessel thrombosis occurring. The hemorrhage is often simple to

contend with in patients with fulminant DIC but it is the small and large vessel

thrombosis, with impairment of blood flow, ischemia, and associated end-organ

damage that usually leads to irreversible morbidity and mortality. Throughout this

review, fulminant DIC versus ‘‘low-grade’’ compensated DIC and the attendant

Table 1.1 Definition of disseminated intravascular coagulation (minimal acceptable criteria).

A systemic thrombohemorrhagic disorder seen in association with well-defined

clinical situations

and

Laboratory evidence of

(1) Procoagulant activation

(2) Fibrinolytic activation

(3) Inhibitor consumption and

(4) Biochemical evidence of end-organ damage or failure

2 Rodger L. Bick and Deborah Hoppensteadt



differences in clinical manifestations, laboratory findings, and treatment are

discussed. However, these are often pure and theoretical, clinical spectrums of a

disease continuum; patients may present anywhere in this continuum and may lapse

from one end of the spectrum into another. A clear definition of DIC is outlined in

Table 1.1.

Historical perspectives

The first description of disseminated intravascular coagulation comes from a

lecture delivered by Dr. Walter H. Seegers titled ‘‘Factors in the Control of

Bleeding’’.9 Major clinical extensions of this early observation were shortly

reported thereafter by Dr’s. Ratnoff, Pritcher, and Colopy in an article entitled

‘‘Hemorrhagic States During Pregnancy.’’10,11 In this two part article, many

important observations were described including recognition that the hemorrhagic

syndromes of pregnancy, now called DIC, included premature separation of the

placenta, amniotic fluid embolism, the presence of a dead fetus in utero and severe

pre-eclampsia or overt toxemia of pregnancy. Subsequently, more reports and

descriptions of disseminated intravascular coagulation began to appear and in the

mid-1960’s, DIC became a clinically accepted and recognized syndrome. We owe

our basic understanding and appreciation of this syndrome to the astute clinical

and laboratory observations of Dr. Walter H. Seegers and Dr. Oscar D. Ratnoff and

their co-workers.

Etiology

DIC is usually seen in association with well-defined clinical entities.1,2,3,4,5,6,12,13

Those clinical disorders specific for obstetrics and gynecology are found in

Table 1.2. The clinical disorders common to all medical specialties, and sometimes

complicating the course of an obstetrical or gynecological patient and inducing to

DIC are summarized in Table 1.3.

DIC syndromes unique to pregnancy and obstetrics

Obstetrical accidents are common events leading to disseminated intravascular

coagulation. Amniotic fluid embolism with DIC is the most catastrophic and

common of the life threatening obstetrical accidents.1,2,4,5,6,7

The syndrome of amniotic fluid embolism (AFE) is manifest by the acute onset

of respiratory failure, circulatory collapse, shock and the serious thrombohemor-

rhagic syndrome of disseminated intravascular coagulation (DIC). The first care-

ful description of this syndrome was by Steiner and Lushbaugh in 1941;14 in

3 Disseminated intravascular coagulation in obstetrics



this landmark article, these authors describe the clinical histories of 8 obstetrical

patients and demonstrated that these patients formed a distinct group with a

unique pathophysiologic basis for the constellation of symptoms now associated

with this syndrome. These authors were also able to duplicate this syndrome in

animal models and demonstrated that amniotic fluid embolism is a relatively

common cause of sudden death during labor or in the immediate post-labor

period. These eight patients came from 4,000 consecutive autopsies performed

over a period of 15 years, representing an incidence of 0.2% of deaths in this

autopsy series. In this study, it was noted that these 8 cases were among a total of

24,200 deliveries, representing an incidence of 1 in 8,000 of their obstetrical cases.

When analyzing their obstetrical deaths these authors were the first to show that

amniotic fluid embolism was the most common cause of maternal death in the

period during labor and within the first nine hours after labor.

Etiology of AFE

The common etiologic factor in the syndrome of amniotic fluid embolism is

the entrance, by various proposed mechanisms and routes, of amniotic fluid,

with or without meconium, into the systemic maternal circulation followed by

embolization of amniotic fluid and it’s contents to the lungs; subsequently,

circulatory collapse and the development of disseminated intravascular

Table 1.2 Common causes of DIC syndromes

in obstetrics and gynecology.

Obstetric accidents

Amniotic fluid embolism

Placental abruption

Placenta prevea

Preeclampsia

Eclampsia

HELLP syndrome

Retained fetus syndrome

Abortion

Gynecologic malignancy

Ovarian cancer

Uterine cancer

Breast cancer

Paraneoplastic syndromes

4 Rodger L. Bick and Deborah Hoppensteadt



coagulation occurs almost uniformly and instantaneously.15 The incidence has

been reported to be between 1 in 8,000 and 1 and 30,000 births.16,17 The syndrome

is commonly fatal for both the mother and child.16 The mortality for the mother

is generally 60%–80% and 50% of survivors have permanent neurological seque-

lae.18,19 One recent series, however, reported a 26.4% mortality.20 Of those surviv-

ing, thrombotic stroke is a major sequelae.18,21,22 While the finding of amniotic

fluid in maternal blood is not physiological there have been instances where

Table 1.3 Accepted disease entities generally associated with DIC.

Fulminant DIC Low-grade DIC

Intravascular hemolysis Cardiovascular diseases

Hemolytic transfusion reactions Peripheral vascular diseases

Autoimmune diseases Autoimmune disorders

Minor hemolysis Renal vascular disorders

Massive transfusions Hematologic disorders

Inflammatory disorders

Septicemia

Gram negative (endotoxin)

Gram positive (mucopolysaccharides)

Viremias

HIV

Hepatitis

Varicella

Cytomegalovirus

Metastatic malignancy

Leukemia

Acute promyelocytic (M-3)

Acute myelomonocytic (M-4)

Many others

Burns

Crush injuries and tissue necrosis

Trauma

Acute liver disease

Obstructive jaundice

Acute hepatic failure

Prosthetic devices

Leveen or denver shunts

Aortic balloon assist devices

Vascular disorders

5 Disseminated intravascular coagulation in obstetrics



amniotic fluid may enter the systemic maternal circulation without any significant

manifestations of this catastrophic syndrome.15 In 1970, it was noted that the

syndrome of amniotic fluid embolism represented 10% of all maternal deaths

and a study in Sweden from 1965 to 1974 demonstrated that the syndrome of

amniotic fluid embolism accounted for 22% of all maternal deaths.15,23 Asner and

co-workers have described amniotic fluid embolism to account for DIC in only

1 of 6 patients with clinically obvious disseminated intravascular coagulation

and in none of 35 obstetrical patients with laboratory evidence of disseminated

intravascular coagulation.24 However, it has also been noted in a combined

retrospective and prospective study of disseminated intravascular coagulation

taken from the records of Massachusetts General Hospital, consisting of 60 pro-

spectively studied patients and 15 retrospectively studied patients, that not one of

these patients developed DIC in association with amniotic fluid embolism.25

However, of these 75 DIC patients, 3 were associated with various other obstetrical

accidents. Thus, when assessing the etiologic ‘‘triggers’’ of patients with DIC

as a group, amniotic fluid embolism is quite rare. The risk factors associated

with development of amniotic fluid embolism (Table 1.4) consist of older age,

multiparity, marked exaggeration of uterine contraction following rupture of the

uterine membranes, or markedly exaggerated uterine contraction due to the use of

oxytocics or other uterine stimulatory agents, cesarean section, uterine rupture,

high cervical laceration, premature separation of the placenta and intra-uterine

fetal death.17,26,27 Other factors have been spontaneous rupture of the fetal mem-

branes and blunt trauma to the abdomen.28,29 The syndrome can, on rare occasions,

occur late in pregnancy but most commonly occurs during labor in 80% of

patients; in only up to 20% of patients does the syndrome occur before labor

Table 1.4 Amniotic fluid embolism risk factors.

Older age

Multiparity

Physiologic intense uterine contractions

Drug-induced intense uterine contractions

Cesarean section

High cervical tear

Premature placental separation

Intra-uterine fetal death

Placental abruption

Trauma to abdomen

80% of cases develop during labor

20% may develop before or after labor

6 Rodger L. Bick and Deborah Hoppensteadt



begins and before rupture of the amniotic sac.30,31 Twenty-five percent of women

die within one hour of developing this syndrome and up to 80% will die within the

first nine hours.32,33 In 10% of women the syndrome develops without warning,

usually during delivery, as amniotic fluid enters the systemic maternal circulation

during an apparently normal labor and delivery unassociated with pre-delivery

complications.

There is generally rapid onset of signs and symptoms of pulmonary failure and

circulatory collapse; in at least 50% of patients this is followed by systemic

bleeding. Fifty percent of fetuses die or develop intra-uterine asphyxia/distress

before the sudden maternal onset of acute respiratory failure and circulatory

collapse. In one series of 30,000 deliveries described by Graeff, there were six

cases of amniotic fluid embolism; two patients died and four recovered.15 The

syndrome has also been described to occur immediately post-delivery but almost

always occurs during delivery. Typically, the patient is in active delivery with the

amnion intact and suddenly develops respiratory failure and circulatory collapse

followed by a systemic thrombohemorrhagic disorder. The cause is only partially

understood but the common etiologic event is entrance into the systemic maternal

circulation of amniotic fluid which then causes extensive pulmonary micro-

circulatory occlusion and local pulmonary activation of the procoagulant system;

in addition, there is systemic activation of the procoagulant system.34,35 This

occurs in conjunction with intense induction of pulmonary fibrinolytic activity,

presumably via release of pulmonary endothelial plasminogen activator activity in

the lungs.36,37

Since this is a life threatening and not uncommon syndrome, all clinicians

involved with obstetrics and care during delivery should be familiar with the

potential of this syndrome when a patient presents with the risk factors depicted

in Table 1.4, and when a patient immediately preceding, during, or immediately

after delivery suddenly develops respiratory distress, shock and uncontrolled

bleeding. The general characteristics of amniotic fluid embolism are presented in

Table 1.5.

Table 1.5 Amniotic fluid embolism: General characteristics.

1 in 8,000 to 1 in 30,000 deliveries

10% of all maternal deaths in USA

22% of all maternal deaths in Sweden

80% overall mortality

25% will die within one hour

50% with fetal death or distress before maternal symptoms

7 Disseminated intravascular coagulation in obstetrics



Pathophysiology of AFE

Amniotic fluid contains much cellular material including vernix caseosa, squamous

epithelial cells and debris from the fetus.17,38 The lipid content, cellular content,

fetal debris, procoagulant activity and viscosity of amniotic fluid increase with

duration of pregnancy and is at a maximum at time of delivery.15,39,40 In most

incidences, the actual mechanism(s) and site of entry of amniotic fluid into the

uterine and subsequently, the systemic maternal circulation remain unclear.

Indeed, several investigators examining pathologic specimens of patients with

amniotic fluid embolism have, in most incidences, been unable to clearly define

portals of entry.41,42 Thus, the mechanism(s) by which amniotic fluid enters the

maternal circulation in general often remains undefined. However, lacerations of

the membrane and placenta may be portals of entry to the maternal venous sinuses

in the uterus.15 Entrance may be via a tear in the membranes at the placental margin

with compression-injection of fluid into the maternal vessels or lacerated veins in

the posterior vaginal wall or the entrance of amniotic fluid into the systemic

maternal circulation may occur in the face of defect in the fetal membranes if this

defect is in proximity to areas of maternal venous vessels.15 In general, the site of

entry is thought to be the area of the placental insertion or the area of the lower

uterus or cervix.15 It is possible that the cervical veins which open during labor

permit entry of amniotic fluid after rupture of the membranes when the fetal head

obstructs the intracervical canal, therefore blocking drainage and causing retro-

grade (upward) hydrostatic pressure thereby injecting amniotic fluid into open

cervical veins and thus allowing entrance into the systemic returning circulation.15

It is clear that amniotic fluid may enter the maternal circulation via a rupture of the

uterus or through an abnormal placental placement site or as a part of the placental

abruption syndrome. If meconium accompanies the amniotic fluid, the syndrome

is accompanied by more intense DIC than occurs without meconium.43 There

appears to be many possible mechanisms by which amniotic fluid may enter the

uterine and subsequently the systemic maternal circulation; however, these

mechanisms are rarely documented on pathologic analysis.41,42 Figure 1.1 demon-

strates a fetal squamous cell in the maternal pulmonary microcirculation. It has

recently been demonstrated that the monoclonal antibody THK-2 may be a specific

pathological marker for amniotic fluid embolism.44,45 Another suggestion is that

finding fetal megakaryocytes and syncytiotrophoblastic cells in the maternal pul-

monary circulation by monoclonal antibodies (CD-61 – GPIIIa, Beta-HCG and

Factor VIII-vW hPL antibodies) may be diagnostic.46

On entering the systemic maternal circulation amniotic fluid simultaneously acti-

vates the procoagulant system leading to profound disseminated intravascular coagu-

lation, and addition, causes intense and extensive pulmonary micro-embolization via

8 Rodger L. Bick and Deborah Hoppensteadt



not only activation of the coagulation system, but also due to hyperviscous amniotic

fluid and amniotic fluid debris. As noted, this process appears more pronounced in the

presence of meconium contamination.43

Pulmonary pathophysiology in AFE

The severity of the pulmonary manifestations are highly dependent upon the

contents, amount and viscosity of amniotic fluid reaching the maternal pulmonary

circulation. Of course, the higher the content of cellular elements the more viscous

the material will be with cellular elements being vernix, caseosa and fetal squamous

epithelial cells and complexes of squamous cellular material.15,17 Amniotic fluid

itself, as well as amniotic fluid content, will mechanically obstruct the pulmonary

circulation occluding both large and small vessels with the subsequent usual

manifestations of severe pulmonary embolization. This then leads to defective

perfusion, defective diffusion capacity and intense vaso-constriction which, in

turn, is accompanied by right heart failure and the findings of acute cor pulmonale,

increased pulmonary artery pressure with subsequent decreased left ventricular

Figure 1.1 Fetal squamous cell in maternal pulmonary circulation.
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filling, decreased cardiac output and resultant tissue hypoxia and ischemia, meta-

bolic acidosis and finally, cardiogenic shock.

Hemostasis pathophysiology in AFE

Amniotic fluid contains a highly potent total thromboplastin-like activity; this

procoagulant activity increases with time of gestation.39,40 In addition, amniotic

fluid contains a relatively strong anti-fibrinolytic activity and, as such, causes a

non-specific inhibition of the fibrinolytic system; this activity of amniotic fluid also

increases during gestation.24 The fibrinolytic inhibition activity may predispose

a patient to DIC and diffuse thrombotic phenomenon by inhibiting or dampering

the usual secondary fibrinolytic response seen in DIC patients.1,2,34 The secondary

fibrinolytic response which usually occurs in DIC is responsible for hemorrhage

due to plasmin digestion of numerous clotting factors; however, this secondary

fibrinolytic response also serves to help keep the circulation free of thrombi.47 It

remains controversial if amniotic fluid itself has a direct effect on the vasculature

or if this is a secondary effect of procoagulant/platelet activation.48 However,

Endothelin – 1, a potent vasoconstrictor and bronchoconstrictor, appears to be

released, systemically, from circulating fetal squamous cells and may intensify the

severe hemodynamic alterations noted in amniotic fluid embolism.49

The procoagulant activity of amniotic fluid correlates very well with the

lecithin/sphingomyelin (LS) ratio during gestation.50 Amniotic fluid, in vitro,

will accelerate the prothrombin time, the activated partial thromboplastin time,

the Russell’s Viper Venom time and will accelerating the clotting of Factor VII

deficient plasma.51 Thus, amniotic fluid not only acts as a ‘‘total thromboplastin’’,

but acts as a substitute for ‘‘tissue phase activation’’. The mechanism(s) by which

amniotic fluid activates the procoagulant system is by the direct activation of

Factor X, in the presence of calcium ions, to Factor Xa.52 Factor Xa is one of the

most thrombogenic substances known. Factor Xa, in the presence of Factor V and

additional phospholipid (including amniotic fluid and platelet surfaces) will

rapidly convert prothrombin to thrombin. Once thrombin is formed, fibrinogen

is converted to fibrin.53 Thus patients with amniotic fluid embolism may develop

platelet-fibrin microthrombi throughout the systemic and pulmonary circulation.

This disseminated intravascular coagulation syndrome is therefore associated with

micro-circulatory thrombosis, thrombo-embolism, and hemorrhage. The patho-

physiology of activation in AFE is depicted in Figure 1.2. The pathophysiology of

disseminated intravascular coagulation, associated with hemorrhage and throm-

bosis throughout the circulation is depicted in Figure 1.3.
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Diagnosis of AFE

The diagnosis of amniotic fluid embolism should be strongly suspected when there

is a sudden development of acute respiratory failure in an otherwise normal

delivery. The acute respiratory failure occurs from occlusion of pulmonary vessels

by amniotic fluid, intense vasoconstriction of pulmonary vessels and then further

occlusion by platelet-fibrin thrombi. This initial event is usually followed by

cardiogenic shock and systemic cardiovascular and pulmonary collapse. The

usual clinical findings of acute pulmonary insufficiency are the sudden onset of

tachypnea, dyspnea and peripheral cyanosis due to the abrupt development of

abnormal perfusion and diffusion. These findings are usually accompanied by

acute cor pulmonale with resultant right sided failure with subsequent decreased

filling of the left ventricle and low output failure with subsequent peripheral end

organ hypoxia, ischemia and metabolic acidosis. Arterial blood gases will reveal

decreased PO2 and PCO2. Abnormal diffusion capacity, metabolic acidosis, and

elevating central venous pressure will also be noted.

These events typically occur early in delivery and are usually without any clinical

warning. Following the development of acute respiratory failure, cardiogenic

shock, and peripheral circulatory collapse, there will usually be excessive uterine

bleeding followed by systemic bleeding from multiple sites. As DIC develops, the

sites of bleeding can be numerous and unpredictable; however, the most common

bleeding sites noted will be oozing from IV puncture sites, hematuria, hemoptysis

and, at times, intracranial bleeding.1,2 In addition, the development of petechia

and purpura usually are rapidly noted throughout the skin and mucosal membranes.

As DIC progresses, there will be additional systemic microcirculatory occlusion by

platelet-fibrin thrombi in multiple end organs, especially the renal, hepatic and

central nervous system. This will further compromise adequate end-organ per-

fusion and thus lead to even more compromised end-organ hypoxia, ischemia and

failure. The most reliable laboratory test to evaluate the development of DIC are

the AT-III level, Fibrinopeptide A level, D-Dimer level, Prothrombin Fragment 1.2

(PF 1.2) and platelet count. More global tests, including the PT, PTT and fibri-

nogen level are helpful if abnormal; however, these tests may frequently be normal

in DIC (discussed in detail in Laboratory Diagnosis of DIC section).

Management of AFE

The approach to management of acute respiratory failure is straightforward and

consists of immediate establishment of an airway by use of an oropharyngeal tube,

an endotracheal tube, or tracheostomy. Oxygen should be started immediately

via nasal cannula or prongs, venturi mask, or a reservoir mask. A mechanical
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ventilator will probably be needed. Circulatory collapse must be managed imme-

diately with the use of vaso-constrictive agents, usually dopamine. A central

venous line should immediately be established and the central venous pressure

carefully monitored. The patient should be digitalized if the central venous

pressure is elevated. There should also be immediate institution of measures to

induce uterine contraction and thus reduce bleeding from the placental site and

uterus. Circulatory collapse is further managed by volume replacement. Those

surviving amniotic fluid embolism have been treated with large amounts of blood

and blood components.54,55 One report suggests aerosolized prostacyclin may be

highly effective.56 Management of DIC should be via immediate consideration of

heparinization or antithrombin concentrate to quickly stop the further deposition

of platelet-fibrin thrombi and to stop the further generation of activated coagula-

tion factors.1,2,57 This author chooses to use antithrombin concentrate or subcuta-

neous unfractionated (UF) heparin at 100 units per kilogram, q 6 hours in this

clinical setting or Low Molecular Weight (LMW) Heparin at 100–150 units/kg

every 12–24 hours.1,2 Following heparinization or antithrombin infusion, DIC

should be further managed with the use of component therapy in the form of

fresh frozen plasma and platelets depending upon the prothrombin time, PTT, and

platelet count and sites and severity of hemorrhage. If there is enough time, and if

available, antithrombin concentrates should be used to control DIC.58,59,60,61 The

neonate, if surviving birth, will usually require resuscitation and assessment for

DIC.61 The sequential management of amniotic fluid embolism is summarized in

Table 1.6.

Placental abruption may induce DIC. In placental abruption with DIC, placen-

tal enzymes or tissues including procoagulants and thromboplastin-like material

may be released into the uterine and next the systemic maternal circulation and

lead to activation of the coagulation system. Rapid initiation of delivery will almost

always cause cessation of DIC and only rarely are other treatment modalities

needed.1,2,3,4,5,6,12,13,62,63

In the retained fetus syndrome, the incidence of DIC approaches 50% if

the woman retains a dead fetus in-utero for greater than 5 weeks. The first findings

are usually those of a low-grade compensated DIC which then progresses into

a fulminant thrombohemorrhagic form. In this instance necrotic fetal tissue,

including enzymes derived from necrotic fetal tissue, are released into the

uterine and then the systemic maternal circulation and act at diverse sites

to activate the procoagulant and fibrinolytic systems and trigger fulminant

DIC.1,2,3,4,5,6,7,12,13,62,63,64,65

Toxemia of pregnancy is referred to as preeclampsia or eclampsia. Peeclampsia,

usually occurring in the third trimester, is characterized by hypertension, edema,

proteinuria, sodium retention, hyperreflexia and DIC. When frank convulsions
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occur in the face of preeclampsia, the term eclampsia is used to define the

syndrome.66 Preeclampsia, eclampsia and HELLP syndrome (discussed subse-

quently) appear to constitute a progressive spectrum of the same pathophysio-

logical processes. Unfortunately, the pathophysiology remains elusive. It remains

unclear if the process starts as one of endothelial damage which then activates

procoagulant proteins and platelets or if the process starts as a procoagulant/

platelet problem which then damages endothelium; most likely, the former is at

play. If a woman develops eclampsia, the chances of developing isolated throm-

bocytopenia are about 18%, the chances of developing DIC are about 11% and the

chances of developing HELLP syndrome are about 15%.67,68 Also, in preeclampsia/

eclampsia if a coagulation defect develops (thrombocytopenia, HELLP, and/or

DIC) the maternal mortality is between 16%159 to over 50%68 and the perinatal

mortality may be greater than 40%.69 In addition, about 16% of patients with

preeclampsia/eclampsia will develop placental abruption, thus enhancing prob-

ability of DIC and maternal/fetal demise.68 In eclampsia DIC often remains low-

grade and organ specific to the renal and placental microcirculation; however, in at

least 10%–15% of women the process becomes systemic and fulminant.1,2,70

Laboratory monitoring of hemostasis parameters has been found useful for assessing

Table 1.6 Management of amniotic fluid embolism.

I. Treat respiratory failure

Airway

Mechanical ventilation

II. Treat shock and heart failure

Vasopressors

Digitalis preparations

Fluids and electrolytes

Establish central line

III. Treat hemorrhage and DIC

Subcutaneous LMW heparin or

Subcutaneous UF heparin

Antithrombin concentrates

Packed red blood cells as needed

Platelets as needed

Evacuate uterus

Uterine contractions as needed

Prostacyclins

LMW¼ low molecular weight

UF¼ unfractionated
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potential progression from mild preeclampsia to more catastrophic syndromes of

HELLP and DIC; these include the D-Dimer level, Thrombin-Antithrombin

(TAT) complex, Prothrombin Fragment 1.2, plasminogen activator inhibitor

Type-1 (PAI-1) and soluble fibrin monomer, all of which will progressively

increase while fibrinogen, antithrombin, and plasminogen activator inhibitor

Type 2 (PAI-2) will decrease.71,72 Characteristics of eclampsia and complications

are summarized in Table 1.7.

HELLP syndrome is generally thought to be a progression or complication

of preeclampsia/eclampsia and comprises (1) microangiopathic Hemolytic

anemia (2) Elevated Liver enzymes and (3) Low Platelet count. HELLP syndrome

occurs in about 0.5%–0.9% of all pregnancies73,74,75 and between 15%–26% of

preeclampsia/eclampsia patients.67,76 The maternal mortality varies between 1.0%

to 4%77 and the perinatal mortality may be as high as 40%.77,78 Some patients

develop a prodrome of weakness and fatigue, nausea and vomiting, abdominal pain

(particularly in the right upper quadrant), headache, visual changes and shoulder

or neck pain.78 In some women, the syndrome occurs post-partum.74 The patho-

physiology is poorly understood, but is thought due to initial inadequate placental

vasculature with placental ischemia leading to systemic release of thromboxanes,

angiotension, procoagulant prostaglandins, endothelin-1 and Tumor Necrosis

Factor-alpha (TNF-�).74,79 The subsequent DIC leads to micro and macro-

thrombi, with the placental, ovarian, renal, hepatic and cerebral vasculature

being the most commonly involved. The thrombi then lead to endothelial damage

and microangiopathic hemolytic anemia and, of course, varying degrees of end-

organ failure in the organs involved with micro/macrothrombi. This includes not

only hepatic failure, but also renal and pulmonary failure and cerebral edema and/

or infarct.80,81 Hepatic rupture is a catastrophic event in HELLP syndrome.82,83

Laboratory monitoring for early DIC, as discussed above for preeclampsia, is

Table 1.7 Features of preeclampsia/eclampsia.

1. Usually begins in third trimester

2. Usually occurs in primagravidas

3. Hypertension

4. Proteinuria

5. Edema

6. Oliguria þ/�
7. Sodium retention

8. Hyperreflexia (preeclampsia)

9. Seizures (eclampsia)

10. Disseminated intravascular coagulation
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recommended. Therapy is usually prompt delivery, control of hypertension and

control of DIC; many have demonstrated efficacy of steroid therapy84,85,86,87 and

plasma exchange/plasmapheresis has been beneficial in some cases.88,89 Maternal

death is most commonly due to manifestations of uncontrolled DIC.90

Many patients enduring hypertonic saline-induced abortion develop a DIC-

type process which, sometimes, becomes fulminant and at other times remains

compensated until the abortion is completed.91

Obstetrical patients developing other complications not unique to obstetrics

may also develop DIC; these conditions will be discussed subsequently.

DIC syndromes unique to gynecology

The most common setting for DIC in gynecological patients is malignancy;

however, like obstetric patients, medical and surgical complications not limited

to gynecology may also provide a triggering of DIC.

DIC is commonly seen with ovarian carcinoma, with or without complicating

hemolytic anemia2,92,93,94,95,96,97 and may be seen with metastatic uterine carci-

noma.98 Breast cancer may also be complicated by DIC.92,93,94,96,97 Although

thrombosis is more commonly the abnormality of hemostasis manifest with

gynecological malignancies and hemorrhage is more commonly associated

with acute leukemias, hemorrhage may be a significant clinical problem in patients

with solid tumors as well.96,97,99 Intravascular coagulation is present in many

patients with malignancy and manifests varying clinical expressions, the most

extreme form being acute fulminant disseminated intravascular coagulation with

catastrophic hemorrhage and thrombosis.62,96,97,100 DIC in cancer patients may

be low-grade or fulminant. Patients with fulminant DIC will manifest oozing from

intravenous sites or sites of other invasive procedures, such as intra-arterial lines,

subclavian catheters, and hepatic artery catheters.12,13,100,101,102,103,104 Although

these are the most common bleeding manifestations, more life-threatening bleed-

ing, such as intracranial and intrapulmonary hemorrhage with massive hemo-

ptysis may also happen. Fulminant disseminated intravascular coagulation may

be noted in association with carcinoma of the uterus, breast, and ovary.

Initiation of chemotherapy has occasionally been associated with triggering or

acceleration of disseminated intravascular coagulation.97,105,106,107,108 Most

patients with disseminated solid malignancy have some laboratory or clinical

evidence of DIC; many patients with malignancy never develop clinical mani-

festations of DIC, but if one looks for laboratory findings of DIC, these are usually

present. If present, molecular markers of activation should be monitored for

evidence of progression to overt DIC and treatment instituted, when warranted.

The patient with disseminated malignancy represents a special problem since DIC

may be manifest as a fulminant, subacute, or low-grade form, and may, therefore
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be manifest as local thrombosis, diffuse thrombosis, thromboembolism, minor

hemorrhage, diffuse hemorrhage, or any combination thereof.12,13,97,102,103,104,109

In patients with adenocarcinoma of gynecologic sites, the mechanism for dis-

seminated intravascular coagulation may be multifaceted. However, the sialic acid

moiety of secreted mucin from adenocarcinomatous tissue can invoke the non-

enzymatic activation of Factor X to Factor Xa.110,111 This can easily provide a

trigger for systemic thrombin generation and a later course of fulminant or

subacute disseminated intravascular coagulation.12,109,112 Also, this sequence

may lead to thrombosis alone.12,100,102,113 It is probable that other less clearly

defined mechanisms exist for initiating DIC in these malignancies. The systemic

release of necrotic tumor tissue and/or enzymes with procoagulant or phospholipo-

protein-like activity may activate the early phases of coagulation and/or platelet

release. Also, many tumors undergo neovascularization; this process may produce

abnormal endothelial cell lining which may either cause a platelet release or

generation of Factor XIIa and XIa with subsequent procoagulant activation and

the development of a fulminant, subacute, or low-grade DIC process. Another

trigger for disseminated intravascular coagulation in the patient with malignancy

is the use of LeVeen or Denver shunts for malignant ascites, commonly utilized in

gynecological malignancies. Patients with malignant ascites must be carefully

chosen for this procedure; if ascitic fluid is positive for malignant cells the placement

of a LeVeen shunt is usually not successful,114 does not lead to significant prolon-

gation of quality life, and is commonly associated with the development of

DIC.1,12,13,115,116,117 DIC may be blunted or aborted by removal of ascitic fluid at

the time of shunt placement.118 Also, in this clinical setting a less common

although significant complication of LeVeen shunting in the patient with malignant

ascites is that of thromboembolism.118

DIC syndromes found in obstetrics, pregnancy, and gynecology complicated

by or associated with other medical settings

Intravascular hemolysis of any etiology is a common cause of DIC. A frank

hemolytic transfusion reaction is a triggering event for DIC; however, hemolysis

of any etiology, even though minor, may trigger intravascular coagulation. During

hemolysis the release of red cell ADP or red cell membrane phospholipoprotein

activates the procoagulant system and a combination of these may account for

DIC associated with major or minor hemolysis.13,62,119,120,121,122

Septicemia is often associated with DIC and certainly infection and septicemia is

not uncommon in obstetrics and gynecology. An early organism to be associated

with DIC was meningococcus.123 Later, other gram-negative organisms were also

associated with DIC.124,125 The triggering mechanisms consist of the initiation of

coagulation by endotoxin: bacterial coat lipopolysaccharide.126,127,128 Endotoxin
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activates Factor XII to Factor XIIa, induces a platelet release reaction, causes

endothelial sloughing with later activation of XII to XIIa or XI to XIa, and releases

granulocyte procoagulant materials; any one of which might independently trigger

DIC. What is most common is a clinical summation of several or all these activation

events. Subsequently, many gram-positive organisms were also noted to be asso-

ciated with DIC and the mechanisms have been aptly described.3,5,13,62,129,130

Bacterial coat mucopolysaccharides induce DIC by the same mechanisms noted

with endotoxin. However, as with gram-negative endotoxemia what is seen clinic-

ally is probably a summation of several or all these activation events.3,5,13,62

Many viremias seen in obstetric or gynecological patients, including Human

Immunodeficiency Virus (HIV), are associated with DIC; the most common are

varicella, hepatitis, or cytomegalovirus infections.131,132 Many other acute vi-

remias also induce DIC.3,5,13,62 The triggering mechanisms are unclear but may

represent antigen-antibody associated activation of Factor XII, a platelet release

reaction, or endothelial sloughing with subsequent exposure of subendothelial

collagen and basement membrane.133

Severe viral hepatitis and acute hepatic failure of any etiology, including drug,

toxin or infectious can lead to DIC, which can be difficult to separate from the

myriad of other coagulation abnormalities associated with severe hepatic dysfunc-

tion. Also, intrahepatic or extrahepatic cholestasis, especially when present for

greater than five days, may be accompanied by DIC.3,5,13,62

Acidosis, and less commonly alkalosis, may also provide triggers for DIC.3,5,13,62

In acidosis the triggering event is probably endothelial sloughing with the atten-

dant activation of XII to XIIa and/or XI to XIa and/or platelet release with a later

activation of the procoagulant system. However, the mechanisms in alkalosis are

unclear. Vascular disorders may also be associated with DIC.2,16

Figure 1.4 illustrates the mechanisms by which a broad spectrum of unrelated

pathophysiological insults found in obstetrics, gynecology or complications seen

in these patients may give rise to the same common ultimate pathway, the syndrome

of disseminated intravascular coagulation. There are many disorders associated

with endothelial damage, circulating antigen-antibody complexes, endotoxemia,

tissue damage, platelet damage or release, and red cell damage.3,5,13,62,134 When

one of these insults happens, there are many potential activation pathways by

which systemically circulating plasmin and circulating thrombin may arise; when

these two enzymes are circulating systemically, DIC is the usual result.3,5,13,62,134

Conversely, both enzymes must be present for development of DIC. Frequently,

the pathways leading from the first pathophysiological insult to the generation of

systemic thrombin and plasmin are different; despite the differences in initiating

the activation pathway, once triggered the resultant pathophysiology of DIC is

the same.3,5,13,62
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Pathophysiological events

The pathophysiology of DIC, once a triggering event is provided, is summarized in

Figure 1.3. After the coagulation system has been activated and both thrombin and

plasmin circulate systemically, the pathophysiology of DIC is similar in all dis-

orders. An exception may be the slight variant outlined for amniotic fluid embo-

lism as depicted in Figure 1.2.

Consequences of systemic thrombin activity

When thrombin circulates systemically, fibrinopeptides A and B are cleaved from

fibrinogen leaving behind fibrin monomer. Fibrin monomer polymerizes into

fibrin (clot) in the circulation, leading to microvascular and macrovascular

thrombosis and interference with blood flow, peripheral ischemia, and end-

organ damage.62,63,134,135 As fibrin is deposited in the microcirculation, platelets

become trapped and thrombocytopenia follows.4,62,63 On the other side of the

‘‘circle’’ depicted in Figure 1.3, plasmin also circulates systemically and cleaves the

carboxy-terminal end of fibrinogen into fibrin(ogen) degradation products, creat-

ing the clinically recognized X, Y, D, and E fragments.4,62,63,134,136,137,138 Plasmin

also rapidly releases specific peptides, the B-beta 15–42 and related peptides, which

may serve as diagnostic molecular markers. Fibrin(ogen) degradation products
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Figure 1.4 Triggering mechanisms for DIC.
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(FDP) may combine with circulating fibrin monomer before polymerization and

the fibrin monomer becomes ‘‘solubilized.’’ This complex of FDPs and fibrin

monomer is called soluble fibrin monomer; the presence of soluble fibrin monomer

forms the basis of the ‘‘paracoagulation’’ reactions, the ethanol gelation and

protamine sulfate tests.139,140,141 When adding protamine sulfate or ethanol to a

citrated tube of patient plasma containing soluble fibrin monomer, the ethanol or

protamine sulfate will clear the fibrin(ogen) degradation products from fibrin

monomer, fibrin monomer will complex and polymerize, hence, fibrin strands are

formed in the test tube and this is interpreted as a positive protamine sulfate or

ethanol gelation test.5,12,140,142 Thus, systemically circulating fibrin(ogen) degra-

dation products interfere with fibrin monomer polymerization; this further

impairs hemostasis and leads to hemorrhage.5,12,112 The later fragments (D and E)

have a high affinity for platelet membranes and induce a profound platelet

function defect.5,12,143,144,145 Platelets remaining in the circulation are dysfunctional

and may also lead to, or contribute to, clinically significant hemorrhage. FDP and

D-Dimer, discussed later, induce synthesis and release of monocyte/macrophage-

derived I. L.-1, I. L. 6 and plasminogen activator inhibitor-type (PAI-1); I. L.-1 and

I. L.-6 induce additional vascular endothelial damage and disruption, thus more

end-organ damage and elevated PAI-1 inhibits fibrinolysis, leading to accelerated

thrombus formation.146 Thrombin also induces monocyte release of Tumor

Necrosis Factor (TNF), Interleukin-1 (I. L.-1), I. L.-6 and may induce endothelial

release of soluble thrombomodulin and endothelin and selectin.147,148 The

endothelin release induced intense vasoconstriction, vasospasm and subsequent

thrombus and vascular occlusion, leading to more end-organ damage and failure.73

The selectin E (also known as ELAM-1) release binds to granulocytes and lympho-

cytes, monocytes/macrophages, inducing more cytokine release and release of

Platelet Activating Factor (PAF), which may also be derived from damaged

endothelium, mast cells, eosinophils, and platelets; PAF induces further thrombo-

cytopenia.73,148,149 Additionally, FDP are thought to induce monocyte release

of monocyte-derived I. L.-1 and tissue factor (TF).146 The release of I. L.-1 and

tissue factor from monocytes both enhance thrombosis.150 The release of I. L.-1

from monocytes by Thrombin appears to be further enhanced in the presence

of lipopolysaccharide (usually derived from gram negative organisms).151 The

binding of granulocytes to endothelium, discussed above, also induces release of

granulocyte cathepsins and elastases leading to direct end-organ damage, more

cytokine release and these two compounds may also cause degradation of many

procoagulant and profibrinolytic factors.152

Plasmin, unlike thrombin, is a global proteolytic enzyme and has equal affinity

for fibrinogen and fibrin.2,3,5,12 Plasmin also effectively biodegrades Factors V,

VIII: C, IX, XI, and other plasma proteins including growth hormone, ACTH,
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insulin, and many more.2,3,5,12,53,112,134,153,154,155 As plasmin degrades cross-linked

fibrin, specific fibrin degradation products appear in the circulation; one of these is

D-Dimer, discussed later. Also, as plasmin circulates systemically it may activate

both C-1 and C-3 with the eventual activation of C-8,9 and subsequent red cell and

platelet lysis.5,12,53,112,134,156 Complement is also activated by TNF, via thrombin-

mediated release of TNF from the monocyte/macrophage system.147,157 Red cell

lysis releases red cell ADP and red cell membrane phospholipids, supplying more

procoagulant material. Also, complement-induced platelet lysis prompts further

thrombocytopenia and provides more platelet procoagulant material. Of added

clinical importance, activation of the complement system will increase vascular

permeability leading to hypotension and shock.2,3,5,12,53,100,112 Elevated levels of

PAI-1 in DIC may blunt some of these activities and clearly leads to hypoactivity of

overall fibrinolysis and fibrinogenolysis, thus enhancing fibrin precipitation.158

Activation of the kinin system is also an important pathophysiological event

with serious clinical consequences in DIC. With generation of Factor XIIa in DIC,

there is subsequent conversion of prekallikrein to kallikrein and later conversion of

high molecular weight kininogen into circulating kinins.53,159,160 This also leads to

increased vascular permeability, hypotension, and shock.1,2,3,5,62

In summary, as thrombin circulates systemically the consequences are mainly

thrombosis with deposition of fibrin monomer and polymerized (cross-linked)

fibrin in the microcirculation and, occasionally, large vessels. Many of these

consequences of thrombin are mediated by both the procoagulant system and

consequences of other thrombin-activated systems and by thrombin-induced

release of cytokines.1,3,4,5 Many of these adverse actions in DIC are also mediated

by subsequent endothelial damage/disruption, release of endothelial-derived pro-

ducts and cytokines and endothelial interactions with granolocytes, lymphocytes,

and monocyte/macrophage cells.1,3,4,5 Concomitantly, plasmin also circulates

systemically and is primarily responsible for the hemorrhage seen in DIC because

of the creation of fibrin(ogen) degradation products and the interference of FDP

with fibrin monomer polymerization and platelet function. Plasmin-induced lysis

of many aforementioned clotting factors also leads to hemorrhage. By appreciating

this circular concept of pathophysiology, it is understandable why most patients

with DIC are experiencing both hemorrhage and thrombosis. Clinicians

are repeatedly misguided by appreciating only the hemorrhage evolving in

DIC patients, as this is the most obvious physical finding observed during clinical

assessment. However, of greater importance, is the substantial microvascular

thrombosis and large vessel thrombosis that occurs, leading to irreversible end-

organ damage. It is important to recognize that most patients with disseminated

intravascular coagulation are not only experiencing significant hemorrhage but

also significant and often diffuse thrombosis.1,2,3,4,5,12,53,100,112,161,162 Understanding
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and appreciating the extraordinarily complex pathophysiology of DIC provides the

dictum that DIC is always accompanied by (A) procoagulant system activation

(B) fibrinolytic system activation (C) inhibitor consumption (D) cytokine release

(E) cellular activation and resultant (F) end-organ damage, as summarized in

Table 1.8. Findings of (1) procoagulant system activation (2) fibrinolytic system

activation (3) inhibitor consumption and (4) end-organ damage must be present,

and documented by appropriate laboratory parameters, for an objective diagnosis

of DIC.1,2,3,5

Clinical diagnosis

The systemic signs and symptoms of DIC are variable and usually consist of fever,

hypotension, acidosis, proteinuria, and hypoxia.1,2,3,4,12 More specific signs found

in patients with DIC that should immediately forewarn one to this possibility, in

the appropriate clinical settings, are petechiae and purpura (found in most

patients), hemorrhagic bullae, acral cyanosis and sometimes, frank gang-

rene.1,2,3,12,163,164,165 Wound bleeding, especially oozing from a surgical or trau-

matic wound is common in patients who have undergone surgery or suffered

trauma.1,2,3,4,12,62 Oozing from venipuncture sites or intra-arterial lines is another

common finding.1,2,3,4,12,62 Large subcutaneous hematomas, and deep-tissue

bleeding are also frequently seen.21 The average patient with DIC usually bleeds

from at least three unrelated sites and any combination may be seen.1,2,3,4,12,62

A remarkable volume of microvascular and large vessel thrombosis may occur which

is not clinically obvious unless and until looked for.1,2,3,4,12,62 Those organ systems

having a high chance of microvascular thrombosis associated with dysfunction

include cardiac, pulmonary, renal, hepatic and central nervous system.1,2,3,4,12,62,153

Thrombotic thrombocytopenic purpura (TTP) is commonly associated with CNS

dysfunction however, it should be realized that this is observed just as commonly in

DIC.1,2,3,4,12,62

Table 1.8 Laboratory criteria based upon DIC pathophysiology.

An understanding of the pathophysiology of DIC and the usual laboratory

manifestations allows for clear development of criteria to meet the

laboratory diagnosis of DIC, which are:

(1) Evidence of procoagulant activation

(2) Evidence of fibrinolytic activation

(3) Evidence of inhibitor consumption and

(4) Evidence of end-organ damage or failure

To meet these criteria, generally available laboratory tests are available
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Patients with low-grade DIC more commonly have subacute bleeding and diffuse

thromboses instead of acute fulminant life-threatening hemorrhage.1,2,3,4,12,62

These patients have been appropriately described as having a ‘‘compensated’’

DIC.1,2,3,4,12,62,166 In this instance there is usually an increased turnover and decreased

survival of many components of the hemostasis system including the platelets,

fibrinogen, and Factors V, and VIII: C; because of this, most global coagulation

laboratory tests are near normal or normal.1,2,3,4,12,62,166 Patients with low-grade

DIC, however, uniformly have elevated fibrin(ogen) degradation products, leading

to impairment of fibrin monomer polymerization and a clinically significant platelet

function defect resulting from the coating of platelet membranes by FDP. Also,

molecular markers of hemostatic activation, subsequently discussed, are typically

abnormal in low-grade DIC. Patients may also present with diffuse or singular

thromboses that are quite taxing for clinical management.

The minimal clinical findings required for a diagnosis of fulminant or low-grade

DIC are summarized in Table 1.9.

Morphological findings in DIC

Morphological findings in disseminated intravascular coagulation consist of

characteristic peripheral smear findings and hemorrhage or thrombosis in any

organ(s).1,2,3,4,12,62,167 Early morphological findings are platelet rich micro-

thrombi.62,167,168 These are usually seen in association with intense vasoconstric-

tion, resulting from compounds released from platelets including biogenic amines,

adenine nucleotides, thromboxanes, and kinins.1,2,3,4,12,62,169 These are later

replaced by hyaline (fibrin)-rich microthrombi.167,168 Another early finding is

fibrin monomer deposition, occurring primarily in the reticuloendothelial sys-

tem.1,2,3,4,62,170 The precipitation of fibrin monomer may cause end-organ damage

due both to primary parenchymal damage and to microvascular occlusion. Also,

this may impair reticuloendothelial clearance of FDPs, activated clotting factors,

and circulating soluble fibrin monomer. Later findings are the typical fibrin-rich

Table 1.9 Minimal clinical findings required for a diagnosis of disseminated

intravascular coagulation.

Understanding the usual clinical manifestations of DIC allow for minimal criteria required

for the clinical component of a diagnosis of DIC:

(1) Clinical evidence of hemorrhage, thrombosis or both should be present

and

(2) Should be occurring in the appropriate clinical setting as defined in the text
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hyaline microthrombi thought to replace earlier deposited platelet-rich micro-

thrombi.171 Patients with DIC may develop pulmonary hyaline membranes which

account, in part, for significant pulmonary dysfunction and hypoxemia.1,2,3,4,12,62

Schistocytes are red cell fragments seen in about 50% of individuals with

DIC.1,2,3,4,12,62,163,172,173 The mechanisms for the formation of schistocytes have

been demonstrated by Bull and associates, who describe fibrin-red cell inter-

actions.174 Absence of schistocytes, however, does not rule out a diagnosis of

DIC. Most patients with fulminant DIC will present with a mild reticulocytosis

and a mild leukocytosis, usually associated with a mild to moderate shift to

immature forms. Thrombocytopenia is usually present and often obvious by

examination of the peripheral blood smear.1,2,3,4,12,62 Also, large platelets are

usually seen on the peripheral smear, representing an increased population of

young platelets resulting from increased platelet turnover and decreased platelet

survival, because of platelet entrapment in microthrombi.1,2,3,4,12,62,163,175,176

The platelet-rich microthrombi are later replaced by hyaline (fibrin) micro-

thrombi.1,2,3,4,168 Hyaline microthrombi account for significant end-organ

damage; these are of three types. (1) Globular hyaline microthrombi may be

seen on PAS-stained peripheral blood smears and are polymerized complexes of

fibrinogen, fibrin, their degradation products and many intermediates.1,2,3,4,12,62

(2) Intravascular hyaline microthrombi are typically seen by pathologists at post-

mortem examination in DIC patients. These intravascular hyaline microthrombi

are homogeneous, compact, intravascular hyaline structures oriented parallel

to the blood flow and occasionally contain platelets or white cell fragments.

They are easily seen by PAS staining, trichrome staining, tryptophan staining,

and fluorescein-labeled antifibrinogen antiserum staining and by electron micro-

scopy.177,178 (3) Pulmonary hyaline membranes are also a form of hyaline

microthrombus and are highly polymerized complexes of fibrinogen, fibrin,

their degradation products, and all types of intermediates.179,180 They are usually

seen to cover the alveolar epithelium with a preference for areas denuded of

epithelial cells. Also, the interalveolar capillaries beneath these hyaline mem-

branes typically exhibit abnormal vascular permeability with the circulation of

endothelial cells, plasma protein precipitation between endothelial borders, and

the formation of interstitial edema. Many patients with disseminated intravascular

coagulation develop pulmonary hyaline membranes, leading to overt respiratory

failure, abnormal arterial blood gases, or abnormal pulmonary function tests

(especially altered diffusion capacity [DCO]).1,2,3,4,62,163 Pure ‘‘adult shock-lung

syndrome’’ shares similar pathophysiology with acute disseminated intravascular

coagulation; in this instance, the pathophysiology frequently remains localized

to the pulmonary microcirculation instead of becoming a systemic pro-

cess.1,2,3,4,12,62,181 The pulmonary hyaline membranes of adult shock-lung
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syndrome and those of pediatric respiratory distress syndrome are the same as

those present in DIC.62

DIC is a process associated with hemorrhage and thrombosis, although throm-

bosis is less clinically evident and less commonly appreciated by the clinician until

late in a course of DIC or until autopsy. Hemorrhage can often be successfully

treated in patients with DIC while thrombosis in the microcirculation and macro-

circulation often leads to end-organ damage with irreversible ischemic changes that

lead to morbidity and death. Those parameters that accelerate or precipitate micro-

thrombi and macrothrombi in patients with DIC are: (1) vasomotor reactions,

including elevated catecholamines, acidosis, and progressive vasoconstriction

accelerate the precipitation of thrombi in the circulation;1,2,3,4,182,183 (2) use of

exogenous glucocorticoids or endogenous ACTH elevation may contribute to the

precipitation of microthrombi in DIC patients and cautious thought must accom-

pany use of steroids in these patients; although frequently steroid use is desirable and

warranted;1,2,3,4,12,62,184 (3) impairment of reticuloendothelial clearance, resulting

from fibrin monomer precipitation or use of steroids, of fibrin(ogen) degradation

products, circulating soluble fibrin monomer, or activated coagulation factors may

also enhance the precipitation of microthrombi.1,2,3,4,12,62,163 These mechanisms

and interplays between them lead to accelerated fibrin monomer precipitation in

the circulation resulting in severe end-organ damage that may be irreversible and

often associated with significant morbidity and mortality.1,2,3,4,12,62,163

Laboratory diagnosis

Because of the complex pathophysiology depicted earlier, many laboratory find-

ings of DIC may be highly variable, complex, and difficult to interpret unless the

pathophysiology is clearly understood and appropriate tests performed, but

if ordered and interpreted appropriately, can provide objective criteria for diag-

nosis and monitoring.1,2,3,4 The laboratory evaluation of patients with DIC,

especially with respect to the significant tests useful for diagnosis, and monitoring

efficacy of therapy, is complex. Fortunately, many newer modalities have become

available to the routine clinical laboratory for easily assessing patients with

DIC.1,2,3,4,12,62,163,185,186,187 In this section, objective laboratory criteria required

for a diagnosis of DIC, based upon knowledge of pathophysiology of DIC, are

clearly defined.

Global coagulation tests in DIC

The prothrombin time should be abnormal in DIC for multiple reasons, but often

is normal and is an unreliable test in this setting. The prothrombin time depends

upon ultimate conversion of fibrinogen to fibrin and in DIC there is usually
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hypofibrinogenemia, and FDP and thrombin interference with fibrin monomer

polymerization. Also, plasmin-induced lysis of Factors V and IX should prolong

the prothrombin time. The prothrombin time is prolonged in about 50% to 75%

of patients with DIC and in up to 50% of patients is normal or short. The reasons

for normal or short times are: (1) the presence of circulating activated clotting

factor(s) such as thrombin or Factor Xa, may accelerate the formation of fibrin and

(2) early degradation products may be rapidly clottable by thrombin and quickly

‘‘gel’’ the test system giving a normal or fast prothrombin time.1,2,3,4,5,12,62,163 The

prothrombin time is generally unreliable and of minimal usefulness in evaluating

DIC.1,2,3,4,5,12,62,163

The activated partial thromboplastin time (aPTT) should also be prolonged

in fulminant disseminated intravascular coagulation for a variety of reasons, but

is more unreliable than is the prothrombin time. There is plasmin-induced

biodegradation of Factors V, VIII: C, IX, and XI which should prolong the

aPTT. The aPTT, like the prothrombin time, is prolonged by fibrinogen levels

less than 100 mg%. Also, the aPTT may be prolonged because of FDP inhibition

of fibrin monomer polymerization. However, the activated PTT is prolonged in

only 50–60% of patients with DIC and a normal PTT can certainly not be used

to rule out the diagnosis. The reasons for a fast or normal PTT in 40–50%

of patients are the same as for the prothrombin time.1,2,3,4,5,12,62,163 Like

the prothrombin time, the activated PTT is of minimal usefulness in

DIC.1,2,3,4,5,12,62,163

A prolonged thrombin or reptilase time is expected in DIC. Both tests should

be prolonged by the presence of circulating FDPs and interference with fibrin

monomer polymerization and from the hypofibrinogenemia commonly pre-

sent.1,2,3,4,5,12,47,62,163 Both tests are often prolonged in DIC however, for reasons

earlier mentioned they may sometimes be normal or fast. A ‘‘bonus test’’ of the

thrombin or reptilase time is to observe the resultant clot for presence or absence

of clot lysis.1,2,3,4,5,12,47,62,163 This simple non-quantitative tool may provide sig-

nificant clinical information; if the clot is not dissolving in 10 minutes, clinically

significant fibrinolysis is unlikely to be present. However, if the clot begins to lyse

within this period, a clinically significant amount of plasmin is probably

present.1,2,3,4,5,12,47,62,163

Coagulation factor assays provide little, if any, meaningful information in

patients with DIC.1,2,3,4,5,12,47,62,163 In most patients with fulminant DIC, systemically

circulating activated clotting factor(s), especially Factors Xa, IXa, and thrombin

are present.1,2,3,4,5,12,47,62,163 Coagulation factor assays done by the standard

aPTT- or prothrombin time-derived laboratory techniques using deficient sub-

strates will give uninterpretable and meaningless results in DIC patients. The

reasons for this are obvious; for example, if a Factor VIII: C assay is attempted
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in the presence of circulating Factor Xa in a patient with DIC, a high level of Factor

VIII: C is recorded since Factor Xa ‘‘bypasses’’ the necessity for Factor VIII: C in the

test system 1,2,3,4,5,12,47,62,163 and a rapid conversion of fibrinogen to fibrin occurs; a

rapid time will be recorded on the typical ‘‘standard curve’’ and this will be

interpreted as a high Factor VIII: C level when there may be no Factor VIII: C

present. Factor assays will give erroneous and meaningless results, are uninterpre-

table and add little or nothing to the diagnosis in DIC patients.1,2,3,4,5,12,47,62,163

Fibrin(ogen) degradation products are elevated in 85–100% of patients with

DIC.1,2,3,4,5,12,47,62,163,188,189 These degradation products are only ‘‘diagnostic’’

of plasmin biodegradation of fibrinogen or fibrin, and FDPs are, therefore, only

indicative of the presence of plasmin.1,2,3,4,5,12,47,62,163 The protamine sulfate or

ethanol gelation tests for circulating soluble fibrin monomer are usually posi-

tive.1,2,3,4,5,47,139,163,190,191 Like the FDP titer, however, these are not diagnostic as

both elevated FDPs and circulating soluble fibrin monomer may occur in other

clinical situations, including women using oral contraceptives, patients with pul-

monary emboli, selected patients with myocardial infarction, patients with certain

selected renal diseases, and patients with arterial or venous thrombotic or thrombo-

embolic events.1,2,3,4,5,143,163,192,193 Sometimes, the protamine sulfate test or ethanol

gelation test may be negative. A quantitative assay for fibrin monomer, the

FM-test by ELISA (Thrombin Precursor Protein) has been shown to be a sensitive

marker in the management of DIC patients, however the data are preliminary.194

A newer test for DIC is the D-Dimer assay. D-Dimer is a neo-antigen formed

when thrombin initiates the transition of fibrinogen to fibrin and activates Factor

XIII to cross-link the fibrin formed; this neo-antigen is formed as a result of

plasmin digestion of cross-linked fibrin.195,196 The D-Dimer test is, therefore,

specific for fibrin degradation products, whereas the formation of fibrinolytic

degradation products (FDP), the X, Y, D and E fragments, discussed earlier, may

be either fibrinogen or fibrin derived, following plasmin digestion. Recently,

monoclonal antibodies have been harvested against the D-Dimer neo-antigen

DD-3B6/22 that are specific for cross-linked fibrin derivatives containing the

D-Dimer configuration.197,198 Following the harvesting of monoclonal antibodies,

a latex agglutination assay has been developed for the clinical laboratory. Of the

common tests used in assessing DIC patients, the D-Dimer assay appears to be one

of the most reliable test for the probability of being abnormal in patients with

confirmed DIC.1,102 Using our battery of DIC tests, in the appropriate clinical

setting, the reliability of tests used, in descending order of reliability, are the

D-Dimer and Prothrombin Fragment 1.2 assays (abnormal in over 90%) the

anti-thrombin III level (abnormal in 89%) the fibrinopeptide A level (abnormal in

88%) and FDP titer (usually abnormal in 75% of patients).5 Elms and co-workers

have done D-Dimer assays in DIC patients and found elevated D-Dimer levels in
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all patients with DIC.199 Many of the newer D-Dimer assays commercially avail-

able do not use the DD-3B6/22 monoclonal antibody and have been found to be

inadequate, as they are not specific for fibrin degradation products.200 The formation

of prothrombin fragment is depicted in Figure 1.5. In some instances, FDP titers

and paracoagulation reactions may be negative in DIC. The available fibrin(ogen)

degradation product determinations use latex particles that are ‘‘anti-fibrinogen’’

and since they are anti-fibrinogen, thrombin clot tubes are supplied to clot out

fibrinogen so latex particles will not react with fibrinogen and erroneously measure

fibrinogen instead of its degradation products.1,2,3,4,5,47,163 However, fibrinogen

and its degradation products have common antigenic determinants.201 When

these thrombin clot-tubes are used, not only is fibrinogen removed from the

system but also Fragment X and Fragment Y. Currently available FDP methodol-

ogies measure Fragments D and E, and in some cases of DIC there may be minimal

secondary fibrinolytic response and minimal plasmin circulating, thus there may
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Figure 1.5 Formation of prothrombin fragment 1þ2.
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only be degradation to the X fragment stage or some intermediate between

fibrin(ogen) and Fragment X. In this instance, there will be nothing for the test

to measure since Fragment X and its intermediates will be removed from the test

system by the thrombin clot-tubes used. Alternatively, in instances of acute DIC

where there is a massive secondary fibrinolytic activation and overwhelming

amounts of plasmin circulating, degradation past the D and E stage may happen.

Fragments D and E are the last degradation products retaining antigenic determi-

nants capable of being detected by the available commercial FDP titer kits.

Another problem is that of overwhelming release of granulocyte enzymes, collage-

nases and elastases, which may also degrade all available D and E fragments and

again, render false negative FDP titers in patients with acute disseminated intra-

vascular coagulation.1,2,3,4,5,12,163 Therefore, the presence of negative FDP titers

does not rule out a diagnosis of DIC. Despite these difficulties, FDP titers are

elevated in most DIC patients. However, with general availability of the D-Dimer

assay, there is only limited use for the FDP titer, and no use for the protamine

sulfate test in DIC patients. D-Dimer formation is shown in Figure 1.6.

Molecular markers for the diagnosis of DIC

The conversion of prothrombin to thrombin is a key event in the normal coagula-

tion of blood; this activation results in the release of an inactive prothrombin

fragment 1.2 (PF 1þ 2) from the amino terminus of the prothrombin molecule

thus generating an intermediate species, prethrombin 2. The prethrombin 2 can be

internally scissioned to yield thrombin; once produced this serine protease can
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FRAGMENT D
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Figure 1.6 The formation of D-Dimer.
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either proteolyze fibrinogen with the liberation of fibrinopeptide A (FPA) or

combine with its major antagonist, antithrombin to form a stable inactive

enzyme-inhibitor complex, the thrombin–antithrombin (TAT) complex.202

Approved ELISA assays are now generally available to quantitate the levels of

prothrombin fragment PF 1þ 2 and TAT within the circulation to provide

evidence of excessive Factor Xa and thrombin generation.203 The prothrombin

fragment 1þ 2 assay is an easily performed reliable molecular marker for Factor Xa

generation,126,204,205,206,207,208 while the fibrinopeptide A assay, subsequently dis-

cussed, is an easily performed reliable marker for thrombin generation. These

activation sequences are depicted in Figure 1.7.

The antithrombin determination is a key test for the diagnosis and monitoring

of therapy in DIC.1,2,3,4,5,12,112,163 During activation of DIC, there is irreversible

complexing of thrombin and circulating activated clotting factors with antithrom-

bin, leading to considerable decreases of functional antithrombin.47,209 Several

studies have compared the clinical applicability of various antithrombin meth-

odologies and based upon these studies synthetic substrate assays are clearly the

method of choice.210,211 Immunological assays for antithrombin ignore biological
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Figure 1.7 Formation of prothrombin fragment 1þ2 and Fibrinopeptide A.
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function and may be low or normal in DIC; immunological assays for antithrom-

bin in DIC patients should not be used.1,2,3,4,5,12,143,163,212

Fibrinopeptide A is usually elevated in patients with disseminated intravascular

coagulation and provides an overall assessment of hemostasis activation, much

like platelet factor 4 and beta-thromboglobulin levels provide for platelets. The

presence of fibrinopeptide A is ‘‘diagnostic’’ of the presence of thrombin acting on

fibrinogen. Also, fibrinopeptide A determinations may be of help in assessing

efficacy of therapy in DIC.1,2,3,4,5,12,143,163,213,214 The fibrinopeptide A level may be

elevated in a wide variety of other micro- or macrovascular thrombotic events and

also increases generally as a function of age.215 The fibrinopeptide A level is

available by ELISA assay.

To summarize, the prothrombin fragment 1þ 2 and Fibrinopeptide A elevation

provide direct evidence of procoagulant activation, decreased antithrombin levels

provide indirect evidence of both procoagulant activation and inhibitor consump-

tion, and elevated TAT complex is direct evidence of procoagulant activation and

inhibitor consumption.

Fibrinolytic system assays are now readily available in the clinical laboratory and

provide useful information in DIC. Typically, plasminogen is decreased and

circulating plasmin is present.1,2,3,4,5,12,163 Intensity of the secondary fibrinolytic

response is of clinical consequence for predicting potential microvascular throm-

bosis and resultant irreversible end-organ damage in patients with DIC. If there is

impaired activation of the fibrinolytic system, morbidity and mortality resulting

from end-organ damage may be even greater than expected. Fibrinolytic system

activation can be assessed by measuring plasminogen and plasmin levels by

currently available, simple, synthetic substrate techniques.185,216,217 The euglobu-

lin lysis time provides little or no clinically useful information for assessing the

fibrinolytic system in clinical disorders, including DIC.1,2,3,4,5,163,218,219 Direct

measurement of plasmin in plasma can be difficult because it is rapidly inactivated

by complexing with fast-acting alpha-2-antiplasmin220,221 and slow acting alpha-

2-macroglobulin.222 Alpha-2-antiplasmin (A-2-AP) is also called alpha-2-plasmin

inhibitor (alpha-2-PI). If these two fibrinolytic system inhibitors are markedly

elevated, there may be an ineffective fibrinolytic response with resultant enhanced

fibrin monomer precipitation, fibrin deposition, and vascular thrombosis. The

plasmin-alpha-2-plasmin inhibitor (PAP) complex is measured by crossed immu-

noelectrophoresis, enzyme-linked immunoabsorbent assay (ELISA).222,223,224

Alpha-2 macroglobulin-plasmin complexes can also be measured by ELISA.225

The presence of these complexes is therefore a direct indicator of in vivo plasmin

generation. The plasmin-alpha-2PI (PAP) complex has been shown to be mark-

edly elevated in DIC at the time of presentation and changes in parallel with the

course of DIC, with levels decreasing in clinical remission.226 The PAP complex is
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useful in DIC because elevation documents (1) fibrinolytic system activation

(plasmin) and (2) inhibitor (alpha-2-PI) consumption. Recently, assays for tissue

(endothelial) plasminogen activator and tissue plasminogen activator inhibitor

have become available; their potential role in DIC is unclear at present.

In summary, elevated plasmin and decreased plasminogen provide direct evi-

dence of fibrinolytic activation, decreased alpha-2-PI provides indirect evidence

of fibrinolytic activation and inhibitor consumption, and elevated PAP complex

provides direct evidence of both fibrinolytic activation and inhibitor consumption.

The platelet count is typically decreased in DIC; however, the range may be

variable, from as low as 2–3� 109/l to greater than 100� 109/l. In most patients

with DIC, thrombocytopenia is obvious by examination of a peripheral blood

smear and averages around 60� 109/l.1,2,3,4,5,12,163 Most tests of platelet function

including the template bleeding time, platelet aggregation, and platelet lumi-

aggregation are abnormal in patients with DIC.175 This is caused by FDP coating

of platelet membranes or partial release of platelet procoagulant materials. There is

no reason for doing tests of platelet function in patients with fulminant DIC,

as abnormal results are invariably found and add little to the diagnosis.1,2,3,4,5,175

Increased platelet turnover and decreased platelet survival is usual in patients with

DIC; Platelet factor 4 levels and beta-thromboglobulin levels are markers of

general platelet reactivity and release and are usually elevated in DIC patients.

Several reports have suggested that either of these may be worthwhile in DIC and

for monitoring efficacy of therapy of the intravascular clotting process.227,228 Both

assays are readily available for the clinical laboratory and each has attendant

advantages and disadvantages. Platelet factor 4 and beta-thromboglobulin are

elevated in most DIC patients however, neither of these modalities are diagnostic

of DIC, and may be elevated in pulmonary emboli, acute myocardial infarction,

deep venous thrombosis, and in disorders associated with microvascular disease

such as diabetes and autoimmunity. However, if elevated in DIC and then decrease

after therapy, this suggests therapy has been successful in either blunting or stopping

the intravascular clotting process.1,2,3,4,5,12,163 Elevation of either platelet factor 4 or

beta-thromboglobulin provides indirect evidence of procoagulant activation.

By understanding the pathophysiology of DIC, clearly hemostasis will be quite

deranged and most common laboratory tests of hemostasis may be markedly

abnormal.1,2,3,4,5,12,134,163,229 It is therefore, useful to establish which tests are of

practical significance for providing a high degree of reliability, specificity and

availability in assessing patients with DIC. In this regard, hospital laboratories

must be equipped to offer assays that will quickly and reliably allow assessment of

DIC patients by objective means. If a hospital allows admission of patients with DIC

or diseases associated with DIC, current standards of care require that the clinical

laboratory can meet this need on a STAT basis.1,2,3,4,5 Tests useful for aiding in a
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Table 1.10 Clinical findings suggestive of DIC.

Disseminated intravascular coagulation

Petechiae

Purpura

Hemorrhagic bullae

Acral cyanosis

Gangrene

Surgical wound bleeding

Traumatic wound bleeding

Venipuncture site bleeding

Arterial line oozing/bleeding

Subcutaneous hematomas

Intracranial hemorrhage

Gastrointestinal hemorrhage

Intra-abdominal hemorrhage

Retroperitoneal hemorrhage

Genitourinary hemorrhage

Intrapulmonary hemorrhage

Clinical thrombosis/microvascular thrombosis

Table 1.11 Molecular markers useful for the differential diagnosis of DIC, primary lysis

and thrombotic thrombocytopenic purpura.

Marker DIC Primary lysis T. T. P.

Prothrombin Elevated Normal Normal

Fragment 1þ 2

D-Dimer Elevated Normal Elevated

FDP Elevated Elevated Elevated

Soluble fibrin monomer Elevated Normal Normal

Fibrinopeptide A Elevated Normal Normal

Fibrinopeptide B Elevated Normal Normal

Platelet factor 4 Elevated Normal Elevated

Beta-thromboglobulin Elevated Normal Elevated

Plasminogen activator Elevated Elevated Decreased

Thromboxanes Elevated Normal Elevated

6-keto-PGF-alpha Normal Normal Decreased

Fibronectin Decreased Normal Normal

B-beta 15–42 peptide Elevated Normal Normal

B-beta 1–42 peptide Elevated Elevated Normal

B-beta 15–118 peptide Elevated Elevated Normal
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diagnosis of DIC are depicted in Table 1.10.1,2,3,4,5,12,47,163 Molecular marker profil-

ing for DIC has become available and is performed in the laboratory by fully

automated systems. These molecular markers are worthwhile for providing a differ-

ential diagnosis of DIC versus primary fibrinolysis or DIC versus TTP in particularly

difficult situations. The differential diagnosis of DIC versus primary fibrinolysis

versus TTP by molecular marker profiling is depicted in Table 1.11. In uncommon

instances of a difficult differential diagnosis between DIC, TTP or primary fibrino-

lysis, use of these molecular markers may be quite helpful.1,2,3,4,5,163,230

Table 1.12 Laboratory diagnostic criteria.*

Tests currently suitable for evidence of procoagulant activation (Group I tests) are:

1. Elevated prothrombin fragment 1þ 2

2. Elevated fibrinopeptide A

3. Elevated thrombin-antithrombin complex (TAT)

4. Elevated D-Dimer**

5. Elevated soluble fibrin monomer (TPP) ELISA

Tests currently suitable as evidence for fibrinolytic activation (Group II tests) are:

1. Elevated D-Dimer

2. Elevated FDP

3. Elevated plasmin

4. Elevated plasmin-antiplasmin complex (PAP)

5. Elevated soluble fibrin monomer (TPP) ELISA

Tests currently suitable as evidence for inhibitor consumption (Group III tests) are:

1. Decreased AT-III

2. Decreased alpha-2-antiplasmin

3. Decreased heparin cofactor II

4. Decreased protein C or S

5. Elevated T. A. T. complex

6. Elevated P. A. P. complex

Tests currently suitable as evidence for end-organ damage or failure (Group IV tests) are:

1. Elevated LDH

2. Elevated creatinine

3. Decreased pH

4. Decreased pAO2

*Only one abnormality each is needed in group I, II, and III and at least two abnormalities are

needed in group IV tests to satisfy criteria for a laboratory diagnosis of DIC.

**The D-Dimer is only reliable for this purpose if using the correct assay and monoclonal

antibody, as discussed in the text.
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In summary, the laboratory diagnosis of DIC requires documentation of (1) pro-

coagulant system activation (Group I tests) (2) fibrinolytic system activation (Group

II tests) (3) inhibitor consumption (Group III tests) and (4) end-organ damage

(Group IV tests). The manner in which the above discussed tests are used to provide

documentation of these four requirements is summarized in Table 1.12.

Management of disseminated intravascular coagulation

Fulminant disseminated intravascular coagulation

The treatment of disseminated intravascular coagulation is confusing and some-

times controversial.1,2,3,4,5,12,62,231 Concomitant with controversy and confusion is

the global perception that therapy is often futile and most patients succumb to the

disease process. However, most published comments about therapy are based

upon tradition instead of fact and emotion instead of clinical judgment.1,2,3,4,5,12,62

The reasons for this are because very few objective series of DIC patients, for

therapy given, morbidity, mortality, and survival, have been published. Difficulties

in therapeutic clinical trials result because of the diverse etiologies and clinical

manifestations associated with DIC; a given therapeutic approach may be proper

for one particular etiology, but not necessarily another and one therapeutic

approach may be appropriate for various types of hemorrhage, but not thrombo-

sis. Thus, therapy must be highly individualized. If logical, aggressive, and se-

quential therapy is undertaken, morbidity and mortality rates are not as dismal as

suspected.1,2,3,4,5,12,62,163,231 Clinicians should exercise judgment with respect to

therapy, formulated upon experience and published series of patients and doc-

umentation instead of dogma and mythology. Hopefully, the future will offer

more guidelines than are available now with respect to successes and failures with

various forms of potential therapy.

An acceptable approach to therapy in fulminant DIC is somewhat vigorous and

is summarized in Table 1.13. Although this approach is aggressive, it is associated

with a high survival rate and low morbidity in patients with classic, fulminant

DIC.1,2,3,4,5,12,62,163 As a guiding principle, therapy must be individualized for

each patient depending on clinical findings and manifestations of the

process.1,2,3,4,5,12,62,112,163

Therapy should be based upon etiology of the DIC, age, hemodynamic status,

site and severity of hemorrhage, site and severity of thrombosis and other perti-

nent clinical factors. The essential therapeutic modality to be delivered to a patient

with fulminant DIC is that of an aggressive but reasonable therapeutic approach

to eliminate or treat the triggering disease process thought to be responsible for

DIC.1,2,3,4,5,12,62,112,163
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Treatments that remove or blunt the underlying disease process may in itself

significantly blunt the intravascular clotting process. If however, control of the

triggering event and pathophysiology is not achieved, later attempts at anti-

coagulant therapy, including heparin compounds, will rarely alleviate the disse-

minated intravascular clotting process.1,2,3,4,5,12,62,112,163,231

Table 1.13 Logical and sequential therapy for disseminated intravascular coagulation.

A. Individualize therapy

Site(s) and severity of hemorrhage

Site(s) and severity of thrombosis

Precipitating disease state

Hemodynamic status

Other clinical considerations

B. Treat or remove the triggering process

Evacuate/remove uterus

Antibiotics

Control shock

Volume replacement

Maintain blood pressure

Airway if needed

Antineoplastic therapy (GYN)

Other clinically indicated therapy

C. Stop intravascular clotting process

Subcutaneous LMW heparin

Subcutaneous UF heparin

Antithrombin concentrate

Intravenous heparin?

Investigational therapy

Concentrates?

Antiplatelet therapy?

Hirudin?

D. Replace missing blood components as indicated

Platelet concentrates

Packed red blood cells (washed/leuko-poor)

Antithrombin concentrate

Fresh frozen plasma

Cryoprecipitate?

Prothrombin complex concentrate

E. Inhibit residual fibrino(geno)lysis

Aminocaproic acid

Tranexamic acid
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Sometimes, it is impossible, or unlikely that the underlying disease can be

alleviated. However, frequently the removal of the triggering pathophysiology

will stop the DIC process; the classical example of this is an obstetrical accident

and another is septicemia. In cases of obstetrical accidents of any type (except

amniotic fluid embolism), anticoagulant therapy, especially heparin, is rarely

needed. Simply evacuating the uterus, or in rare instances uterine or hypogastric

artery ligation or hysterectomy, will usually rapidly stop the intravascular clotting

process.1,2,3,4,5,12,62,112,163,232,233,234

Although it is often difficult to pursuade the obstetrician/gynecologist to take a

hemorrhaging thrombocytopenic, hypofibrinogenemic patient to the operating

room, the results are usually immediate and dramatic.1,2,3,4,5,12,62,112,163

In septicemia, specific antibiotic therapy, alleviation of shock, volume replace-

ment, possibly high-dose glucocorticoids, and other specific therapy to stabilize

hemodynamics will often cause significant blunting of the intravascular clotting

process and sometimes may stop the DIC process altogether.1,2,3,4,5,12,62,112,163

Each case must be evaluated on its own merits depending on the clinical

situation and the clinician’s assessment of the dominant triggering event. The

crucial point is that an attempt to treat the triggering event is the essential

therapeutic modality that must be administered to the patient with disseminated

intravascular coagulation. Concomitant with therapy for the triggering or under-

lying event, indicated supportive therapy must be aggressively started. The parti-

cular supportive therapy needed will depend upon the clinical situation of the

individual patient.

The second principle is to treat the intravascular clotting process, recalling that

thrombosis, usually of small vessels, is the process which most impacts on mor-

bidity and mortality in patients – not hemorrhage! Most patients, except those

suffering from DIC secondary to obstetrical accidents or massive liver failure, will

next usually need antithrombotic therapy of some form to stop the intravascular

clotting process. The use of subcutaneous low-dose heparin or LMW heparin

appears to be highly effective in DIC.1,2,3,4,5,12,62,112,163

Antithrombotic therapy is indicated if the patient continues to bleed or clot

significantly for about 4–6 hours after the initiation of supportive therapy and

therapy to stop or blunt the triggering pathophysiological event. This time period

is somewhat empirical and depends upon the sites and severity of bleeding and

thrombosis, the thromboses usually manifest as progressive end-organ failure.

When the patient continues to bleed in this situation, subcutaneous porcine

heparin at 80–100 units/kg every 4–6 hours, or LMWH as discussed previously,

as the clinical situation, site and severity of bleeding and thrombosis, and patient

size dictate, is begun. Low-dose subcutaneous heparin or LMWH appears to be as

effective or possibly more effective than larger doses of intravenous heparin in
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disseminated intravascular coagulation.1,2,3,4,235 With this approach one often

notes cessation of antithrombin consumption, lowering of FDP, and increases in

fibrinogen levels and slow or rapid correction of other abnormal laboratory

modalities of acute DIC in 3–4 hours, followed shortly by blunting or cessation

of clinically significant hemorrhage and thrombosis. The use of subcutaneous low-

dose heparin, instead of intravenous heparin, appears reasonable for several

reasons: (1) if the patient does not respond, larger doses of heparin can always

be administered if thought appropriate (2) unlike fears with larger intravenous

doses of heparin, low-dose subcutaneous heparin therapy is associated with

minimal chances of increasing the patients’ risk of hemorrhage, and (3) most

importantly, the use of low-dose subcutaneous heparin or LMWH has been as

efficacious as large-dose heparin therapy and is associated with a high percentage

of patient survival when used with other therapeutic modalities.1,2,3,4,5,12,62,112,163

Other anticoagulant modalities available, depending on the clinician’s

experience, are intravenous heparin, the use of combination antiplatelet agents,

or the use of antithrombin concentrates. Those clinicians using intravenous

heparin therapy for acute disseminated intravascular coagulation usually deliver

between 20,000 and 30,000 units per 24 hours by constant infusion and this

may be associated with significant blunting or cessation of the intravascular

clotting process however, aggravation of hemorrhage is a potential risk. The

contraindications of subcutaneous heparin, or heparin in any dose, would be in

patients with fulminant DIC and central nervous system insults of any type, DIC

associated with fulminant liver failure, and in most instances obstetrical

accidents.1,2,3,4,5,12,62,112,163

Combination antiplatelet agents are far less effective, but on occasion may be

called for as the specific clinical situation dictates.1,2,3,4,5,12,62,112,163

Fulminant disseminated intravascular coagulation has been successfully treated

with antithrombin concentrates.1,2,3,4,5,12,58,59,60,62,163,234,236 Several investigators

have also used antithrombin concentrates in fatty liver of pregnancy, and pre-

liminary experience would suggest these to be quite effective.237,238 Antithrombin

concentrates have become this author’s treatment of choice for most patients with

fulminant DIC. The dose required is calculated as follows: total units needed¼
(Desired Level – Initial Level)� 0.6� total body weight (kg).1,2,3,4,5,12,62,112,163 The

desired level should always be 125% or greater, and the dose calculation should be

performed and the derived antithrombin dose delivered every eight hours. This

author finds antithrombin to be highly effective in fulminant DIC; antithrombin

concentrate has been subjected to objective prospective clinical trials which clearly

establish efficacy.59,60 Another agent of potential therapeutic benefit for fulminant

DIC is recombinant hirudin. Extensive clinical experience with recombinant

hirudin in DIC is limited.
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About 75 percent of patients will respond to the two earlier outlined sequential

therapeutic steps.1,2,3,4,5,12,62,112,163 If patients continue to bleed after beginning

reasonable attempts to treat the triggering pathophysiology responsible for DIC

and anticoagulant therapy has been initiated, the most probable cause of continued

bleeding is component depletion.1,2,3,4,5,12,62,112,163 In this instance, the precise com-

ponents missing and thought to be contributing to hemorrhage should be defined

and administered. The delivery of certain components is associated with potential

hazards in patients with ongoing DIC and as a general guideline, only concentrates

and components void of fibrinogen should be delivered to a patient with ongoing

DIC, especially if manifested by a continued severe depression of the antithrombin

level. If, however, the antithrombin level, or another specific monitoring modality

that the clinician chooses to follow, is returning to normal and it can be assumed the

intravascular clotting process has been controlled, then any component or concen-

trate thought necessary can safely be given. Generally, the only components con-

sidered safe in patients with active, uncontrolled, DIC are washed packed

red cells, platelet concentrates, antithrombin concentrates, and non-clotting

protein containing volume expanders such as plasma protein fraction, albumin,

and hydroxyethyl starch. Components containing clotting factors and/or fibrinogen

may be associated with enhanced hemorrhage and especially thrombosis in

a patient with active DIC to whom these components are unwisely deliv-

ered.1,2,3,4,5,12,62,112,163,239 As would be expected from an understanding of the patho-

physiology of DIC when whole blood, fresh frozen plasma, or cryoprecipitate is given

to a patient with ongoing DIC, plasmin will rapidly biodegrade most, if not all, of the

coagulation factors supplied.1,2,3,4,5,12,62,112,163,239 This may not be particularly harm-

ful but is not helpful.1,2,3,4,5 Of greater significance is that these components contain

fibrinogen and are associated with a potential for the creation of even higher levels of

fibrin(ogen) degradation products that will further impair hemostasis by interference

with fibrin monomer polymerization, further decrease already compromised platelet

function, and will lead to enhanced microvascular deposition of fibrin thrombi and

subsequent thrombocytopenia.1,2,3,4,5,12,62,112,163,239 A reasonable approach is to

assess the patient after initiation of antithrombotic therapy. If bleeding continues

and the antithrombin level, or other selected monitoring modality, has returned to

normal or near normal, any component thought significantly depleted and likely to

be contributing to continued hemorrhage is reasonable to replace. Alternatively, if

the patient continues to bleed after antithrombotic therapy has been delivered and

the antithrombin level and other modalities used to monitor the patient remains

abnormal and progressive end-organ damage (thrombosis) or deterioration in

hemodynamic status is noted, it is highly likely in this situation that the intravascular

clotting process has not been controlled. In this instance, the component(s) should be

restricted to washed packed red cells, platelets, volume expanders, and if available,

39 Disseminated intravascular coagulation in obstetrics



antithrombin concentrate.1,2,3,4,5,12,62,112,163 By adhering to the above three sequen-

tial aggressive steps, most patients will stop hemorrhaging if they are going to survive.

In those rare instances where bleeding continues after the aforementioned three

sequential steps are instituted, in conjunction with aggressive supportive therapy,

the fourth step in the therapy of fulminant DIC is to consider inhibition of the

fibrinolytic system. This is rarely needed and is only necessary in about 3% of

patients. There are rare instances of DIC not associated with APL when the

intravascular coagulation process and fibrin deposition has been alleviated

and the patient continues to bleed because, for unexplained reasons, secondary

fibrinolysis has continued with the concomitant biodegradation of the usual

plasma protein targets of plasmin. In this rare instance, antifibrinolytic therapy

may be indicated and should be considered as the clinical situation dictates.

Antifibrinolytic therapy should not be routinely delivered to patients with ongoing

DIC, as these patients need the fibrinolytic system to render the microcirculation

clear of microthrombi.1,2,3,4,5,12,62,112,163 Antifibrinolytic therapy is not delivered

unless the first three sequential steps delineated above have been initiated and it

has been established from the clinical and laboratory standpoint that the intra-

vascular coagulation process has been eliminated by noting correction of biological

antithrombin levels or other modalities used by the clinician to monitor the event.

Also, antifibrinolytic therapy should never be used unless significant amounts of

circulating plasmin have been documented by laboratory modalities such as a

decrease in functional plasminogen or alpha-2-plasmin inhibitor and an increase

in plasmin. In those rare instances where antifibrinolytic therapy is indicated,

epsilon aminocaproic acid is given as an initial 5–10 grams slow intravenous push

followed by 2–4 grams per hour for 24 hours or until bleeding stops. This agent

may cause ventricular arrhythmias, severe hypotension, and severe hypo-

kalemia.240,241,242 Another antifibrinolytic is tranexamic acid, usually delivered

as 1 to 2 grams, intravenously every eight to twelve hours; this agent is more potent

and may be associated with fewer undesirable side effects.112 If a fibrinolytic

inhibitor is used in a patient with ongoing DIC, it may cause enhanced precipita-

tion of fibrin in the microcirculation and macrocirculation and lead to fatal

disseminated thrombosis.1,2,3,4,5,12,62,112,163

‘‘Low-grade’’ DIC

Therapy of low-grade disseminated intravascular coagulation is often approached

differently than for fulminant DIC. Many patients with compensated DIC do not

suffer life-threatening hemorrhage but have bothersome bleeding and local

or diffuse superficial or deep venous thrombosis and thrombo-

embolus.1,2,3,4,5,12,62,112,163,166,243 Essential therapy for low-grade DIC is treatment

of the underlying disease process; frequently, this will produce cessation of the
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intravascular clotting process and alleviation of hemorrhage or thrombosis. As

with fulminant DIC, indicated supportive therapy must be given. If this first step

is accomplished and hemorrhage and/or thrombosis and/or thromboembolus

continues, then anticoagulant therapy is indicated to stop the intravascular

clotting process. However, since low-grade DIC patients usually do not suffer

life-threatening hemorrhage, anticoagulant/antithrombotic therapy need not

necessarily be vigorous. Aggressive antithrombotic therapy, particularly warfarin

or heparin may be contraindicated in selected instances of malignancy, especially

those with intracranial metastases.1,2,3,4,5,12,62,97,112,163 Combination antiplatelet

therapy is frequently successful in stopping a compensated DIC process after

attempts to treat the triggering pathophysiology have also been started.

Commonly, a combination of acetylsalicylic acid plus other agents, such as clopido-

grel, will stop a low-grade intravascular coagulation process within 24 to 30 hours, as

manifest by correction of coagulation laboratory parameters and cessation of bleed-

ing or thrombosis. Low-dose subcutaneous heparin or LMW heparin therapy should

be considered in patients with low-grade DIC who appear to be evolving into a

fulminant process or who are developing significant thrombotic or thromboembolic

problems. Replacement therapy is rarely indicated in compensated DIC. Also,

inhibition of the fibrinolytic system is rarely, if ever, indicated in low-grade DIC.

Summary

Current concepts of the etiology, pathophysiology, clinical and laboratory diag-

nosis and management of fulminant and low-grade DIC as they apply to obstetrical,

pregnant and gynecological patients have been presented. In addition, general

medical complications leading to DIC, which may often be seen in obstetrics,

pregnancy and gynecology are discussed. Considerable attention has been devoted

to interrelationships within the hemostasis system. Only by clearly understanding

these pathophysiological interrelationships can the Obstetrician/Gynecologist

appreciate the divergent and wide spectrum of often confusing clinical and lab-

oratory findings in patients with DIC. In this discussion, objective clinical and

laboratory criteria for a diagnosis of DIC have been delineated, thus eliminating

unnecessary confusion and empirical decisions regarding the diagnosis.

Particularly in the obstetrical patient, if a condition exists noted to be associated

with DIC or if any suspicion of DIC arises on either clinical or laboratory findings,

it is imperative to carefully monitor these women with clinical and laboratory tools

to assess potential progression to a catastrophic event. In most instances of DIC

in obstetrics, the disease can easily be ameliorated at early stages. Many therapeutic

decisions are straightforward, particularly in obstetrics and gynecology; for more

serious and complicated cases of DIC in this patient population, however, efficacy

41 Disseminated intravascular coagulation in obstetrics



and choices of therapy remain unclear and will remain so until more is published

regarding response rates and survival patterns. Also, therapy must be highly

individualized depending on the nature of DIC, age, etiology of DIC, site and

severity of hemorrhage or thrombosis and hemodynamic and other clinical para-

meters. Finally, it should be appreciated that many syndromes which are often

partitioned into organ specific disorders but either share common pathophysiology

with disseminated intravascular coagulation or are simply a form of DIC are

sometimes identified as an independent disease entity, such as amniotic fluid

embolism syndrome, HELLP syndrome, adult shock lung syndrome, eclampsia,

and many other isolated ‘‘organ-specific’’ disorders. All of these, however, represent

DIC in its varied modes of clinical expression and serve to illustrate the very diverse

clinical and anatomical manifestations of this fascinating syndrome.
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Introduction

Recurrent miscarriage syndrome (RMS) is a common obstetrical problem, affect-

ing over 500,000 women in the USA per year;1 infertility although less well defined

in the population is also a common clinical problem.

Recurrent miscarriage, based upon literature available and our experience is

generally due to well defined defects as follows: about 7% are secondary to chromo-

somal abnormalities, about 10% are due to anatomical abnormalities, about 15%

appear due to hormonal abnormalities (progesterone, estrogens, diabetes or thy-

roid disease), about 6% cannot be explained and the remainder, about 55 to 62%,

are due to blood coagulation protein/platelet defects.1 The approximate prevalence

of causes of RMS/infertility are summarized in Figure 2.1.1 This is in contrast to first

time miscarriage, which in about 90% of cases, is due to a chromosomal defect and

may effect up to 25 percent of first time pregnancies.1

Blood coagulation protein/platelet defects

Recurrent miscarriage syndrome (RMS) due to blood protein or platelet defects

may come about through two mechanisms, those disorders associated with a

hemorrhagic tendency or those defects associated with a thrombotic tendency.

Hemorrhagic (bleeding) defects associated with RMS are very rare, while throm-

botic or hypercoagulable/thrombophilic defects are extremely common.1,2 The

hemorrhagic defects associated with fetal wastage syndrome presumably lead

to inadequate fibrin formation, thus precluding adequate implantation of the
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fertilized ovum into the uterus. The hemorrhagic defects associated with fetal

wastage syndrome include Factor XIII deficiency,3,4,5 Factor XII defects6 Factor X

deficiency,7 Factor VII deficiency,8 Factor V deficiency,9 Factor II (prothrombin)

deficiency10 von Willebrand syndrome, carriers of Hemophilia and fibrinogen

defects, including afibrinogenemia, those dysfibrinogenemias associated with

hemorrhage and others.11,12,13,14,15,16,17 Management of these patients is generally

plasma substitution therapy or, in appropriate disorders DDAVP therapy.1,2

Hemorrhagic/bleeding defects are rare causes of recurrent miscarriage as com-

pared to thrombotic/thrombophilic disoders.1,2

The thrombotic defects associated with fetal wastage are thought to occur due to

thrombosis of early placental vessels, with peak fetal wastage in the first trimester,

but small peaks also occur in the second and third trimesters.1,2 It appears the

earlier the pregnancy, the smaller the placental and uterine vessels and, therefore,

the greater the propensity to undergo partial or total occlusion by thrombus

formation. Thrombotic occlusion of placental vessels, both venous and arterial,

preclude adequate nutrition and, thus, viability of the fetus.1,2

The thrombotic hemostasis defects associated with RMS, include lupus anti-

coagulants and anticardiolipin antibodies (these two comprising the antiphospho-

lipid syndromes associated with fetal wastage syndrome),18,19,20 Factor XII

deficiency,21 dysfibrinogenemias associated with thrombosis,22 Protein C defects,23

Protein S defects, Antithrombin deficiency,24 Heparin cofactor II deficiency,25 and

fibrinolytic defects associated with thrombosis, including plasminogen defici-

ency,26 tissue plasminogen activator (t-PA) deficiency, elevated plasminogen

CHROMOSOME

ANATOMIC

HORMONAL

COAGULATION

CHROMOSOME

ANATOMIC

HORMONAL

COAGULATION 63%

7%

15%

15%

Figure 2.1 Defects causing recurrent miscarriage.
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activator inhibitor Type 1 (PAI-1),27 and PAI-1 polymorphism’s.28 Also, although

sticky platelet syndrome has been known for over a decade and leads to a wide

variety of arterial and venous events, only recently has it become apparent that this

defect is a common cause of RMS2 and, like other new defects, including Factor V

Leiden, 5, 10-methyltetrahydrofolate reductase mutations (5,10-MTHFR) and

prothrombin G20210 A gene mutation, should be added to the prothrombotic

disorders associated with RMS.2 It is anticipated that as new procoagulant factor

mutations associated with hypercoagulability and thrombosis are discovered, they

too will be found associated with placental thrombosis and RMS in many cases.

Table 2.1 Bleeding disorders associated with

recurrent miscarriage syndrome (rare).

Factor XIII deficiency

Von Willebrand disease

Factor X deficiency

Factor VII deficiency

Factor V deficiency

Factor II deficiency

Hypofibrinogenemia

Dysfibrinogenemia

Hemophilia a carrier

Table 2.2 Thrombotic disorders associated with

recurrent miscarriage syndrome (common).

Antiphospholipid syndrome

Sticky platelet syndrome

MTHFR mutations

Hyperhomocysteinemia

PAI-1 elevation/polymorphisms

Protein S deficiency

Factor V Leiden

Prothrombin G20210A

Protein C deficiency

Antithrombin deficiency

Heparin-Cofactor II deficiency

t-PA deficiency

Elevated lipoprotein (a)

Immune vasculitis
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Table 2.1 summarizes the bleeding disorders which may give rise to RMS or

infertility; it should be appreciated these are very rare causes as compared to

prothrombotic disorders.

Table 2.2 summarizes the hypercoagulable, prothrombotic disorders leading to

or potentially leading to RMS or infertility by inducing placental or uterine arterial

or venous thrombosis; these defects are common causes of RMS and infertility.

Procoagulant defects

The antiphospholipid syndrome is clearly the most common thrombotic defect

leading to fetal wastage syndrome/infertility and a variety of treatment programs

have been advocated. One difficulty in evaluating these has been that some

populations have addressed primarily patients with secondary antiphospholipid

syndrome and fetal wastage, in particular those with underlying systemic lupus

erythematosus or other autoimmune disorders, and only a few investigators have

addressed populations with primary antiphospholipid syndrome, with no known

underlying disease.

Antiphospholipid Syndrome (APLS) has long been recognized as a cause of

miscarriage and infertility; it has long been recognized that treatment is often

successful.29 Many clinicians consider APLS to be the most common prothrom-

botic disorder among both hereditary and acquired defects and the most common

thrombotic disorder causing recurrent miscarriage.1,2,18,19,30,31,32,33,34 When asses-

sing causes of infertility alone, APLS is thought to account for about 30% of

infertility; however, in one series, abnormal CD 56þ/CD 16 cell ratios were the

single most common defect found (40%) in infertility patients.35 In another recent

series, only 21% of patients with RMS had APLS; however, when assessing women

with APLS historically, 80% had suffered at least one miscarriage.36 In a series

reported by Granger, 384 unselected patients were assessed for APLS, of these 16%

harbored APLS and of those with APLS 56% of APLS patients had a term delivery

with low-dose ASA.37 Borelli found that 60% of patients with ‘‘habitual’’ un-

explained miscarriage harbored APLS.38 Although the great majority of cases of

APLS are clearly acquired,32,33 familial APLS associated with RMS has been

reported.39 Clearly, however, screening for APLS is indicated in patients with

RMS.1,2,18,19,30,31,33,40 One recent study has suggested that monitoring miscarriage

patients with APLS by use of prothrombin Fragment 1.2 may predict preclinical

placental thrombi;41 if this is confirmed, it may preclude the necessity of frequent

sonograms, which is our current mode of careful following pregnant RMS patients

on therapy. In addition since APLS is so common and since many of the hereditary

thrombophilias, such as Factor V Leiden, are so prevalent in North America, it is

not unexpected that some women with RMS will harbor APLS in combination
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with other procoagulant defects. Aznar has reported a case of RMS, complicated by

DVT and thrombotic stroke in a patient with APLS, Factor V Leiden and con-

genital Protein S deficiency.42 Many proposed mechanisms whereby APLS inter-

fere with the hemostasis system and predispose to thrombosis have been proposed.

These are summarized in appropriate references.1,2,3,18,19,30,31,32,33,40 However,

some investigators have proposed mechanisms specific for RMS. These proposed

mechanisms have included the proposal the APLS induce acquired activated

Protein C resistance (APC-R),43 interference with prothrombin (Factor II),

Protein C and Protein S, Tissue Factor and Factor XI44 and the Tissue Factor/

Tissue Factor Pathway Inhibitor (TF/TFPI) system.45 Another study also found

that patients with APLS also harbored antibodies to prothrombin, Protein C and

Protein S.46 Others have proposed these patients may also develop antibodies to

‘‘thromboplastin’’ and thrombin.47 Another proposal is that antiphospholipid

antibodies interfere with Annexin-V (also referred to as ‘‘Placental

Anticoagulant Protein’’).48 Two studies have shown Ig fractions of antiphospho-

lipid antibody (APLA) or Beta-2-Glycoprotein-1 (APLA) decrease trophoblastic

Annexin-V,48,49,50 but several have shown this anti-Annexin-V activity to be

limited to the antiphosphatidylserine subgroup antibody idiotype.51,52 However,

two carefully done studies have failed to demonstrate abnormalities of Annexin-V

in miscarriage patients with APLS and concluded it plays no role in RMS.53,54 In an

additional study of lupus patients, anti-annexin antibodies were detected in only

19%; however, these were not miscarriage patients.55 In an additional study in

non-RMS lupus patients, only 3.8% harbored anti-Annexin-V antibodies.44 In yet

another study, patients with thrombosis and APLS were assessed; only 8% har-

bored Beta-2-Glycoprotein-1.56 Testing for an antiphospholipid subgroup, in this

case antiphosphatidylserine, was found useful in one study where RMS patients

were negative for lupus anticoagulants and anticardiolipin antibodies; in this study

it was thought useful to test for this subgroup.57 In another study, however, the use

of APL subgroup testing was not considered helpful.58 It should be noted that on

rare occasions antiphospholipid syndrome may be inherited (this author has seen

three such families) and others have been reported,39 suggesting that a positive

maternal history may warrant evaluation at first pregnancy, as should a history of

familial thrombosis.

Patients harboring other congenital or acquired thrombophilic states are also at

high risk for placental thrombosis and RMS. In one study assessing a variety of

these defects in 46 selected women (anatomic and hormone defects ruled out

before hemostasis assessment) with RMS the following were found: 76% had

anticardiolipin antibodies (void of lupus anticoagulants), 3% had a lupus anti-

coagulant (void of anticardiolipin antibodies), 11% had congenital protein S

deficiency (three quantitative and one dysfunctional), 6.5% had ‘‘sticky platelet

59 Recurrent miscarriage syndrome and infertility



syndrome’’ (two with type I and one with type II), 3% had dysfibrinogenemia

and 3% had congenital tPA deficiency.2 In a study assessing prevalence of

hereditary and acquired defects in RMS patients, 9% had isolated Factor XII

deficiency, 7.4% had antiphospholipid syndrome, and fibrinolytic system

defects, leading to hypofibrinolysis and hypercoagulability were found in

43% of patients.59 This study concluded von Willebrand disease, fibrinogen

deficiency, antithrombin deficiency, Protein C and Protein S deficiency, t-PA

deficiency and PAI-1 defects played no role in RMS.59 In a similar study

assessing hereditary hemostasis defects in 125 RMS patients, quite different

results were noted and Factor V Leiden mutation was found in 14%.60

However, in another study of 50 RMS patients, it was concluded Factor V

Leiden, Prothrombin G20210 A mutation and 5,10-methyltetrahydrofolate

reductase mutations were not causes of RMS.61 Factor V Leiden was discov-

ered by Dahlback and associates in 199362, thus screening has only recently

become common; for a summary of this inherited defect see reference 62.62 As

noted above, Kutteh failed to find an association between Factor V Leiden and

recurrent miscarriage; however, in a recent study Factor V Leiden was found

responsible for 48% of recurrent miscarriages.63 In another study of pregnancy,

it was found that although Factor V Leiden was responsible for a greater than

3-fold risk of DVT, there was no association with miscarriage.64 In yet another

study, however, Factor V Leiden was associated with a high incidence of

second trimester miscarriages.65 Also, two additional studies have clearly

shown an association between Factor V Leiden mutation and recurrent mis-

carriages.66,67 Thus, the preponderance of current evidence certainly strongly

suggests that heterozygous Factor V Leiden mutation is a significant risk factor

for recurrent miscarriage and increases the risk for miscarriage by at least 3.3

fold.63 Another new common thrombophilic disorder, Prothrombin G20210A

gene mutation, was described by Poort and associates in 1996.68 Although

Kutteh61 found no association between this mutation and RMS, another

study found an increased risk of recurrent miscarriage of 2.2-fold in women

harboring this genetic procoagulant defect.69 Another newly appreciated

hereditary defect which leads to hypercoagulability and thrombosis is 5,10-

methylenetetrahydrofolate reductase (MTHFR) C677 T mutation. One study

found no association between this defect and recurrent miscarriage,61 however

another, more recent study, has shown a clear association between hetero-

zygosity for this mutation and recurrent miscarriage with those harboring the

mutation having a 2-fold enhanced risk.69 Finally, although hypofibrinolysis, in

general, has been shown to be associated with recurrent miscarriage,27 only

recently has the role of PAI-1 elevation and PAI-1 polymorphism(s) been

shown as a cause of recurrent miscarriage syndrome.28 Potential and proposed
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mechanism(s) of antiphospholipid antibody – induced thrombosis are summarized

in Table 2.3

Dallas Thrombosis Hemostasis Clinical Center experience

Over the past five years we have carefully assessed 351 women referred for throm-

bosis and hemostasis evaluation after suffering recurrent miscariages. In the Dallas/

Fort Worth Metroplex (DFW Metroplex), comprising a population of about 6

million, a flow protocol is followed to maximize success and keep costs of evaluation

for etiology of RMS/infertility at a minimum, while providing the best chances for

defining an etiology and, thus, providing ideal therapy for successful term pregnancy

outcome.1,2,3 This protocol is presented in Figure 2.2. In all instances, women with

RMS/infertility are first seen by an obstetrician or reproductive specialist; at this

stage anatomical defects and hormonal defects are assessed and, if found, the

workup stops at this point and treatment is initiated (about 25% of all women). If

no anatomical or hormonal defect is found, the patient is then seen by referral for

hemostasis evaluation; the positive yield among this selected population is about

92%. If this evaluation is negative (about 8%), then if the patient desires, chromo-

somal evaluation is initiated (about a 7% yield). Most of the obstetricians/repro-

ductive specialists in the DFW Metroplex refer after two or more miscarriages;

however, some will refer after one miscarriage in the face of a positive family history

for miscarriage and, occasionally, patients will request a work-up after only one

miscarriage; our practice has been to accommodate the desires of the patient, after

discussing the costs and other implications of evaluation. At the time of this writing,

all 322 patients with a defect have been followed for at least 15 months, thus have

been analyzed in detail and are presented below.

Table 2.3 APL-T syndromes: proposed mechanisms of thrombosis.

1. Interference with endothelial phospholipids and thus, prostacyclin release

2. Inhibition of prekallikrein, thus inhibition of fibrinolysis

3. Inhibition of thrombomodulin, thus protein C/S activity

4. APC resistance (non-molecular)

5. Interaction with platelet membrane phospholipids

6. Inhibition of endothelial t-PA release

7. Direct inhibition of proteins

8. Inhibition of annexin V: a cell surface protein which

inhibits tissue factor; also referred to as: ‘‘placental

anticoagulant protein’’ (serine only!!)

9. Induce release of monocyte tissue factor
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Characteristics of the first 351 women referred for hemostasis evaluation

The mean age of patients referred for a hemostasis evaluation is 33.3, the mean

number of miscarriages before referral is 2.9 (range¼ 2–9) and the percent

found with a hemostasis defect has been 92%. This information is provided in

Table 2.4.

All patients underwent a thorough evaluation for thrombophilia and, when

indicated, a hemorrhagic disorder. Of the 351 patients, 29 (8%) had no defect. Of

the remaining 322 patients, 10 (2%) had a bleeding disorder: 3 with platelet

dysfunction, 1 with Factor XIII deficiency, 3 with von Willebrands and 3 with

Osler-Weber-Rendu. The remainder of the patients had a thrombophilia as

follows: 195 (60%) had antiphospholipid syndrome, 64 (20%) had Sticky

Platelet Syndrome, 38 (12%) had MTHFR mutation, 23 (7.1%) had PAI-1 poly-

morphism, 12 (3.7%) had Protein S deficiency, 12 (3.7%) had Factor V Leiden,

3 (1%), had AT deficiency, 3 (1%) had Heparin-Cofactor II deficiency, 3 (1%) had

t-PA deficiency, and 6 (2%) had Protein C deficiency. There were a total of 364

defects found in the 312 patients harboring thrombophilia; thus, several harbored

two and a few harbored three separate defects.

Like that found by most other investigators, discussed previously, the most

common defect found has been antiphospholipid syndrome (APLS); however,

unlike some groups, we assess for all phospholipid antibody subgroups including

antiphosphatidylserine, antiphosphatidylethanolamine, antiphosphatidylglycerol,
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Figure 2.2 A suggested pathway for evaluation of the patient with recurrent miscarriage.
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antiphosphatidic acid, antiphosphatidylcholine, antiphosphatidylinositol, anti-

annexin-V antibody, Beta-2-Glycoprotein-1, hexagonal phospholipid, and lupus

anticoagulant (by dRVVT with correction by non-platelet derived phospholipid to

avoid false positive results). We always assess all three idiotypes of anticardiolipin

antibody (IgG, IgA and IgM), an incomplete evaluation continues to be made by

many who evaluate these patients and leave out either IgA or IgM idiotypes. The

most common defect we find is, again, antiphospholipid syndrome, followed by

Sticky Platelet Syndrome SPS), followed by MTHFR mutations, PAI-1 defects –

most commonly polymorphisms (4G/5G or 4G/4G), protein S deficiency, Factor V

Leiden, antithrombin deficiency, heparin co-factor II deficiency, tissue plasmino-

gen activator (tPA) defects, and protein C deficiency. It is of interest that by

including all antiphospholipid subgroups, it is found that 29% of patients have a

subgroup antiphospholipid antibody, but no anticardiolipin antibody or lupus

anticoagulant; thus 29% of patients would remain undiagnosed if these subgroups

are not performed. Interestingly, this is about the same finding recently noted in

young age (<51) thrombotic stroke patients.70 The hemostasis defects found in

our population are summarized in Table 2.5. The particulars of the antiphos-

pholipid patients, with demonstration of the idiotypes found, are summarized

in Table 2.6.

All patients with a thrombophilic defect were treated with preconception aspirin

at 81 mg/day and at documentation of conception were treated with the addition of

subcutaneous unfractionated porcine mucosal heparin at 5,000 units every 12 hours

Table 2.5 Hemostasis (bleeding) disorders found

in the population (7% of total seen).

Platelet dysfunction ¼ 3

Von Willebrands ¼ 3

Osler–Weber–Rendu ¼ 3

Factor XIII deficiency ¼ 1

Table 2.4 Patient demographics.

Patient characteristics:

(All 351 patients) Mean S.D. Max. Min.

Age: 33.3 5.63 49 18

Number of miscarriages: 2.9 2.39 9 2

Percent with defect(s) ¼ 322/351: 92%
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by self-injection (first 120 patients) or subcutaneous low-molecular-weight

(LMW) heparin dalterparin (Fragmin) at 5,000 units q 24 hours by self-injection

(subsequent 192 patients). Both drugs (ASA þ unfractionated heparin or LMW

heparin) are used to term. All patients are instructed in heparin injections and are

informed of all important side effects of heparin therapy and are extensively

informed of the benefits and risks of heparin/LMW heparin therapy, including the

fact that side effects, although rare, include heparin-induced thrombocytopenia

(HIT) with and without paradoxical thrombosis/thromboembolism (HITT), osteo-

porosis, mild to moderate alopecia, skin and allergic reactions, including erythema

and itching, at injection sites, eosinophilia (of little clinical consequence) and

Table 2.6 APLS patients.

Antiphospholipid found Percent of patients with APLS

ACLA-IgG only 32.6

ACLA-IgM only 23.4

ACLA-IgA only 7

ACLA-IgG þ IgM 3

ACLA-IgG þ IgA 1

ACLA IgA þ IgM 0

Lupus anticoagulant only 2

ACLA þ lupus anticoagulant 2

‘‘subgroup’’ only*

Antiphosphatidylserine 4

Antiphosphatidylinositol 2

Antiphosphatidylethanolamine 5

Antiphosphatidic acid 5

Antiphosphatidylcholine 7

Antiphosphatidylglycerol 1

Anti-annexin-V 5

Beta-2-Glycoprotein 1 0

Hexagonal phospholipid 0

Total:

(9 Patients had ACLA þ
a ‘‘subgroup’’ antibody)

Total with only a ‘‘subgroup’’

antibody:

Percent of APLS patients with

only a ‘‘subgroup’’ antibody:

29

*¼ No ACLA or LA present
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potential bleeding. Patients are also informed that about 5%–10% of patients

develop a transient transaminasemia during heparin/LMW heparin therapy, but

this is without any known adverse clinical consequences. They are also instructed that

the ideal injection sites are the anterior or lateral thighs, injection sites should be

rotated with every injection and that each injection is likely to produce a bruise about

0.5 cm to 4.0 cm in diameter and pain of injection, if experienced, can usually

be alleviated by applying a small piece of ice at the site for 20 seconds before and

20 seconds after the injection is given. All patients are instructed to return immedi-

ately if they note dark or black areas of the injection site, potentially indicative of skin

necrosis. The methods of follow-up are summarized in Table 2.7.

Those clinicians considering the use of LMW heparin in pregnancy should be

made aware of the US-FDA Medwatch Alert posted by the FDA in January of 2002

(see FDA website: LOVENOX (enoxaparin sodium) Injection [January 9, 2002:

Table 2.7 Protocol for fetal wastage syndrome associated with

hypercoagulable blood protein/platelet defects.

Follow-up used by DFW Metroplex cooperative RMS group

Medications: All throughout pregnancy:

1. ASA: 81 mg/day, start preconception (time of diagnosis)

2. Porcine heparin: 5000 units subcutaneously Q 12 hours

immediately post-conception (added to ASA – both to term) or

Dalteparin: 5000 units subcutaneously Q 24 hours immediately

post-conception (added to ASA – both to term)

3. Calcium: 500 mg, P. O. daily

4. Prenatal vitamins

5. Iron: 1 tablet P. O. daily

6. Folic acid: 1 mg, P. O. daily

Laboratory assessment:

1. CBC/platelet count and heparin level* weekly � 4 weeks,

then

2. CBC/platelet count and heparin level monthly, to term

3. Sonogram initially, and frequently to term

4. Fetal activity chart daily starting at 28 weeks

5. Biophysical profile and color doppler flow of umbilical artery at

32, 34, 36, and 38 weeks

6. Delivery at the discretion of the obstetrician

7. At delivery (or loss) send placenta to pathology for analysis and

search for placental vascular thrombosis

*By anti-Xa method.
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Aventis]: WARNINGS FDA MedWatch 1/9/2002: http://www.fda.gov/medwatch/

SAFETY/2002/jan02.htm#lovenox) regarding the use of enoxaparin (Lovenox) in

pregnancy and women of child bearing age which is as follows:

[January 9, 2002: Aventis]

Warnings

Prosthetic Heart Valves: The use of Lovenox Injection is not recommended for

thromboprophylaxis in patients with prosthetic heart valves. Cases of prosthetic

heart valve thrombosis have been reported in patients with prosthetic valves who

have received enoxaparin for thromboprophylaxis. Some of these cases were preg-

nant women in whom thrombosis led to maternal deaths and fetal deaths. Pregnant

women with prosthetic heart valves may be at higher risk for thromboembolism (see

PRECAUTIONS: Pregnancy).

Precautions

Pregnancy

Teratogenic effects

There have been reports of congenital anomalies in infants born to women who

received enoxaparin during pregnancy including cerebral anomalies, limb

anomalies, hypospadias, peripheral vascular malformation, fibrotic dysplasia,

and cardiac defect. A cause and effect relationship has not been established nor

has the incidence been shown to be higher than in the general population.

Non-teratogenic effects

There have been post-marketing reports of fetal death when pregnant women

received Lovenox Injection. Causality for these cases has not been determined.

Pregnant women receiving anti-coagulants, including enoxaparin, are at

increased risk for bleeding. Hemorrhage can occur at any site and may lead to

death of mother and/or fetus. Pregnant women receiving enoxaparin should be

carefully monitored. Pregnant women and women of child-bearing potential

should be apprised of the potential hazard to the fetus and the mother if

enoxaparin is administered during pregnancy.

In a clinical study of pregnant women with prosthetic heart valves given

enoxaparin (1 mg/kg bid) to reduce the risk of thromboembolism, 2 of

7 women developed clots resulting in blockage of the valve and leading to

maternal and fetal death. There are postmarketing reports of prosthetic valve

thrombosis in pregnant women with prosthetic heart valves while receiving

enoxaparin for thromboprophylaxis. These events resulted in maternal death

or surgical interventions. The use of Lovenox Injection is not recommended for
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thromboprophylaxis in pregnant women with prosthetic heart valves (see

WARNINGS: Prosthetic Heart Valves).

Adverse Reactions

Ongoing Safety Surveillance: Since 1993, there have been over 80 reports of

epidural or spinal hematoma formation with concurrent use of Lovenox

Injection and spinal/epidural anesthesia or spinal puncture.

Outcomes

All of the 315 patients with a thrombophilic defect were treated with the afore-

mentioned regimen of preconception low-dose ASA plus addition of postcon-

ception thromboprophylactic (low-dose) subcutaneous porcine heparin or

thromboprophylactic doses of dalteparin. Patients with MTHFR mutations were

also treated with folic acid at 5 mg/day plus pyridoxine at 50 mg/day. There

were a total of four losses (¼ 2.6%); only two were treatment failures. One loss

was during the second trimester and accompanied a cholycystectomy and one loss

was during the first trimester in an individual with APLS and a fetal chromosomal

defect; these were not considered treatment (ASA þ heparin/LMW heparin)

failures. However, two patients suffered loss, both first trimester, on

ASA þ heparin/LMW heparin and placental thrombi and infarcts were present;

thus there were two losses which clearly represented treatment failure. The overall

success in treating RMS patients with procoagulant/platelet defects in our

program is, therefore, (312/315 ¼) 99% with respect to normal term delivery.

All patients were followed for a minimum of 3 months post-delivery. No patient

sustained a thrombotic episode during pregnancy, delivery or post-partum, except

the two treatment failures, both of whom had placental vascular thrombi. In

addition, no patient developed HIT/T, and none had a clinically significant

hemorrhage. Almost all patients developed small ecchymoses at injection sites,

but these were considered insignificant by both patient and physician. Ten percent

of patients developed eosinophilia which had abated by 3 months post-partum

and 7% developed mild to moderate elevations of hepatic transaminases; these

also returned to normal by 3 months post-partum. As per obstetricians, repro-

ductive medicine specialists and involved pediatricians, no neonatal or pediatric

problems were associated with therapy. No patient sustained a fracture during or

after treatment. Patients with a bleeding disorder (7) were untreated. No patient

had a significant hemorrhage during pregnancy or delivery. None required any

blood product therapy.
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Treatment review

Because fetal loss associated with bleeding disorders is thought to come about due

to interference with adequate fibrin formation for implantation of the fertilized

ovum into the uterine lining, we chose to not use vigorous pre-conception

antithrombotic therapy with those with thrombophilia and use low-dose ASA at

81 mg/day; this may be of theoretical concern only, in view of the recent report of

Sher who used pre-conception low-dose heparin with a high success rate for in

vitro fertilization techniques.71 However, we remain concerned and continue to

advocate low-dose ASA as the pre-conception antithrombotic therapy in most

instances.1,2,4 The regimen of post-conception addition of fixed low-dose porcine

mucosal heparin at 5000 units every 12 hours is empirical, but higher doses seem

to be associated with bleeding and a lower success rate.48,72 However, it may be

that even lower doses might suffice. We do not advocate using corticosteroid

therapy in this population, based upon the negative experience of others in fetal

wastage syndrome, and our own preliminary experience of using steroids, in

conjunction with antithrombotics, in patients with antiphospholipid syndrome

and other types of thrombosis, wherein the corticosteroid use could be shown to

lower antiphospholipid antibody titers, but failed to abort thrombotic

events.1,2,18,19,31,32,33 In addition, it is thought steroid use in patients with APLS

may be detrimental.29

A variety of treatment programs have been utilized for women with antiphos-

pholipid (anticardiolipin antibodies or lupus anticoagulants) and fetal wastage

syndrome; however many of these studies have studied only very small popula-

tions, or fail to distinguish between primary or secondary antiphospholipid

syndrome in the information provided. Brown73 reported a 90% failure rate

(miscarriage) among untreated women, Perino74 reports a 93% failure rate in

untreated women and Many75 reports a 93% failure rate in untreated patients.

Lubbe,76 in a small group of women noted a successful term pregnancy rate of 80%

with use of prednisone and ASA and a similar success rate with this regimen was

noted by Lin.77 Cowchuck78 noted a 75% success rate with prednisone alone or

ASA alone, but also noted more undesirable effects in the prednisone treated

population. Landy,79 in a small population, reported a success rate of 90% with

either ASA alone or prednisone alone. However, Many75 only noted a 43%

successful term pregnancy rate with ASA and prednisone and Semprini80 noted

only a 14% success rate with prednisone alone. Several studies have assessed the

role of post-conception addition of heparin; however, most have used higher doses

than used in our population. Rosove72 reports a 93% success rate with dose-

adjusted subcutaneous heparin, the mean heparin doses being about 25,000 units/

day. Kutteh,81 in a population of 25 patients treated with ASA plus dose-adjusted
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subcutaneous heparin noted a success rate of 76%; the mean heparin dose was

26,000 units/day. In Many’s study,75 patients treated with prednisone plus ASA plus

heparin at 5000 units twice a day had a better outcome (69%) than did those treated

with ASA plus prednisone (43%) or prednisone alone (7%). Based on our original

and current results,1,2 it appears that fixed low-dose porcine heparin is more

effective than the high-dose, dose-adjusted regimens, with >98% of our RMS

population with antiphospholipid syndrome or other prothrombotic propensity,

having a normal term delivery. It may be that higher doses of heparin somehow

contribute to adverse outcomes, such as small periplacental hemorrhages. Parke82

reports on the combination of low-dose heparin used in conjunction with intra-

venous immunoglobulin (IVIG), her success rate, however, was only 27% suggest-

ing that IVIG has little role in antiphospholipid fetal wastage syndrome.

Summary

Recurrent miscarriage syndrome and infertility are common problems in the USA

with recurrent miscarriage effecting over 500,000 women annually. If properly

screened through a cost-effective protocol as outlined above, the etiology will be

found in almost all women. The most common singular defect in women with

RMS is a hemostasis defect and the most common of these is APLS, if a thorough

APLS evaluation is performed. Following APLS, other hereditary and acquired

procoagulant defects are also commonly found if looked for. It is important to

appropriately evaluate women with RMS as if an etiology is found, the majority

will have positive outcomes with normal term delivery. Hemorrhagic defects are

very rare hemostasis causes of RMS, but these also are treatable in many instances

and should be looked for in appropriate women. Treatment of the common

procoagulant defects consists of preconception low-dose ASA at 81 mg/day

followed by addition of immediate postconception low-dose unfractionated por-

cine heparin or dalteparin. Based on our experience, low molecular weight heparin

may be a suitable alternative.
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Introduction

Bleeding disorders in the female population often present unique challenges to an

obstetrician. The hormonal and physical changes that occur during the menstrual

cycle, pregnancy, childbirth, and the post-partum period continually place strain

upon the hemostatic system. Although severe bleeding disorders are usually easily

recognized, mild bleeding disorders often go undiagnosed due to the ‘‘mild degree’’

of signs and symptoms (e.g. slightly abnormal menstruation). Unfortunately, even

these mild bleeding disorders often lead to a decrease in the quality of life, variable

degrees of morbidity, and even life-threatening hemorrhage.1–3 Therefore, it is

essential that the obstetrician be aware of the clinical clues, appropriate diagnostic

tests, and treatment regimens for such disorders. This is particularly important

for pregnant women, whose hemostatic system undergoes marked alterations in

preparation for the unique challenge of delivery.

The hemostatic system

Basic knowledge of the hemostatic system assists in making clinical decisions

regarding bleeding conditions in the obstetric population. Normal hemostasis is

a highly regulated, physiologic process of clot formation and clot management

that occurs in response to vascular injury. It involves 2 major systems: (i) primary

hemostasis and (ii) secondary hemostasis. Although both systems are initiated

at the same time and work together intricately to form stable platelet-fibrin clots,

the influence that each system has upon clot formation in the arterial versus

the venous systems is different. Primary hemostasis plays a major role in clot
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formation in areas of high blood flow velocity such as the arterial system, whereas

secondary hemostasis predominates in areas of low blood flow velocity such as the

venous system.

During primary hemostasis, platelets adhere to subendothelial collagen in areas

of injury and secrete stimulating factors (e.g. ADP, thromboxane A2, etc.), and

then aggregate to form a platelet plug. The process and the extent of platelet

adhesion, secretion, and aggregation are tightly regulated by plasma and subendo-

thelial von Willebrand factor (VWF), by the actions of neighboring endothelial

cells, and perhaps by red blood cells, e.g. through release of ADP.4–7 Figure 3.1

explains the scheme of primary hemostasis in more detail.

Secondary hemostasis begins concurrently with primary hemostasis through

activation of the tissue factor (TF) pathway (a process known as initiation phase).

TF, a molecule embedded in the plasma membranes of subendothelial fibroblasts

and smooth muscle cells (as well as endothelium and monocytes/macrophages),

interacts with activated plasma coagulation factor VII to initiate the coagulation

cascade. This initial phase of coagulation ultimately leads to the formation of

thrombin. Thrombin then initiates the intrinsic pathway by activating factor XI

resulting in the propagation of coagulation. The end result of this coagulation

process is the production of a cross-linked, polymerized fibrin clot at the site of

injury. Termination of the coagulation cascade (involving the anticoagulation

system) and restructure/dissolution of the fibrin clot (involving the fibrinolytic

Aggregation
Platelet

AdhesionCollagen

Endothelium

GpIIb-IIIa

Fibrinogen

GPIb VWF

TXA2

Figure 3.1 Primary hemostasis: Disruption of endothelial cells exposes subendothelial collagen and

large multimers of VWF, which interact with GPIb receptors on platelets causing adhesion of

platelets at the site of injury. This is followed by secretion of agonists (ADP) from platelet

granules and thromboxane A2. This process results in a conformational change in GPIIb/IIIa,

allowing bridging of adjacent platelets by fibrinogen, known as aggregation.
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system) are directed by many soluble modulators from the plasma, by the neigh-

boring endothelial cells, and by the platelets. The major components of the natural

anticoagulant system include protein C, its cofactor protein S, and antithrombin.

The major components of the fibrinolytic system include plasminogen/plasmin

and tissue plasminogen activator (tPA). The dynamic interactions of the pro-

coagulants, the anticoagulants, and the fibrinolytic system involved in secondary

hemostasis are discussed in more detail in Figure 3.2(a)–(d).

Intrinsic pathway

(a)

VIIIa PL

Ca++

VIIaTF

Ca++PL

Xa

X

PL

Ca++

Va

XIa

XI

IXa IX

XIIa

XII
PK
HMWK

Tissue factor pathway

X

TFPI

Prothrombin

Thrombin

Figure 3.2a Coagulation cascade: Coagulation cascade begins with exposure of subendothelial tissue

factor (TF) following disruption of the vascular endothelial lining. TF complexes with

circulating activated FVII (FVIIa) and cleaves factor X to its active form (FXa), which then

complexes with circulating activated factor V, calcium, and phospholipid to form the

prothrombinase complex (Xa-Va-Ca2þ-PL). The prothrombinase complex cleaves

prothrombin to produce thrombin. This initial phase or ‘‘tissue factor pathway’’ is quickly

terminated by TF pathway inhibitor (TFPI); it does, however, generate enough thrombin

to propagate coagulation by initiating the intrinsic pathway. Thrombin cleaves factor XI

(i.e. in vivo initiation of the classic ‘‘intrinsic pathway’’) into its active form (FXIa), which in turn

activates factor IX. FIXa complexes with FVIIIa, Caþþ and phospholipid to form the Tenase

complex (IXa-VIIIa-Ca2þ-PL). As the name suggests, the Tenase complex produces FXa,

which then assembles into a prothrombinase complex to produce more thrombin. In vitro,

contact factors (FXII, prekallikrein (PK) and high molecular weight kininogen (HMWK) also

activate FXI.
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Figure 3.2b Thrombin: Thrombin converts fibrinogen to fibrin; in addition, however, it propagates

coagulation by cleaving factors XI, V, and VIII into their activated forms. The fibrin monomers

are then crossed linked by FXIIIa (also activated by thrombin) to form fibrin polymers

(i.e. a stable red clot).

Regulation of thrombin generation(c)
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Figure 3.2c Anticoagulant system: (A) Antithrombin (AT) neutralizes predominantly thrombin and FXa,

thus regulating fibrin formation. (B) The protein C system regulates thrombin generation. In

this process thrombin forms a complex with thrombomodulin to activate protein C. Activated

protein C assembles with protein S to inactivate both FVa and FVIIIa, thereby shutting down

both prothrombinase and Tenase complexes.
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The clotting system during gestation

During pregnancy the body prepares itself for an extraordinary challenge to the

hemostatic system. Many incompletely understood physiologic changes occur that

increase the tendency of the hemostasis system toward clot formation. This pro-

pensity is believed to be largely due to changes in concentrations of procoagulant,

anticoagulant, and anti-fibrinolytic factors. During the second half of gestation,

two procoagulant factors that rise steadily during pregnancy are factor VIII and

VWF (highest mean FVIII of 206% and VWF of 376%).8–13 Other factors that are

elevated include FVII, FX, and fibrinogen.11,14 The remaining coagulation factor

levels do not appear to change significantly.14–17 In addition to the increase in pro-

coagulant factors, there is a concurrent decrease in the anticoagulants protein

S18–21 and antithrombin10,12 as well as a decrease in the activity of the fibrinolytic

system, most likely due to an increase in plasminogen activator inhibitors.22–24

Evaluation of the patient with a history of a bleeding disorder

A complete history and physical exam (H&P) is essential for the evaluation of

bleeding disorders in all obstetric patients. The history should include some form

Fibrinolytic system(d)

D D D D

E E

D-dimers

PLASMINOGEN

t-PA

FIBRIN

PLASMIN

PAI-I
PLASMIN

AP AP

E D D D DE E

FIBRINOGEN

FIBRIN CLOT

Thrombin

Figure 3.2d The fibrinolytic system dissolves the cross-linked fibrin clot. Plasminogen binds to the

fibrin clot and undergoes a conformational change allowing tissue plasminogen activator

(tPA) to bind to it; tPA cleaves plasminogen to plasmin, which cleaves the fibrin clot and

results in the formation of D-dimers. This process is tightly regulated by plasminogen

activator inhibitor-1 (PAI-1) and alpha 2-antiplasmin (AP), both of which function to

inhibit fibrinolysis.
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of objective criteria, since a patient’s perception of abnormal bleeding does not

always correlate with the actual presence or absence of a disorder.25 For instance,

when inquiring about menorrhagia, it is helpful to quantify the bleeding (e.g. how

many tampons or pads are used and how saturated they become). Such question-

ing has obvious flaws (personal hygiene practices introduce variation in how often

pads are changed) but when used as a component of a complete H&P does increase

sensitivity for detecting abnormal bleeding.26,27 The physical examination should

include inspection of the skin, mucosal membranes, and the musculoskeletal

system for signs of a bleeding disorder. Such signs may be subtle (e.g. the joint

laxity seen in connective tissue diseases) but may also be the only clues when a

patient is a poor historian.

Laboratory evaluation of the hemostatic system

The type of bleeding should guide the plan of the laboratory evaluation. In general,

mucocutaneous type bleeding typically results from dysfunction of primary

hemostasis (i.e. platelet or VWD), whereas deep tissue, retroperitoneal, or intra-

articular types of bleeding typically arise as a result of secondary hemostatic

dysfunction (i.e. coagulation factor deficiency). Laboratory evaluation, therefore,

should begin with screening tests chosen to detect most hemostatic defects, i.e.

platelet count, PT, PTT, fibrinogen level, or PFA-100TM. Once further clues to the

type of disorder are elicited, testing is then tailored to evaluate specific disorders.

Currently, routine testing for bleeding disorders focuses upon isolating different

segments of the hemostatic system for evaluation. All current tests, with exception

of the now-mostly-obsolete bleeding time test, are performed in vitro.

Evaluation of the primary hemostatic system includes the following labora-

tory tests:

(a) Platelet Count: The platelet count is performed on an automatic blood coun-

ter. Typical normal ranges are approximately 150,000–450,000�109/l.

(b) Platelet Function Analyzer-100 (PFA-100TM
1): The PFA-100TM

1 evaluates

components involved in primary hemostasis. The test cartridge simulates

in vivo conditions that would promote primary hemostasis, i.e. an injured

blood vessel wall. It accomplishes this by using a membrane with an aperture

to simulate the lumen of a blood vessel. The membrane itself is coated with

collagen and a platelet activator (either ADP or epinephrine) to simulate the

milieu that promotes platelet aggregation. Whole blood passes through the

aperture at a standardized, high velocity (simulating capillary/arterial blood

flow). The time that it takes for the blood to stop flowing is designated as the

closure time (CT). CT is dependent upon the concentration and functionality

of platelets and VWF, and upon the hematocrit. It is recorded in seconds
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and represents the amount of time it takes for a primary clot to develop.

Prolongation of the CT can result from von Willebrand disease (VWD),

thrombocytopenia (below 100,000/dl), a qualitative platelet disorder, anti-

platelet therapy, or a low hematocrit (below 20%). There are two different

cartridges; the collagen-epinephrine (CEPI) cartridge and the collagen-ADP

(CAPD) cartridge. Both cartridges detect primary hemostatic defects, but only

the CEPI cartridge detects defects due to aspirin. Used in conjunction, there-

fore, these cartridges can differentiate between platelet dysfunction due to

aspirin versus those due to other causes. Although the PFA-100TM is not

specific for a particular disorder, it is more sensitive and has more clinical

utility than the antiquated and inaccurate bleeding time.26,28–30

(c) Specific Testing for platelet dysfunction: Platelet Aggregation Studies: These

studies measure platelet aggregation and secretion in response to exposure

to various platelet agonists (e.g. ADP, collagen, arachidonic acid, ristocetin).

Two methods to measure aggregation are currently in use: (i) an optical

method which uses platelet rich plasma and measures the increase in light

transmission as platelet aggregation proceeds and (ii) an impedance method

which uses whole blood and measures the decrease in electric current between

two oppositely charged electrodes as platelets aggregate and coat each elec-

trode. Platelet ATP secretion is measured using chemiluminescence techni-

ques. Certain aggregation and secretion profiles correspond to different

defects in primary hemostasis or to different anti-platelet drugs. These studies

are, therefore, useful in categorizing primary hemostatic defects.

Evaluation of the secondary hemostatic system includes the following laboratory

tests:

(a) Prothrombin Time (PT): The PT measures the classic extrinsic coagulation

pathway (TF pathway), which is based upon the amount of time that it

takes for a fibrin clot to form once the patient’s citrate anti-coagulated

plasma is added to tissue thromboplastin reagent that also contains calcium.

Prolongation of the PT is caused by deficiency of factor VII, by deficiencies of

the common pathway factors (X, V, II, I) and rarely by inhibitors to these

factors, or by lupus anticoagulants.

(b) Activated Partial Thromboplastin Time (aPTT): The aPTT measures the classic

intrinsic coagulation pathway. In this test the patient’s citrate anti-coagulated

plasma is added to a contact activator (e.g. silica or ellagic acid), calcium and

phospholipid. This mixture results in activation of factor XII (and other

contact activators like high molecular weight kininogen, prekallikrein),

which initiates the classic intrinsic pathway. It is important to remember,

however, that although factor XII is essential to this in vitro test, its deficiency
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does not lead to bleeding disorder. The aPTT, therefore, detects deficiencies of

factors XII, XI, IX, VIII and the common pathway factors (X, V, II, I) as well as

the presence of any inhibitors to these factors or the presence of lupus anti-

coagulant. The most common cause of a prolonged aPTT in the hospital setting

is heparin therapy or heparin contamination from intravenous catheters.

(c) Thrombin Time (TT): The TT specifically measures the conversion of fibri-

nogen to fibrin by bovine thrombin. Prolongation of the thrombin time is

caused by deficiencies of fibrinogen, dysfibrinogenemia, inhibitors of throm-

bin (i.e. heparin), fibrin degradation products, and paraproteins.

(d) Individual Factor assays: Multiple laboratory techniques exist for antigen testing

(quantitative) and activity testing (functional) of specific coagulation factors.

Primary hemostatic defect

Patients with primary hemostatic defect present with mucocutaneous type bleed-

ing. Investigation of such bleeding focuses upon platelets and von Willebrand

factor (VWF). The more common defects should be investigated first.

Antiplatelet medications

The first consideration in the investigation of mucocutaneous (‘‘platelet-type’’)

bleeding is to determine whether or not the patient has recently taken any anti-

platelet medication. Currently available platelet inhibitors that result in clinically

significant hemostatic defects include aspirin and clopidogrel (Plavix).

Aspirin (ASA) blocks platelet production of thromboxane A2 (TXA2) through

irreversible acetylation of cyclooxygenase (COX-1). Without TXA2, platelet aggre-

gation in response to collagen, epinephrine, thrombin, and adenosine diphosphate

(ADP) is impaired. With regard to aggregation, all circulating platelets at the time

of ASA ingestion are essentially rendered inactive for their entire life span (8–10

days). Since ten percent of circulating platelets are replaced by healthy, younger,

more active platelets each day, ASA impairment of primary hemostasis is typically

mild unless it is taken regularly. Administration during pregnancy, however, can

lead to excessive hemorrhage at delivery for both the mother and the neonate.31

In addition to aspirin, several other nonsteroidal anti-inflammatory drugs

(NSAIDS) impair platelet aggregation. Similarly to ASA, the mechanism of action

for all of these is through acetylation of COX-1. Unlike ASA, however, the

remaining NSAIDS acetylate in a reversible fashion leading to shorter, less effective

platelet inhibition. The more commonly administered NSAIDs include indo-

methacin, diclofenac, ibuprofen, sulfinpyrozone, meclofenamic acid, phenyl-

butazone, naproxene, ketoprefen, tolmetin, piroxicam, and sulinac. The selective
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COX-2 inhibitors celecoxib (Celebrex)32 and rofecoxib (Vioxx)33,34 do not affect

platelet function. Acetominophen is not an NSAID and does not impair platelet

function.

Clopidogrel (Plavix) is an inhibitor of ADP receptors and leads to decreased

aggregation primarily in response to ADP.31,35 Unlike aspirin, the degree of

inhibition varies amongst individual circulating platelets. Typically, the anti-

platelet effect is not observed until 2 to 3 days after the initial dose, peaks at

4 to 7 days, and persists for 7 to 10 days following cessation of therapy.31,35

Thrombocytopenia

Thrombocytopenia, as a cause of mucocutaneous bleeding, is easily detected

through a complete blood count (CBC). A mild or relative decrease in the platelet

count, however, is common and expected during pregnancy due to the physiologic

expansion of plasma volume. Nevertheless, platelet counts below 100,000/ml

warrant further work-up.36–38 Thrombocytopenia and its etiologies are discussed

in Chapter 15.

Von Willebrand disease

With a prevalence of 1% in the general population and a prevalence of 7 to 20%

in women presenting with menorrhagia, VWD is the most commonly inherited

bleeding disorder.39,40 It arises secondary to quantitative and/or qualitative

abnormalities of VWF, an essential regulator protein for normal hemostasis.

Numerous variants of congenital VWD exist, each resulting from a different

mutation of the VWF gene on chromosome 12. To date, not all mutations have

been elicited. In addition to these congenital VWD, many other medical condi-

tions are associated with an acquired von Willebrand syndrome (aVWS). These

conditions have clinical and diagnostic features of a VWD but are not caused by an

inherited VWF gene mutation. The risk of hemorrhage in each individual case of

VWD or aVWS is determined by the particular biological activity of the VWF.

Since treatment strategies are dependent upon the type of VWD, it is, therefore,

essential to correctly diagnose each individual case.

Understanding the classification scheme and treatment modalities for VWD

requires basic knowledge of the structure and function of VWF. It is produced by

megakaryocytes in the bone marrow and by vascular endothelial cells. The initial

VWF gene product is a monomer that undergoes extensive post-translational

processing to create the spectrum of VWF multimers found in the plasma.

Although each monomer contains all of the essential binding sites for interaction

with the receptors and molecules required to achieve normal hemostasis, only the
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larger multimers can achieve the spatial orientations required for such a function.

In general, the multimeric size determines its activity; larger multimers with

greater numbers of binding sites have greater activity than smaller ones.41

By acting as bridging molecules for both platelet adhesion and aggregation,

VWF is an essential mediator of primary hemostasis. As mentioned above, platelet

adhesion is the initial event that occurs during primary hemostasis. After vascular

injury, residential subendothelial VWF is exposed and interacts with platelets that

are flowing by the site of injury. In the arterial system, the high velocity of blood

flow ‘‘drags’’ the larger VWF multimers from their globular structure into elon-

gated filaments, thereby exposing numerous binding sites for platelet membrane

glycoprotein (GP) Ib receptors.41,42 Once the initial platelets are tethered to the

site of injury, more platelets are recruited to build a larger clot, a process desig-

nated as platelet aggregation. VWF once again plays an essential role in this process

by bridging activated platelet GP IIb/IIIa membrane receptors on neighboring

platelets. Although these VWF bridges are quickly replaced by more stable con-

nections, i.e. fibrinogen binding to GP IIb/IIIa, platelet adhesion and aggregation

cannot proceed until the VWF bridges are in place.41,43–46 Without appropriate

quantities of properly acting VWF, primary platelet clots cannot develop, and

platelet-like hemorrhage ensues, i.e. mucocutaneous bleeding.

Prior to discussing the different forms of VWD, one last essential aspect

regarding VWF must be briefly discussed: hormonal influence upon VWF levels.

The two hormones that are clinically most significant to the obstetric population

are estrogen and thyroid hormone, as the plasma concentration of each is directly

proportional to that of VWF. The increase in estrogen associated with pregnancy

often results in correction of mild VWF deficiency during states of increased

estrogen production (e.g. 3rd trimester of pregnancy)47 whereas hypothyroidism

can lead to an acquired VWF deficiency.48–50

Classification of von Willebrand disease

In general, VWD does not alter fertility or the course of pregnancy relative to the

normal population, but it does significantly increase the risk of bleeding at

parturition51 and during any surgical procedures. There are three types of VWD.

Types 1 and 3 are quantitative defects, whereas type 2 is a qualitative defect. Type 2

VWD has several subtypes.

VWD Type 1 is characterized by a mild to moderate decrease in VWF; however,

the distribution of multimers is normal. With a prevalence of 1 per 1000, it

accounts for approximately 70–75% of all VWD. Family history is not always

helpful, as the disease penetrance is only 60 percent.52 Clinical manifestations

depend upon the severity of the VWF deficiency but typically include mild to
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moderate mucocutaneous bleeding. Treatment regimens, in turn, depend upon

the clinical severity. Since these patients have the capacity to produce VWF, the

heightened estrogen levels during pregnancy characteristically result in increases of

VWF to levels sufficient for protection against abnormal bleeding. In most cases

no particular treatment is warranted. There are, however, several caveats regarding

VWD type 1 in pregnancy:

(1) Case reports have demonstrated that not all VWD type 1 patients show

correction of VWF levels during pregnancy. In these studies, patients who

have a particular genetic abnormality (VWF mutation C1130F) experienced

significant immediate post-partum bleeding, i.e. requiring blood transfusions,

when no prophylactic treatment was administered.53 In contrast, these same

patients showed no bleeding in subsequent pregnancies after receiving pro-

phylaxis. Although the genetic defect was eventually determined in these

particular patients, the specific genetic defect is rarely determined in most

patients with VWD. Furthermore, there is no certainty whether or not other

variants of VWD type 1 will have adequate pregnancy-induced rises in VWF.

Due to the possibility of hemorrhagic complications, all VWD type 1 patients

should be monitored throughout pregnancy and treated when necessary.

(2) Although VWF levels generally begin to rise in the 2nd trimester of pregnancy,

protective levels are often not reached until the 3rd trimester. Therefore,

bleeding risks during the 1st and 2nd trimester should be considered the

same as during non-pregnant states.54,55

(3) Following delivery, plasma VWF rapidly decreases to pre-pregnancy levels, and

the risk period for postpartum hemorrhage may be prolonged for as long as a

few weeks compared to normal patients.9,54 Due to this prolongation of hemor-

rhagic risk, weekly contact with the patient and medical intervention with any

signs of abnormal bleeding is advised during the puerperium.

The various subcategories of VWD type 2 should be thought of as distinct clinical

and pathologic entities.

(a) VWD type 2A constitutes 10 percent of reported VWD cases and has a

prevalence of 1–3 per 10,000.52 Family history is very revealing, as this variant

has a full penetrance pattern. Clinical bleeding is typically mild to moderate

and results from an absence of large and medium sized VWF.56 The lack of

larger, more functional VWF can either be due to abnormal processing, which

results in the production of only smaller forms, or due to increased meta-

bolism of the larger forms by VWF cleaving protease.56 Depending upon the

individual pathophysiologic process, primary hemostasis may or may not

normalize during pregnancy.47
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(b) VWD type 2B accounts for approximately 5 percent of cases with a prevalence

of less than 1 per 10,000.52 Once again, the typical clinical manifestation is mild

to moderate mucocutaneous bleeding resulting from a lack of larger VWF

multimers. In this variant, however, the absence of large molecular weight

VWF is secondary to an overactive GP Ib binding domain. The heightened

affinity for platelet GP Ib receptors leads to increased binding to platelets and

ultimately to removal from the plasma. Interestingly, this increase in interaction

between VWF and platelets often leads to a mild thrombocytopenia as well.

(c) VWD type 2M is extremely rare and results from an under-active GP Ib

binding domain. Bleeding among these patients is variable depending upon

the level of decreased affinity for platelet GP Ib receptors. Here, multimeric

analysis may appear normal, but VWF activity levels are significantly

decreased (See Table 3.1).57,58

(d) VWD type 2N, another rare disorder, is unique among variants of VWD in its

clinical presentation. There is impaired binding of the FVIII molecule to VWF

due to a genetic mutation of the binding site on VWF. Once again, the

pathophysiology involves a derangement in a major function of VWF, i.e.

its role as a chaperone molecule for coagulation factor VIII. Normal VWF

regulates the plasma concentration of FVIII by binding to and protecting

it from enzymatic degradation. As the plasma concentration of VWF increases

or decreases, so too does the plasma concentration of FVIII (but not vice

versa). If the FVIII binding site on the VWF molecule is altered so that FVIII

cannot bind, the plasma levels of FVIII will drop regardless of the amount of

Table 3.1 Laboratory diagnosis of VWD.

Type 1 Type 2A Type 2B Type 2N Type 2M Type 3

PTT N or " N or " N or " " N or " "
PFA-100TM Abn Abn Abn N Abn Abn

VWF:Ag # #or/N N N N Absent

RCoF # ## ## N ## Absent

FVIII # N or # N or # # # ###
RIPA Std # ## """ ## Absent

Low Absent Absent Present Absent Absent Absent

Multimer

analysis

Normal

distribution

Large and

intermediate

absent

Large

absent

Normal Normal Absent

PTT¼ partial thromboplastin time, PFA-100 TM¼ platelet function analyzer, Abn¼ abnormal,

N¼ normal, VWF:Ag¼ von Willebrand antigen, RCoF¼ ristocetin cofactor activity,

RIPA¼ ristocetin induced platelet agglutination.
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VWF present. Therefore, type 2N VWF indirectly leads to defective secondary

hemostasis. Depending upon the extent of FVIII deficiency, the patient will

experience mild to moderate bleeding. Generally females presenting with

low FVIII and mild bleeding tendency are classified as hemophilia carriers,

however they may need further investigation to rule out VWF-type 2N.

VWD Type 3 is an autosomal recessive disease that has a prevalence of 1–5

per million59,60 and presents clinically as severe bleeding akin to hemophilia. The

type of bleeding can be mucocutaneous, deep tissue/intra-articular, or both.

Mucocutaneous bleeding is usually more pronounced and more frequent.51 It is

characterized by undetectable amounts of VWF and, secondarily, very low levels of

FVIII (usually between 2 and 10 IU/dl). Since these patients have little or no

production of VWF, increased estrogen levels cannot lead to compensation of

the deficiency. These patients generally require lifelong therapy and will definitely

need therapy prior to parturition, as discussed below.

Acquired von Willebrand syndrome

An acquired von Willebrand syndrome (aVWS) might account for late onset

mucocutaneous bleeding in a patient with no family history of VWD. Laboratory

tests will be indistinguishable from certain patterns seen in VWD (see Table 3.1).

Although many different pathologic processes can lead to aVWS, the underlying

etiology is usually associated with a hematopoietic malignancy (plasma cell dys-

crasia being the most common), connective tissue disease, or hypothyroidism (all

patients with menorrhagia should have a thyroid screen). Treatment is directed

toward correcting the instigating disorder but can also include therapy used in

congenital VWD.

Diagnosis of von Willebrand disease

When the clinical history and physical examination strongly suggest a primary

hemostatic disorder in a patient with no obvious reason for platelet dysfunction

(e.g. aspirin ingestion), and the initial laboratory results reveal a normal or only

slightly decreased platelet count, VWD should be suspected. Diagnosis of VWD

begins with a triad of diagnostic laboratory tests:

(a) Factor VIII Activity (FVIII: C)

(b) Von Willebrand Factor Antigen

(c) Von Willebrand Factor Activity as Ristocetin cofactor assay (VWF:RCoF)

All three tests are needed because of the heterogeneity of VWD. For instance,

a functional assay in a patient with VWD type 2M will exhibit a qualitative defect

of VWF, whereas the quantitative assay for VWF antigen in this same patient will
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be normal. Typical test result profiles for the various types of VWD are listed in

Table 3.1. When testing for VWD, it is important to recall that the luteal phase of

the menstrual cycle is a high estrogen state associated with increases in VWF

concentrations,61,62 and testing performed during this period may not reveal a

true VWF deficiency. Baseline VWF levels should be obtained during either the

follicular or the menstrual phase, which is the apparent nadir,63 to limit false

negative results. Furthermore, if the clinical suspicion for VWD is high but the

initial triad testing is borderline normal, the tests should be repeated, as there can

be artifact in the collection or testing of the sample.29,64 Depending upon the

pattern of abnormal test results, further workup to subcategorize the VWD may be

necessary. Such work ups may include a Ristocetin-induced platelet agglutination

test (RIPA), which is a different assay from VWF:RCoF, VWF multimeric

assay65,66 or a factor VIII binding assay.

Management of von Willebrand disease during pregnancy

The management of VWD during pregnancy requires appropriate monitoring

throughout gestation as well as medical intervention when needed. In known

VWD patients, VWF and FVIII activity levels should be measured when pregnancy

is confirmed to establish baseline levels. These tests should then be repeated prior

to any surgical intervention and prior to delivery to ensure adequate levels for

normal hemostasis.67 The hemostatic challenge determines the therapeutic

approach to raise low levels. Dosing regimens for the various therapies are set to

raise FVIII activity and VWF/RCoF activity to greater than 50%, and higher goals

(80–100%) are set for C-section delivery. Above these levels, there should be no

increased risk of bleeding. The greatest risk of bleeding is in the postpartum period

and during the puerperium, when levels of VWF are rapidly decreasing,17 and,

therefore, clinical and possibly laboratory monitoring should be continued for

at least 1–2 weeks postpartum.

Only a few treatment options exist. Most of the therapeutic agents are aimed at

increasing the plasma concentrations of functional VWF. The available therapies

include VWF replacement (FVIII/VWF concentrates and cryoprecipitate), stimu-

lants of VWF production/release (DDAVP and conjugated estrogens), hemostatic

agents (recombinant factor VIIa), and antifibrinolytics (e.g. Amicar). Among

these therapies, FVIII/VWF concentrates and DDAVP are routinely used during

pregnancy and/or the puerperium. All others are either contraindicated for preg-

nant women or only used as adjunctive therapy during hemorrhagic crises.

A variety of virus-inactivated plasma concentrates exist, but only one (Humate-P,

Aventis-Behring) is approved for use in the United States for treating VWD.

Humate-P is an intermediate-purity factor VIII concentrate used in the treatment
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of VWD. It has a factor VIII activity of 1–5 U/mg protein and contains large

amounts of high molecular weight VWF, i.e. �2.5 U ristocetin cofactor activity

per 1 U FVIII: C.13,68 Upon infusion, plasma VWF and FVIII rise immediately.39

The rise in factor VIII coagulant activity (FVIII: C recovery) is expected to be at

least 2 U/dl for every 1 U/kg of factor VIII infused.13,68 The rise in VWF activity

(VWF:RCoF) is expected to be at least 1.5 U/dl for every 1 U/kg VWF.13 The half life

of FVIII cannot be accurately determined. The half-life of VWF:RCoF is approxi-

mately 12 hours.13 Side effects include urticaria, fever, weakness, and nausea.

Cryoprecipitate (Cryo) also contains sufficient amount of VWF for use in the

treatment of VWD. As with infusion of Humate-P, FVIII and VWF rise concur-

rently with infusion of cryo. Although the cost of cryo is much less than Humate-P,

the risk of infectious disease transmission remains, since to date no method exists

for viral inactivation of Cryo. It is advised that this be used as a last-resort when

other feasible treatments, i.e. Humate-P or DDAVP, are not available. Each bag of

Cryo contains approximately 100 U of FVIII (and VWF). Depending upon the

baseline level of VWF and desired increase in its activity, 25–50 U of FVIII (VWF)/

kg is infused. This amounts to approximately 15–30 bags of Cryo as a loading dose

and then half as much as a maintenance dose every 12 hours.

DDAVP (1-deamino-8-D-arginine, desmopressin) is a synthetic analog of anti-

diuretic hormone that induces the release of VWF from storage sites. The result is

a 3- to 5-fold increase in plasma VWF levels within 30 minutes of administration

(IV dose of 0.3mg/kg).69,70 The elevated levels last for eight to ten hours;70

however, tachyphylaxis is commonly experienced after 6 to 7 doses, thus making

long-term use impractical. Since response to DDAVP varies from patient to

patient, evaluation of the drug’s efficacy at the time of initial diagnosis for each

individual patient is indicated.69 Many physicians are reluctant to use DDAVP in

the antenatal period because of (i) theoretic risk of placental insufficiency due to

vasoconstriction, (ii) theoretic risk of premature labor due to uterine contraction,

and (iii) the risk of maternal and/or neonatal hyponatremia.69,71 It should be

noted that DDAVP activity is very specific to V2 receptors, which are not sig-

nificantly involved in uterine contraction or vasoconstriction.72 While potential

hyponatremia secondary to its antidiuretic effect is not common with appropriate

regulation of fluid intake, serum sodium levels should still be monitored during

therapy.73 With these factors taken into consideration, DDAVP has been used

successfully as prophylaxis for antenatal testing, e.g. chorionic villus sampling, and

as treatment for pregnant patients with diabetes insipidus, platelet storage diseases

and Ehlers-Danlos syndrome.74–78 DDAVP is most efficacious in VWD type 1.79

Experience with its use in type 2M is limited, but response is predicted to be poor,

since it would lead to an increase of only dysfunctional VWF.70 Likewise, the effect

of DDAVP in type 2N patients is an increase in only dysfunctional VWD.80,81
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Therefore, it is not indicated in this population. It is contraindicated in VWD type

2B due to release of overactive VWF that will interact with platelets resulting in

potential thrombocytopenia.82 Lastly, it has no role in the treatment of type 3

patients due to their inability to produce VWF.

Planning for antenatal procedures such as chorionic villus sampling or amnio-

centesis must include the measurement of FVIII and, possibly, VWF:RCoF activity

levels within one week of the procedure. Therapy should be administered to reach

and maintain activity levels greater than 50% prior to and for 3 to 4 days following

the procedure. The goal may be reached with either Humate-P or DDAVP,

although a comprehensive discussion should be held with the patient regarding

the risks and benefits associated with each therapy.47,70 Similar steps and proce-

dures can be used to prepare for epidural anesthesia, if so desired.47,83,84

The decision to employ antenatal/intrapartum therapeutic intervention for

VWD patients depends upon the activity levels of VWF and the presence of

clinically significant bleeding. Careful monitoring may preclude the necessity to

treat type 1 or type 2A patients in the antenatal period. They will only require

prophylactic treatment for delivery or procedures if FVIII: C and VWF:RCoF levels

are below 50%. Unlike most type 1 and 2A patients, VWD type 3 patients will

require antenatal treatment (see below). Antenatal management for the remaining

subtypes of type 2 patients may also require therapy with Humate-P.

Mechanical hemostasis and postpartum prophylaxis are indicated at the time of

delivery in all types of VWD. Aggressive uterotonic therapy with a 20–40 IU/l

bolus of oxytocin should be instituted at the time of placental delivery.83 Other

uterotonic agents, i.e. Methergine, Hemabate, or Prostin E, can be added as

needed.83 DDAVP is typically the prophylactic treatment of choice for type 1

patients and Humate-P for all other types.

Since very few clinical trials have assessed the appropriate dosing for factor

replacement (Humate-P) in pregnancy, recommendations are generated from

anecdotal reports. Generalization of dosing schedules are extrapolated from

those used for surgery.47,85 For any type of VWD that requires Humate-P, cesarean

section delivery is considered equivalent to major surgery and vaginal delivery

to minor surgery. For planned cesarean section delivery, a loading dose of 50 to

75 U/kg Humate-P given prior to surgery should be followed by subsequent doses

of 40 to 60 U/kg every 8 to 12 hours.68 The goal is to maintain activity levels well

above 50% of normal (preferably between 80 to 100%). If emergent C-section is

indicated, an infusion of 50 to 75 U/kg should be started immediately.68 Following

delivery, doses of 40 to 60 U/kg Humate-P every 8 to 12 hours should be continued

to keep the VWF nadir at or above 50% for 8 to 10 days.47,85 Uncomplicated

vaginal delivery with possible episiotomy or low-degree tear can typically be

treated with smaller subsequent dosing (20 to 30 IU/kg) at the same frequency
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to keep levels above 50% for 3 to 4 days postpartum. Rarely, it may be necessary

to transfuse cryoprecipitate if Humate-P is not available and DDAVP is contra-

indicated or not indicated, e.g. treatment of VWD type 3. In such cases,

a loading dose of 15–30 units of Cryo should be administered followed by one

half of the loading dose every 12 hours to keep VWF:RCoF at or above 50%

(see Chapter 17).

Uremic bleeding

Mucocutaneous bleeding can be a serious complication in patients with chronic

uremia. The definitive etiology of the bleeding remains elusive, but defective

platelet aggregation due to either platelet or VWF dysfunction is the ultimate result.

The abnormal VWF or platelet function is believed to be secondary to accumula-

tion of ‘‘middle molecules’’ during times of severe renal impairment.86–88 The

uremia, in itself, does not alter blood coagulation or prolong coagulation tests,

e.g. aPTT and PT. Vitamin K deficiency, however, is common in uremic patients

and may lead to prolongation of the PT alone or both the PT and aPTT. Uremic

patients are also commonly afflicted with anemia, which contributes to ineffective

platelet-vessel wall interactions. The minimal work up of uremic patients, who are

bleeding, therefore, should include a complete blood count, blood urea nitrogen

(BUN), creatinine level, PT, and PTT. Treatment can include the following:

(i) dialysis to remove ‘‘middle molecules’’, (ii) packed red blood cell transfusion or

(iii) erythropoietin to correct anemia, and (iv) DDAVP, (v) cryo, or (vi) estrogen

derivatives to increase the levels of normal functioning VWF. It is important to note

that renal failure leads to an increased half-life for both heparin and, especially, low

molecular weight heparin (LMWH). This must be taken into consideration when

using heparin for either dialysis or for treating hypercoaguability in pregnancy.

Primary platelet disorders

If VWD, thrombocytopenia, antiplatelet drugs, and uremia are not the cause of

mucocutaneous bleeding, then more esoteric hemostatic defects must be consid-

ered. Most of the remaining causes of primary hemostatic defect are congenital

primary platelet disorders. These are typically categorized by the type of defect:

(i) disorders of adhesion, (ii) disorders of secretion and signal transduction, and

(iii) disorders of aggregation.

The most common primary platelet defect of adhesion is Bernard-Soulier

syndrome (BSS).89 BSS results from a variety of mutations (most of which are

autosomal recessive) that lead to quantitative or qualitative abnormalities of

platelet GPIb-GPIX-GPV receptor complexes (GPIb). Since GPIb is essential to
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the initial interaction between platelets and subendothelial VWF, i.e. the process of

adhesion and to the activation of GPIIb/IIIa receptors involved in platelet aggre-

gation, the clinical presentation and laboratory testing of BSS are very similar to

VWD. Like VWD types 1 and 3, platelet aggregation studies reveal normal

responses to ADP, epinephrine, and collagen, but decreased or absent response to

ristocetin. In addition, BSS patients exhibit mild to moderate thrombocytopenia

with abnormally large platelets on peripheral blood smear.

Primary platelet defects of secretion and signal transduction include a long

list of disorders that are due to (i) abnormalities of platelet granules, (ii) signal

transduction defects, (iii) arachidonic acid pathway and thromboxane synthesis

defects, or (iv) cytoskeletal assembly defects. The common denominator for these

disorders is impaired platelet function due to diminished granule contents or a

derangement in the mechanisms that control the secretion of these contents.89

Primary platelet defects of aggregation are seen in Glanzmann’s thrombasthenia

(GT).90 GT is another very rare autosomal recessive disorder. It results from quanti-

tative (types 1 and 2) or qualitative (other types) defects of platelet GPIIb/IIIa

receptors.90 Platelet counts and morphology are normal. Aggregation studies reveal

absence of response to ADP, collagen, epinephrine, and arachidonic acid but normal

response to ristocetin. Due to the frequent need for platelet transfusion in these

patients, antenatal management requires evaluation for risk of fetal alloimmune

thrombocytopenia (see Chapter 16).

Since hemorrhage in primary platelet defects is very common and often severe

enough to necessitate hysterectomy, prophylactic transfusion of platelets and/or

administration of DDAVP may be warranted during active labor for vaginal

delivery or immediately prior to incision for cesarean section.83,91 Similarly to

VWD, uterotonic agents should be aggressively utilized at the time of delivery.83 In

the postpartum period, hormone therapy or encouragement of breast feeding to

delay menses may also be useful.91 Recently, recombinant FVIIa has been used

successfully in primary platelet dysfunction.92–95

Secondary hemostatic dysfunction

A history of deep tissue, intra-articular, retroperitoneal, and/or immediate post

surgical bleeding is most consistent with deficiency of secondary hemostasis

(coagulation factor dysfunction/deficiency). These types of deficiencies typically

result in prolongation of the activated partial thromboplastin time and/or the

prothrombin time, as discussed above. With the exception of FXI, the reactivity of

the majority of coagulation factors must decrease to levels below 30% of normal to

lead to dysfunctional hemostasis.
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Coagulation factor deficiencies

With exception of factor XII, congenital deficiencies in any of the coagulation

factors could lead theoretically to secondary hemostatic dysfunction. The clinical

occurrence of these disorders, however, is very rare. Since Hemophilia A (con-

genital FVIII deficiency) and Hemophilia B (congenital FXI deficiency) are trans-

mitted as X-linked recessive disorders, they almost exclusively effect the male

population. Exceptions do exist, however, and include the following: (i) hetero-

zygous women who carry a single FVIII or FIX gene mutation but have a high

degree of lionization,96 (ii) Turner syndrome patients with 46, XX/45X mosaicism

or 46, XX structurally abnormal sex chromosomes, (iii) testicular feminization

women with an XY karyotype, (iv) VWD type 2N patients (discussed above) and

(v) the extraordinarily rare homozygous patients. Patients with these conditions

will develop varying degrees of factor VIII or IX deficiencies, some of which will

exhibit activity levels below 5%. Activity levels below 30% may lead to classical

Hemophiliac-type bleeding. The respective factor activity levels should be moni-

tored at regular intervals throughout pregnancy (at least once per trimester).47

Factor XI deficiency is an autosomal recessive bleeding disorder with a genetic

prevalence of 4.3% in Ashkenazi Jews,97 although it is not restricted to the

Ashkenazi Jewish population.98 Bleeding does not occur spontaneously with this

defect, but rather only under conditions of hemostatic challenge, e.g. menstrua-

tion or surgery. This is the only factor deficiency in which the tendency to bleed

does not correlate well with factor activity levels.99–101 Normal levels range

between 70 to 150%. Patients with homozygous defects typically exhibit levels

below 15%, but even those who have no detectable activity levels may never

experience abnormal bleeding.99–101 The absence of bleeding in such patients is

not fully understood but is believed to result from the ability to generate fibrin

through other pathways (TF pathway and activation of FIX by TF-VIIa complex)

and through a potential FXI-like activity of platelets. Determining whether or not a

particular patient will experience hemorrhagic problems is further complicated by

the fact that bleeding tendencies are not consistent within an individual.

Regardless of the tendency to bleed, it is reasonable to assess levels in all FXI

deficient patients prior to any procedures and delivery. The decision to prophy-

lactically treat FXI deficient patients who lack a history of bleeding, however, is

based upon individual experience. If therapy is required, the goal is to reach

activity levels of approximately 40–50%. The only therapeutic agent approved

for use in the Unites States is fresh frozen plasma, although a factor concentrate

does exist for use outside of the USA. A loading dose of 10 to 15 ml FFP/kg (not to

exceed 30 IU/kg) prior to the procedure/delivery should be followed by the same

dose every 48 hours for 3 to 5 days postpartum.
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Other factor deficiencies that may affect the obstetric population include those

of prothrombin, fibrinogen, and factors V, VII, X, and XIII. Clinical experience for

managing these conditions in the obstetric population is quite limited, as only 1 to

2 cases per million occur in the general population. Therapy regimens for pregnant

women afflicted with any of these disorders are therefore extrapolated from

experience in managing surgical interventions and hemorrhage in the non-

pregnant population. Appropriate therapy for each of these is determined by the

factor activity levels, the half-lives of these factors, and the currently available

therapies. Fresh frozen plasma (FFP) remains the treatment of choice for patients

with factor V, X, or prothrombin deficiencies. Cryo is administered to treat factor

XIII deficiencies. Recombinant FVIIa is now available for factor VII deficiency.

Additionally, Factor XIII and, rarely, afibrinogenemia are associated with sponta-

neous abortion and should always be considered in this situation.102

Inhibitors of coagulation

In addition to congenital deficiencies, patients may develop acquired coagulation

factor deficiencies secondary to production of inhibitors. Like factor deficiencies,

specific inhibitors cause prolongation of the aPTT and/or PT. Since nonspecific

inhibitors, i.e. lupus anticoagulants, may also prolong screening tests, algorithms

have been developed to differentiate between these different conditions. In assess-

ing the clinical history in congenital disorders, certain clues, such as the presence of

abnormal bleeding from early childhood, assist in tailoring the laboratory inves-

tigation. The most important initial clue in assessing prolongation of coagulation

screening tests, i.e. aPTT and/or the PT, is the presence or absence of bleeding. If

the patient is not bleeding or if the patient is abnormally clotting, the appropriate

first step for laboratory investigation is the lupus anticoagulant test. If the patient

is bleeding, the first step is to test for specific factor deficiencies using functional

factor assays. The most common disorders are investigated first. After identifying a

specific factor inhibitor, it should then be quantified for treatment purposes. The

best example of a quantification method, the Bethesda assay for FVIII inhibitor, is

discussed below.

Acquired hemophilia

The most common inhibitor associated with the pregnant population is against

FVIII, a condition known as acquired hemophilia. It typically develops one to

four months postpartum but can develop more than one year after delivery or

during the antepartum period. The bleeding manifestations are slightly different
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than those seen in Hemophilia A. Although patients with the acquired and

congenital forms can both develop prolonged post-operative and postpartum

bleeding, acquired hemophiliacs do not typically experience intra-articular

hemorrhage. Rather, they exhibit deep muscle or mucocutaneous-type bleeding.103

The severity of bleeding in acquired hemophilia is typically greater than that seen in

hemophilia A, with a mortality rate of up to 6% in postpartum women and up to

22% in the general public.103–105 Clinical vigilance, therefore, is essential, and any

postpartum evidence of new onset menometrorrhagia, development of soft tissue

hematomas, bleeding from multiple sites, or bleeding that cannot be controlled by

usual measures are all suspicious. Although the inhibitor antibodies usually

disappear spontaneously after a few months, they can persist for years. The

prognosis for subsequent pregnancy, however, is favorable in cases with complete

remission.

Characteristic laboratory findings include a significantly prolonged PTT with

normal PT, platelet count, and fibrinogen level. Specific testing for FVIII will

reveal a deficiency with levels <10%. Factor VIII inhibitor is a time and tempera-

ture dependent neutralizing autoantibody and, therefore, can not be detected by

routine mixing PTT study. It requires incubation of the patient’s plasma with

normal pooled plasma at 37 8C for an hour. Once laboratory testing confirms the

diagnosis, the Bethesda assay is used to quantify the inhibitor which is reported as

Bethesda Units (BU). For therapeutic purposes BUs below 5 are considered to be

low titer, whereas BUs of 5 or greater are considered to be high titer. A modified

Bethesda assay using porcine FVIII in place of normal pooled plasma (NPP) is

used to assess the feasibility of porcine FVIII concentrates for therapy. However,

because a better product is available (recombinant FVIIa) the porcine FVIII is

seldom used in the USA.

Since the clinical presentation of acquired hemophilia is often acute and life

threatening, immediate medical intervention is necessary. Consultation with

Hemophiliac specialists and management at a Hemophiliac Comprehensive

Care Clinic is preferable, but care should never be delayed when these resources

are not available. There are many therapeutic options to control acute bleeding

episodes. The choice of treatment and treatment protocol depends on inhibitor

titers, the severity of bleeding, and the past medical history (see references, 106,107

for detailed therapeutic suggestions).

Patients with inhibitor titers <5 BU can be treated with agents that raise FVIII

plasma levels high enough to both saturate the inhibitor and still provide sufficient

activity for normal hemostasis. For serious bleeding, recombinant factor VIII

(rFVIII) or FVIII concentrates are used. The recommended loading dose of

FVIII is 100–200 U/kg; this should be followed by continuous infusion of 5 to

10 U/kg/hour in order to achieve and maintain factor levels >50%.108,109
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Patients with titers of inhibitor �5 BU can not be treated with high dose FVIII

concentrates and require treatment that bypasses the FVIII inhibitor. Bypass

strategies involve stimulating fibrin production through routes that do not involve

FVIII. Several preparations are available for this purpose and include Activated

Prothrombin Complex Concentrates, which contain partially activated factors II,

VII, IX, and X, and Factor Eight Inhibitor Bypass Activity (FEIBA), which contain

more fully activated factors especially FX. Among these two options, FEIBA

at a dosage of 50–75 U/kg every 8 to 12 hours is the recommended treatment

for patients with serious bleeding. Due to an increased risk of thromboembolism,

the total amount of FEIBA should not exceed 200 U/kg in a 24-hour period and

should not be given for more than 3–5 days. Furthermore, D-dimer and fibrinogen

levels should be monitored during therapy. The other available therapy to bypass

FVIII inhibition is recombinant FVIIa (rFVIIa), administered as 90–120 mg/kg

(or even higher) every 2–4 hours to control bleeding.106 Due to the inability to

measure the efficacy of these treatments in the laboratory, these patients must be

monitored clinically.

Patients with acquired Hemophilia require immunosuppressive therapy.

Corticosteroids are often used alone or in conjunction with cyclophosphamide

or azathioprine to suppress the formation of antibodies.107,110,111 Many different

dosing schedules can be used (see references. 106,107 However, cyclophosphamide

or azathioprine can only be used in the non-pregnant, non-lactating population,

as these are contraindicated during pregnancy and lactation.106 Intravenous

administration of immune globulin (IVIg) at 2 g/dl in 2 or 5 daily fractions has

also been shown to decrease inhibitors in a subset of patients.107,112,113 Other

adjunctive treatments such as topical hemostatic agents, e.g. fibrin glue, topical

gelatin sponges, 10% topical aminocaproic acid solution, and antifibrinolytic

drugs, e.g. tranexamic acid or aminocaproic acid, may also be helpful in appro-

priate clinical settings.106

Genetic counseling and prenatal testing

In addition to diagnosis and treatment, management of bleeding disorders in

obstetrics also requires appropriate counseling and perhaps prenatal testing for

congenital disorders. A family history of a congenital bleeding disorder should

encourage investigation for a carrier or disease state in the patient. If an abnor-

mality is identified, it is essential that the patient understands the condition

thoroughly and has adequate support to be able to make educated decisions

regarding the particular condition. Prenatal diagnosis in carriers of hemophilia,

severe forms of VWD, and severe FXI deficiency allows for the possibility of

different approaches in prenatal care.11
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Introduction

This chapter presents an overview of immune mediated hemolytic disease of

the fetus and newborn (HDFN) due to ABO, Rh(D) and other red cell alloanti-

bodies. Section I reviews the pathophysiology of immune mediated HDFN.

Section II describes HDFN due to different antigen incompatibilities (ABO,

Rh, and other antigens). Section III focuses on the management of the non-

sensitized Rh(D) negative female, the alloimmunized mother, the fetus, and

the neonate.

Section I: Pathophysiology of hemolytic disease of the fetus

and neonate (HDFN)

The cause of hemolytic disease of the fetus and neonate (HDFN) is immune

mediated destruction of fetal and/or newborn erythrocytes by maternal antibodies

directed against fetal erythrocyte antigens inherited from the father. HDFN occurs

as the result of five distinct events:

(1) Fetal inheritance of a paternal erythrocyte antigen

The gene for red cell antigen is inherited from the father. If the father is

homozygous for the gene that the mother lacks, 100% of his offspring carry that

gene and will be at the greatest risk for HDFN. The offspring of a heterozygous

father will have 50% chance of carrying that gene and therefore will be at a

lesser risk.
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(2) Passage of fetal erythrocytes into the maternal circulation exposes the

pregnant female to the ‘‘foreign’’ paternal erythrocyte antigen

Any clinical situation that introduces the possibility of fetomaternal hemorrhage

(FMH)1 may introduce fetal RBCs into maternal circulation and, thus, the possi-

bility of maternal alloimmunization.2,3 Repeated episodes of FMH may lead to

increased maternal antibody titers, in turn leading to increased severity of HDFN.

Invasive obstetrical procedures/interventions such as amniocentesis,4 fetal blood

sampling, abdominal trauma5 intrauterine transfusion (IUT)6 and delivery are all

associated with FMH and the consequent possibility of maternal alloimmuniza-

tion. While in most cases a small volume hemorrhage occurs, as little as 1 cm3 of

fetal cells may immunize the mother.7 Additionally, another source of alloimmun-

ization may come from exposure to foreign erythrocyte antigens by transfusion

therapy or missed abortions and miscarriages.8

(3) Production of maternal IgG alloantibodies

The mother’s ability to produce antibody varies, depending on complex genetic

factors.9 Destruction of fetal red cells by maternal anti-A or anti-B antibodies

results in the clearance of fetal red cells before they have a chance to stimulate the

maternal immune system to make antibody against non-ABO antigens. Thus,

ABO incompatibility provides some protection against other red cell antigen

alloimmunization, as will be described later.

(4) Passage of maternal IgG into the fetal circulation

Only immunoglobulin G class antibodies (IgG) are transported from the maternal

circulation across the placental barrier and into the neonatal circulation,10 leading

to HDFN.11 Antibody transport results from interactions between immunoglo-

bulin and syncytiotrophoblast Fc receptors; only IgG1 and IgG3 are transportable

and can bind macrophage Fc receptors.12 Active transport of IgG starts in the

second trimester and is continued until birth. The IgG subclass can affect the

severity of HDFN; of the four IgG subclasses, IgG1 and IgG3 are more efficient in

promoting RBC hemolysis than IgG2 or IgG4.

(5) Binding of maternal IgG to fetal erythrocytes leads to hemolysis

The erythrocyte antigen must be well developed and expressed on the cell surface for

HDFN to occur. The blood group antigens A and B, and Rh antigens are well

developed during fetal life. Similarly the blood group systems Duffy, Kell, and Kidd

are well developed in utero and will allow antigen binding resulting in HDFN.13 In

such instances maternal IgG binds to and coats specific fetal erythrocyte antigens.

Splenic macrophages target the antibody-coated RBCs and remove them from the

circulation. The erythrocyte destruction rate depends on the antibody titer, the
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number of antigenic sites on the RBCs, and the antibody’s specificity; if the titer is

low enough, the maternal IgG will bind the fetal red cells but hemolysis will not

be apparent. RBC antigens such as Lewis and Cartwright are not well developed at

birth; consequently, the antigen is not available to bind with the maternal antibody.14

Effects on the fetus

RBC hemolysis results in anemia that stimulates rapid erythrocytopoiesis in the

fetal bone marrow and extramedullary sites like the spleen and liver, thus resulting

in hepatosplenomegaly. There is an ensuing release of erythroblasts into the fetal

circulation; the term used to describe this phenomenon is erythroblastosis fetalis.15

Erythrocyte destruction releases hemoglobin, which is metabolized to indirect

bilirubin. This indirect bilirubin is transported across the placenta and conjugated

in the maternal liver to direct bilirubin, which is then excreted by the mother.

While bilirubin levels may be increased in the amniotic fluid, these do not cause

disease in the fetus. However, the newborn liver is unable to conjugate bilirubin

effectively, especially in the premature infant. Unconjugated or indirect bilirubin

may reach levels that are dangerous to the infant’s brain, and, if left untreated, such

levels may cause kernicterus16–18 or permanent brain damage and death.

Hydrops fetalis

Hepatosplenomegaly results in portal hypertension and hepatocellular damage.

Decreased hepatic production of plasma proteins results in high-output cardiac

failure, generalized edema, effusions, and ascites, i.e. generalized anasarca or hydrops

fetalis. Hydrops fetalis19 has been described in severe cases at 18–20 weeks’ gestation

and previously was uniformly fatal. Currently, most fetuses can be treated success-

fully. Maternal IgG persists for a variable period in the neonatal circulation depend-

ing upon the titer of antibody. With a half-life of 21 days, IgG can be detected for up

to 3 months in the neonate and thus may cause some ongoing hemolysis.

Section II: Erythrocyte antigens implicated in HDFN

Up to 64 different specificities of antibodies have been implicated as causative agents

in HDFN (Table 4.1).20 This section focuses on the most common causes of HDFN –

namely the ABO and Rh(D) antigens. Other alloantibodies are briefly discussed.

HDFN caused by ABO incompatibility

Overview of the ABO blood group system

The ABO blood group system was the first erythrocyte blood group system identi-

fied and consists of different carbohydrate antigens expressed on erythrocytes. The
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ABO blood group is the most clinically significant blood group system because

individuals have naturally occurring circulating antibodies (anti-A, anti-B, and/or

anti-A, B – an antibody that reacts with both A and B antigens) against the A or B

antigens that they lack. In the absence of transfusion or pregnancy, these antibodies

are produced as a response to exposure to A or B antigen-like carbohydrates present

in food and other substances in the environment.21 These antibodies are predomi-

nantly IgM in nature and may therefore fix complement and cause intravascular

hemolysis of incompatible RBCs. However, variable amounts of IgG antibodies are

also present in the plasma.

ABO antigen expression is determined by the presence and/or absence of

antigen determining sugars. Genes for ABO (chromosome 9),22 Hh and Sese

(chromosome 19) are located at 3 separate loci and control expression of ABO

antigens.23 Each A, B and H gene encodes a glycosyltransferase, which places a

different sugar on the polypeptide or lipid to produce the unique antigen.24 The

A and B genes encode glycosyltransferases that produce the A and B antigens

respectively. The O gene does not encode a functional enzyme. The ABH antigens

are widely distributed throughout the different tissues of the body25 and are part of

endothelial and epithelial membranes.26 They also occur in a soluble form in the

plasma and other body fluids depending upon their secretory status that is

determined by Sese gene.27

To determine a patient’s ABO blood group, a front type and a reverse type are

performed. In the front type, the patient’s RBCs are reacted with anti-A and with

anti-B reagent sera to determine what antigen(s) are expressed on the patient’s

RBCs. In a reverse type, the patient’s plasma is reacted with A and B reagent cells to

determine the presence or absence of anti-A, anti-B, and anti-A, B in the patient’s

plasma. Each individual’s erythrocytes either lack or express one or both of the

A and B antigen(s), and the plasma contains naturally occurring antibody against

Table 4.1 Alloantibodies identified in maternal prenatal

specimens.

Common Rare Never

Anti-D anti-Fya anti-Lea

Anti-DþC anti-s anti-Leb

Anti-Dþ E anti-M anti-I

Anti-C anti-N anti-IH

Anti-E anti-S anti-P1

Anti-c JKA

Anti-e

Anti-Kell
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A or B antigens that are absent from the RBC. The frequency of these blood types

varies among populations.28,29

Prevalence of ABO-HDFN

As HDFN due to anti-D has declined, ABO incompatibility has become the most

common cause of HDFN.30,31 A type O person carries a significantly higher

amount of IgG component as compared to group A or B persons. ABO-HDFN

typically occurs in A or B infants whose mothers are Group O with potent-high

titer anti-A, anti-B or anti-A, B IgG.32,33 ABO incompatibility associated HDFN

can occur in the first pregnancy, whereas Rh(D) or other red cell antigens induced

HDFN generally occurs in second or subsequent pregnancies unless the patient has

been transfused with red cells in the past (Table 4.2).

Clinical presentation

AB antigens are poorly developed and simple in configuration on fetal RBCs.

In adults these antigens are well developed with high density and complexity.34

A and B antigens are also expressed on tissues (endothelium and epithelium)

and are present in the fetal secretions/plasma where they absorb/neutralize

most of the maternal antibodies crossing the placenta.35 The clinical presen-

tation is therefore generally subtle with mild postpartum hyperbilirubinemia

and jaundice occurring within 48 hours of birth. Rarely, there can be a severe

presentation with moderate to severe hyperbilirubinemia and anemia with

risk of kernicterus.36 Increasing bilirubin levels may be treated with photo-

therapy;37 severe cases are rare and may require exchange transfusion38,39 (see

below).

Table 4.2 Comparison of ABO versus Rh(D) HDFN.

Feature ABO Rh(D)

First pregnancy Yes No

Titer predict disease severity No Yes

Antibody IgG Yes Yes

Bilirubin at birth Normal Elevated

Anemia at birth No Yes

Phototherapy Yes Yes

Spherocytes Yes Rare

Exchange transfusion Rare Common

Intrauterine transfusion None Sometimes
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Diagnosis

The laboratory diagnosis of ABO incompatibility induced HDFN is generally

straightforward.40 The neonate has increasing hyperbilirubinemia in the first

24–48 hours after birth. There is also a disproportionate decrease in hemo-

globin values with respect to the expected decrease in the first few days. At this

stage a work-up on cord blood is indicated that includes performing a Coomb’s

or direct antiglobulin test (DAT). Red cells coated with IgG, e.g., fetal red cells

coated by maternal IgG, cannot agglutinate themselves in the test tube because

IgG molecules are small; hence, they cannot bring red cells together. In the

DAT, rabbit–human anti-IgG is added to the patient’s red cells, which binds

to the IgG molecules on the red cells causing agglutination. The DAT is weakly

positive in A or B neonates born to O mothers; however, a positive DAT does

not automatically indicate hemolysis because positivity may simply indicate

that red cells are coated with IgG. Therefore, without evidence of hyperbili-

rubinemia or moderate to severe anemia, there is no HDN. Performing a DAT

may be useful for diagnosis,41 but it is not always positive in all cases of

ABO-HDFN.12

If the DAT is positive then an elution technique is performed which pulls off IgG

molecules from red cells by various means (e.g., acid or heat treatment);42 these free

IgG molecules in suspension are then tested against A and B reagent cells to

confirm the specificity of the antibody causing positive DAT.43 Since a positive

DAT is not indicative of HDFN, performing routine DATs on the cord blood of all

newborns or of those born to O mothers is not indicated unless there is clinical

evidence of HDFN.

In a study of 80 ABO-incompatible newborn infants and their mothers, the

hemolyzing effect of maternal IgG anti-A or anti-B antibodies by an antibody-

dependent cell-mediated cytotoxicity (ADCC) assay was better correlated with

clinical severity of HDFN.44 Similarly, assay of A or B antigen density determina-

tion was demonstrated to be a more specific test.45 In 230 primigravid mothers

of ABO-HDFN-affected offspring, subsequent pregnancies had a recurrence rate

of 88% in those infants with the same blood type as their index sibling with 62% of

the affected infants requiring therapy.46

Rhesus (D)

Overview and history of the Rhesus system

The second most clinically significant RBC antigen system is the Rhesus

(Rh) system,47,48 and in particular the D antigen. The Rh(D) antigen is highly

immunogenic; about 80% of Rh(D)-negative individuals who are transfused with

1 unit of Rh(D)-positive RBCs form anti-D. However, in the absence of RhIg
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prophylaxis, the risk of immunization for an Rh(D) negative mother with an Rh-

positive fetus is only about 10% (described later).

In 1939 Levine and Stetson49 first described the role of anti-D in HDFN when

they reported the case of a woman who delivered an infant with HDFN and had a

severe transfusion reaction after receiving a blood transfusion from her husband.

This led to the hypothesis that the antibody that had caused the severe hemolytic

transfusion reaction had also crossed the placental barrier and destroyed

fetal RBCs. Later the antibody was identified as anti-D. To date, the incidence of

anti-D alloimmunization has markedly decreased due to administration of anti-D

(see below).50

Because Rh(D) is the most antigenic of all non-A and B-RBC antigens,51 all

Rh(D) negative women of childbearing age receive Rh(D) negative blood. Anti-D

may cause serious clinical effects such as HDFN and transfusion reactions. The

genetics of the Rh system are detailed by Bloy et al.52

Partial D

Rarely, HDFN occurs in women with genetic variants of the D antigen.53–57

A partial D variant might be suspected when D antigen typing has a weak

agglutination reaction. Historically, patients with a weak D phenotype have not

been considered candidates for Rh immune globulin prophylaxis. However, there is

a recent case of a gravida 2, para 1 woman with A-positive blood type, whose infant

died of severe HDFN 6 days after birth.58 Anti-D levels, which were undetectable at

the first prenatal visit, were subsequently identified at delivery (titer 1:64). Further

investigation revealed that the mother’s RBCs were partial D (VI) phenotype.

Rh(D)-HDFN severity of hemolysis

Clinical presentation

Unlike ABO-HDFN, HDFN caused by the Rh(D) antigen is severe because the

D antigen is well developed on fetal RBCs, and Rh(D) antibodies are primarily

IgG, which readily cross the placental barrier.59 Typically, an Rh(D) negative

female’s first child is not affected by HDFN. The mother has not yet been

immunized unless she has been transfused with Rh(D) positive blood or has a

past history of abortion or miscarriage that was not covered with RhIg. Whatever

the method of exposure, once the woman has been exposed to the Rh(D) antigen

and produces a high titer (>16–32) anti-D, subsequent offspring carrying the

D antigen will be affected.

Rh(D)-HDFN is clinically moderate to severe in presentation and requires

aggressive management. The neonate will have increasing hyperbilirubinemia

with a decrease in hemoglobin within the first 48 hours. A DAT should be
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performed on the cord blood, and if positive, an elution may be performed to

confirm the nature of the antibody causing hemolysis.60 The other alternative

would be to test the mother’s serum for the causative antibody.

Maternal–fetal ABO-incompatibility is protective for other HDFN

As previously mentioned, the incidence of anti-D formation in the Rh(D) negative

mother carrying an Rh(D) positive fetus is only 10% in the absence of RhIg

prophylaxis as opposed to 80% when transfused with a unit of blood. This is

dose-dependent, and as the amount of Rh(D) positive cell exposure increases, so

does the chance of anti-D production.

However, the incompatibility between an ABO mother and her group A or B

fetus may confer protection against Rh immunization. This occurs presumably by

hemolysis or clearance of A or B Rh-positive fetal RBCs by anti-A or anti-B present

in the mother’s plasma before the Rh antigen (or other red cell antigens) is

recognized by the mother’s immune system.

Non-Rh antibodies

Apart from ABO and Rh group antigens, there are other red cell antigens that are

also rarely associated with HDFN.61

Anti-Kell

Anti-Kell is the most potent of the non-Rh antibodies in causing HDFN.62–64

The Kell blood group system is complex and contains over 20 different antigens.

K1 (K, Kell), which is present in 9 percent of the population, is antithetical to the

high-prevalence K2 (k) antigen. K1 is strongly immunogenic. Antibodies directed

against K1 may cause severe transfusion reactions, if incompatible blood is trans-

fused, and may cause HDFN in sensitized mothers.65,66 The molecular basis of the

K1/K2 polymorphism has been determined,67 and it has been demonstrated that a

C to T base substitution in exon 6 creates a Bsm I restriction enzyme site. This base

change identifies the K1/K1 genotype. This test differentiates genotypes K1/K1,

K2/K2, and the K1/K2 heterozygote and may be used in the prenatal diagnosis of

K1-related HDFN.

Diagnosis

Molecular diagnostic techniques are now employed in pregnant women sensitized

to the Rh(D) and Kell-1 antigens. Paternal genotypes may be determined using

DNA amplification of Rh(D) specific sequences obtained from sperm cells, and

paternal Kell phenotypes may be determined by serologic assays on peripheral

blood.68 Fetal Rh(D) and/or Kell type may be determined using polymerase chain

reaction with amniotic cells.
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Other antibodies (see Table 4.1): C,69 E,70,71 and c72,73 are also potent immuno-

gens, though less potent than D. These antigens are associated with less frequent

and less severe HDFN.

Section III: Management of the Rh(D)-negative, unsensitized female,

the alloimmunized pregnant female, the fetus and the neonate

Prevention of HDFN (anti-D) in the Rh(D) negative, unsensitized female

RhoGam (RhIG)

Administration of anti-D in the form of Rh immunoglobulin (RhIG) was devel-

oped to prevent Rh0D-negative mothers from forming anti-D following pregnancy

with an Rh0D-positive fetus, thereby preventing Rh0D HDFN.74,75 RhIg is a

preparation of hyper-immune gamma globulin from pooled human donor plasma

collected from Rh(D)-negative sensitized donors with high levels of anti-D anti-

body.76 Rh(D) negative women with a negative antibody screen receive RhIg during

pregnancy to prevent the occurrence of HDFN. In the United States the standard

of care is to give 300 mg of RhIg to all Rh(D) negative, non-sensitized women at

28 weeks gestation.77 The drug was originally made from the plasma of women

whose previous pregnancies were affected by Rh alloimmunization. As the inci-

dence of the disease has declined78–80 the drug is made from donors whose anti-

body levels are maintained by vaccination. RhIg may be stored in and issued by the

hospital pharmacy or the blood bank. Since transfusion of as little as 0.1 cm3 of red

cells has been associated with anti-D production, prevention of alloimmunization

of the mother during this period is critical. The current recommendations for the

use of RhIg to prevent RBC alloimmunization are listed below:

All Rh(D) negative non-immunized females should receive:81

(1) A single intramuscular dose of 300mg of RhIg at 28 weeks gestation.

(2) A second dose of 300 mg of RhIg within 72 hours of the birth of an Rh(D)

positive infant.

(3) A 300 mg dose of RhIg in the first half of pregnancy (>12 weeks) for threatened

abortion, spontaneous abortion, ectopic pregnancy, or any vaginal bleeding of

uterine origin.

(4) Prophylaxis therapy (300mg) for any procedures that carry the risk of feto-

maternalhemorrhage(i.e. chorionicvillussampling,amniocentesis, cordocentesis,

placental biopsy, percutaneous or open fetal surgery, external cephalic version).

(5) A maternal Kleihauer-Betke test for all cases in which FMH is suspected during

either pregnancy or delivery. The Kleihauer-Betke82 test is performed to quantify
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how much fetal blood is in the maternal circulation.8,83 If more than 30 ml of

fetal whole blood (15 ml of fetal red cells) is detected, a corresponding increase in

the dose of RhIg is given to prevent immunization. For example, if the calculated

amount of fetal red cells is 45 cm3, based on one vial of RhIg of 300mg/15 cm3 of

RBCs, the patient should receive 3 vials plus one additional vial to account for

any miscalculation. Thus, a total of 4 vials should be given to this patient. Other

laboratory methods to detect FMH such as flow cytometry,84 fluorescence

microscopy,85 and automated Kleihauer-Betke86 are being investigated and

used but have not been adopted at this time in the majority of laboratories in

the United States.87–89 To optimize patient care, obstetricians and the transfusion

medicine service should work closely to develop a process for identifying poten-

tial RhIg-eligible candidates as well as a system for delivering it to them.

Management of the alloimmunized female during pregnancy

Once an immune anti-D has been identified during pregnancy, RhIG is not

necessary. The management of the alloimmunized female should include assess-

ment of the previous pregnancy history, serial titers of maternal antibody, serial

ultrasound measurements,81,90–95 serial amniocentesis, fetal blood sampling and

intrauterine transfusion when indicated (see below).96

History of a previously affected pregnancy is very helpful in predicting the outcome

of the current pregnancy.97 Generally, the severity of HDFN in subsequent pregnan-

cies is either similar or worse than the previous pregnancy; however, in 5–10% of

cases, it may be less severe. Thus, with a history of hydrops, there is a 90% chance of

hydrops in the next pregnancy. The initial titer should be performed in the first

trimester. Thereafter, it should be performed at 16 weeks and every 4 weeks until

28 weeks and, thereafter, every 2 weeks. The titer is reported as the inverse of the

greatest tube dilution in which an agglutination reaction is observed. Thus, a titer of

32 represents a dilution of 1:32. Titer results may differ between laboratories depend-

ing on the methods employed, but should not vary by more than one dilution within

the laboratory. While performing antibody titers in the blood bank, the current sample

is tested along with the previous sample during that pregnancy. The titer level

associated with risk for fetal hydrops is a critical titer value and may vary by institution

based on the method of testing and clinical correlation. In most institutions a critical

value for anti-D ranges between 16 and 64, depending on the method used.95

Management of the fetus with HDFN

Amniocentesis and Liley curves

In 1961 Liley first reported a correlation between elevated amniotic fluid OD450

(indicative of the bilirubin level) with the severity of HDFN and fetal anemia in
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women with Rh(D) alloimmunization.98 Based on gestational age and the amount

of bilirubin present in amniotic fluid as assessed by OD450, Liley developed a

3-zoned graph: Values in zone one showed slightly increased bilirubin and mild

anemia, whereas values in zone three reflected severe disease with severe HDFN

and anemia requiring immediate intervention – either intrauterine transfusion or

induction of delivery. Some centers use a modification of the Liley curve.99 Liley

also introduced intraperitoneal transfusion for the treatment of the severely

affected fetus.100 However, red cell absorption from the peritoneal lymphatics is

slow, and the increase in fetal hemoglobin may take up to 8–10 days. Currently, the

correction of fetal anemia is accomplished by fetal intravascular transfusion where

the correction of anemia is immediate.101

Intrauterine transfusion (IUT)

For a discussion of this topic, see chapter on blood component therapy

(Chapter 17).

Indications: A pregnancy complicated by immune-mediated maternal iso-

immunization to RBC in HDFN may result in a certain degree of fetal anemia,

which can only be corrected by intrauterine transfusion of compatible RBCs.102,103

IUT of RBC is usually recommended when the fetal hematocrit is less than

30 percent; the procedure is performed after 20 weeks’ gestation. A variety of

methods may be employed to determine the fetal hematocrit; the reader is referred

to the following references.92,104,105

Red blood cells: RBCs must be ABO compatible with the maternal serum.

Therefore, a crossmatch is performed with the mother’s serum and donor cells.

Group O Rh(D) negative fresh allogeneic RBCs (less than 7 days old) should be

transfused. RBCs should be irradiated to inactivate lymphocytes, in order to

prevent graft-versus-host disease, as fetuses have a poorly developed immune

system. Irradiation should be performed just prior to transfusion because

irradiated stored RBCs leak potassium, which may be detrimental.

Premature neonates have an especially immature immune system and are

therefore at a greater risk for CMV infection. Therefore, RBCs should be

derived either from a donor who has tested negative for CMV or should be

leukocyte-reduced to remove lymphocytes containing CMV.106–109 Fresher

units maximize RBC survival in vivo. The hematocrit of the RBC unit should

be about 80–90 percent to prevent volume overload. This high hematocrit is

achieved by centrifugation of the unit and removal of supernatant plasma

and anticoagulant. Normal saline is added to obtain a hematocrit of 80–90

percent. RBCs should be negative for the sickle cell trait. Using a direct

intravascular fetal transfusion technique, the mean volume of transfusion is
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50 ml/kg of estimated non-hydropic fetal weight and may be transfused in

10 ml aliquots over 1–2 minutes.110 The frequency of IUT generally depends

on the severity of anemia and the gestational stage. Generally, red cells will

survive for 3–4 weeks. Therefore, some pregnancies may require several IUTs,

whereas other pregnancies may need only one.

Management of the neonate with HDFN

The consequences of hyperbilirubinemia in HDFN are restricted to the neonate

because bilirubin is processed in utero by transplacental passage to maternal

circulation. Neonates have a decreased ability to produce glucuronyl transferase,

leading to a diminished capacity to conjugate bilirubin. Additionally, the imma-

ture blood-brain barrier is more permeable to unconjugated bilirubin, and there is

increased risk of kernicterus with rapidly increasing unconjugated bilirubin. Since

the passive alloantibody from the mother will continue to cause hemolysis of

neonatal red cells carrying the implicated antigen, it is very important to monitor

HDFN neonates carefully.

Newborns with the maternal alloantibody should be monitored by frequent

bilirubin testing because that is the best available clinical decision-making para-

meter. In the blood bank, the DAT should be performed on cord blood. Whenever

a neonate suffering from HDFN presents to a hospital with no known previous

antenatal care, the nature of the antibody will be unknown; in this case an elution

of antibody from fetal red cells should be performed to identify the antibody. If

available, maternal blood should also be used to identify the antibody, and the

mother’s serum may also be used for cross-matching.

Hyperbilirubinemia – exchange transfusion

Rh(D)-HDFN may be severe presenting with hyperbilirubinemia111,112 and

require aggressive treatment.113 If an exchange transfusion is required,114,115

a CBC, bilirubin, and DAT on cord blood should be performed. When performing

an exchange transfusion, RBCs are selected that are negative for the antigen against

which the antibody is directed. RBCs are Group O and Rh(D) negative, negative

for the implicated antigen, fresh (<7 days old), pre-storage leukocyte reduced116

and/or CMV seronegative117–119 and irradiated for the prevention of graft-versus-

host disease.120,121 The hematocrit of the RBC unit is adjusted to �50% by

removing the supernatant anticoagulant and plasma and replacing it with AB

plasma. Plasma is added to prevent coagulopathy in a neonate with immature liver

and also to prevent potential hemolysis due to anti-A or anti-B present in O RBCs.

Generally, a two blood volume exchange transfusion is performed manually. The

infant should be monitored closely during the exchange.122–125
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Introduction

Thrombophilia in pregnancy represents a challenging problem for obstetricians,

reproductive medicine specialists and hematologists. Normal pregnancy is known

to be associated with an enhanced risk of deep vein thrombosis (DVT) and

pulmonary embolus (PE). When combined with a thrombophilic disorder, this

risk is significantly enhanced, usually considered to about 5–8-fold elevated in

normal pregnant women, and addition of a thrombophilia, or other clinically

significant risk factor, requires particular attention to avoid unnecessary fetal loss

and maternal morbidity and mortality. Thrombophilia in obstetrics and preg-

nancy is known to be associated with not only enhanced risks of DVT and PE, but

also recurrent miscarriage syndrome, infertility, stillborn births, eclampsia intra-

uterine growth retardation, pre-eclampsia, frank eclampsia, HELLP syndrome1 and

abruption, with the additional usual thrombohemorrhagic complications, such as

disseminated intravascular coagulation.2,3,4,5 Indeed many women with undiag-

nosed thrombophilia will experience their first clinical manifestation when

pregnant – usually miscarriage or DVT with or without PE. In addition, many

pregnancy patients who have had a prior DVT/PE harbor an undiagnosed

thrombophilic disorder, thus emphasizing the importance of adequate investiga-

tion when a suggestive personal or family history warrants. This chapter sum-

marizes (1) antithrombotic approaches to pregnant women with thrombophilia

and other risk factors, and (2) the particular thrombophilias of concern to the

obstetrician, reproductive medicine specialist and hematologist. In addition,
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treatment discussions and recommendations will be discussed in general and

then, when necessary, for any particular disorder. It must be appreciated the

clinical course of thrombophilic patients, particularly during pregnancy, is

highly dynamic. When the response to therapy is not as expected, it must be

remembered that more than one cause or type of thrombophilia or additional

risk factor(s) may be present in any individual patient. Treatment must

address the primary coagulopathy as well as any precipitating clinical risk

factors, such as obesity, prior thrombosis or thromboembolic disease, prolonged

immobility, pelvic or leg trauma, stasis or varicosities.3,6 Furthermore, over the

course of pregnancy, the clinical course may change. In general, the primary

antithrombotics used in thrombophilic pregnancies are low-dose ASA and

heparin/low molecular weight (LMW) heparin. Now that significant experience

has been accumulated with use of LMW heparin, these are generally felt to be

preferable over unfractionated heparin because of convenience of once a day

dosing and a lower incidence of hemorrhage, heparin induced thrombocyto-

penia (HIT/T), and osteoporosis. Clearly, thromboprophylactic doses of heparin/

LMW heparin should be used in those with a prior history of DVT or PE with or

without pregnancy; what is less clear is the asymptomatic patient who is known

to harbor a thrombophilia. We prefer to treat this later population with throm-

boprophylactic doses of LMW heparin (dalteparin)þ/� low-dose ASA, how-

ever guidelines remain undefined. Also clear is the recommendation that those

with an active thrombotic event during pregnancy need thrombotherapeutic

doses of heparin/LMW heparin. It is also known that even with as yet limited

data, some of the thrombophilias, such as Factor V Leiden, Prothrombin

G20210A mutation, Protein C, S and antithrombin deficiency, hyperhomocys-

teinemia, and antiphospholipid syndrome render pregnant women particularly

susceptible to recurrent miscarriage syndrome (RMS), thromboembolic events

and other pregnancy-related complications, compared to some of the other

thrombophilic disorders.7,8

The decision to treat, in patients with both inherited and acquired thrombo-

philia, will depend upon several factors. The critical information for each disorder

should include: (1) the incidence of thrombosis for the disorder, (2) past medical

and family history (3) additional clinical risk factors in an individual patient (4)

the proportion of idiopathic versus secondary thrombotic events, (5) risks and

benefits to the fetus and (6) the probability of a fatal outcome or significant

morbidity to mother or neonate.6,9 For pregnancy and thrombophilia random-

ized, blinded, controlled studies are rarely available. Thus many recommenda-

tions come from experience and available published information. As blinded,

controlled trials become available, the indications for therapy and the therapeutic

agent(s) of choice will more clearly evolve. The hereditary and acquired
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thrombophilias are depicted in Table 5.1 in approximate descending order of

prevalence.

Antithrombotic intervention in pregnancy

The choice(s) and dose(s) of therapeutic agent(s) will be guided by the clinical

setting. Warfarins are not used during pregnancy as they cross the placenta and

are associated with teratogenicity and excessive hemorrhage in mother and fetus.

Thus, the choices are unfractionated (UF) heparin or low-molecular-weight

(LMW) heparin either one often used in association with low-dose ASA,

depending upon the clinical situation. Doses of UF heparin or LMW heparin

depend upon the need for thromboprophylaxis or thrombotherapeutic effect. If

using UF heparin, the thromboprophylactic dose used in pregnancy is generally

5,000 Units q 12 hours, subcutaneously; if treating an active event then either

Table 5.1 Thrombophilias: hereditary and acquired.

Approximate descending order of prevalence

Antiphospholipid syndrome

Sticky platelet syndrome

APC resistance

Factor V Leiden

MTHFR mutations

PAI-1 defects / mutations

Prothrombin G20210A

Protein S defects

Protein C defects

Antithrombin defects

Heparin cofactor II defects

Plasminogen defects

TPA defects

Factor XII defects

Dysfibrinogenemia

Homocysteinemia

Factor V Cambridge

Factor V Hong Kong

Factor V HR2 mutation

MTHFR: Methylenetetrahydrofolate Reductase

APC: Activated Protein C

PAI-1: Plasminogen Activator Inhibitor Type 1

TPA: Tissue Plasminogen Activator
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subcutaneous or intravenous heparin is used, using usual calibrated10 activated

partial thromboplastin time (aPTT) dose-adjusted regimens. When using LMW

heparin, the dose is dependent upon the product used. In this regard, in January

2002 the FDA MedWatch Drug-Alert Adverse Reaction website issued a warning

about the use of enoxaparin in pregnancy or women of childbearing age, so we do

not recommend it be used in pregnancy, and all clinicians caring for pregnant

women or women of child-bearing age should become thoroughly familiar with

these warnings. The aforementioned FDA warning, issued in January 2002

(http://www.fda.gov/medwatch/SAFETY/2002/jan02.htm#lovenox), has alerted

physicians to potential teratogenicity, and potential excessive fetal and maternal

hemorrhage. Also, very little data yet exists regarding use of tinzaparin in preg-

nancy; therefore we use dalteparin (Fragmin) in pregnancy. The dose, when

requiring thromboprophylaxis is 5000 U q 24 hours subcutaneously or dose-

adjusted subcutaneous injections to keep the anti-Xa level, ideally drawn 4 hours

after a subcutaneous dose, at 0.2–0.45 Units/ml. Some individuals advocate

increasing the dose of thromboprophylactic UF heparin or LMW heparin during

the third trimester, to ‘‘adjust for maternal weight gain’’, an average of 12.5 kg.

However, this is usually an unnecessary effort as when analyzing distribution

of maternal weight gain (27%¼ fetus, 5.2%¼ placenta, 6.4%¼ amniotic fluid,

7.5%¼ uterus, 3.2%¼ breasts, and 12%¼ extravascular fluid [¼ total of 61% of

weight gain]); all of these parameters are fundamentally unaffected by thrombo-

prophylactic therapy. Thus, we rarely find it necessary to increase doses later in

pregnancy. Although we routinely monitor anti-Xa levels throughout pregnancy,

it is extremely rare that a thromboprophylactic dose ever needs to be adjusted

upward, as the desired thromboprophylactic anti-Xa level almost always remains

in the desired range (0.2–0.45 units/ml) during the third trimester. The rare

reasons are excessive obesity in conjunction with a low anti-Xa level and sugges-

tion of a placental thrombus or early infarct, clearly seen in less than 20% of our

patient population. Thus >80% of thrombophilic patients are not adjusted

upward during later stages (third trimester) of pregnancy.

Women who have or develop an active thrombotic event during pregnancy are

in need of thrombotherapeutic doses of heparin or LMW heparin during preg-

nancy. This is accomplished in one of several ways. The use of intravenous UF

heparin for 5–7 days, then a change to thromboprophylactic doses may be

considered. In this instance a therapeutic dose using a calibrated10 aPTT dose-

adjusted regimen to keep the aPTT at 1.5–2.5 times normal (or correlated to an

anti-Xa level of 0.45–1.1 Units/ml). is used and then at 5–7 days a thrombopro-

phylactic dose using UF heparin at 5,000 units every 12 hours or dalteparin

(Fragmin) at 5,000 units per 24 hours is initiated and continued to term if

clinically warranted. Alternatively, the thrombotherapeutic approach may be UF
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heparin used subcutaneously by every 12-hour injection using a calibrated10 aPTT

adjusted dose to keep the aPTT therapeutic (defined as an aPTT 1.5–2.5 times

normal or correlating to an anti-Xa level of 0.45–1.1 U/ml for 5–7 days, then the

patient changed to thromboprophylactic doses of UF heparin or dalteparin

(Fragmin) for the duration of pregnancy is clinically warranted. A third, and

in our opinion best and easiest approach to thrombotherapeutic treatment of

an active thrombotic event during pregnancy is to use therapeutic doses of

dalteparin (Fragmin) at 200 units/kg/24 hours for 5–7 days (usually may be

done as an outpatient) then to change the patient to thromboprophylactic doses

of 5,000 units/24 hours for the duration of pregnancy if clinically warranted.

Bridging therapy

Pregnant women with atrial fibrillation (AF) or prosthetic heart valves, or women

with these conditions considering conception, if on full dose warfarin therapy, will

require ‘‘bridging therapy’’ in the form of heparin or LMW heparin. One must

recall that ‘‘full dose’’ warfarin anticoagulant therapy for prosthetic cardiac valves

or AF is, in fact, thromboprophylactic therapy – not ‘‘therapeutic’’ (for an existing

fresh thrombus). The goals of bridging therapy are prevention of arterial or venous

thrombosis or extension/embolization of arterial or venous thrombosis. There are

several approaches to bridging therapy in pregnancy. One such approach, usually

unnecessary and usually inappropriate for nine months of pregnancy is to use

intravenous thrombotherapeutic doses of porcine mucosal heparin in the usual

doses of a bolus of 5,000 units followed by a dose adjusted calibrated aPTT to

render an aPTT of 1.5–2.5 times normal. We generally disagree with and do not use

this approach. Another is to use thrombotherapeutic doses of subcutaneous

porcine mucosal heparin, again using twice a day or once a day subcutaneous

heparin to render a calibrated aPTT which is 1.5–2.5 times normal. This approach

is likewise unnecessary and not used by us. Another approach is to use throm-

botherapeutic levels of dalteparin (Fragmin) at 200 Units/24 hours, subcuta-

neously. This approach is popular among some and has been shown to be

generally safe and effective. A new approach has recently been published11 using

dalteparin at 100 units/kg twice daily, with excellent success in 650 patients. The

most reasonable approach, and the one recommended by us, is to use dalteparin

(Fragmin) at a fixed subcutaneous dose of 5,000 units every 24 hours by sub-

cutaneous injection throughout pregnancy. One of the authors (RLB) has used

this approach in over 300 thrombophilic pregnancies and in over 30 patients with

prosthetic heart valves. No patient, as yet, has had a thrombotic or embolic event

or a significant hemorrhage. For those clinicians considering use of LMW heparin

as bridging therapy in pregnancy, it is mandatory to be familiar with the FDA

MedWatch warnings regarding the use of the particular LMW heparin enoxaparin
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(Lovenox) in pregnancy or in patients with prosthetic valves. The issues of

potential problems with enoxaparin have been covered above. However, in

January of 2002 the FDA, through its MedWatch adverse reaction reporting

system posted the following warning regarding the use of enoxaparin in patients

with prosthetic heart valves:

To read this FDA MedWatch alert, the reader should go to: http://www.fda.gov/

medwatch/SAFETY/2002/jan02.htm#lovenox.12

Bridging therapy for patients with AF or prosthetic heart valves should ideally be

started as conception is being planned. However, more often pregnancy is ‘‘unplanned’’

and bridging therapy should be started as soon after conception as possible.

Monitoring of heparin/LMW heparin therapy during pregnancy

All patients should be counseled on the potential side effects of heparin/LMW

heparin therapy. These will be discussed subsequently. All patients being placed in

heparin/LMW heparin should have a pre-heparin/LMW heparin CBC and platelet

count.13 After initiating heparin/LMW heparin therapy a CBC/Platelet count

should be done every other day for 14 days. Following this, assuming

no significant decreases in the platelet count, pregnant women should have a

CBC/platelet count done weekly for the first trimester, then monthly for the

second and third trimester.14 Obviously, if there is a significant decrease (discussed

below), the heparin should be stopped or monitored more frequently. We, and

others, advocate performing anti-Xa levels throughout pregnancy as well. These

are drawn at the same frequency as the CBC/Platelet count. Anti-Xa levels should

ideally be drawn approximately 4 hours after a subcutaneous injection. thrombo-

prophylactic anti-Xa levels are 0.2–0.45 Units/ml and thrombotherapeutic anti-Xa

levels are 0.45–1.1 Units/ml.

Warnings

Prosthetic Heart Valves

The use of Lovenox Injection is not recommended for thromboprophylaxis

in patients with prosthetic heart valves. Cases of prosthetic heart valve

thrombosis have been reported in patients with prosthetic valves who have

received enoxaparin for thromboprophylaxis. Some of these cases were

pregnant women in whom thrombosis led to maternal deaths and fetal

deaths. Pregnant women with prosthetic heart valves may be at higher risk

for thromboembolism.
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Side effects of heparin/LMW heparin therapy which should be discussed

with the pregnant woman

Heparin has been the most important anticoagulant in clinical use over the past

half century. It is effective, relatively inexpensive, and readily available. Even today

it represents the most common agent for the treatment of acute thrombosis. Its

extensive clinical use has commonly led to complacency and even disregard of the

potential complications that relate to its use in the therapeutic or prophylactic

setting. Although bleeding is the most obvious potential complication of heparin

therapy, a very common sequalae is heparin-induced thrombocytopenia, which

further can be complicated by the advent of thrombosis. Less common complica-

tions include osteoporosis, skin reactions, eosinophilia, alopecia, liver dysfunction

and hyperkalemia. This review characterizes these potential, sometimes quite

serious, sequelae (Table 5.2). Heparin Induced Thrombocytopenia (HIT/T) is

discussed in a separate chapter.

Bleeding

The most common and more regularly anticipated complication of heparin/LMW

heparin therapy is bleeding.15–21 The true incidence of major bleeding has been

sought, but is only an estimate commonly ranging between 6–14%, and is sig-

nificantly less with LMW heparin.18,19 Hirsch and colleagues have emphasized

important variables relative to heparin related bleeding.19,20,22 These are (1) the

dose of heparin administered, (2) the method of administration (i.e. continuous

Table 5.2 Adverse effects of heparin/LMW heparin therapy.

Heparin-induced thrombocytopenia Type II (Immunologic)

Hemorrhage and bruising (usually mild)

Osteoporosis

Abnormal liver function tests (Benign)

Eosinophilia (Benign)

Hyperkalemia

Hypoaldosteronism

Priapism

Alopecia (usually mild)

Skin reactions:

Urticaria

Erythematous papules

Skin necrosis (may be severe)

Pruritus

Acute anaphylaxis
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vs. intermittent, etc.) and (3) the comorbid and concomitant therapy adminis-

tered. Thus, heparin therapy is more commonly associated with bleeding when

given to chronic alcoholics.16 More complex and not completely resolved is the

consideration that bleeding is more commonly seen in patients on aspirin.16,19–21

Since this is a not uncommon treatment combination in patients with high risk

pregnancy/thrombophilia in pregnancy, clinical vigilance for bleeding is the only

intelligent approach.23

Acute heparin reaction (?anaphylaxis)

A rare, but potentially lethal acute reaction to heparin can occur. The event is

abrupt and clinically dramatic.24 It has been seen only in patients previously

treated with heparin. It again merits emphasis that the heparin exposure need

not be a quantitative one, since it has occurred with heparin exposure as minimal

as heparin flush or use of a heparin coated catheter. Symptoms occur dramatically

within 5 to 10 minutes of institution of the heparin bolus and include abrupt onset

of chills and fever, tachycardia, diaphoreses and nausea. Hypotension may be

noted, although most patients have become abruptly and transiently hypertensive.

Retrosterned chest pain with the pattern of an acute myocardial infarction is

common. Finally, a global amnesia syndrome has been linked to the crisis event.

This anaphylaxis-like reaction has all of the features of an immunoglobulin

E stimulated response. Immediate cessation of the heparin is critical. Other non-

heparin antithrombotic agents should be used to treat the patient. We have seen

four cases of anaphylaxis associated with enoxaparin.25

Heparin associated osteoporosis

Prolonged heparin exposure has been correlated with the development of osteo-

porosis.26,27 The clinical findings that led to the evaluation of this finding were the

unexpected development of bone pain or the identification of vertebral body

or rib or fractures. The clinical correlate was that the patient had been on long-

term heparin (in excess of 6 months) and usually at daily doses in excess of 15,000

anti-Xa units.28 Limited epidemiologic and controlled studies are available to

define the incidence of heparin associated osteoporosis. In addition, many of the

studies have focused on pregnant patients, since such patients represent a group

likely to have a long duration of therapy. However, since pregnancy itself is

commonly associated with osteoporosis, such data must be cautiously interpreted.

Howell et al. in randomized trials, identified a 5% incidence of vertebral fractures in

women treated during their pregnancy with unfractionated heparin.29 Monreal,

et al. in a randomized study of 40 men and 40 women (mean age of 68) on long-

term heparin therapy identified a 10% incidence of vertebral fractures.30 Six of the

seven occurred with unfractionated heparin the seventh with low molecular

129 Hereditary and acquired thrombophilia in pregnancy



weight heparin (Fragmin). A very interesting finding in this study was that there

was no difference in bone density between the group developing fractures com-

pared to those without fractures. This study did not show a correlation between

the lumbar bone density and the dose or duration of therapy.30 Barbour and

associates evaluated the subclinical occurrence of heparin associated osteoporosis

in pregnancy by means of bone densitometry in a prospective, consecutive cohort

of 14 pregnant women requiring heparin therapy and 14 pregnant controls

matched for age, race and smoking status.31 Proximal femur bone density mea-

surements were taken at baseline, immediately post-partum, and 6 months post-

partum in the cases and controls. Vertebral measurements were also obtained on

both groups immediately post-partum and 6 months post-partum. Bone density

relative to heparin dose and duration was examined. Five of 14 cases (36%) had a

10% decrease from their baseline proximal femur measurements to their immedi-

ate post-partum values, whereas none occurred in the 14 matched controls

(p¼ 0.04). Mean proximal femur bone density measurements also decreased

and this difference was still statistically significant 6 months post-partum

(p¼ 0.03). This study concluded that no clear dose-response relationship could

be demonstrated, and that unfractionated heparin adversely affected bone density

in about 33% of exposed patients.31 Dahlman studied the effect of long-term

heparin treatment during pregnancy and the incidence of osteoporotic fractures

and thromboembolic recurrence.32 Long-term subcutaneous prophylaxis with

heparin twice daily in pregnancy was used in 184 individuals. The dose of heparin

was adjusted to anti-factor Xa activity or the activated partial thromboplastin

time; and, different regimens were given depending upon risk stratification.

Symptomatic osteoporotic fractures of the spine occurred post-partum in

four women (2.2%). Their mean dosage of heparin ranged from 15,000 to

30,000 IU per 24 hours (mean 24,500 IU per 24 hours), and their duration

of treatment was from 7 to 27 weeks (mean 17 weeks). It is of interest that

in spite of prophylaxis with heparin, thromboembolic complications occurred

in five women. Thus, osteoporotic vertebral fractures were found in 2.2%

and these did correlate with the amount of heparin administered. There were

no thrombocytopenias or excessive hemorrhage. Hunt et al., during a study

of low molecular weight heparin (Fragmin) for thromboprophylaxis in 34

high risk pregnancies identified one woman who developed an osteoporotic

vertebral collapse post-partum.33 This woman had no other risk factors for

osteoporosis. Parenthetically, this study did support the efficacy of low molecular

weight heparin in preventing recurrent thromboembolic disease in pregnant

women at high risk. In this study, the incidence of osteoporotic fracture

was 3%; however, bone density studies, to assess asymptomatic osteoporosis

were not reported.
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Doukets et al. in a prospective matched cohort studied the effects of long-term

(>1 month) unfractionated heparin therapy on lumbar spine bone density.34

Twenty-five women who received heparin during pregnancy, and 25 matched

controls underwent dual photon absorptiometry of the lumbar spine in the post-

partum period. None of 25 heparin-treated patients developed fractures. Heparin-

treated patients had a 0.082 g/cm2 lower bone density compared to untreated

controls, which was statistically significant (p¼ 0.0077). There were six matched

pairs in which only the heparin-treated patient had a bone density below 1.0 g/cm2,

compared to only one pair in which only the control patient had a bone

density below this level (p¼ 0.089). The duration of heparin therapy, the mean

daily dose, and the total dose of heparin were not at levels of independent

significance. They concluded that long-term heparin therapy was associated with

a significant reduction in bone density, although fractures are uncommon. They

could not show a correlation between the lumber bone density and the dose

or duration of heparin therapy. This is in contradistinction to the generally held

views that heparin-induced osteoporosis is related to the dose and duration

of therapy.35,36

A variety of studies have focused on the mechanism whereby heparin affects

bone metabolism and structure. Muir et al. treated rats with once daily subcuta-

neous injections of unfractionated heparin or saline for 8 to 32 days and mon-

itored the effects on bone histomorphometrically and measured urinary type 1

collagen cross-linked-pyridinoline (PYD) and serum alkaline phosphatase as

surrogate markers of bone resorption and formation.37 Biochemical markers of

bone turnover showed that heparin produced a dose-dependent decrease in serum

alkaline phosphatase and a transient increase in urinary PYD, thus confirming the

histomorphometric data. They concluded that heparin decreases trabecular bone

volume both by decreasing the rate of bone formation and increasing the rate of

bone resorption.37 In a subsequent study, this group evaluated the effect of low

molecular weight heparin in a similar model system.38 It was found both unfrac-

tionated and low molecular weight heparin decreased cancellous bone volume in a

dose-dependent fashion, but unfractionated heparin caused significantly more

bone loss than did the low molecular weight heparin. The biochemical markers

of bone turnover demonstrated that both forms of heparins produced a dose-

dependent decrease in serum alkaline phosphatase, consistent with reduced bone

formation; whereas, only the unfractionated heparin caused an increase in urinary

PYD, consistent with increased bone resorption. They concluded that unfraction-

ated heparin decreases cancellous bone volume both by decreasing the rate of

bone formation and increasing the rate of bone resorption; in contrast low

molecular weight heparin causes less osteopenia because it only decreases the

rate of bone formation.38 Panagakos et al. have demonstrated that heparin induces
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osteoporosis by enhancing the effects of other bone resorbing factors particularly

parathyroid hormone.39 Shaughnessy et al. further examined the issue of calcium

loss by an in vitro calcium release assay and demonstrated that size and sulfation of

the heparins were the major determinants of the promotion of bone resorption.40

Their extrapolation was that low molecular weight heparini preparations would,

therefore, reduce the risk of the expected heparin associated osteoporosis. Murray

and associates examined bone density in a rabbit model.41 A reduction in cortical

and trabecular bone density was seen with unfractionated heparin (p< 0.05) and

high molecular weight heparin (p< 0.01), but not with low molecular weight

heparin.

Thus, heparin associated osteoporosis is a clinically uncommon event occurring

in less than 5% of long-term heparin treated patients. The evidence supports a

lesser risk with low molecular weight heparin than with unfractionated heparin.

The mechanisms appear related to impaired bone deposition and formation plus

enhanced bone resorption with unfractionated heparin. A change in new bone

deposition appears to be the major mechanism with low molecular weight

heparin. Most clinical evidence supports the view that a long duration of therapy

(i.e. greater than 6 months) and a higher dose of heparin increases the risk of

bone changes.

From these observations, we currently recommend that bone density studies be

done in patients whose duration of therapy will be greater than 6 months at an

equivalent of 20,000 anti-Xa units per day, or at 3 months if the dose will exceed

20,000 anti-X U per day.42 In addition, we encourage calcium supplements. If the

patient is going to be on low-dose subcutaneous unfractionated or low-molecular-

weight heparin for one year or more, baseline bone density studies are recom-

mended and repeat comparative studies should be done yearly; if a significant

change occurs and continued heparin is required, alendronate, or a similar

medication should be started.42

Heparin-related skin reactions

Three general types of skin reactions can occur with heparin therapy.35,42,43 The

most common are those seen in patients being treated with subcutaneous heparin.

These are small ecchymotic or erythematous papular or nodular lesions which are

slightly tender and generally less than 1 cm in size. These occur at the sites of

injection. Although at times these are the result of violated sterile technique and

therefore, represent infections, most are sterile and require no change in therapy

except the selection of an alternate site. The exact mechanism is not certain, but

local cytokine release is the current working concept.

A second skin reaction is that of urticarial, often pruritic, lesions; again largely at

the sites of subcutaneous injection. These allergic reactions have commonly been
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associated with the vehicle for the heparin and can often be avoided by either

a change in the brand of heparin or the use of an anti-histamine at the time of

the injections.

Heparin-induced skin necrosis is the most serious form of dermal reaction and

fortunately the least common.43,44,45,46,47 These lesions have many features similar

to coumadin necrosis, but the pathophysiology is distinctly different. The route

and form of heparin is unrelated to this occurrence. Commonly these begin 5 to 10

days into the heparin therapy and are manifest on the extremities, abdominal wall

or nose; and, several of the case reports highlight their occurrence on the dorsum

of the hand.44,46 The onset is abrupt with a dusky or erythematous plaque-like

lesion that can rapidly evolve into a hemorrhagic bullae with necrosis. The exact

pathophysiologic basis for these necrotic lesions is not clear. The antibodies found

in heparin induced thrombocytopenia have been seen in many of the patients in

whom it has been sought, yet only about 25% of them will actually develop HIT II.

These lesions signal an acute need to discontinue the heparin/LMW heparin

therapy and select an appropriate alternative agent.

Altered liver function tests

Abnormal liver function studies, primarily a transaminasemia of minimal degree,

have been correlated with long-term heparin administration. The finding is

uncommon and the pathophysiologic mechanisms have never been defined.

These changes revert to normal when the heparin is discontinued.35,42

Heparin and eosinophilia

Eosinophilia occurs in 5 to 10% of patients receiving either unfractionated or low

molecular weight heparin therapy.35,42,48 The eosinophilia is asymptomatic. In

almost all of the patients it is unrelated to systemic allergic reactions, dermal

allergic reactions, skin necrosis or any other evident symptom complex. It is not

associated with any physiologic changes or sequelae. The eosinophilia abates 4 to 8

weeks after cessation of the heparin therapy. The current hypothesis relative to this

occurrence is the activation of CD4 cells with the subsequent release of GM-CSF,

IL-3 and IL-5, which can induce eosinophilia.42

Hyperkalemia, hypoaldosteronism, and related metabolic abnormalities

Prolonged heparin therapy has been recognized to be associated with func-

tional hypoaldosteronism, hyperkalemia and allied metabolic abnormalities.28,42,49

Although rare, the evidence supports heparin suppression of synthesis of aldoster-

one.67 Cessation of the heparin results in resolution of the metabolic abnormalities

and return to normal.
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Alopecia

Alopecia, almost always mild, has been related to long-term heparin therapy.28,35,42

Neither its occurrence nor potential pathophysiologic mechanisms have been well

defined. However, pregnancy alone may be associated with mild alopecia, in the

absence of heparin/LMW heparin therapy.

Thrombophilias in pregnancy

It must be remembered and emphasized that a diagnosis of thrombosis is similar to

and as generic as a diagnosis of ‘‘anemia’’; one must, in all instances, as in anemia, ask

next: WHAT IS THE ETIOLOGY OF THE THROMBOSIS? Like anemia, the

specific and appropriate therapy is highly dependent upon defining the etiology.

Thrombosis, be it arterial or venous, can no longer be viewed as a generic diagnosis;

approaching thrombosis in this manner probably accounts for not only many

treatment failures, but also for often confusing and conflicting results of clinical

trials. Most Clinicians and most trialists approaching thrombosis as a generic

diagnosis fail to note that a very heterogeneous population is likely to be present

and outcomes will depend upon designing therapy specific for a given etiology. As a

simple example, it would not make sense to treat a patient with thrombosis and

harboring sticky platelet syndrome with heparin or coumadin when they actually

need aspirin; nor would it make sense to treat a patient with antiphospholipid

syndrome and thrombosis with aspirin (no response) or warfarin (65% failure rate)

when they respond most ideally to heparin. Some 65% of patients with recurrent

miscarriage harbor a hereditary or acquired thrombophilia.50,51

In the rapidly changing field of thrombosis and hemostasis, diagnosis has

become increasingly challenging, as new disorders are discovered and an array of

new laboratory studies are developed. Thus, if a pregnant patient develops throm-

bosis, it cannot be assumed the thrombosis is simply secondary to pregnancy and a

thrombophilic disorder must be strongly considered. Therapy is no less complex,

as clinical studies continue to identify more effective treatment regimens.

Inherited disorders

Factor V Leiden As many as 5%–17% of Caucasians52 and 20%–50% of unse-

lected patients with deep vein thrombosis53,54 are demonstrated to have a single

point mutation (at point 1691) in the gene responsible for the production of

factor V. As a result, the factor V produced is abnormal, with a glutamine (Q) for

arginine (R) substitution at position 506 (FV:R506Q, factor V Leiden).

Inactivation of factor Va by activated protein C is impaired, resulting in a lifelong

hypercoagulable state.53,54,55,56,57,58,59,60 APC resistance may also be acquired,

as occurs with the use of oral contraceptives or in the presence of elevated
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factor VIII: C.61 Regardless of the source of the APC abnormality, the clinical

manifestations are similar. Since a hypercoagulable state is present, patients pre-

sent either with venous or arterial thrombosis83,84 or recurrent miscarriage syn-

drome (RMS).14,62,63 In addition, FV Leiden is also associated with pregnancy

associated DVT and PE, pre-eclampsia, and fetal growth retardation syndrome.64

An important issue is the question of primary and secondary prophylaxis outside

the clinical setting of pregnancy. Although there is a 5 to 10 times increased risk of

thrombosis in heterozygous carriers of FV:R506Q, there is not yet a demonstrable

major effect on life expectancy. Additionally, since there may be long intervals

between episodes of thrombosis, it is unclear if lifelong primary prophylactic

anticoagulation is indicated.65,66 For the same reasons, screening of family mem-

bers of patients with the mutation is also not recommended, until they are of an

age where other risks, such as contact sports, surgery, trauma, oral contraceptives

or hormone replacement therapy is contemplated.67 Proper management becomes

more critical in homozygous individuals, who may be at 50 to 100 times greater

risk of thrombosis than the general population.68 One recent study of 355

FV:R506Q patients with an initial episode of symptomatic DVT detected a recur-

rence rate of 30.3% after 8 years.69 Factor V Leiden mutation patients, in another

study, have been demonstrated to be four times more likely to have a recurrent

event than first DVT patients without the mutation. Recurrences often follow

discontinuation of anticoagulation.70 A prospective trial of 251 patients following

first DVT detected a FV:R506Q rate of 16.3%. Over an 8 year follow-up period,

factor V Leiden mutation patients had a recurrence rate of 39.7%, compared to

18.3% for those without the mutation.71 An additional study comparing homo-

zygous and heterozygous individuals determined that the rate of recurrence was

9.5% per patient per year for homozygotes and 4.8% for heterozygotes.72

Lifelong anticoagulation with warfarin or heparin may be considered in selected

heterozygous individuals with recurrent thrombotic events. Homozygotes suffer-

ing an initial episode of DVT may be considered for long-term anticoagulation on

a case by case basis. Treatment of acute episodes of thrombosis should follow

accepted recommendations, which include six weeks of anticoagulation following

DVT associated with a reversible risk factor and 3 to 6 months of anticoagulation

in idiopathic disease.73 Patients with inherited or acquired thrombophilia who

have recurrent, unprovoked venous thromboembolism should be considered for

long-term anticoagulation.74 Those with pregnancy, obviously, need therapeutic

heparin or LMW heparin for 5–7 days, followed by thromboprophylactic doses of

heparin or LMW heparin for the remainder of pregnancy and for at least two weeks

following delivery, as previously outlined. The risk of thrombosis in individuals

with FV:R506Q is compounded by the presence of other thrombophilic condi-

tions. The risk associated with the use of oral contraceptives is increased from
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fourfold in genetically unaffected persons to 30-fold in FV:R506Q patients.75,76,77

In symptomatic patients with protein C deficiency the prevalence of factor V

Leiden was 14%.78 Analysis of families with the concomitant presence of

factor V Leiden mutation and protein S deficiency, detected a history of throm-

bosis in 72% of individuals with both abnormalities and 19% with either defect

alone.79 Patients with both hyperhomocyst(e)inemia and FV:R506Q are at 20 times

increased risk of idiopathic venous thrombosis compared to those with neither

defect. The likelihood of thrombosis was significantly greater in the presence of

both abnormalities than with either in isolation.80 Management of patients with

more than one thrombophilic disorder must consider the enhanced risk and be

adapted accordingly. Furthermore, therapy should target both disorders.

Patients with FV:R506Q who also experience a high risk of recurrent miscar-

riage syndrome (RMS) and have been effectively treated with UFH or

LMWHþ low-dose ASA, when therapy begins from first diagnosis and is con-

tinued to delivery or beyond.81,82,83,84 Homozygous patients in high risk settings,

particularly in the presence of additional risk factors such as oral contraceptive use,

hormone replacement therapy or pregnancy should be treated with a prophylactic

dose of LMWH during pregnancy and the puerperium (at least 14 days) wherein

the risk of venous thromboembolism is also substantially increased.67,85,86,87,88

One small study of pregnant women with acute thromboembolism detected a 40%

to 59% incidence of APC resistance or FV:R506Q, thus heparin or LMW heparin

prophylaxis is strongly recommended.89 Controlled follow-up studies are, how-

ever, lacking.

Monitoring of patients with factor V Leiden mutation or with other forms of

APC resistance who are not pregnant focuses primarily on the form of therapy

utilized. Anti-platelet therapy with aspirin or clopidogrel requires no monitoring.

Anticoagulation with warfarin should achieve a target international normalized

ratio (INR) of 2.0 to 3.0.73 Anti-thrombotic therapy with LMWH requires no

monitoring except for a platelet count at least every two days during the first two

weeks of treatment to assist in the early detection of heparin-induced thrombo-

cytopenia (HIT/HITT).90,91 The primary objective and clinical goals of treatment

are avoidance of additional thrombotic events and, in the case of pregnancy,

delivery of a healthy newborn to a healthy mother. Our approach to these patients

is to use preconception low-dose ASA (81mg/day) and immediately add post-

conception dalteparin at 5,000 units, subcutaneously, every 24 hours. We also

strongly encourage these patients to refrain from using oral contraceptives or

hormone replacement therapy.

Factor V Cambridge The recent characterization of another genetic mutation in

factor V as a cause of activated protein C resistance emphasizes the notion that a
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variety of genetic mutations are responsible for a propensity to both venous and

arterial thrombosis. In this mutation the arginine (AGG) at position 306 was changed

to threonine (ACG). This was found to result in removal of the recognition site for

the restriction enzyme BstNI. Factor V Cambridge raises the risk for thrombosis and

RMS in a similar manner as factor V Leiden. Both mutations exhibit the same clinical

manifestations and the same degree of APC resistance in the laboratory.92,93

Treatment of patients with the factor V Cambridge mutation is the same as with

FV:R506Q. Intervention in acute thrombosis with antithrombotic therapy fol-

lowed by anticoagulation with warfarin is indicated. Long-term secondary pro-

phylaxis with warfarin or heparin may be appropriate in selected patients. The

pharmacological agent chosen guides monitoring.

Factor V HR2 haplotype The HR2 haplotype represents a defect of 6 base

substitutions in exons 13 and 16, with two amino acid changes. This mutation is

associated with activated Protein C resistance in both carriers and non-carriers of

Factor V Leiden. The mutation, when found in association with Factor V Leiden

imparts an additional 3X–4X-fold increase of venous thrombosis over carriers of

Factor V Leiden alone.106 Patients with the Factor V haplotype are also prone to

thrombosis in individuals without Factor V Leiden. Unlike Factor V Leiden, which

is predominately found in Caucasian populations, the Factor V HR2 haplotype has

been found with about equal frequency in individuals of Caucasian, Italian,

Indian and Somalian individuals.107

Factor V Hong Kong This phenotype, thus far only found in Hong Kong

Chinese, actually represents two different genotypes, referred to as Factor V Hong

Kong 1 and 2. The first mutation is an Arg 485 to Lys mutation at exon 10; this is

the result of a G1691 A mutation. The second genotype (Factor V Hong Kong 2) is

an Arg 306 to Gly substitution, resulting from an A1090G mutation. Both appear

to lead to thrombosis. The first mutation is associated with a high tendency for

thrombosis, but the second has not been assessed long enough to know the

prevalence of thrombosis.

In patients with pregnancy and any type of APC resistance, based upon a

mutation (Leiden, Cambridge, Hong Kong or HR2 haplotype), our approach to

these patients is to use preconception low-dose ASA (81mg/day) and immediately

add post-conception dalteparin at 5,000 units, subcutaneously, every 24 hours. We

also strongly encourage these patients to refrain from using oral contraceptives or

hormone replacement therapy.

Prothrombin G20210A mutation Presence of a replacement of guanidine with

adenine at position 20210 in the sequence of the 30-untranslated region of the
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prothrombin gene (20210 G/A or 20210A) has been identified as a common

genetic defect predisposing to thrombosis. The risk of venous thrombosis is nearly

three times that of a control population.94 Clinical manifestations include both

venous thromboembolism, arterial thrombosis, recurrent miscarriage, and other

complications of pregnancy. The risk of arterial disease in patients with the

prothrombin G20210A mutation is debated. A Brazilian study of 116 patients

with venous disease and 71 with arterial disease (compared to 295 controls)

demonstrated an allele frequency of 4.3% in DVT patients, 5.7% in arterial disease

patients and 0.33% among controls. Arterial disease patients were those with a

history of myocardial infarction, cerebral arterial occlusive disease or occlusive

peripheral arterial disease, in the absence of the accepted risk factors of hyper-

lipoproteinemia, hypertension and diabetes mellitus.95 An Italian study of 132

patients with venous thrombosis and 195 patients with cerebrovascular or coro-

nary artery disease was compared to 161 controls. Whereas 16% of patients with

venous thrombosis were found to have the GA genotype (4% of controls), the GA

allele frequency was not increased in arterial disease patients.96 It is clear from

several studies that the risk of venous thrombosis rises significantly in patients with

other concomitant thrombophilic defects. Makris et al. have demonstrated that in

the presence of protein C or S deficiency, antithrombin deficiency or factor V

Leiden the likelihood of thrombosis greatly increases.97 Double heterozygotes have

a much greater frequency of events and younger age at onset. Oral contraceptive

use in patients with prothrombin G20210A greatly increases the risk of thrombo-

sis, including of the cerebral venous system98,99 and the celiac artery.100

Management includes the discontinuation of oral contraceptives and appro-

priate intervention for acute thrombosis. Since, in as many as 40% of patients,

factor V Leiden is also present,94 therapy must consider the enhanced thrombo-

philia associated with the concomitant presence of both disorders. Treatment with

antithrombotic agents for acute venous thrombosis, as well as for acute cerebro-

vascular or coronary arterial thrombosis should follow accepted protocol.73,101

Since the risk for recurrent thrombosis is high, patients heterozygous for factor V

Leiden or other mutations and G20210A must be considered for long-term

therapy with warfarin or heparin. No long-term, controlled trials are available to

confirm this approach, however, Ferraresi et al., note that 70% of their study

population with more than one genetic defect experienced recurrent thrombosis.96

Although the prothrombin level is significantly increased in some, but not all,

patients with the prothrombin mutation, measurement of the PT and other global

clotting tests are not useful for diagnosis or surveillance of the disorder.96,97,100,101

Prothrombin G20210 A is associated with complications of pregnancy, including

not only DVT, PE, arterial thrombosis, but also eclampsia and fetal growth

retardation syndrome.5,14,87,88,102,103,104 Our approach to these patients is to use
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preconception low-dose ASA (81mg/day) and immediately add post-conception

dalteparin at 5,000 units, subcutaneously, every 24 hours.102 We also strongly

encourage these patients to refrain from using oral contraceptives or hormone

replacement therapy following pregnancy.102

Factor XII (Hageman trait) Deficiency of factor XII (Hageman trait)106 may

result from either autosomal recessive or dominant inheritance.107 While hetero-

zygous individuals possess approximately 50% of normal factor XII levels, homo-

zygous patients have very low levels.108 Clinical manifestations vary from mild

hemorrhage (rarely serious or fatal) to fatal venous thromboembolism or myo-

cardial infarction.109–112 Factor XII deficiency is also associated with RMS and

DVT. Since patients rarely bleed, factor replacement is not generally required. If

major hemorrhage does occur, hemostasis can be readily achieved with the infu-

sion of fresh frozen plasma. In view of the defect in surface-mediated activation of

fibrinolysis which is associated with the Hageman trait, there is some question as

to whether treatment with a medication such as stanozolol to enhance fibrinolysis

is indicated prophylactically.108 Clearly, in the setting of increased thrombotic risk

associated with a variety of medical and surgical disorders, LMWH or other

prophylaxis is indicated. When thrombosis occurs, treatment should proceed

according to accepted guidelines.73,113 Our approach to these patients is to use

preconception low-dose ASA (81 mg/day) and immediately add post-conception

dalteparin at 5,000 units, subcutaneously, every 24 hours to or beyond delivery.

We also strongly encourage these patients to refrain from using oral contraceptives

or hormone replacement therapy following pregnancy.

Fibrinogen Congenital dysfibrinogenemia114 is identified in over 100 specific

molecular variants.115,116 The usual consequence of dysfibrinogenemia is mild to

moderate hemorrhage. Only about 10% of patients develop thrombosis,114 mostly

venous, but also arterial.117 Although most of the dysfibrinogenemias associated

with thrombosis have not been fully characterized, some defects appear to involve

abnormal fibrin monomer polymerization, impaired activation of fibrinolysis or

resistance to fibrinolysis.118,119 We have not yet seen RMS or DVT in pregnancy in

these patients, however, complications of pregnancy have been reported by

others.120,121,122

Homocyst(e)inemia Homocyst(e)inemia refers to the combined pool of homo-

cysteine, homocystine, mixed disulfides involving homocysteine and homocys-

teine thiolactone.123 Homocysteinuria is a rare, autosomal recessive disorder in

which the activity of cystathione beta-synthetase is decreased, resulting in dis-

ordered methionine metabolism. The result is homocysteinemia, methioninemia
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and homocystinuria. Patients with congenital deficiency exhibit typical features of

ectopia lentis, mental retardation, and skeletal deformities.124,125,126 As described

by McCully in 1969, severe atherosclerosis develops at a young age.119 Venous and

arterial thrombosis are also common.128 High total levels of homocyst(e)ine have

recently been identified as the result of a mutation in the methylenetetrahydrofo-

late reductase (MTHFR) gene(C-to-T mutation at nucleotide 677),129,130 render-

ing the enzyme thermolabile.130,131,132,133

While severe hyperhomocyst(e)inemia is rare, mild elevations of homocys-

t(e)ine are present in 5% to 7% of adults.134,135 A study of 212 North American

coronary disease patients, detected 17% with decreased activity of MTHFR,

compared to 5% of 202 controls.136 Estimates of incidence in arterial vascular

disease have varied from 13% to 47% of patients.134,137,138,139,140 The manifesta-

tions of recurrent venous and arterial thrombosis and precocious coronary and

peripheral vascular disease develop in the third and fourth decade of life. While the

pathophysiologic influence of homocyst(e)ine on hemostasis is poorly character-

ized, it is clear that hyperhomocyst(e)inemia is associated with both arterial120,141

and venous142,143,144,145 thrombosis.145 Accelerated and severe atherosclerosis

involves coronary,133,146,147,148,149,150 cerebral151,152,153 and peripheral arteries.154,155

Marchant and colleagues have performed coagulation profiles as well as homo-

cyst(e)ine levels in patients with a history of thrombosis. An elevated homo-

cyst(e)ine level was confirmed as an independent risk factor for thrombosis.156

Presentation is with deep vein thrombosis, angina or an acute coronary syndrome,

stroke or claudication.

Hyperhomocyst(e)inemia and MTHFR mutations are managed primarily

by the administration of high-dose folic acid with or without pyridoxine

(B-6).137,138,150,157,158,159,160,161,162,163,164,165 Our approach to these patients is

to use preconception low-dose ASA (81 mg/day) and immediately add post-

conception dalteparin at 5,000 units, subcutaneously, every 24 hours. We also

use 5 mg/day folate and 50 mg/day of Pyridoxine (B6) during pregnancy due to the

risks of miscarriage, thrombotic or thromboembolic problems and the increased

incidence of birth defects. We also strongly encourage these patients to refrain

from using oral contraceptives or hormone replacement therapy following

pregnancy.14,102

Antithrombin Antithrombin (AT) deficiency may be both inherited and

acquired. Antithrombin is an essential inhibitor of thrombin,166 factors Xa,

IXa, XIa and XIIa, plasmin, kallikrein and has activity against protein C and

protein S.167,168,169,170,171,172,173,174 While the etiologies of AT deficiency may

differ, the clinical and laboratory consequences are similar. Likewise, therapy is

the same for both inherited and acquired forms.
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Hereditary deficiency of antithrombin is an autosomal dominant disorder

characterized by either absence of antithrombin or the presence of a dysfunctional

form. The majority of affected individuals are heterozygotes.175 While a functional

antithrombin level of above 50% to 70% of normal human plasma appears to be

required to avoid thrombosis, some patients with lower levels may be un-

affected.176,177,178,179,180 Venous thrombosis is the primary presentation, usually

begins in adolescence and is frequently accompanied by pulmonary emboli.181

High risk events such as surgery, trauma, pregnancy and oral contraceptive use

may initiate the first thrombotic event.182 Patients with acquired deficiency who

develop recurrent thrombotic events require lifelong anticoagulation.

Our approach to these patients is to use preconception low dose ASA (81 mg/day)

and immediately add post-conception dalteparin at 5,000 units, subcutaneously,

every 24 hours.14,102 We also strongly encourage these patients to refrain from

using oral contraceptives or hormone replacement therapy following pregnancy.

In an acute thrombotic episode, the management of patients with both inherited

and acquired antithrombin deficiency may require antithrombin concentrates.183

Since patients with AT deficiency lack the available site of action for heparin,

anticoagulation of patients with congenital deficiency who present with acute

venous thrombosis or pulmonary embolism, with heparin alone, is often ineffective.

Administration of antithrombin concentrates must accompany anticoagulation

with heparin/LMW heparin. Antithrombin concentrates may also be efficacious in

patients with inherited deficiency, even without heparin.184 Prophylaxis with AT for

congenitally deficient patients in high risk settings may be indicated, however,

controlled studies are not available to confirm this. Pregnancy represents a special

risk for deficient patients. Subcutaneous heparin or LMWH is recommended

throughout pregnancy. Warfarin is contraindicated due to teratogenicity.

Antithrombin concentrates may be indicated at the time of greatest risk, during

the puerperium and for obstetrical emergencies.185

Vinazzer and others have demonstrated the efficacy of antithrombin concen-

trates.186 The formula for administration of therapeutic antithrombin concen-

trates is as follows:

Units required ¼ (desired-baseline AT level*) � weight (kg)

1:4

*expressed as % normal level based on functional AT assay

Dosing frequency is generally every 6–12 hours, guided by repeat AT

assays.181,187

Generally, a dose of 50 U/kg is recommended for a patient with a baseline

functional level of 50%. Repeat administration of 60% of the loading dose every

24 hours will usually maintain adequate levels in patients with congenital
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deficiency.187 The dose requirement may be much higher in patients with DIC and

similar conditions which actively deplete AT.

Monitoring of patients with AT deficiency varies considerably between inher-

ited and acquired states. Patients with the inherited disorder who experience

recurrent thrombosis require lifelong anticoagulation, usually with warfarin

and the determination of the PT at regular intervals (goal to maintain INR 2.0

to 3.0). As the clinical circumstance changes, the intervals of follow-up and

monitoring may change. For clinical purposes, the assay of choice is the functional

antithrombin assay, reported as % normal human plasma. Immunologic assays of

AT are of no clinical value. In the acutely ill patient receiving antithrombin

concentrates, repeat AT levels may be required at intervals of 6 to 12 hours.

Heparin cofactor II Heparin cofactor II (HC-II) directly inactivates the

activity of thrombin on fibrinogen188 and inhibits thrombin-induced platelet

activation.189 Congenital deficiency of HC-II appears to be very rare and

is associated with an increased risk of both arterial and venous thrombo-

sis.190,191,192,193,194,195,196,197,198 Heterozygous individuals have 50% of normal

levels and thrombotic risk appears to increase when levels decrease below

60%.192 Treatment is based upon the clinical circumstances. We have seen only

three pregnancy patients with HC-II deficiency; our approach to these patients is

to use preconception low-dose ASA (81 mg/day) and immediately add post-

conception dalteparin at 5,000 units, subcutaneously, every 24 hours. We also

strongly encourage these patients to refrain from using oral contraceptives or

hormone replacement therapy following pregnancy.14,102

Protein C Protein C is a vitamin K-dependent protein which inhibits the coagu-

lation system primarily through inactivation of factors V and VIII: C, the cofactors

required for activation of thrombin and factor Xa.199 This serine protease is

inhibited by AT200 and enhanced by protein S.201 The presence of protein C is

essential to maintain hemostatic balance. Deficiencies of protein C may be either

congenital or acquired.202

Congenital deficiency is autosomal dominant and characterized by recurrent

venous thrombosis and thromboembolism beginning in adolescence.203,204,205

Most homozygous patients die of thromboembolic disease in infancy.206,207

Both absence and dysfunctional forms of the disorder are observed. Type I disease

is characterized by reduction in both antigenic and functional levels and

type II, in which functional levels are decreased much more than antigenic

levels.208,209,210,211,212,213

Homozygous patients have been successfully managed with infusions of fresh

frozen plasma or certain factor IX concentrates (those containing large amounts
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of protein C and S), together with heparin.203,206,214 Maintenance of an INR of 3.5

or higher may be necessary to prevent recurrence of severe skin necrosis.215

Considering the need for lifelong anticoagulation, the need for high-dose warfarin,

the difficulties attendant to maintenance of a consistent level of anticoagulation

and the risks of major hemorrhage, LMWH appears to be preferred for long-term

management.216

Anticoagulation is the treatment of choice in patients with heterozygous protein

C deficiency. Heparin or LMWH are used according to accepted guidelines for

acute thrombotic events.17,109 Long-term anticoagulation with warfarin is indi-

cated following an acute event and as prophylaxis. Warfarin-induced skin necrosis

is a major therapeutic problem.217,218,219 With the institution of warfarin, the

reduction of protein C (half-life 6 hours) occurs at a faster rate than the reduction

in the other vitamin K-dependent factors II (half-life 72 hours), VII and X. This

results in a transient hypercoagulable state, predisposing to thrombosis, including

skin necrosis.17 Recent studies have demonstrated that this problem can be con-

trolled by maintaining full anticoagulation with heparin until the PT is well into

the therapeutic range (target INR 3.0 to 3.5). Maintaining a therapeutic PT is,

subsequently, essential to avoiding recurrent thrombosis. Despite therapeutic

anticoagulation with warfarin, there are treatment failures. Long term therapy

with heparin/LMWH may be required. Protein C concentrates are now available

for treatment failures.220

Therapy is monitored with the appropriate laboratory test depending upon

the pharmacological agent selected. The target INR for warfarin therapy is 3.0

to 3.5. Therapy with LMWH is weight adjusted and does not require monitoring,

except for a platelet count every two to three days for the first two weeks

of treatment. While the measurement of the biologic and immunologic activity

of protein C is required for diagnosis,221 follow-up analysis is not required.

When evaluating a patient with unexplained thrombosis, however, it is essential to

obtain the laboratory tests for protein C deficiency before therapy is ini-

tiated, since warfarin immediately reduces the vitamin K-dependent hepatic

production of protein C. The levels of both protein C and S decrease to 40% to

60% of normal immediately and return to about 70% of normal after several

weeks of therapy. Measurement of the protein C and S levels should wait for

several weeks after initiation of warfarin therapy. On repeat evaluation of protein

C and S, if levels above 60% are not detected, congenital deficiency should

be considered.220 Like other thrombophilias, Protein C deficiency is strongly

associated with RMS, pre-eclampsia, eclampsia, fetal growth retardation syn-

drome, arterial and venous thrombosis and PE. In Protein C deficient pregnancy

patients, our approach to these patients is to use preconception low-dose ASA

(81 mg/day) and immediately add post-conception dalteparin at 5,000 units,
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subcutaneously, every 24 hours. We also strongly encourage these patients

to refrain from using oral contraceptives or hormone replacement therapy

following pregnancy.

Protein S Protein S is a cofactor for the protein C-induced inactivation of

factor V222 and the protein C-induced inactivation of factor VIII:C.222 Protein S is

also a cofactor in the protein C acceleration of fibrinolysis.223 and appears to have

anticoagulant functions independent of protein C by direct inhibition of pro-

coagulant enzyme complexes.224,225 Congenital protein S deficiency is autosomal

dominant and is fairly common, identified in as many as 10% of patients under 45

presenting with deep vein thrombosis.226 Incidence in other selected groups has

varied from to 1.5% to 7%.227,228 Simmonds et al. have recently reported analysis of

a 122 member family in which 44 members were identified with the protein S gene

mutation substitution, Gly-295 to Val. The probability of remaining thrombosis

free was 0.97 for unaffected family members and 0.5 for those with the mutation.218

Homozygotes have a severe propensity to thrombosis and may present with pur-

pura fulminans soon after birth.230 Heterozygous patients are at high risk for

thrombosis throughout life. An asymptomatic variant may also exist.231,232

Management of patients with protein S deficiency is similar to those with protein

C deficiency. Acute thrombosis is managed with heparin anticoagulation according

to accepted guidelines dependent upon the site and severity of disease. Long-

term anticoagulation with warfarin is indicated post heparin therapy for an acute

event and for prophylaxis. Follow-up of patients involves repeated clinical evalua-

tion in the acute setting and monitoring is dependent upon the form of anti-

coagulation selected. LMWH requires only periodic evaluation of the platelet count.

Warfarin is monitored with the PT to maintain a target INR of 2.0 to 3.0. Repeat

analysis of the protein S level is usually not required if evaluation is performed

before initiation of warfarin therapy. Subsequent measurement should wait for

several weeks, as discussed with protein C. In warfarin failures, long-term therapy

with UFH or LMWH may be required. As with other thrombophilic disorders, the

patient and family members should be counseled regarding the need for diagnostic

screening and the need to intervene in high risk circumstances. These include but

are not limited to the avoidance of oral contraceptives, control of obesity and

prophylactic anticoagulation at the time of surgery, prolonged immobility, preg-

nancy and the puerperium. As in other thrombophilias, Protein S deficiency is

strongly associated with RMS, pre-eclampsia, eclampsia, fetal growth retardation

syndrome, arterial and venous thrombosis and PE. In Protein S deficient pregnancy

patients, our approach to these patients is to use preconception low-dose ASA

(81 mg/day) and immediately add post-conception dalteparin at 5,000 units, sub-

cutaneously, every 24 hours. We also strongly encourage these patients to refrain
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from using oral contraceptives or hormone replacement therapy following

pregnancy.14,102

Fibrinolytic defects and thrombosis A variety of abnormalities of the fibrinolytic

system predispose to thrombosis, RMS and DVT/PE. Plasminogen may be decreased

due to impaired synthesis. Tissue plasminogen activator (tPA) may be decreased or

there be abnormal factor XII activation. Tissue plasminogen activator inhibitor type I

(PAI-1) may be present in increased amounts, with or without PAI-1 polymorph-

isms, or there may be an increase in fibrinolytic inhibitors, alpha-2-antiplasmin,

alpha-2-macroglobulin and alpha-1-antitrypsin. A variety of clinical conditions are

associated with elevated levels of fibrinolytic inhibitors, including diabetes mellitus,233

thrombotic thrombocytopenic purpura,234 myocardial infarction,235,236 malignancy,

deep vein thrombosis and pulmonary embolism,237 scleroderma, pulmonary fibrosis,

pregnancy, oral contraceptive use,238 serious infections and surgery.239,240 Patients

with generalized atherosclerosis may exhibit decreased plasminogen activity due to

damage to the vascular intima.241,242 Treatment of impaired fibrinolysis must include

treatment of the underlying disease with the appropriate modalities, as well as anti-

coagulation. Caution must be exercised in the application of thrombolytic agents

since, in the absence of adequate levels of plasminogen, tissue plasminogen activator,

streptokinase and urokinase may be less effective than expected.

Patients with congenital plasminogen deficiency have clinical features similar to

patients with congenital protein C, protein S and antithrombin deficiency.

Symptomatic patients generally present with DVT or PE.243 We have not yet

seen a pregnancy patient with plasminogen deficiency. The disorder is of auto-

somal recessive inheritance and is characterized by the onset of deep vein throm-

bosis and pulmonary embolism in adolescence.244 As many as 2%�3% of young

patients with idiopathic DVT may be so affected.245 Both the absence form and

dysfunctional form exist, with the dysfunctional form most common.243,244,246

While the significance of congenital plasminogen deficiency has been disputed as a

risk factor for thrombosis1 both forms have been correlated with some increased

risk, particularly when associated with other thrombophilic abnormalities or

circumstantial risk factors.247,248 Thrombosis is primarily venous and usually is

correlated with a plasminogen level below 40% of normal.246

Treatment in patients with acute thrombosis should follow accepted guidelines

for DVT and PE. Warfarin therapy should target an INR of 2.0 to 3.0. Acute

intervention may include urokinase, when clinically indicated in the setting of

massive pulmonary embolization and severe or recurrent iliofemoral thrombo-

sis.246,249 Antiplatelet therapy may also play a role in management.246,249

Monitoring must rely on clinical parameters and evaluation of the plasminogen

level. In patients with the dysfunctional form rather than the absence form of the
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disorder, the biologic functional assay will be abnormal, while the immunologic

quantitative assay will be normal.250

Patients with congenital tPA deficiency and with congenitally elevated levels of

PAI are rare, and are characterized by the same increased risk of thrombosis as seen

with congenital deficiency of plasminogen.251,252,253 Three polymorphic alterations

in the human PAI-1 gene have been associated with elevated plasma PAI-1 levels;

these are (1) a Hind III restriction fragment length polymorphism (2) a (C-A)n

dinucleotide repeat polymorphism; and (3) a single nucleotide insertion/deletion

polymorphism (4G/5G). The Hind III polymorphism develops due to a base change

in the 30-untranslated region; the 1/1 genotype exhibits higher PAI-1 levels than 1/2

or 2/2 genotypes. The smaller alleles of an eight-allele dinucleotide repeat poly-

morphism are also noted to be associated with increased PAI-1 activity.254,255

Regarding the sequence length polymorphism, which occurs in the promoter region

of the PAI-1 gene, the 4G/4G genotype correlates with higher PAI-1 activity

compared to genotypes possessing a 5G allele. Both the 4G and 5G alleles bind a

transcriptional activator, but only the 5G allele binds a repressor protein; as a result,

the 4G/4G genotype has a higher basal PAI-1 transcription rate and higher plasma

PAI-1 levels. The association of the 4G/4G PAI-1 polymorphism with arterial

thrombosis has rendered conflicting results. In an evaluation of 94 men with acute

myocardial infarction before the age of 45 an increased prevalence of the 4G allele

compared to a healthy control population was noted.256 However, although another

study confirmed an association between PAI-1 elevation and 4G/4G genotype, there

were no differences in 4G allele prevalence between patients with myocardial

infarction and controls.257 The Physicians Health Study did not find an increased

prevalence of the 4G allele in those with myocardial infarction or venous thrombo-

sis.258 Thus, although suggestive, more studies are needed to clearly define the

association between these polymorphisms and thrombosis. However, the homo-

zygous state (4G/4G) and heterozygous state (4G/5G) are clearly associated with

venous thrombosis. This topic is extensively reviewed by Kwaan.259

Like other thrombophilias, fibrinolytic system defects are strongly associated

with RMS, pre-eclampsia, eclampsia, fetal growth retardation syndrome, arterial

and venous thrombosis and PE. The most commonly seen of these defects is clearly

PAI-1 polymorphisms and this defect is clearly associated with all of the previously

mentioned complications of pregnancy, including thrombosis, RMS, infertility,

fetal growth retardation syndrome, and eclampsia. In pregnancy patients with

any of the thrombophilic fibrinolytic system defects, our approach is to use

preconception low dose ASA (81 mg/day) and immediately add post-conception

dalteparin at 5,000 units, subcutaneously, every 24 hours. We also strongly

encourage these patients to refrain from using oral contraceptives or hormone

replacement therapy following pregnancy.14,102

146 Rodger L. Bick and William F. Baker



Sticky platelet syndrome (SPS) A platelet defect which (1) appears quite com-

mon, (2) accounts for many episodes of arterial and venous thrombosis and

significant morbidity and mortality (3) is easy to diagnose and (4) is easy to

treat is Sticky Platelet Syndrome (SPS). Sticky platelet syndrome was first

described by Mammen and associates in 1983 at the Ninth International Joint

Conference on Stroke and Cerebral Circulation.260 Subsequently Mammen and

associates described 41 patients with coronary artery disease and SPS; this

was followed by a report in 1986 delineating this syndrome in a number of

individuals with cerebrovascular disease; the inheritance was noted to be auto-

somal dominant.261,262 Finally in 1995 over 200 families, with a wide variety of

arterial and venous thrombotic events due to SPS were described.263 Although

these publications have clearly delineated SPS as a common inherited and easily

diagnosed and treated syndrome leading to significant, and often preventable,

arterial and venous thrombosis, most clinicians and laboratory scientists are still

unfamiliar with the prevalence of SPS and fail to consider this diagnosis in

appropriate patient populations.264 In addition, the actual prevalence remains

unclear, especially as relates to venous versus arterial events. A more recent

study265 assessed the prevalence of SPS in a wide variety of patients with various

types of arterial and venous events. One-hundred and fifty patients were referred

for evaluation to determine the etiology, if possible, for unexplained arterial or

venous events; 78 had suffered venous events consisting of deep vein thrombosis

(DVT) with or without pulmonary embolus (PE). Seventy-five patients were

referred for evaluation of arterial events; these patients suffered coronary artery

thrombosis (21%), cerebrovascular thrombosis (50.6%), transient cerebral

ischemic attacks (TIAS) (13.3%), retinal vascular thrombosis (6.6%) or peri-

pheral arterial thrombosis (8%). Peripheral arterial thrombotic events con-

sisted of unexplained thrombosis of renal (2), radial (1), popliteal (1) and

mesenteric arteries (1). All patients referred for determining the etiology of an

unexplained thrombotic event were subjected to a complete history and physical

examination and then were studied for hypercoagulability syndromes, including

SPS. Sticky platelet syndrome is the second most common thrombophilia, the

most common being antiphospholipid syndrome, accounting for recurrent mis-

carriage syndrome and infertility.14,102,265

Based upon these studies, it appears Sticky Platelet Syndrome is a common

cause of both arterial and venous events. A similar study was performed by

Anderson and associates; this was also a prospective study wherein 195 patients

with arterial, venous or arterial plus venous thrombosis were assessed for hyper-

coagulability; SPS was the singular most common defect found, being detected in

28% of the entire population. The authors also concluded, as in the previous study

that SPS is a common inherited prothrombotic disorder leading to arterial and
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venous thrombosis.266 The association of Sticky Platelet Syndrome as a cause of

young age cerebrovascular thrombosis has also recently been noted by German

investigators.267 Given that it appears SPS accounts for about 14% of unexplained

venous thrombotic events and between 12% (peripheral arterial thrombosis) and

33% (TIAS) of arterial events, this hereditary platelet function defect should be

strongly suspected, and searched for, in any individual with an otherwise unex-

plained arterial or venous event. If one assumes, based upon prevalence studies,

that the congenital blood coagulation protein defects, including antithrombin

defects, Protein S, Protein C and other rare defects account for about 20% of all

venous events, and APC resistance (Factor V Leiden) accounts for another 20% of

unexplained venous events, then, when adding Sticky Platelet Syndrome (at 14%)

it may be concluded that congenital defects account for about 50%–60% of

unexplained venous events. If it is then considered that antiphospholipid syn-

drome, based upon prevalence studies, accounts for another 25% of venous events,

then it may be reasonably concluded that about 80% to 90% of venous events, and

a somewhat lesser number of arterial events can be defined as to cause. Since the

treatment(s) for these disorders may differ and since about half are hereditary, it is

important to define the presence of hereditary and acquired coagulation protein or

platelet defects whenever possible. This leads to the inescapable conclusion that a

diagnosis of thrombosis, like a diagnosis of anemia, is only a partial diagnosis and

the precise nature and cause must next be defined. In the case of SPS, warfarin or

heparin therapy would not generally be indicated, and ASA appears to be the

treatment of choice.

In pregnancy patients with SPS, the defect is strongly associated with RMS,

infertility, pre-eclampsia, arterial and venous thrombosis and PE. In SPS preg-

nancy patients, our approach to these patients is to use preconception low dose

ASA (81 mg/day) and immediately add post-conception dalteparin at 5,000 units,

subcutaneously, every 24 hours. We also strongly encourage these patients to

refrain from using oral contraceptives or hormone replacement therapy following

pregnancy.14,102

Antiphospholipid syndrome

Antiphospholipid Thrombosis Syndromes (APL-TS), which include not only the

lupus anticoagulant (LA) and anticardiolipin antibodies (ACLA), but also more

recently recognized ‘‘subgroups’’ of antiphospholipid antibodies (antibodies

against Beta-2-Glycoprotein-1 (B-2-GP-1), and antibodies to phosphatidylserine.

phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phospha-

tidylcholine and anti-annexin-V, all comprise the ‘‘Antiphospholipid Thrombosis

(APL-TS) Syndromes’’. Antiphospholipid syndrome is the most common

acquired blood protein defect(s) associated with either venous or arterial
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thrombosis or both.268 It is also the most common cause of RMS, infertility or

thrombosis during pregnancy.14,102 The thrombotic and thrombo-occlusive

events associated with these antiphospholipid antibodies include thrombosis of

the venous system, the arterial system, coronary artery thrombosis, cerebrovascu-

lar thrombosis, transient cerebral ischemic attacks (TIAs), retinal vascular throm-

bosis and placental vascular thrombosis (leading to recurrent miscarriage

syndrome); these antibodies may also be associated with related clinical syn-

dromes, as discussed.269

The antiphospholipid thrombosis syndrome consists of closely related but

clearly distinct clinical syndromes that often are discordant with respect to types

of antiphospholipid antibodies found: these are (1) the lupus anticoagulant throm-

bosis syndrome (2) the anticardiolipin antibody thrombosis syndrome and (3)

thrombosis associated with subgroups of antiphospholipid antibodies. There is

poor correlation between thrombosis patients harboring anticardiolipin anti-

bodies and those harboring lupus anticoagulants, and stronger, but still not con-

cordant, correlation between thrombosis patients with anticardiolipin antibodies

and those with antibodies to B-2-GP-1, or antibodies to phosphatidylserine. phos-

phatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, annexin-V and

phosphatidylcholine. Although there are similarities, there are, at times, clinical,

laboratory and biochemical differences, particularly regarding prevalence, etiology,

possible mechanisms of thrombosis, clinical presentations, diagnosis and, at times,

management.270,271 The anticardiolipin antibody-thrombosis antiphospholipid

syndrome is much more common than is the lupus anticoagulant-thrombosis

antiphospholipid syndrome, the ratio being about 5 to 1.269,272,273,274 All of these

syndromes may be associated with (1) arterial and venous thrombosis (2) recurrent

miscarriage and (3) thrombocytopenia in descending order of prevalence, how-

ever, the anticardiolipin syndrome is more commonly associated with both arterial

and venous thrombosis, including typical deep vein thrombosis and pulmonary

embolus, premature coronary artery disease, premature cerebrovascular disease

(including TIAs, small stoke syndrome and cerebrovascular thrombotic stroke)

and retinal arterial and venous occlusive disease. The lupus anticoagulant,

although sometimes associated with arterial disease is more commonly associated

with venous thrombosis with or without pulmonary embolus. Also, patients with

anticardiolipin thrombosis syndrome develop more predictable types of throm-

bosis than do those with the lupus anticoagulant thrombosis syndrome and

management of thrombotic problems can be quite different between the two

syndromes. Thrombosis patients harboring antibodies to B-2-GP-1, or antibodies

to phosphatidylserine. phosphatidylethanolamine, phosphatidylglycerol, phos-

phatidylinositol, annexin-V or phosphatidylcholine tend to more closely resemble

patients with anticardiolipin antibodies than patients with isolated lupus
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anticoagulant. Although all of these antiphospholipid antibody thrombosis syn-

dromes may be seen in association with systemic lupus erythematosus, other

connective tissue and autoimmune disorders and other selected medical condi-

tions such as lymphomas, the majority of individuals, about 90%, developing any

of the antiphospholipid thrombosis syndromes, are otherwise healthy individuals

and harbor no other underlying medical condition and are classified as having

Primary, rather than Secondary antiphospholipid thrombosis syndrome.274,275

This distinction is of significance, as those with secondary antiphospholipid syn-

dromes generally have heterogeneous antibodies which react with a variety of

phospholipid moieties, including anticardiolipin, lupus anticoagulant tests or

antibodies to B-2-GP-1, phosphatidylserine, phosphatidylethanolamine, phospha-

tidylglycerol, phosphatidylinositol, annexin-V or phosphatidylcholine and render

biological false positive tests for syphilis, whereas those with primary antiphos-

pholipid thrombosis syndrome more commonly have homogeneous antibodies

reacting with only one particular phospholipid moiety.274,275 Thus, when evaluat-

ing published studies, one must carefully assess the population being studied for

antiphospholipid antibodies. The findings and results of studies in patients with

autoimmune disorders may not necessarily be extrapolated to studies or clinical

and laboratory findings in patients with primary antiphospholipid thrombosis

syndromes. These antiphospholipid thrombosis syndromes, including etiology,

pathophysiology, clinical and laboratory diagnosis and management principles are

herein discussed.

Lupus anticoagulants and thrombosis

In 1952 Conley and Hartmann described a coagulation disorder in two patients

with systemic lupus erythematosus; the patients exhibited anticoagulant activity

by in-vitro testing, which was manifested by a prolonged whole blood clotting time

and prothrombin time.265,276 It is now known that patients with systemic lupus or

other autoimmune diseases may develop an immunoglobulin that has the ability

to prolong phospholipid-dependent coagulation tests.274,277,278 About 10% of

patients with systemic lupus harbor a lupus anticoagulant (LA); however, the LA

is commonly seen in other conditions as well, including malignancy, lymphopro-

liferative disorders, and viral infections, especially human immunodeficiency

(HIV) virus infection.279,280,281 Most commonly the lupus anticoagulant develops

in otherwise healthy individuals (Primary Lupus Anticoagulant Thrombosis

Syndrome). There is also an association with drug ingestion; commonly associated

drugs include chlorpromazine, procainamide, quinidine, hydralazine, Dilantin,

interferon, Fansidar and cocaine.272,273,274,282,283,284 A common misconception is

that patients with drug-induced lupus anticoagulant, usually IgM idiotype, do

not suffer thrombosis, but in fact these patients also have an increased risk of
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thrombotic disease. The frequency of hemorrhage resulting from the lupus anti-

coagulant is clearly less than 1%; however, it is important to recognize conditions

that may predispose lupus patients harboring a lupus anticoagulant to hemor-

rhage.285,286 Twenty-five percent of patients with systemic lupus have concomitant

prothrombin deficiency, and more than 40% may have thrombocytopenia; these

accompanying defects are particularly noted in those with secondary

LA-thrombosis syndromes.274,285,286,287

Of greater clinical significance, patients with the lupus anticoagulant are at

increased risk for thromboembolic disease, most commonly deep vein

thrombosis, pulmonary emboli, and thrombosis of other large vessels.288,289

Thromboembolism occurs in about 10% of patients with systemic lupus; however,

in patients with systemic lupus and the lupus anticoagulant, thromboembolism

occurs in up to 50% of patients. In patients harboring a primary LA, the lupus

anticoagulant is estimated to account for about 6% to 8% of thrombosis in

otherwise healthy individuals. There have also been associations with primary

lupus anticoagulant syndrome and recurrent miscarriage, neuropsychiatric dis-

orders, renal vascular thrombosis, thrombosis of dermal vessels, and

thrombocytopenia.274,284,287,290,291

Primary lupus anticoagulant thrombosis syndrome is much more common

than the secondary type and consists of patients with lupus anticoagulant and

thrombosis who harbor no other underlying disease; secondary lupus anticoagu-

lant thrombosis syndrome consists of those patients with lupus anticoagulant and

thrombosis with an underlying disease, such as lupus or other autoimmune

disorders, malignancy, infection, inflammation or ingestion of drugs inducing

the lupus anticoagulant.274

Patients with primary lupus anticoagulant phospholipid syndrome primarily

suffer venous thrombosis and pulmonary emboli. A wide variety of venous systems

may become involved, including not only the extremities (most common pre-

sentation) but also mesenteric, renal, hepatic, portal and superior and inferior

vena cava.274,275,279 Although patients may also suffer arterial events, this is

uncommon in primary lupus anticoagulant thrombosis syndrome, as opposed

to primary anticardiolipin antibody thrombosis syndrome where arterial

events are almost as common as venous events. This is in distinction to

patients with secondary lupus anticoagulant thrombosis syndrome wherein

patients, especially those with systemic lupus and the lupus anticoagulant more

commonly suffer arterial events than do those with primary lupus anticoagulant

thrombosis syndrome. However, even in secondary lupus anticoagulant throm-

bosis syndrome, venous events are more common than arterial events. Arteries

commonly involved include coronary, cerebral, carotid, aorta, mesenteric, renal

and extremities.274,275,292,293,294,298
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Purified lupus anticoagulant inhibits the Caþþ-dependent binding of pro-

thrombin and Factor Xa to phospholipids, therefore inhibiting the activity of the

phospholipid complex required for conversion of prothrombin to throm-

bin.278,285 Of interest, biologic false-positive tests for syphilis are seen in up to

40% of patients with systemic lupus; the number increases to 90% in patients with

systemic lupus plus the LA.286,290,295 An abnormality often (theoretically) exists in

the phospholipid-dependent coagulation reactions, including the prothrombin

time, the activated partial thromboplastin time (aPTT), and the Russell’s viper

venom time, as the lupus anticoagulant is not directed against a specific factor, but

to phospholipids. The inhibitor usually does not exert an increasing effect with

prolonged incubation with normal plasma, and thus this simple screen can often

be used to distinguish the lupus inhibitor from inhibitors that neutralize specific

clotting factors. About 15% to 25% of lupus anticoagulants can, however, be time

dependent, so this is not an absolute or definitive test. Incubation of the patients’

plasma with normal plasma does not generally cause a sensitivity of the partial

thromboplastin time to the inhibitor’s effect and one-stage assays for factors XII,

XI, IX, and VII may yield low values when the standard dilutions of test plasma are

used. Usually further dilution of the test plasma causes the measured level of these

factors to approach the normal range; an exception occurs in rare patients with

decreased concentration of prothrombin resulting from accelerated removal of

prothrombin antigen-antibody complexes.296,297

Multiple lupus anticoagulant assays are currently in use.296 Sensitivity of the

aPTT to the presence or absence of the lupus anticoagulant is highly dependent

upon the reagents used. Many patients with thrombosis and the lupus anti-

coagulant have normal aPTTs, even with the newer allegedly more ‘‘sensitive’’

reagents, thus, the aPTT is not an appropriate screening test for lupus anti-

coagulants and when suspecting the presence of a lupus anticoagulant, a more

definitive test, preferably the dRVVT, should immediately be performed regard-

less of the PTT.272,273,274,298,299 The lupus inhibitor is identified by an ability to

bind phospholipid and inhibit phospholipid-dependent coagulant reactions. The

assays are based upon the use of limiting amounts of phospholipid, and therefore

sensitized, in platelet-poor plasma. Initially, a prothrombin time was performed

with dilute tissue thromboplastin and a reduced number of platelets in the

mixture; however, IgM inhibitors were missed.19 A ‘‘modified’’ Russell’s viper

venom time was developed in which the venom is diluted to give a ‘‘normal’’ time

of 23 to 27 seconds, and the phospholipid is then diluted down to a minimal level

that continues to support this range. A prolongation of this system will not correct

with a mixture of patient and normal plasma and this system detects both IgG and

IgM anticoagulants.300 This assay is known as the dilute Russell’s viper venom

time (dRVVT) and is the most sensitive of all assays purported to be useful in the
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screening or diagnosis of lupus anticoagulants.299 The kaolin clotting time test

(KCT) has been modified to detect lupus anticoagulants. In this assay, platelet-

poor plasma is mixed with varying proportions of test plasma and normal plasma.

Kaolin is added and the time required for clotting is determined.301 The KCT is

then plotted against proportions of patients’ plasma with normal plasma; an

inhibitor is assumed to be present when a small portion of test plasma in

comparison with normal plasma prolongs the assay system. A kaolin activated

partial thromboplastin time, with rabbit brain phospholipid in a standard and

four-fold increased ‘‘high’’ lipid concentration to normalize or ‘‘out-inhibit’’ the

abnormal ‘‘standard’’ aPTT, has also been utilized in diagnosis of the lupus

inhibitor.302 The best test at present is the dRVVT; if this test is prolonged, the

confirmation of a lupus inhibitor, by noting correction of the prolonged dRVV

time by adding phospholipid in some form (preferably void of platelet membrane

material) is recommended, especially if the patient is on warfarin or heparin

therapy. Both heparin and warfarin are also capable of prolonging the dRVVT.

In our experience, the most sensitive and specific is the dRVVT available from

American Diagnostics.

There is a correlation between elevated anticardiolipin antibodies and the lupus

anticoagulant in secondary antiphospholipid syndromes (those associated with

other autoimmune diseases); however, the lupus anticoagulant, anticardiolipin

antibodies and subgroups are separate entities, and most of the time anticardio-

lipin antibodies are found in the absence of the lupus anticoagulant in the primary

antiphospholipid thrombosis syndromes.285,303 The lupus anticoagulant has a

stronger association with binding phospholipids of a hexagonal composition

such as phosphocholine, or after membrane damage by infection, Interleukin-1

(IL-1), or other mechanisms leading to change from the lamellar to hexagonal

form, whereas anticardiolipin antibodies usually have an affinity to lamellar

phospholipids in a bilayer (lamellar) composition.274,278,304,305 IgG and IgM anti-

cardiolipin antibodies are the most frequent idiotypes and can be detected by

ELISA; IgA anticardiolipin antibodies occur slightly less frequently and are also

detected by ELISA. Although the lupus anticoagulant is associated with thrombo-

sis, the mechanism(s) whereby thrombosis occurs remains unclear. It has been

proposed that there might be an interaction with the vasculature, thereby altering

prostaglandin release. There may be activation of platelets and changes in prosta-

glandin metabolism, or the antibodies block protein C, or the activated protein C

pathway, or alter phospholipid interactions with activated factor V.306 It has also

been proposed that there may be hyperactivity of the fibrinolytic system and

increased levels of plasminogen activation inhibitor.307 Despite many proposed

mechanisms, to date there remains no consensus on the precise mechanism(s) of

action of lupus anticoagulants.308,309
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The clinical sub-classification of types of thrombosis and lupus anticoagulant

and anticardiolipin antibody patients into groups may be important for choosing

therapy.272,273,274,303 Patients can generally be divided into one of six clinical

subgroups. Type I syndrome includes deep venous thrombosis of the upper and

lower extremities, inferior vena cava, hepatic, portal, and renal veins, and pul-

monary embolus. Type II syndrome includes patients with arterial thrombosis

including the coronary arteries, peripheral (extremity) arteries, extracranial car-

otid arteries and aorta. Type III syndrome includes patients with retinal or cerebral

vascular thrombosis/ischemia, including those with transient cerebral ischemia

(TIAs). Several neurologic syndromes may be manifested including transient

cerebral ischemic attacks, migraine headaches, and optic neuritis.291 Type IV

syndrome includes patients with combinations of the aforementioned types of

thrombosis. Like anticardiolipin antibodies and other antiphospholipid sub-

groups, the lupus anticoagulant has been associated with a recurrent miscarriage

syndrome; this is Type V. Abortion occurs frequently in the first, and less fre-

quently in the second or third trimester. Placental vasculitis and vascular throm-

bosis may be apparent, and there may occasionally be an associated maternal

thrombocytopenia.14,102,268,286,310 Type VI patients are those harboring LA with

no apparent disease, including thrombosis.

Although patients with lupus anticoagulant thrombosis syndrome can be clas-

sified similar to those with anticardiolipin thrombosis syndrome, most patients

with primary lupus anticoagulant thrombosis syndrome will fit into Type I. In

secondary lupus anticoagulant thrombosis syndrome, however, there will be more

patients falling into Types II, III and V than is seen in the primary syndrome.274,308

The lupus inhibitor usually persists in patients with primary antiphospholipid

thrombosis syndrome, although it may sometimes disappear spontaneously. In

the secondary lupus anticoagulant thrombosis antiphospholipid syndrome treat-

ment of the underlying autoimmune disorder frequently results in reduction or

disappearance of inhibitor activity. Corticosteroids may have a suppressive effect

on the titer of the lupus anticoagulant, and to a lesser degree on anticardiolipin

antibodies, but they do not appear to decrease thrombotic risk. Thus, there is no

role for immunosuppressive therapy, including steroids, cyclophosphamide or

azathioprine, in patients with the primary lupus anticoagulant thrombosis syn-

drome. When steroids or other immunosuppressive therapy is warranted in the

patient with an autoimmune disease and lupus anticoagulant thrombosis syn-

drome, the immunosuppression, while perhaps benefiting the underlying auto-

immune disorder, will generally not alleviate propensity to thrombosis. Discovery

of a lupus anticoagulant, in the absence of underlying disease, and without

evidence of thrombosis (Type VI) does not necessarily require treatment, but

current evidence suggests these individuals to have about a 40% chance of
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eventually suffering a thrombotic event over a three year follow-up period. Thus,

the decision to anticoagulate an asymptomatic patient with the lupus anticoagu-

lant requires individualization and judgment, as no clear guidelines yet exist.

However, patients with the lupus anticoagulant or anticardiolipin antibodies

and a history of thrombosis need to be on long-term anticoagulant therapy. If

untreated, there is a high incidence of thromboembolic recurrence.272,273,274,311,312

Patients with deep venous thrombosis or arterial thrombosis are generally best

managed with long-term low-molecular weight heparin (LMWH) therapy, as they

are notoriously resistant to warfarin therapy (�50%–65% of patients with anti-

phospholipid thrombosis syndrome eventually fail warfarin therapy).274,313,314

Over the past twenty-four months, we have assessed 111 patients with thrombosis

and antiphospholipid syndrome (exclusive of recurrent miscarriage patients); of

these, 59 patients were referred because of recurrent thrombosis on adequate

doses of warfarin and on evaluation were found to harbor antiphospholipid

antibodies or were known antiphospholipid thrombosis syndrome patients and

gave a history of recurrence on adequate doses of warfarin. The failure rate to

warfarin in this group was 59/111 patients or 53%. In contrast, less than 2% of

patients will fail fixed low-dose unfractionated porcine mucosal heparin and we

have not yet seen a DVT failure to LMWH therapy (dalteparin) in patients with

antiphospholipid syndrome. After patients with DVT/PE are stable for a period of

time on LMW heparin, consideration of changing to long-term clopidogrel may be

entertained, as this agent has been effective in stable patients not failing LMW

heparin. Patients with Type II thrombosis (coronary artery, large peripheral

arteries) are successfully treated with LMWH. Like those with Type I, if the patient

remains free of thrombotic events for a long period, clopidogrel may be success-

fully substituted, particularly if osteoporosis becomes a consideration. In patients

with retinal or cerebral vascular thrombosis (Type III) fixed dose long-term low-

molecular weight heparin plus clopidogrel for intracranial/cerebral vascular

thrombosis is usually effective. If the patient remains symptom free for 6–12

months, consideration of stopping the LMW heparin and continuing with clopi-

dogrel may be reasonable. Clopidogrel at 75 mg/day is usually effective for retinal

vascular thrombosis and if failure occurs, LMWH is added to the clopidogrel

therapy. In those with mixtures of thrombotic sites (Type IV) therapy is indivi-

dualized based on predominant sites and severity of thrombosis.272,273,274,310 The

recurrent miscarriage syndrome (RMS) (Type V) is successfully treated, allowing

full-term delivery, with initiation of low-dose ASA at 81 mg/day) preconception

and the addition of fixed low-dose UFH at 5,000 units every 12 hours, both

used to term. Using this regimen, our population of recurrent miscarriage

syndrome patients with antiphospholipid syndrome have experienced a 97%

pregnancy success outcome.14,102,310 There is little or no role for prednisone in
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recurrent miscarriage syndrome due to the lupus anticoagulant if there is no

underlying autoimmune disease.

Anticardiolipin antibodies, ‘‘subgroup’’ antibodies and thrombosis

Interest in antiphospholipids began with discovery of the Lupus Anticoagulant

in about 10% of patients with systemic lupus in 1952276 and shortly thereafter, it

was recognized that presence of the lupus anticoagulant was associated with

thrombosis, instead of bleeding.315 It was also soon recognized that many patients

without autoimmune disorders harbored lupus anticoagulants and these anti-

phospholipid antibodies have now been reported in many conditions includ-

ing malignancy, immune thrombocytopenia purpura, leukemias, infections, in

individuals ingesting chlorpromazine, dilantin, Fansidar, hydralazine, quinidine,

cocaine, interferon or procainamide (Secondary Syndrome), and in many other-

wise normal individuals (Primary Syndrome).274,297,316,317,318,319,320 Because of a

noted association between lupus, a biological false positive test for syphilis, and the

presence of the lupus anticoagulant, Harris and coworkers in 1983 devised a new

test for antiphospholipids using cardiolipin.321 This, and subsequent modifica-

tions have now become known as the anticardiolipin antibody test; generally, IgG,

IgA and IgM anticardiolipin idiotypes are currently assessed.322 Shortly after

development of the anticardiolipin antibody assay, it became apparent that these

antibodies were not limited to the lupus patient population, but were found

in non-lupus patients as well. Of particular importance, these anticardio-

lipin antibodies are associated with (1) thrombosis and thromboembolus of

both arterial and venous systems274,275,308,323,324,325 (2) recurrent miscarriage

syndrome,14,102,274,310,326,327 and (3) thrombocytopenia in descending order of

prevalence.328,329 More recently, it has become apparent that antibodies (all

three idiotypes: IgG, IgA, and IgM) to B-2-GP-I, phosphatidylserine, phospha-

tidylethanolamine, phosphatidylglycerol, phosphatidylinositol, annexin-V or phos-

phatidylcholine are independent risk factors for thrombosis of all types

(Types I–V).274,330 Although there is an association between the lupus anticoagulant

and anticardiolipin antibodies and an association between lupus anticoagulants

and the aforementioned syndromes, it has become clear that lupus anticoagu-

lants, anticardiolipin antibodies and antibodies to B-2-GP-I, phosphatidylser-

ine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol,

phosphatidylcholine or annexin-V are separate entities; most individuals with

anticardiolipin antibodies do not have a lupus anticoagulant and most with the

lupus anticoagulant do not have anticardiolipin antibodies.331 However, many

with subgroups harbor anticardiolipin antibodies, but 10% to 20% of patients

demonstrate discordance332 and subgroups are present in the absence of positive

ELISA assays for anticardiolipin antibodies or Lupus anticoagulant. In our
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experience, discordance is noted in about the same percentages. In particular, in

patients with Type I about 7% are discordant, in Type II 14% are discordant, in

Type III 15% are discordant and in Type V, 22% are discordant.274,333 Thus,

when suspecting antiphospholipid syndrome in a patient with thrombosis of any

type and negative lupus anticoagulant assays and negative anticardiolipin assays,

the presence of isolated antibodies to B-2-GP-I, phosphatidylserine, phosphati-

dylethanolamine, phosphatidylglycerol, phosphatidylinositol, annexin-V or

phosphatidylcholine should be suspected and tested for.274,330

Regarding the primary antiphospholipid thrombosis syndrome, the anticardio-

lipin thrombosis syndrome is at least five-fold more common than is the lupus

anticoagulant thrombosis syndrome.272,274,275 Other differences between lupus

anticoagulants and anticardiolipin antibodies include not only (1) differing clini-

cal presentations, but also (2) the noting that anticardiolipins are usually, but

not always, dependent upon a cofactor, Beta-2-Glycoprotein I (apolipoprotein H)

in-vitro, whereas in-vitro lupus anticoagulant activity appears independent of

Beta-2-glycoprotein I, (3) anticardiolipin antibodies and lupus anticoagulants

have different isoelectric points on chromatofocusing separation, (4) both appear

to be directed against different combinations of phospholipid moieties and

complexes and (5) purified anticardiolipin antibodies do not generally prolong

any of the phospholipid-dependent coagulation test, such as the aPTT, dRVVT,

PNP, or KCT unless there is concomitant presence of a lupus anticoagulant.334,335

Initially, it was assumed that only IgG anticardiolipin antibody was associated

with thrombosis however, it is now clear that IgA and IgM anticardiolipin anti-

bodies are also associated with thrombosis.274 The presence of any one anti-

cardiolipin antibody, a combination of two or indeed, all three together may be

associated with thrombosis and thromboembolus.274,336 Also, although different

types of thrombosis occur, there is no apparent association between the type of

thrombotic event and the type or titer of anticardiolipin antibody pres-

ent.272,273,274 The mechanism of action of anticardiolipin antibodies, or sub-

groups, in causing thrombosis is unknown, but several plausible theories have

been proposed. Anticardiolipin antibodies have affinity for important phospholi-

pids involved at many points in the hemostasis system; they are directed primarily

against phosphatidylserine and phosphatidylinositol, but not phosphatidylcho-

line, another important phospholipid in hemostasis.274,337 The proposed mechan-

isms of action of anticardiolipin antibodies in interfering with hemostasis to

induce thrombosis include (1) interference with endothelial release of prosta-

cyclin338 (2) interference with activation, via thrombomodulin, of Protein C

activation or interference with Protein S activity as a cofactor for Protein C339

(3) interference with antithrombin activity340 (4) by interaction with platelet

membrane phospholipids, leading to platelet activation341 (5) by interference of
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prekallikrein activation to kallikrein,342 (6) by interference with endothelial plas-

minogen activator release.343 or (7) by interference with the APC system.344 All

these components of normal hemostasis are dependent upon phospholipid, except

possibly antithrombin activity.

Anticardiolipins and venous/arterial thrombosis

Anticardiolipin antibodies are associated with many types of venous thrombotic

problems including deep venous thrombosis of the upper and lower extremities,

pulmonary embolus, intracranial veins, inferior and superior vena cava, hepatic

vein (Budd-Chiari syndrome),273,274,275,345 portal vein, renal vein and retinal

veins.346,347,348 Arterial thrombotic sites associated with anticardiolipin antibodies

have included the coronary arteries, carotid arteries, cerebral arteries, retinal

arteries, subclavian and/or axillary artery (aortic arch syndrome)349 brachial

arteries, mesenteric arteries,350 peripheral (extremity) arteries, and both proximal

and distal aorta.351,352,353

Anticardiolipins and cardiac disease

In an early study, it was found that 33% of coronary artery bypass (CABG) patients

suffering late graft occlusion (as determined by coronary angiography 12 months

post coronary artery bypass graft surgery) had preoperative anticardiolipin anti-

body levels over 2 standard deviations above control values, strongly suggesting an

association between graft occlusion and antiphospholipid antibodies. In 80% of

patients the anticardiolipin antibody levels rose to levels greater than the pre-

operative levels at some point in time. The observed increase in anticardiolipin

antibody levels was greater in patients having suffered an acute myocardial infarc-

tion than those who had not.274,354,355 Another study has revealed over 20% of

young (less than 45 years of age) survivors of acute myocardial infarction to harbor

anticardiolipin antibodies; in those surviving, 61% having these antibodies experi-

enced a later thromboembolic event.356 No association was found between the

presence of anticardiolipin antibodies and antinuclear antibody or other clinical

features which would have suggested the presence of systemic lupus erythemato-

sus. Anticardiolipin antibodies are suggested as an indicator of increased risk for

post-myocardial infarction thrombotic events and an indication for prophylactic

anticoagulation or antiplatelet therapy.356 Despite continuous prophylactic treat-

ment with aspirin and warfarin, acute myocardial infarction has been documented

in a patient with previously documented normal coronary arteries, treated suc-

cessfully with tissue plasminogen activator.357 In analyzing the relative frequency

of acute myocardial infarction in patients with anticardiolipin antibodies, a study

published in 1989 noted myocardial infarction in only 5 of 70 patients (signifi-

cantly fewer than those experiencing cerebral arterial thromboses).358 Another
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study has revealed a very high percentage of young individuals (those under

50 years of age) who suffer acute myocardial infarction, or who experience re-

stenosis after coronary angioplasty (PTCA) or coronary artery bypass (CABG)

harbor anticardiolipin antibodies.359 Thus, anticardiolipin antibodies appear to

play a significant and probable major role in premature/precocious coronary

artery disease; this may approach almost 70% of young age patients with coronary

artery disease.294,359

Anticardiolipin antibodies are also associated with cardiac valvular abnormali-

ties. Cardiac disease in patients with systemic lupus erythematosus has been

associated with valvular vegetations, regurgitation and stenosis. Almost 89 percent

of patients with systemic lupus erythematosus and valvular disease have been

found to have antiphospholipid antibodies, compared to only 44% of patients

without valvular involvement. Although only 18% of all patients with lupus have

valvular disease, cardiac valvular abnormalities are found in 36% of patients

with the primary antiphospholipid syndrome. The valvular abnormalities of the

primary antiphospholipid syndrome are characterized by significant, irregular

thickening of the mitral and aortic valves, valvular regurgitation (but not stenosis),

the potential for severe hemodynamic compromise and, surprisingly, an absence

of valvular thrombi.360 Patients with concomitant systemic lupus erythematosus

and antiphospholipid antibodies have been found to have aortic and mitral

valvulitis, including typical Libman-Sacks verrucous endocarditis.361,362

Additionally, in patients with systemic lupus erythematosus, the presence of

antiphospholipid antibodies is associated with isolated left ventricular dysfunc-

tion.363 An isolated instance has been reported of an intracardiac mass in the right

ventricle, presumably resulting from the combined effects of abnormal intra-

cardiac flow resulting from anomalous muscle bundles combined with enhanced

thrombogenesis associated with antiphospholipid antibodies.364 In view of the

high incidence of valvular abnormalities in patients with antiphospholipid anti-

bodies and arterial thromboembolism, Doppler-echocardiography should rou-

tinely be considered.365

Anticardiolipins and cutaneous manifestations

Anticardiolipin antibodies are associated with livido reticularis, an unusual

manifestation of cutaneous vascular stasis characterized by a distinctive pattern

of cyanosis.274,323,366,367 This cutaneous finding has been associated with re-

current arterial and venous thromboses, valvular abnormalities and cerebro-

vascular thromboses with concomitant essential hypertension (‘‘Sneddon’s

syndrome’’).274,323 Other cutaneous manifestations include a syndrome of

recurrent deep venous thrombosis, necrotizing purpura, and stasis ulcers of

the ankles.274,323,366,367 Skin lesions of Dego’s disease (a rare multisystem
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vasculopathy), characterized pathologically by cutaneous collagen necrosis, atro-

phy of the epidermis with an absence of inflammatory cells have been linked to the

other consequences of the disease such as cerebral and bowel infarction and

anticardiolipin antibodies or a lupus anticoagulant.368 Vascular thromboses may

be manifest as ischemia or necrosis of entire extremities as demonstrated in

association with disseminated intravascular coagulation369 with resultant cuta-

neous necrosis or more patchy, widespread, demarcated areas of cutaneous

necrosis, manifest by areas of painful purpura and necrosis with underlying dermal

necrosis.370 Other common cutaneous manifestations include livido vasculitis/

reticularis, unfading acral microlivido, peripheral gangrene, necrotizing purpura,

hemorrhage (ecchymosis and hematoma formation),370 and crusted ulcers about

the nail beds.371

Anticardiolipins and neurologic syndromes

The neurological syndromes associated with anticardiolipin antibodies include

transient cerebral ischemic attacks (TIAs), small stroke syndrome, arterial and

venous retinal occlusive disease, cerebral arterial and venous thrombosis, migraine

headaches, Dego’s disease, Sneddon’s syndrome,274,362 Guillain-Barré syn-

drome,363 chorea, seizures and optic neuritis.368,374,375 The central nervous system

manifestations of systemic lupus erythematosus are commonly, but not always,

associated with positive antiphospholipid antibodies.376,377 While it is clear that

lupus patients with antiphospholipid antibodies may experience cerebrovascular

thromboses, cerebral ischemia and infarction, these events occur more commonly

in patients with the primary anticardiolipin thrombosis syndrome and absence of

an underlying autoimmune disease. Multiple cerebral infarctions in patients with

antiphospholipid antibodies may result in dementia.378

The primary phospholipid syndrome is often present in patients with a con-

stellation of concomitant arterial occlusions, strokes, transient ischemic attacks

leading to multiple infarct dementia, deep venous thrombosis associated with

pulmonary embolization and resultant pulmonary hypertension, recurrent mis-

carriage, thrombocytopenia, positive Coomb’s test and chorea.291,379 The primary

distinction between patients with primary phospholipid syndrome and Sneddon’s

syndrome is the involvement of large vessels in the former and exclusively medium

sized arteries in the latter.372,380,381 Patients with antiphospholipid antibodies

are more likely to experience cerebral ischemic or thrombotic events when

also harboring primary hypertension or coronary disease respectively.382

Anticardiolipin antibodies and recurrent stroke have also been associated with

thymoma.383 Recent studies have found that antiphospholipid antibodies, includ-

ing subgroups, particularly antiphosphatidyl serine, are important etiological

factors. This is of major importance with respect to appropriate antithrombotic
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therapy and these patients cannot be treated with simple antiplatelet therapy or

warfarin therapy with success, as they require LMWH or UFH with or without an

antiplatelet agent for adequate protection against recurrence. One recent study

found that 46% of young age individuals (age �50) with cerebral ischemic events

harbored antiphospholipid antibodies;384 another found 44% of young age indi-

viduals (age �51) to have antiphospholipid antibodies,385 but another study

found only 18% of patients under age 44 to harbor antiphospholipid anti-

bodies.386 Subgroups only of antiphospholipid antibodies have been noted in up

to 23% of young age patients with cerebral thrombotic events; thus it is of extreme

importance to consider these.385 Antiphospholipid antibodies are also associated

with cerebral venous events.387 Another recent study noted 65% of patients with

cerebrovascular thrombosis under the age of 60 to harbor antiphospholipid anti-

bodies and in the same study, 28% of patients with only TIAs harbored antiphos-

pholipid antibodies.388 Studies have also noted that those with antiphospholipid

antibodies tend to have the cerebrovascular occlusive/ischemic event about a

decade earlier than those having cerebrovascular thrombotic or ischemic events

in the absence of antiphospholipid antibodies.389 Thus, it is clear that antiphos-

pholipid antibodies are important in the etiology of cerebrovascular ischemic

events.274,291,390 The primary importance of these findings is in making an appro-

priate diagnosis so that effective therapy may be instituted (LMWH or UFH) to

afford effectual secondary prevention. The complicated topic of neurological

manifestations in APL-T syndromes has recently been reviewed.291,390

Anticardiolipins and autoimmune collagen disease

While much of the initial research and many of the first descriptions of antiphos-

pholipid antibodies resulted from investigation of the lupus anticoagulant in

populations with systemic lupus, it is now well established that antiphospholipid

antibodies occur in patients without systemic lupus erythematosus much more

frequently than in those with lupus or other autoimmune disorders. In patients

with lupus, the presence of livido reticularis may represent an important cuta-

neous marker for the presence, or the later development of antiphospholipid

antibodies.366Antiphospholipid antibodies may occur with increased frequency

in individuals with other autoimmune disorders and have been reported in

patients with mixed connective tissue disease, rheumatoid arthritis,370 Sjogren’s

syndrome,362 Behcet’s syndrome (possible role in the pathogenesis of the multi-

system manifestations of the syndrome)391 and autoimmune thrombocytopenic

purpura.328 Most patients with anticardiolipin antibody thrombosis syndrome,

however, have a primary syndrome with no underlying autoimmune disorder. Less

than 10% of patients with thrombosis and antiphospholipid antibodies have, or

will ever develop, an autoimmune disease such as systemic lupus, rheumatoid
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arthritis, mixed connective disease or related syndrome. The clinical manifesta-

tions can be varied and substantial.290,381

Anticardiolipins and obstetric syndromes

Anticardiolipin antibodies are associated with a high incidence of recurrent mis-

carriage; the characteristics of this syndrome are (1) frequent abortion in the first

trimester due to placental thrombosis/vasculitis (2) recurrent fetal loss in the

second and third trimesters, also due to placental thrombosis/vasculitis, and

(3) maternal thrombocytopenia in descending order of prevalence.274 This is

especially likely in the presence of moderate or high IgG anticardiolipin levels.392

This syndrome has been successfully treated to normal term by institution of

aspirin, low-dose heparin, or plasma exchange.14,102,274,327,392,393,394,395 Women

harboring anticardiolipin antibodies have about a 50%–75% chance of fetal loss

and successful anticoagulant therapy can increase the chances of normal term

delivery to about 97%.14,102,274,310

Optimal therapy for the recurrent miscarriage syndrome (RMS) has not yet

been defined but we have noted a 97% normal delivery outcome in 123 patients

with recurrent miscarriage syndrome treated with preconception ASA at 81 mg/day

with the immediate post-conception addition of UFH at 5,000 units q 12 hours

and both agents used to term.14,102,274 A variety of heparin doses have been used

with significant success in carrying patients to term and most of these have been in

combination with aspirin therapy. It is clear that in the primary antiphospholipid

syndrome (absence of an underlying autoimmune disorder such as SLE), the use of

corticosteroids or other immunosuppressive therapy is not warranted and only

enhances side effects. However, immunosuppressive therapy may be useful in

those with anticardiolipin syndrome and lupus. Also, a variety of vigorous anti-

body removing/eradicating modes of therapy have been attempted with varying

degrees of success including plasmapheresis, plasma exchange, immunoadsorp-

tion column treatment, and intravenous immunoglobulin (IVIG). Based upon

available reports and our own experience, the use of low-dose aspirin (about 81 mg

per day) in combination with low-dose porcine mucosal heparin (5,000 units

subcutaneously q 12 or Dalteparin at 5,000 units/24 hours) appears to consistently

be the most effective therapy for term delivery at the present time. Our approach in

treating the RMS is to start a patient on low-dose aspirin (81 mg/day) at the time a

diagnosis of RMS is made: the demonstration of anticardiolipin antibody, lupus

anticoagulant or antiphospholipid subgroups (seen in 22% of our patients with

recurrent miscarriage syndrome and antiphospholipid antibodies) and a history of

recurrent abortion.14,100,102,274 Subgroup analysis, including anti-annexin-V

antibodies, is particularly important in recurrent miscarriage syndrome.14,102,274

As soon as pregnancy is achieved, fixed low-dose porcine mucosal heparin
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(5,000 units every 12 hours) or Dalteparin (5,000 units/24 hours, subcutaneously)

is added to the aspirin and used to term.14,102 The low-dose heparin/LMW heparin

need not be stopped during delivery as it is extremely unlikely to be associated with

significant hemorrhage and affords peripartum and postpartum protection

against thrombosis and thromboembolic disease. Thus far our success rate using

this regimen has been 97%.14,102 LMWH may also be used, but in view of reported

cases of perispinal/epidural bleeding with epidural anesthetics reported with

enoxaparin, antiphospholipid antibody patients on the LMWH, enoxaparin, dur-

ing pregnancy should be changed to UFH during the last trimester.

The incidence of antiphospholipid antibodies in recurrent miscarriage syn-

drome has been studied by a number of groups. Most studies, however, have not

utilized control pregnant populations. Lin studied a population of 245 women

with RMS and found 13.5% to have anticardiolipin antibodies.396 Parazzini

studied 220 patients with�2 spontaneous abortions and found 19% to harbor

anticardiolipin antibodies.387 Grandone388 assessed 32 patients with RMS and

found 28% to have ACLAs and Birdsall389 studied 81 patients with RMS, finding

41% to harbor ACLAs. Maclean assessed 243 patients with RMS (�2 spontaneous

ABs) and found 17% to have ACLAs, 7% to have LAs, and 2% to harbor both.400

Howard assessed 29 non-lupus patients with RMS and found 48% to have LAs.401

Taylor,402 in a study of 189 women with unexplained miscarriage found lupus

anticoagulants in 7% and anticardiolipin antibodies in 15%. The only two studies

assessing matched controls were those of Parke,393 who found 7% of pregnant

women without RMS and 16% of those with RMS to have antiphospholipid

antibodies and Parazzini,387 who found an incidence of 3% ACLAs in control

women. Thus, it appears a small population of normal pregnant females without

symptoms of RMS will also harbor antiphospholipid antibodies. This, of course

raises the question of treatment in the pregnant female harboring antiphospho-

lipid antibodies but no prior history of spontaneous miscarriage; at present no

data provide adequate direction for this dilemma.

Anticardiolipin antibodies are also associated with a peculiar postpartum syn-

drome of spiking fevers, pleuritic chest pain, dyspnea and pleural effusion, patchy

pulmonary infiltrates, cardiomyopathy, and ventricular arrhythmias. This syndrome

characteristically occurs two to ten days postpartum.404 Since the majority of patients

with postpartum syndrome recover spontaneously, most require no therapy other

than symptomatic treatment. It is unclear if any type of antithrombotic therapy is

warranted in this population since recovery almost always occurs spontaneously.

Miscellaneous disorders and anticardiolipin thrombosis syndrome

Anticardiolipin antibodies have recently been reported in patients with human

immunodeficiency virus infection, with or without immune thrombocytopenic

163 Hereditary and acquired thrombophilia in pregnancy



purpura.405 Particularly elevated are IgG isotypes, however, there is no correlation

between antiphospholipid antibody level and disease progression or the incidence

of thrombosis, despite a correlation with the titer and presence of thrombocyto-

penia.405,406,407,408 Elevations of one or more of the anticardiolipin isotypes has

been observed following a number of acute infections, including ornithosis,

Mycoplasma infection, adenovirus infection, rubella, varicella, mumps, malaria,

and Lyme disease.409 Abnormalities of the activated partial thromboplastin time in

patients with hepatic cirrhosis have recently been attributed to the presence of

antiphospholipid antibodies.410 Drugs associated with the development of anti-

cardiolipin antibodies include phenytoin,411 quinidine, Fansidar, hydralazine,

procainamide, cocaine, interferon and phenothiazines (with a predisposition to

thrombosis- which does occur in drug-associated antiphospholipid syn-

drome).272,273,274,412 The anticardiolipin thrombosis syndrome can be divided

into those which are primary and those which are secondary. Primary anti-

cardiolipin thrombosis syndrome is much more common and consists of patients

with anticardiolipin antibody and thrombosis who harbor no other underlying

disease; secondary anticardiolipin thrombosis syndrome consists of those patients

with anticardiolipin antibody and thrombosis with an underlying disease, such as

lupus or other autoimmune disorder, malignancy, infection, inflammation or

ingestion of drugs inducing an anticardiolipin antibody.

Classification of antiphospholipid thrombosis syndromes

The finding of anticardiolipin antibodies, subgroups of antiphospholipid anti-

bodies or lupus anticoagulants in association with thrombosis is referred to as the

Antiphospholipid Thrombosis Syndrome. Patients with LA don’t tend to have

thromboses that are as predictable as those with ACLA or the subgroups of

antibodies to B-2-GP-1, phosphatidylserine, phosphatidylethanolamine, phospha-

tidylglycerol, phosphatidylinositol, phosphatidylcholine or annexin-V; however,

management principles, as far as is currently known, apply equally to all.274,330

The antiphospholipid thrombosis syndrome, associated with anticardiolipin or

subgroup antibodies, can be divided into one of six subgroups; Type I syndrome

comprises patients with deep venous thrombosis and pulmonary embolus,

Type II syndrome comprises patients with coronary artery or peripheral arterial

(including aorta and carotid artery) thrombosis, Type III syndrome comprises

patients with retinal or cerebrovascular (intracranial) thrombosis and Type IV

patients are those with admixtures of the first three types. Type IV patients

are uncommon, with most patients fitting into one of the first three types.

Type V patients are those with RMS and Type VI patients are those harboring

antiphospholipid syndromes without any (as yet) clinical expression, including

thrombosis. There is little overlap (about 10% or less) between these sub-types and
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patients usually conveniently fit into only one of these clinical types. The types of

antiphospholipid and thrombosis syndromes associated with anticardiolipin

antibodies are summarized in Table 5.3.269,271,272,333 Although there appears to

be no correlation with the type, or titer, of anticardiolipin antibody and type of

syndrome (I through VI), the sub-classification of thrombosis and anticardiolipin

antibody patients into these groups is important from the therapy stand-

point.269,271,274,333 Type I patients are best managed by use of long-term fixed-

dose LMWH or fixed-dose subcutaneous UFH therapy. If the patient remains

thrombus free for 6–12 months or if osteoporosis becomes a consideration,

long-term clopidogrel may eventually be substituted for the heparin. Type II

patients are also best managed by long-term fixed-dose LMWH (about

5,000 units/24 hours) or fixed-dose subcutaneous UFH therapy (usually 5,000

units every 12 hours) and after long-term stability clopidogrel may be an alter-

native, and Type III patients, those with cerebrovascular disease or retinal vascular

disease should be treated with fixed dose long-term low-molecular weight heparin

plus clopidogrel for intracranial/cerebral vessel thrombosis/TIA; long-term

Table 5.3 Antiphospholipid antibodies: Syndromes of thrombosis.

Type I Syndrome

Deep vein thrombosis/Pulmonary embolus

Other large vein thrombosis

Type II Syndrome

Coronary artery thrombosis

Peripheral artery thrombosis

Aortic thrombosis

Carotid artery thrombosis (Extracranial)

Type III Syndrome

Retinal vascular thrombosis

Cerebrovascular thrombosis

Transient cerebral ischemic attack (TIA)

Type IV Syndrome

Mixtures of all syndrome types

(these are rare)

Type V Syndrome

Recurrent miscarriage syndrome

Placental vascular thrombosis

Maternal thrombocytopenia (rare)

Type VI Syndrome

APLS with no apparent clinical disorders
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stability can usually be achieved by stopping the heparin/LMW heparin and

continuing clopidogrel. Clopidogrel (at 75 mg/day) is usually effective for retinal

vascular thrombosis and if failure occurs, LMWH is added to the clopidogrel

therapy. Therapy of Type IV depends upon types and sites of thrombosis

present.269,271,274,333 Patients with Type V, Recurrent miscarriage syndrome, are

best treated with pre-conception initiation of low-dose ASA (81 mg/day) as soon

as the diagnosis is made and then started on fixed low-dose porcine mucosal

heparin (5,000 units, subcutaneously every 12 hours) or Dalteparin (at 5,000 units

subcutaneously every 24 hours) immediately post-conception, with both drugs

being used to term delivery.14,102 Patients with Type V syndrome are usually

encouraged to stop the heparin following delivery (depending upon the individual

clinical situation), but to continue on long-term low-dose ASA indefinitely. The

decision to continue ASA after delivery in these patients is empirical, but might

ward off other minor thrombotic manifestations of antiphospholipid syndrome.

There are no guidelines available to know how to best treat these patients following

delivery, as most (<10%) will not develop a non-placental thrombosis.

Obviously, patients with thrombosis and anticardiolipin antibodies require long-

term antithrombotic therapy and treatment should only be stopped if the anti-

cardiolipin antibody is persistently absent for at least six months before considering

cessation of antithrombotic therapy.269,271,274,333 After persistent absence of their

antiphospholipid antibody for at least six months, we usually discuss the risks and

benefits of continuing antithrombotic therapy and encourage patients to take one

low-dose ASA (81 mg/day) or long-term clopidogrel (depending upon the serious-

ness of the initial thrombotic event(s)), in hopes the antibody and thrombosis will

not return. Obviously, patients with antiphospholipid syndrome who are going to

be on long-term fixed low-dose UFH or LMWH therapy should have initial bone

density studies and should be cautioned about heparin-induced thrombocytopenia,

mild alopecia, mild allergic reactions, osteoporosis, benign transaminasemia (seen

in about 5% treated with UFH and in about 10% treated with LMWH) and the

development of benign eosinophilia.413,414 Patients should be monitored with

weekly heparin levels (anti-Xa method) and CBC/platelet counts for the first

month of therapy and monthly thereafter; this also applies to patients with Type V

syndrome. Since most patients with thrombosis and antiphospholipid antibodies

fail warfarin therapy, the clinician should always suspect and search for antiphos-

pholipid antibodies when evaluating a patient for warfarin failure.274

Clinical presentations

It is becoming increasingly clear with increased experience in utilizing the anti-

cardiolipin assay in clinical practice, primary antiphospholipid syndromes are

much more common than suspected. Diagnostic evaluation of the patient to
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determine the etiology of a wide variety of thrombotic problems must now include

assays for anticardiolipin antibodies, lupus anticoagulants and, when indicated,

subgroups. Although it is appropriate to suspect antiphospholipid antibodies in

virtually any clinical problem complicated by thrombosis, certain presentations

are stronger indicators than others.

In patients with Type I disease, a strong index of suspicion is appropriate,

particularly in individuals with deep venous thrombosis unaccompanied by

another potential risk factor, such as exogenous estrogen administration, surgery,

prolonged immobility, malignancy or another hypercoagulable state. Likewise,

patients may present with recurrent deep venous thrombosis with or without a

significant clinical risk factor. As is frequently observed in clinical practice,

patients may only be referred for evaluation after a second episode of thrombosis.

The initial thrombotic event may have appeared to result from a recognizable

predisposing problem, only later proven to be present concomitantly with anti-

cardiolipin antibodies. Although the severity or location (iliofemoral, popliteal

calf vein or other sites) of thrombosis or the presence of pulmonary embolization

does not correlate with the presence of anticardiolipin antibodies, recurrent

thromboembolic events or multiple sites of thrombosis should strongly suggest

an anticardiolipin antibody. Another very common presentation is a patient

referred because of failure (re-thrombosis) while on warfarin therapy. Failure to

apparently adequate doses of warfarin should immediately alert the physician to

strongly consider APL-T syndrome.

Patients with Type II disease frequently present with catastrophic illness.

A history of myocardial infarction at a young age, recurrent myocardial infarction,

early graft occlusion following coronary artery bypass graft surgery and early

re-occlusion post transluminal angioplasty is typical. Aorta, subclavian, mesenteric,

femoral or other large vessel thrombosis may present with complete occlusion and

acute symptoms of ischemia and threatened limb loss. Emergent diagnosis and

appropriate therapy may decrease unnecessary morbidity and be life-saving.

Type III patients may be referred for a variety of problems. Acute loss or

distortion of vision may lead to ophthalmologic confirmation of retinal arterial

or venous thrombosis. Focal neurologic symptoms may suggest the presence of

cerebrovascular thrombosis resulting in symptoms of stroke or transient ischemic

attack. Alternatively, multiple infarct dementia may present more gradually, with-

out clearly defined acute ischemic events. Early diagnosis is critical in Type III

patients, since failure to treat may result in irreversible cerebral or retinal injury.

Type IV patients, having a mixture of the aforementioned types are extremely rare

and comprise only about ten percent of patients with anticardiolipin thrombosis

syndrome. A strong index of suspicion is required for the diagnosis, and therapy

must be individualized depending upon the particular combination of thromboses.

167 Hereditary and acquired thrombophilia in pregnancy



Type V patients are usually those with one or more spontaneous miscarriages

and are most often referred by the obstetrician or high-risk reproductive experts.

Most women relate a history of spontaneous miscarriage in the first trimester

(most commonly the 6th to 12th week), but some also spontaneously miscarry in

the second and third trimester.

Drugs associated with antiphospholipid thrombosis syndrome are listed in

Table 5.4.

Prevalence of the antiphospholipid thrombosis syndrome

Unfortunately, very little information is available on prevalence of antiphospho-

lipid antibodies, especially in asymptomatic individuals. Additionally, nothing is

known about the potential propensity to develop thrombosis or other clinical

manifestations when seemingly health individuals are found to harbor these

antibodies. Two recent studies have addressed this issue. The first such study

was the Montpellier Antiphospholipid (MAP) study415 wherein 1014 patients

(488 males and 526 females) admitted to a general internal medicine department

for a variety of reasons were assessed for IgG, IgA, and IgM ACLAs. Lupus

anticoagulant assays were not performed. Of the patients tested, 72 (7.1%)

were positive for at least one idiotype. When assessing these 72 patients,

20 (28%) were determined to have clinical manifestations of the APL-T syn-

drome. Fifty-two patients, when questioned, had not yet demonstrated any

manifestations of APL-T syndrome, suggesting a false positive incidence of 5.1%.

However, long-term follow-up of the thus far asymptomatic patients has not

occurred and a follow-up report of the MAP study will be awaited with interest.

In another recent study416 552 healthy blood donors were screened for study;

IgG and IgM idiotypes and lupus anticoagulant were assessed. It was found

6.5% (28 donors) of the population harbored IgG and 9.4% (38 donors) of

the population harbored IgM ACLAs and 5 donors had both idiotypes. No

Table 5.4 Drugs associated with APLS.

Phenytoin

Fansidar

Quinidine

Quinine

Hydralazine

Procainamide

Phenothiazines

Alpha-interferon

Cocaine
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donor was positive for Lupus anticoagulant. The donors were followed for twelve

months; during the follow-up time, no ACLA positive patient developed a throm-

botic event. However, nine ACLA positive donors had a positive family history for

thrombosis and three of the ACLA positive donors had a history of unexplained

miscarriage.416 In a recent survey of 100 consecutive patients presenting with deep

vein thrombosis or pulmonary embolus, 24% of patients were found to have

ACLAs.313 It is suggested that ACLAs are common in patients presenting with

unexplained DVT or PE and certainly any patient presenting with unexplained

DVT or PE should be evaluated for presence of antiphospholipid antibodies.

Laboratory diagnosis of antiphospholipid syndromes

Detection of anticardiolipin antibodies

The detection of anticardiolipin antibodies is straightforward and there is general

agreement that solid-phase ELISA is the method of choice.274,417,418,419 In the past,

only IgG and IgA idiotypes have been assayed; however, with current recognition

that IgM idiotypes, whether primary or secondary (especially drug-induced) are

also associated with thrombosis, most laboratories are, or should be, assaying all

three idiotypes. Thus, the appropriate assay for detecting anticardiolipins is solid-

phase ELISA, measuring all three (IgG, IgA and IgM) idiotypes.274,295,298,420

Detection of lupus anticoagulants

In the presence of the lupus anticoagulant an abnormality exists in the phospho-

lipid-dependent coagulation reactions including the prothrombin time, the acti-

vated partial thromboplastin time (aPTT), and the Russell’s viper venom

time.273,274,278 The lupus anticoagulant is not directed against a specific factor,

but to phospholipids. The inhibitor does not exert an increasing effect with

prolonged incubation with normal plasma, and thus this simple screen can be

used to distinguish the lupus inhibitor from inhibitors that neutralize specific

clotting factors. Incubation of the patients’ plasma with normal plasma does not

cause a sensitivity of the partial thromboplastin time to the inhibitor’s effect, and

one-stage assays for factors XII, XI, IX, and VII may yield low values when the

standard dilutions of test plasma are used.278 Usually further dilution of the test

plasma causes the measured level of these factors to approach the normal range;

the exception occurs in rare patients with a decreased concentration of prothrom-

bin, resulting from accelerated removal of prothrombin antigen-antibody com-

plexes, sometimes seen in patients with systemic lupus.

Multiple lupus anticoagulant assays are currently in use. Sensitivity of the aPTT

to the presence or absence of the lupus anticoagulant is highly dependent upon the

reagents used. Many patients with thrombosis and the lupus anticoagulant have
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normal aPTT’s, even with the newer allegedly more ‘‘sensitive’’ reagents, thus, the

aPTT is not a reliable screening test for lupus anticoagulants and should not be

used for this purpose.273,274,278,298,299,421,422,423 When suspecting the presence of a

lupus anticoagulant, a more definitive test, preferably the dRVVT, should imme-

diately be performed regardless of the aPTT. The lupus inhibitor is identified by

the ability to bind phospholipid and inhibit phospholipid-dependent coagulant

reactions. The assays available are based upon the use of limiting amounts of

phospholipid and therefore sensitized in platelet-poor plasma. Initially, a pro-

thrombin time was performed with dilute tissue thromboplastin and a reduced

number of platelets in the mixture; however, IgM inhibitors were missed.

Subsequently, a ‘‘modified’’ Russell’s viper venom time was developed in which

the venom is diluted to give a ‘‘normal’’ time of 23 to 27 seconds, and the

phospholipid is then diluted down to a minimal level that continues to support

this range. A prolongation of this system will not correct with a mixture of patient

and normal plasma; this system detects both IgG and IgM lupus anticoagulants.300

This assay is generally known as the dilute Russell’s Viper Venom Time (dRVVT)

and appears the most sensitive of all assays for the lupus anticoagulant.307 The

kaolin clotting time test (KCT) has also been modified to assay for the lupus

anticoagulant inhibitor. In the KCT, platelet-poor plasma is mixed with varying

proportions of test plasma and normal plasma. Kaolin is added and time required

for clotting is determined.278 The KCT is then plotted against proportions of

patients’ plasma with normal plasma; an inhibitor is assumed to be present

when a small portion of test serum, in comparison with normal serum, prolongs

the assay. A kaolin activated partial thromboplastin time, with rabbit brain

phospholipid in a standard and fourfold increased ‘‘high’’ lipid concentration to

normalize or ‘‘out-inhibit’’ the abnormal ‘‘standard’’ aPTT, has also been utilized

in diagnosis of the lupus inhibitor.278 This is known as the rabbit brain neutraliza-

tion procedure, and although specific (due to rabbit brain neutralization), lacks

sensitivity comparable to the dRVVT. The best test to detect the lupus anti-

coagulant at present is the dRVVT; if this test is prolonged, the confirmation of

a lupus inhibitor, by noting correction of the prolonged dRVV time by adding

phospholipid in some form (unfortunately often platelet membrane-derived) is

required, especially if the patient is on warfarin or heparin therapy.274 Both

heparin and warfarin are capable of also prolonging the dRVVT. Confirmation

of a lupus anticoagulant in the above assays is by phospholipid neutralization

(shortening) of the prolonged test.273,274,278 As a practical matter, most clinicians

and laboratories are asked to evaluate patients for the lupus anticoagulant after

they have been placed on anticoagulant therapy. Both heparin and warfarin pro-

long most of the above tests, including the most sensitive test, the dRVVT. If the

patient is on warfarin and the dRVVT is prolonged and then neutralized by
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appropriate phospholipid, a lupus anticoagulant is confirmed.273,274,278 However,

if the patient is on heparin and the dRVVT is prolonged, the neutralization by

platelet-derived phospholipid is not confirmatory, as large amounts of platelet-

derived platelet factor 4 may inhibit the heparin effect to correct the test. For

example, a commercially available platelet extract for the platelet neutralization

procedure was found to contain about 100 International Units per ml of platelet

factor 4 and normal male freeze-thaw platelet extract, commonly prepared for

‘‘platelet or phospholipid neutralization procedures’’ in the clinical laboratory,

contains about 95 International Units per ml of platelet factor 4, enough to

neutralize heparin and shorten a prolonged clotting test and render a false positive

result in the dRVVT or platelet neutralization procedure for a lupus anticoagu-

lant.273,274,278,413 As a practical matter, therefore, use of the dRVVT offers the most

sensitive assay for detection of a lupus anticoagulant and neutralization of this test by

a non-platelet-derived phospholipid, in particular cephalin (Bell-Alton extract),263

which contains no platelet factor 4, makes this test the most specific as well.

Due to marked heterogeneity of antiphospholipid antibodies especially in the

secondary antiphospholipid syndromes, there is a correlation between elevated

anticardiolipin antibodies and the lupus anticoagulant in secondary APL-T syn-

dromes. However, the lupus anticoagulant and anticardiolipin antibodies are two

separate entities, and most of the time one occurs without the other being present,

especially in the primary antiphospholipid thrombosis syndromes.272,274 The

lupus anticoagulant has a stronger association with binding phospholipids of a

hexagonal composition such as phosphatidylcholine, or after membrane damage

by infection, IL-1, or other mechanisms leading to change from the lamellar to

hexagonal form, whereas anticardiolipin antibodies have an affinity to lamellar

phospholipids in a bilayer (lamellar) composition.263

Detection of ‘‘subtypes’’ of antiphospholipid antibodies

When suspecting thrombosis or recurrent miscarriage patients of harboring anti-

phospholipid antibodies and noting negative assays for anticardiolipin antibodies

or lupus anticoagulants, the clinician should suspect discordant subgroups and

order assays for anti-B-2-GP-I, and antibodies to phosphatidylserine, phosphati-

dylethanolamine, phosphatidylglycerol, phosphatidylinositol, annexin-V, and

phosphatidylcholine. These are all available by EIA assay. It must be remembered

that there is significant discordance between these subgroups and lupus anti-

coagulants or the three idiotypes of anticardiolipin antibodies, thus they must be

recalled and tested for in the appropriate clinical situations discussed

previously.263,274,320,378

As mentioned above, discordance will be seen in a significant number of

patients. In particular, many patients will have subgroups of antiphospholipid
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antibody (Beta-2-Glycoprotein-1, antiphosphatidylserine, antiphosphatidylcholine,

antiphosphatidylglycerol, antiphosphatidylinositol, and antiphosphatidylethanol-

amine) in the absence of anticardiolipin antibodies (IgG, IgA or IgM) or Lupus

Anticoagulant. Specifically, this will be seen in 7% of patients with antiphospholipid

thrombosis syndrome and DVT/PE (Type I), 15% of those with coronary artery or

peripheral arterial thrombosis (Type II), 15%–24% of those with cerebrovascular or

retinal vascular thrombosis (Type III), and in 22% of those with recurrent miscar-

riage syndrome (Type V). All antiphospholipid antibodies of importance, to date,

are depicted in Table 5.5. The tests at the top are ordered first and those at the

bottom ordered if clinical suspicion of a subgroup is present. Figure 5.1 depicts an

approach to the laboratory diagnosis of antiphospholipid thrombosis syndrome.

In summary, antiphospholipid antibodies are strongly associated with thrombo-

sis and are the most common of the acquired blood protein defects causing

thrombosis. Antiphospholipid antibodies are clearly the most common thrombo-

philia associated with complications of pregnancy: RMS, infertility, fetal growth

retardation syndrome, and thrombosis. Although the precise mechanism(s)

whereby antiphospholipid antibodies alter hemostasis to induce a hypercoagulable

state remain unclear, numerous theories, as previously discussed, have been

advanced. The most common thrombotic events associated with ACLAs are deep

vein thrombosis and pulmonary embolus (Type I Syndrome), coronary or periph-

eral artery thrombosis (Type II Syndrome) or cerebrovascular/retinal vessel

thrombosis (Type III Syndrome), and occasionally patients present with mixtures

(Type IV Syndrome). Type V patients are those with antiphospholipid antibodies

and recurrent miscarriage syndrome (RMS). It is as yet unclear how many seemingly

normal individuals who may never develop manifestations of antiphospholipid

Table 5.5 Types of antiphospholipid antibodies.

Most common

Anticardiolipin antibodies (IgG, IgA, IgM)

Lupus anticoagulants

Hexagonal phospholipid

Subgroups

Antiphosphatidylserine (IgG, IgA, IgM)

Antiphosphatidylinositol (IgG, IgA, IgM)

Antiphosphatidylcholine (IgG, IgA, IgM)

Antiphosphatidylethanolamine (IgG, IgA, IgM)

Antiphosphatidic acid (IgG, IgA, IgM)

Antiphosphatidylglycerol (IgG, IgA, IgM)

Anti-annexin V antibody (IgG, IgA, IgM)
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syndrome (Type VI) harbor asymptomatic antiphospholipid antibodies. The rela-

tive frequency of ACLA’s in association with arterial and venous thrombosis

strongly suggests that these should be looked for in any individual with unexplained

thrombosis; all three idiotypes (IgG, IgA, and IgM) should be assessed. Also, the

Type of syndrome (I through VI) should be defined if possible, as this may dictate

both type and duration of both immediate and long-term anticoagulant therapy.

Unlike those with ACLA’s, patients with primary lupus anticoagulant thrombosis

syndrome usually suffer venous thrombosis. Since the aPTT is unreliable in patients

with lupus anticoagulant (prolonged in only about 40% to 50% of patients) and is

not usually prolonged in patients with anticardiolipin antibodies, definitive tests

including ELISA for ACLA, the dRVVT for lupus anticoagulant, hexagonal phos-

pholipid neutralization procedure and B-2-GP-I (IgG, IgA and IgM) should be

immediately ordered when suspecting antiphospholipid syndrome or in individuals

with otherwise unexplained thrombotic or thromboembolic events. If these are

negative, in the appropriate clinical setting, subgroups should also be assessed.

Finally, most patients with antiphospholipid thrombosis syndrome will fail warfarin

therapy and, except for retinal vascular thrombosis, may fail some types of anti-

platelet therapy, thus it is of major importance to make this diagnosis in order that

patients can be treated with the most effective therapy for secondary prevention –

LMWH or UFH in most instances and clopidogrel in some instances.

Like other thrombophilias, antiphospholipid syndrome is strongly associated

with RMS, pre-eclampsia, eclampsia, fetal growth retardation syndrome, arterial

(SUSPICION OF APLS)*

POSITIVE

CEPHALIN
NEUTRALIZATION

(SHORTENED)

IF ABOVE NEGATIVE AND CLINICALLY INDICATED, 
DO "SUBGROUP" ANTIPHOSPHOLIPID ANTIBODIES

FACTOR DEFECT(S)LA

ANTIPHOSPHOLIPID SYNDROME

(NOT SHORTENED)

POSITIVENEGATIVE NEGATIVE

ACLA
ELISA

dRVVT

*

Figure 5.1 Laboratory diagnosis of APLS.
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and venous thrombosis and PE. Thus, a detailed work-up and prophylactic therapy

are strongly warranted. In antiphospholipid syndrome pregnancy patients, our

approach is to use preconception low-dose ASA (81 mg/day) and immediately add

post-conception dalteparin at 5,000 units, subcutaneously, every 24 hours. We also

strongly encourage these patients to refrain from using oral contraceptives or

hormone replacement therapy following pregnancy.

Summary

In this chapter we have covered hereditary and acquired thrombophilia disorders

which may be encountered in obstetrics and gynecology. The hematologist, obste-

trician, gynecologist, reproductive endocrinologist and reproductive specialists

must be aware of these, including their clinical manifestations, mode of inheritance,

and potential complications, including complications in neonates. Tables 5.6, 5.7,

Table 5.6 Unexplained DVT /PE or venous thromboembolic disease: Causative/Contributory

defects in descending order of probability of abnormalities.

More Common Less Common

Antiphospholipid syndrome 5,10 MTHFR mutations

Anticardiolipin antibodies (IgG, IgA, IgM) Hyperhomocysteinemia

Beta-2-glycoprotein-1 (IgG, IgA, IgM) Lipoprotein (a)

Antiphosphatidylserine (IgG, IgA, IgM) TPA deficiency

Antiphosphatidylinositol (IgG, IgA, IgM) Heparin cofactor II deficiency

Antiphosphatidylcholine (IgG, IgA, IgM) Dysfibrinogenemia

Antiphosphatidic acid (IgG, IgA, IgM) Hypoplasminogenemia

Antiphosphatidylethanolamine (IgG, IgA, IgM)

Antiphosphatidylglycerol (IgG, IgA, IgM)

Anti-annexin-V-antibody (IgG, IgA, IgM)

Lupus anticoagulant

Hexagonal phospholipid

Sticky platelet syndrome

APC resistance (many types)

Factor V Leiden

Prothrombin G20210A mutation

PAI-1 Polymorphisms/Elevation

Antithrombin deficiency

Protein S deficiency

DVT¼Deep Vein Thrombosis

PE¼Pulmonary Embolus
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Table 5.7 Premature coronary artery thrombosis: Causative/Contributory defects.

Common Less Common

Antiphospholipid syndrome TPA deficiency

Anticardiolipin antibodies (IgG, IgA, IgM) Immune vasculitis

Beta-2-glycoprotein-1 (IgG, IgA, IgM) Prothrombin G20210A mutation

Antiphosphatidylserine (IgG, IgA, IgM) Antithrombin deficiency

Antiphosphatidylinositol (IgG, IgA, IgM) Protein S deficiency

Antiphosphatidylcholine (IgG, IgA, IgM) Protein C deficiency

Antiphosphatidic acid (IgG, IgA, IgM) Heparin cofactor II deficiency

Antiphosphatidylethanolamine (IgG, IgA, IgM) Dysfibrinogenemia

Antiphosphatidylglycerol (IgG, IgA, IgM) Hypoplasminogenemia

Anti-annexin-V-antibody (IgG, IgA, IgM) Elevated VIII??

Lupus Anticoagulant Elevated fibrinogen??

Hexagonal phospholipid Elevated VII??

Sticky Platelet Syndrome

5,10 MTHFR Mutations

Hyperhomocysteinemia

PAI-1 Polymorphisms/Elevation

Hyperlipoprotein (a)

Table 5.8 Premature cerebrovascular thrombosis/TIAs: Causative/Contributory defects.

Descending Probability of Defects

More Common Less Common

Antiphospholipid syndrome TPA deficiency

Anticardiolipin antibodies (IgG, IgA, IgM) Immune vasculitis

Beta-2-Glycoprotein-1 (IgG, IgA, IgM) Chlamydia Pneumoniae titers

Antiphosphatidylserine (IgG, IgA, IgM) Antithrombin deficiency

Antiphosphatidylinositol (IgG, IgA, IgM) Protein S deficiency

Antiphosphatidylcholine (IgG, IgA, IgM) Protein C deficiency

Antiphosphatidic acid (IgG, IgA, IgM) Heparin cofactor II deficiency

Antiphosphatidylethanolamine (IgG, IgA, IgM) Dysfibrinogenemia

Antiphosphatidylglycerol (IgG, IgA, IgM) Hypoplasminogenemia

Anti-Annexin-V-antibody (IgG, IgA, IgM)

Lupus Anticoagulant

Hexagonal phospholipid

Sticky platelet syndrome

PAI-1 Elevation

5,10 MTHFR mutations

Prothrombin G20210A mutation
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5.8 and 5.9 depict the prevalence of thrombophilic disorder associated with DVT/PE

(Table 5.6), coronary artery thrombosis (Table 5.7), cerebrovascular disease

(Table 5.8) and recurrent miscarriage/infertility (Table 5.9).
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Introduction

The true incidence of thromboembolic complications in pregnancy and the dis-

tribution of these events between the antenatal and postnatal periods are

unknown.3,27 Early studies have estimated an incidence of symptomatic venous

thrombosis during pregnancy using radiographic investigations between 0.5 and

3.0 per 1,000 deliveries.8,75 Lindqvist et al.57 used the Swedish national registries of

births to investigate the number of objectively confirmed DVT between 1990 and

1993. The overall incidence of venous thromboembolic events was 1.3 per 1,000

deliveries in contrast to McColl et al.61,62 with 0.8 per 1,000 deliveries, Gherman

et al.34 with 0.6 per 1,000 deliveries and Simpson et al.78 with 0.85 per 1,000

deliveries. More recent studies have demonstrated that antepartum deep vein

thrombosis (DVT) is at least as common as postpartum DVT (Fig. 6.1) and can

occur at any time during gestation, although pulmonary emboli (PE) remains

more common postpartum.31,74 Earlier postpartum ambulation and discharge of

patients from the hospital may have resulted in a relative decrease in postpartum

events as compared to antepartum period, but the daily risk of thromboembolic

complication was therefore highest in the postpartum period.

In a retrospective study McColl et al.61 described an incidence of DVT at 0.5 per

1,000 deliveries in the antenatal period and 0.21 in the puerperium. The incidence

of pulmonary embolism was 0.07 per 1,000 deliveries and 0.08 in the puerperium

respectively.

Ray and Chan73 summarized the available data of DVT during pregnancy and

puerperium and found no evidence for significant difference between the trimester

events. This study also found that 82.2% of pregnancy-related events affected the

left leg.
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Although the estimated rates are low, DVT and its associated complications

remain a leading cause of maternal mortality and morbidity. Pulmonary emboli

will occur in 16% of patients with untreated DVT, with 13% mortality.79 An

important cause of maternal death in UK between 1994 and 1996 were thrombosis

and hypertension.24 The confidential enquiries into maternal deaths in the UK

described 46 deaths caused by pulmonary embolism. Ten antenatal deaths occurred

in the first trimester, three other deaths in the second trimester, and two deaths

took place after 24 weeks of gestation. Additional risk factors were surgery,

prolonged bed rest and previous thromboembolism. Fifteen deaths occurred after

cesarean section and 10 deaths after vaginal delivery.

An important clinical problem is the indication for thrombosis prophylaxis and

management in pregnancy and when venous thrombosis is suspected in pregnancy

it is important to obtain an objective diagnosis. This review focuses on prophylaxis

and treatment of DVT in pregnancy and includes studies on thrombophilia and

pregnancy complications.

Pathogenesis of deep venous thrombosis in pregnancy

An increasing trend towards hypercoagulability is physiologically present during

pregnancy. Important factors for the regulation of the coagulation system consist

of inhibitors that inactivate coagulation factors and the fibrinolytic system. These

factors are displayed in Table 6.1.

Control of the coagulation cascade depends on maintaining a balance between

prothrombotic factors and the natural anticoagulants, antithrombin and activated
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Figure 6.1 Distribution of DVT in pregnancy and postpartum. Data from Ray and Chan.73
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protein C (APC). Activated protein C and its cofactor protein S catalyze the

inactivation of factors Va and VIIIa, decreasing coagulation and reducing throm-

bin and fibrin generation.72 Protein S decreases of more than 50% are regarded

as normal and the resistance to activated protein C increases probably as a

function of increases in factors V and VIII. Activated protein C may also stimulate

fibrinolysis (increased PAI-1 and PAI-2, the latter being produced by the pla-

centa). Additional factors that are involved in other anticoagulant mechanisms

and may be involved in this process are tissue-factor pathway inhibitor (TFPI),

thrombomodulin, and annexin V. The glycoprotein thrombomodulin is located

on the surface of the endothelium as a part of the affinity to anionic membrane

phospholipids and thus prevents the coagulation on the phospholipids’ surface.

The lack or destruction of this shield is probably involved in the development of

the antiphospholipid syndrome.46,70

The individual risk of DVT or pulmonary embolism (PE) varies depending on

the presence of additional clinical risk factors such as a history of DVT, operative

delivery, bed rest, obesity, age, and inherited or acquired coagulation defects.

Clinical risk factors

Cesarean section

The incidence of postpartum DVT is affected by the mode of delivery. According

to Macklon and Greer,59 cesarean section was complicated by DVT with a rate of

0.4 per 1,000, compared with a rate of 0.173 per 1,000 following vaginal delivery

Table 6.1 Hemostatic changes in pregnancy: Comparison conditions pro and

against thrombosis.

Conditions pro thrombosis Conditions against thrombosis

Decreases in fibrinolytic activity Decreased factors XI and XIII

Activation of factors V, VII, VIII, IX, X, XII

and fibrinogen

Increased activation of platelets

Expansion of plasma volume

Thrombin neutralization by

antithrombin

Hereditary thrombophilia

Decreases in protein S

Antiphospholipid antibodies

Endothelial damage associated with labor

Venous stasis of the lower extremities
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(Fig. 6.2). Women older than 35 years having an emergency cesarean section had a

higher rate of postpartum DVT but not a higher rate of PE than women under-

going elective cesarean section (Fig. 6.3). It is clinically important that most

instances of DVT and PE were diagnosed after discharge from hospital (38%

and 22% respectively). In a cohort study of about 395.335 women with live births

between 1988 and 1997 the annual incidence rate ranked from 60 per 100,000

maternities in 1995 to 117 per 100,000 maternities in 1997.78 Incidence rate

increased with increased age and following cesarean section (178 per 100,000 c.s.),

approximately four times that following vaginal deliveries.
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Figure 6.2 Incidence of postpartum DVT (C.S.: Cesarean Section).
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Figure 6.3 Incidence of postpartum PE (C.S.: Cesarean Section).
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Previous history of deep vein thrombosis and pulmonary embolism

Patients with a history of DVT have an increased risk of DVT. In retrospective

studies the recurrence rate was as high as 15%.23 In contrast, in 59 women with single

previous episodes of DVT during pregnancy, none experienced thrombosis in the

next pregnancy despite the lack of antenatal prophylaxis.43 The same authors calcu-

lated that the risk of recurrent thrombosis for women after single episode of DVT is

lower than 5%. However, these studies have some limitation; objective testing was not

used in all cases, some of the studies were retrospective and the prospective studies

had a relatively small number of cases. Brill-Edwards et al.14 performed a prospective

study of 125 pregnant women with a single previous DVT episode. The antepartum

recurrence rate was 2.4%. In a subgroup analysis of 81 pregnant women with

thrombophilia the recurrence rate was 5.9% (95% CI 1.2–16%). Based on these results,

the absolute risk of antepartum recurrent thrombosis in women without thrombo-

philia but idiopathic thrombosis is 7.7% (95% CI 0.01–25.1) or very low in patients

with prior DVT associated with a transient risk factor (0% (95% CI 0.0–8.0)). In

patients with idiopathic or DVT with temporary risk the recurrence rate were

20% (95% CI 2.5–55.6) and 13.9% (95% CI 1.7–40.5) respectively (Fig. 6.4).

The authors recommend the antepartum prophylaxis for pregnant women

with idiopathic DVT and thrombophilia and women with idiopathic DVT with-

out thrombophilia. The data of a subgroup of pregnant women with prior DVT

associated with a transient risk factor (oral contraceptive use, DVT prior preg-

nancy or post surgery) are insufficient for a clear recommendation. Pabinger

et al.67 described a relative risk of recurrent DVT of 3.5 (95% CI 1.6–7.8,

p¼ 0.002) and believe (Fig. 6.5) – in agreement with other experts1,35,36,37,45,84 –

that a significant high risk exists for recurrent DVT and favor prophylactic anti-

coagulation during pregnancy and postpartum.

13

8

4

0

DVT + Tph

sec. DVT + Tph

DVT – Tph

sec. DVT – Tph

Percent thrombosis incidence

Figure 6.4 Distribution of recurrent DVT (%) according to causes (Tph: thrombophilia,þ: thrombophilia

present,�: without thrombophilia, sec. DVT: secondary DVT). Data from ref. 14.
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Age at delivery

The incidence of antenatal and postnatal DVT in women older than 35 years is

significantly higher (p¼ 0.005) than in those younger than 35 years. An age over

35 years is also associated with a significantly greater risk of PE (Fig. 6.3), with an

incidence of 0.4 per 1,000 maternities as opposed to 0.11 per 1,000 in women

younger than 35 years. In summary, an age over 35 years doubles the risk for

thrombosis and PE.41,42

In a great cohort study the DVT and PE events increased with increased age

(Table 6.2).

Bed rest and obesity

The Royal College of Obstetricians and Gynaecologists has recently published

standards for thromboprophylaxis in obstetrics.43,81 These standards also include

additional risk factors for DVT, such as age greater than 35 years, weight above

80 kg at booking or>90 kg at delivery, more than 4 pregnancies, varicose veins,

preeclampsia (OR: 2.2, 95% CI 1.3–3.7), immobilization for longer than 4 days

before delivery and surgery. According to Nelson-Piercy,65 obese women over the
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DVT). Tr: Temporary risk factor yes (Oral contraceptive use, pregnancy, surgery, trauma,

immobilization) or no. Lr: Laboratory risk factor yes (thrombophilia) or no. Data from ref. 67.

Table 6.2 Incidence of DVT according to age (data from

ref. 78).

Age

Incidence/

100,000 deliveries

>25 76

25–34 83

>34 115
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age of 37 years should use thromboprophylaxis not only for cesarean section but

also for a normal delivery and for the following 3 to 4 days postpartum.

The influence of prolonged bed rest (>3 days) on thrombotic events was

investigated in a retrospective study from Kovacevich et al.50 A cohort group of

192 patients with preterm labour or preterm rupture of membranes were com-

pared with 6,164, which were not treated with extended bed rest. The incidence of

thromboembolic events were 15.6 per 1,000 deliveries in the group with extended

bed rest and 0.8 per 1,000 deliveries in the control group. In contrast Carr et al.15

investigate 48,525 deliveries over 5.5 years and 266 (0.5%) women received

prolonged antepartum bed rest. The authors observed no cases of DVT and

recommended no anticoagulation during prolonged bed rest unless other risk

factors for DVT are present.

Thrombophilia and thromboemboembolic disease

Inherited thrombophilia

In the recent years, evidence supporting a genetic predisposition to thrombo-

embolic disease has increased. In summary two groups of thrombophilic states are

associated with thromboembolic events:19 Group I disorders are the inhibitors of

the coagulation cascade and the group II disorders are associated with increased

levels or function of coagulation factors (Table 6.3).

Antithrombin and protein C and protein S deficiency

Early studies17,18,21,68 suggested a high rate of DVT during pregnancy and post-

partum in women with inherited inhibitor deficiencies. In contrast Vincente

et al.82 found an antenatal thrombosis in 1.8% of the protein-S-deficient

Table 6.3 The major hereditary prothrombotic conditions in pregnancy.

Groups Thrombophilia

Group I Antithrombin deficiencies

Protein C deficiencies

Protein S deficiencies

Group II Activated protein C resistance without Factor V Leiden mutation

Factor V Leiden mutation

Prothrombin mutation

Elevated levels of factors VIII, IX, and XI

Elevated levels of lipoprotein (a)
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women. In a recent study by McColl et al.60 Antithrombin or protein C deficiency

was associated with an incidence of DVT in 12% and 2% of women respectively

(Table 6.4). The authors calculated the relative risk of thrombosis for pregnant

women with Antithrombin deficiency type I to be 1 in 2.8 and for type II to be 1 in 42

and for protein C deficiency to be 1 in 113. Friedrich et al.30 estimated the rela-

tive risk for asymptomatic pregnant women with Thrombophilia (Antithrombin,

protein C and S-deficiency) to 8.0 (95% CI: 1.2–184).

Data from Gerhardt et al.32 shows a prevalence of inherited thrombophilic risk

factors of 24.8% compared with 11.4% in the control group, but only the

Antithrombin deficiency could be identified as an independent risk factor for

DVT. The same authors33 published a new study with more consecutive enrolled

cases and found a prevalence of antithrombin, protein C and S deficiency of 5.6%,

7.0%, and 6.7% vs. 0.6%, 1.4%, and 3.3% in a control population. Only the severe

cases of Antithrombin and protein C deficiencies were statistically associated with

increased risk for DVT with an Odds Ratio of 64 and 7.2, respectively.

Activated protein C resistance, Factor V Leiden (FVL) and prothrombin-mutation

Activated protein C resistance was first described by Dahlback et al.20 in 1993.

Factor V Leiden mutation is very common and is present in about 3–7% of healthy

Caucasians in contrast to the Prothrombin mutation with an incidence in 2–3%

of healthy individuals.38

In two studies of pregnant women with FVL mutation, 15% and 28%

respectively, were complicated by thrombosis.25,26 Almost 30% of the thrombosis

episodes occurred in the puerperium. In a study by Gerhardt et al.32 in women

with DVT, the prevalence of the FVL mutation was 43.7% compared with 7.7% in

no pregnant controls (Table 6.5). The association of DVT and FVL in the early

state of pregnancy was investigated by Hirsch et al.47 First trimester thromboembolic

complications was observed in 6 of 10 women with the mutation and 3 of 40 without

mutations. In two prospective studies by Lindqvist et al.58 and Tormene et al.80

Table 6.4 Relative risk of deep vein thrombosis associated with deficiencies of antithrombin,

protein C, and protein S.

Study Study-design Deficiency RR (95% CI)

Friedrich et al. (1996) Family study Antithrombin,

protein C and S

8.0 (1.2–184)

McColl et al. (2000) Case control

study

Antithrombin Type I

Antithrombin Type II

282 (31–2,532)

28 (5.5–142)

Gerhardt et al. (2000) Case control

study

Antithrombin

Protein C

10.4 (12.2–62.5)

2.2 (0.8–6.1)
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the authors observed an increased risk of DVT in FVL-Mutations (OR: 8.3, 95%

CI: 1.7–41.2, and OR: 5.3, 95% CI: 0.6–43.9); homozygous carriers had a relative

risk of RR 15.4 (95% CI: 1.4–164) respectively.

Prothrombin-Mutation is associated with an increased Prothrombin-level and

is more common in southern Europe.66 Recent studies in no-pregnant cases failed

to demonstrate that the Prothrombin-Mutation is a risk factor for patients with

one thrombotic event. Four studies relating to pregnancy (Table 6.6) show a

statistical association between Prothrombin-Mutation and DVT. In the recent

study of Gerhard et al.32 the combination of FVL and Prothrombin-Mutation leads

to a further significant increase of thrombotic risk (OR: 88, 95% CI 40.7–166).

Other defects

The antiphospholipid syndrome (APLS)

APLS is defined by the association of vascular thrombosis and/or pregnancy

complications with the laboratory evidence of anticardiolipin antibodies (ACA)

and/or lupus anticoagulant (LA). According to international consensus, APLS has

a clear definition with one clinical criterion and at least one of two laboratory

Table 6.5 Factor V Leiden mutation in association with DVT.

Authors DVT (N)

Controls

(N)

FVL-

mutation (%) Controls (%) OR (95% CI)

Bokarewa et al. (1996)5 70 n.d. 46 n.d. n.d.

Dilley et al. (2000) 41 76 29.6 2.4 18.3 (2.7–432)

Gerhardt et al. (2000) 119 233 43.7 7.7 6.9 (3.3–15.2)

Grandone et al. (1998) 42 213 23.8 1.9 16.3 (4.8–54.9)

Hallak et al. (1997) 15 n.d. 46.6 n.d. n.d.

McColl et al. (2000) 75 224 9.3 2.2 4.5 (2.1–14.5)

Murphy et al. (2000) 33 527 12.1 2.4 n.d.

n.d.: not determined, OR: odds ratio, 95% CI: 95% confidence intervals.

Table 6.6 Prevalence of prothrombin-mutation in women with

DVT compared with non-DVT-patients.

Authors OR 95% CI

Grandone et al. (1998) 10.2 4.0–25.9

Gerhard et al. (2000) 9.5 2.1–66.7

Gerhard et al. (2003) 6.1 1.7–22

McColl et al. (2000) 4.4 1.2–16
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criteria (Table 6.7). The incidence of ACA and LA in the normal obstetric

population is about 2 %, compared with 11–61% in women with complicated

pregnancy outcome.11,12,52,48

Women with APA have an unusually high proportion of pregnancy loss in the

pre-embryonic and embryonic period and severe complications in late pregnancies

such as preeclampsia, intrauterine growth retardation, and prematurity (Table 6.8).

The association between elevated titres of APA and recurrent miscarriage is well

known. Nearly 10% of patients with early recurrent fetal loss have LA and nearly the

same percentage have ACA.49 The rate of fetal loss in untreated women with

positive APA and previous pregnancy failure may be higher than 80%.69

Venous thrombosis occurred during pregnancy in 30.2% of women with

APLS.51,78 Arterial thrombosis is less common than venous thrombosis but in

both cases thrombosis tends to be recurrent.63,77 The general opinion of the experts

was to treat with low molecular weight heparin (LMWH), leaving unfractionated

heparin (UFH) for emergency situations such as the delivery day. The dosage should

be adjusted according to the body weight in cases with recurrent thrombosis and for

severe arterial thrombosis. In patients with recurrent abortion or late pregnancy

complications the additional use of 100 mg Aspirin daily is recommended.13

Table 6.7 International consensus statement on criteria for the classification of the APLS.83

Clinical criteria Clinical and laboratory events

Thrombosis Venous, arterial or small vessel

Pregnancy morbidity 2 and more unexplained fetal loss (<10 weeks of gestation)

1 and more unexplained fetal loss (<10 weeks of gestation)

1 and more premature births of morphologically normal

neonates at/before 34th week of gestation

Laboratory criteria Anticardiolipin antibodies IgG or IgM present in moderate

or high titres on two occasions at least 6 weeks apart

Lupus anticoagulant on two occasions at least 6 weeks apart

Table 6.8 Late pregnancy complications in women with APLS.

Authors N Preeclampsia (%) IUGR (%) Prematurity (%)

Branch et al. (1992) 82 51 31 37

Lima et al. (1996) 60 18 31 43

Granger and

Farquharson (1997) 53 3 11 8

Backos et al. (1999) 150 11 15 24
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Elevated factors VIII, IX, and XI, lipoprotein (a) and acquired APC-resistance

Factor VIII is an important cofactor in the activation of factor X by the tenase

complex. Elevated factor VIII could be potentially prothrombotic by increasing

stability of the tenase complex or by conferring a relative resistance to APC

degradation. Moderately high plasma levels of coagulation factors FVIII, FIX or

FXI have been associated with marked risk of first and recurrent venous throm-

bosis by 2- to 4-fold.53 Factor VIII levels are known to vary depending on blood

group type and a genetic association is likely.

Lipoprotein (a) is essentially an LDL-cholesterol particle with an additional

protein covalently attached, called apolipoprotein (a) and an independent risk

factor for DVD. APC resistance without factor V Leiden mutation was found to be

related to the increased risk of DVD.23

Prophylactic treatment of pregnant women with risk of DVT

A number of publications have suggested guidelines for the management of

asymptomatic women with prior DVT or laboratory abnormalities (thrombo-

philia factors) with increased risk of pregnancy related thrombosis.1 A study of

British obstetricians found that 90% would employ antenatal prophylaxis for

patients with recurrent thrombosis, 81% for patients with a previous single

episode of DVT, 54% for patients with previous DVT and family history, 52%

for patients with previous DVT without risk, and 37% for thrombophilia.41 In cases

with prior DVT, the grade of risk and prophylactic regimes can be calculated

according to the observed clinical risk factors (Table 6.9). Clinical risks associated

Table 6.9 Recommendations about prophylaxis in women with prior DVT.

Risk USA2,35 Australasia1 Germany45 UK62

Idiopathic DVT

with clinical risk LMWH LMWH LMWH LMWH

Idiopathic DVT

without clinical risk Clinical observation

Need for prophylaxis

negotiable LMWH LMWH

Secondary DVT

with clinical risk LMWH

Need for prophylaxis

negotiable LMWH LMWH

Secondary DVT

without clinical risk

Clinical observation

(LMWH, if DVT

is related to a highly

thrombogenic

event (ACOG Pract.

Bull., 2000) Clinical observation LMWH LMWH
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with thrombotic risk are conditions after surgery, pregnancy, oral contraceptive

use, immobilization, and trauma included also women with family risk. Family

risk is defined by thrombotic findings in the same family or in one or more first-

degree relatives. Laboratory risks include deficiencies of protein C, protein S or

Antithrombin and the presence of APLA, FVL, and Prothrombin mutation.

Patients with DVT in a current pregnancy or those with Antithrombin deficiency,

or women with prosthetic heart valves, women with recurrent DVT (2 and more DVT

in history) and patients on long-term anticoagulant therapy should be considered

as high risk patients. Patients with a history of previous DVT (see Table 6.9) or family

history in combination with Thrombophilia; homozygous FVL and Prothrombin

mutation are considered to be at moderate risk for DVT (Table 6.10). Women with a

protein C or S deficiency or heterozygous FVL/Pro-thrombin mutation are consid-

ered to be at low risk for DVT. These patients are treated with LMWH or oral

anticoagulation in the postpartum period (six weeks after delivery).

Heparin dosage in prophylactic regimes

Low molecular weight heparin is an attractive alternative to UFH because of ease of

administration, less frequent need for laboratory monitoring, and ability to con-

tinue anticoagulation during delivery. Although the optimal dosage is not known,

most clinicians use an unchanged dose during pregnancy.22 Another possibility is

the weight-adjusted dosage increasing to the end of pregnancy with monitoring by

anti-Xa-level monthly to achieve a concentration of 0.5–1.2 U/ml. In Germany

and/or the USA the following preparations are available (Table 6.11).

Table 6.10 Risk groups for pregnancy-related DVT and prophylactic regimes (according

to the working group on behalf of the Obstetric medicine group of the German Society

for Thrombosis and Haemostasis Research).

Risk Patients Management

Low Family history, heterozygous

FVL, PII Protein C or S

Clinical observation, LMWH

postpartum over 6 weeks

Moderate Homozygous FVL, prior

idiopathic DVT, antiphospholipid

syndrome, family history and thrombophilia

LMWH during pregnancy and

6 weeks postpartum

High Antithrombin deficiency, prosthetic

heart valves (Enoxaparin contraindicated),

current DVT, combined thrombophilic

defects

Therapeutic doses of LMWH

(initial doses: 2� 40 mg

Enoxaparin to achieve a peak

anti-Xa activity of 0.35–0.7 mlh

3 h after injection and later

1 mg/kg twice daily
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Prevention of thrombosis in women with prosthetic heart valves

Patients with bio prosthetic valves have a high risk of thromboembolism and

should receive anticoagulation in therapeutic doses. At present there are insuffi-

cient data to make definitive recommendations about the optimal prevention. The

American College of Chest Physicians36 recommends any options for the use of

UFH, LMWH, and oral anticoagulation during pregnancy. Therapeutic UFH can

be given throughout pregnancy or in the first trimester and in the last trimester in

combination with warfarin given during weeks 14 to 34. Unfractionated heparin

(adjusted to prolong a 6-hour postinjection-aPTT into therapeutic range) is being

replaced by LMWH. Recently, Aventis Pharmaceutical warned that Enoxaparin

should not be used in patients with prosthetic heart valves.

Long-term outcome of DVT

Venous thromboembolism during pregnancy carries not only an increased risk of

recurrence but also often of post-thrombotic syndrome. According to Bergqvist

et al.,7,8 75% of patients with DVT during pregnancy developed at least one

symptom related to post-thrombotic syndrome, and 4% develop leg ulcerations.

Lindhagen et al.56 studied 23 women after DVT in pregnancy and found signs of

chronic venous insufficiency (CVI) in 65%. The incidence of CVI in pregnancy is

higher than in non-pregnant patients after postoperative DVT. In these cases com-

pression stockings may be useful.

Safety of LMWH in pregnancy

Several studies46,54,76 have demonstrated that LMWH is effective and safe for the

prevention and treatment of venous thromboembolism in pregnancy (Table 6.12).

Table 6.11 Application and dosages of LMWH available in Germany and the United States.

Agent Moderate Risk High risk Treatment of DVT Available in

Enoxaparin 40 mg/die 2� 40 mg 2� 1 mg/kg USA, Germany

Dalteparin 5000 U/die 2� 5000 U/die 200 U/(kg daily) USA, Germany

Nadroparin 0.3 ml/daily 40–60 U/(kg daily) 200 U/(kg daily) Germany

Tinzaparin 3500 U/daily

4500 U/daily (USA)

50–75 U/(kg daily) 175 U/(kg daily) USA, Germany

Certoparin 3000 U/daily 3000 U/daily 2� 8000 U/daily Germany

Reviparin 1750 U/daily 4200 U/2� daily 35–40 kg:3500 U

45–60 kg:4200 U

>60 kg:6300 U

Germany
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The most common complications are thrombocytopenia (HIT II), osteopenia,

and hemorrhage. In practice the risk of bleeding does seem to be reduced because

LMWH has very little anticoagulant activity (anti IIa) and a higher antithrombotic

activity (anti Xa) compared to UFH. HIT II may occur mostly in the first three

weeks of treatment, but is rare29 and can be prevented by measurement of platelets

one to two times weekly. The risk of osteopenia and osteoporosis is less in pregnant

women treated with LMWH and osteoporotic fractures are observed in two

women with a higher than usual dosage of LMWH.28

Diagnosis of DVT and pulmonary embolism (PE) in pregnancy

Diagnosis of DVT or PE in pregnant women has major implications for their care,

and the problems with current diagnostic tests are potential risks to the fetus. The

first diagnostic step in patients with a high probability for DVT is the use of

Compression Ultrasound (CUS). Impedance plethysmography (IPG) is insensi-

tive to calf vein DVT and some non-occlusive proximal DVT and is less sensitive

compared with CUS in non-pregnant patients with a suspected first DVT. A normal

CUS does not exclude calf DVT. If the test remains negative, a serial non-invasive

testing or venography with abdominal shielding can be used. If pelvic vein

thrombosis is suspected MRI can be used (Fig. 6.6).

For the diagnosis of PE, a ventilation-perfusion scan should be performed first.

A recent study of Chan et al.16 concerning pregnant women with suspected PE

who underwent lung scanning showed a low prevalence of positive lung scans. If

necessary, spiral CT or pulmonary arteriography should be performed. Spiral

CT is sensitive for large central emboli but less sensitive for smaller peripheral

PE. The use of D-Dimer testing to exclude DVT in pregnancy has not been

evaluated. D-Dimer levels are increased with the progression of normal pregnancy

Table 6.12 Safety of LMWH in pregnancy (clinically important side effects).

Complication Sanson et al.76 Heilmann et al.46 Lepercq et al.54

DVT 0.6% 1.7% 1.3%

HIT none 0.05% 1.6%

Major bleeding none none 1.8%

Minor bleeding 2.7% 3.2% 1.3%

Allergic reaction 0.6% 0.5% none

Osteopenia 0.6% no data no data

Fractures none 0.1% none

Total of adverse effects 8.3% 12.6% 38.1%
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and in cases with preeclampsia, and the estimation of a specific cut-off level must

be required in further studies.5,6

Management of DVT in pregnancy

Although unfractionated heparin (UFH) has been used during pregnancy for

many years there are many examples of LMWH replacing UFH. Most experts

believe that pregnant women with DVT can be treated with either unfrac-

tionated heparin or low molecular weight heparin. When an intravenous route of

UFH is used for acute treatment (Table 6.13) the initial dose of UFH is about

40,000 IU/24 hours given by continuous intravenous infusion. After about 1 week

the risk of recurrence is low and the IV route will be replaced by low-dose heparin

10,000 IU given subcutaneously, twice daily or LMWH. Postpartum the use

of oral anticoagulants or low molecular weight heparin is recommended. Oral

Suspected DVT

NormalCompressible from 
common femoral vein 

to the trifurcation

Abnormal

CUS IPG

Normal
Intraluminal filling defect 

present in two views

Non-compressibility of 
the common femoral 

or popliteal vein

Diagnostic for DVT

Non-compressibility of 
the superficial femoral 

or calf veins only

Non-diagnostic

Limited 
venography

Diagnostic for DVT
High clinical suspicion for 

isolated iliac vein thrombosis

Serial US or IPG over 7 to 14 days Complete venography

No Yes

Diagnostic 
for DVT

Figure 6.6 Recommendations for diagnosing DVT during pregnancy.
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anticoagulants such as Coumarin derivatives cross the placenta with the risk

of bleeding in any trimester and Embryopathie in the first trimester. The use

of oral anticoagulants is contraindicated in the pregnancy and only recom-

mended in rare cases in patients who are allergic to heparin or have mechanical

heart valves.

After a period of continuous infusion, a subcutaneous heparin therapy is

initiated. The treatment is controlled by aPTT measurement until it reaches a

range of 1.5–2.5 of normal value. Changes in metabolism and clearance of UFH

during pregnancy complicate adequate dosing and equivalent doses of subcuta-

neous heparin produce lower plasma concentration (measure with anti-

Xa-activity) than in non-pregnant women and it is unclear if increased level of

anti-Xa-activities (ranges of 0.5–1.2 U/ml) are associated with more bleeding and

subnormal levels are associated with rethrombosis.71 Suboptimal dosage of UFH

and the difficulties in the monitoring leads to limited use of UFH in pregnancy.

Based upon safety and effectiveness, LMWH is the preferred drug for the treatment

of DVT during pregnancy. After therapeutic administration for 10–14 days (see

Table 6.11) a prophylactic dose of LMWH should be continued through the

pregnancy and for 6 weeks postpartum. Prophylactic regimes after acute treatment

are to compare with a dosage in moderate risk (40–80 mg Enoxaparin/daily or

5,000–10,000 U Dalteparin/daily). Monitoring of LMWH is not usually required,

but the measurement of anti-Xa-level (0.4–0.6 U/ml) is useful in cases with obesity

and with high risk for bleeding. Epidural anesthesia should be avoided after 4

hours with UFH and 10–12 hours24 with LMWH. Unfractionated heparin can be

restarted 2 hours and LMWH 4–6 hours after catheter removal.

Management of anticoagulant therapy at the time of delivery

In normal cases with moderate risk most centers stop the LMWH therapy

24 hours before delivery and continue the treatment 12 hours postpartum.

Table 6.13 Protocol for adjustment of the dose of intravenous heparin.

aPTT (s) Repeat bolus Stop infusion New rate of infusion Repeat aPTT

<50 Yes (5000 U) No þ3 ml/h (þ2,880 U/24h) 6 h

50–59 No No þ3 ml/h (þ2,880/24 h) 6 h

60–85 No No Unchanged Next morning

86–95 No No �2 ml/h (�1,920 U/24 h) Next morning

96–120 No Yes (for 30 min) �2 ml/h (�1,920/24 h) 6 h

>120 No Yes (for 60 min) �4 ml/h (�3,840 U/24 h) 6 h

Adapted from Toglia, M. R., Weg, J. G. NEJM (1996) 335, 108–14.
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In cases with high thrombotic risk (e.g. proximal DVT or PE within 4 weeks)

therapeutic doses of intravenously UFH replace LMWH and can be discontinued

4 to 6 hours prior to the expected delivery time. Anticoagulants should be given for

at least 6 weeks following delivery and longer if DVT or PE was diagnosed shortly

before delivery.

Summary

Thromboembolic complications in pregnancy are six times greater than in non-

pregnant women. Maternal age, prior DVT (idiopathic or secondary), the mode of

delivery, bed rest and obesity or both, and the diagnosis of thrombophilic defects

significantly increase the risk of DVT and PE. Low molecular weight heparin is the

drug of choice for treatment and prevention of thromboembolic complications in

pregnancy. The diagnosis of DVT or PE presents special problems because of the

multiple hemodynamic interactions with the usual tests. The monitoring of

LMWH in moderate and high risk patients by determination of the platelet

count is generally recommended. Adverse effects such as osteoporosis, HIT II or

bleeding complications are rare. Low molecular weight heparin has been shown

also to have therapeutic effects in patients with high risk for preeclampsia, intra-

uterine growth retardation, antiphospholipid syndrome, and abruption placenta.
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Venous thromboembolism (VTE) represents a major cause of morbidity and mor-

tality during pregnancy, complicating from 0.5 to 3.0 of every 1000 pregnancies.1

Pulmonary embolism (PE) has been the leading cause of maternal mortality in the

United States and Great Britain for at least 20 years1,2 and complicates approxi-

mately 1 in 1,000 pregnancies.3,4 This represents a VTE risk of 3–4 times greater than

age-matched non-pregnant controls.5 Diagnosing venous thromboembolism is

challenging because clinical findings are often misleading. When evaluated with

objective testing, as many as 75% of patients suspected of having venous thrombo-

embolism are found to have an alternative diagnosis.2,6 This poses an even greater

problem in the pregnant patient who experiences vasodilatation and intravascular

volume expansion (20–25% increase)7 with associated lower extremity edema.3 The

accuracy of many diagnostic tests used in the non-pregnant patient are either not

useful at all or are potentially misleading. Diagnosis of VTE is critical since 24% of

pregnant women with untreated deep vein thrombosis (DVT) develop PE, with a

death rate of 15% to 30%.1 Proper diagnosis and treatment reduces the mortality

rate of PE to 1%8–3%.9 In addition, postphlebitic syndrome in the affected leg

occurs nearly 80% of the time following DVT in pregnancy,10,11 compared to

30–40% in the non-pregnant patient. Although it is well recognized that the

incidence of PE is greatly reduced with treatment for deep vein thrombosis

(DVT), treatment is also problematic since anticoagulation regimens used in the

non-pregnant patient may be highly teratogenic or in other ways hazardous to
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mother and/or fetus. This chapter will explore the features of history and physical

examination, the laboratory studies and the various imaging modalities, which

result in a precise diagnosis. Algorithms will be presented which reflect pretest

clinical probability and the outcome of both laboratory and imaging studies.

Overview

The requirement for vigilance regarding VTE is never more evident than in the

high-risk clinical condition of pregnancy. The risk of pregnancy-associated VTE

also extends beyond delivery as 3–5 times more DVTs occur postpartum than

antepartum and this risk is 3–16 times greater after delivery by cesarean section

than with vaginal delivery.2 Older studies indicate that the VTE risk is lowest

during the first two trimesters and highest during the third trimester.1 This

incidence is disputed by a more recent report by Gherman and colleagues of

165 cases of VTE (127 with DVT and 38 with PE) among 286,000 pregnancies.

Deep vein thrombosis was detected in 94 women antepartum and 33 postpartum.

The diagnosis of DVT was made before 15 weeks gestation in over half (47) and

after 20 weeks in 28. Of the 38 cases of PE, 23 occurred postpartum and 19 of these

after cesarean section.12 Gerhardt et al. reported on the characteristics of 119

women with pregnancy-associated VTE and found that 52% experienced DVT

antepartum with 23% in the first trimester, 20% in the second trimester and 56%

in the third trimester. Postpartum DVT occurred in 48%, with 68% of these

occurring after vaginal delivery and 32% after cesarean section.13

Women who have previously experienced VTE during pregnancy or while on

combination oral contraceptives are at a significantly increased risk of recurrence

(7.5% to 12.5%).14 Older women (over 40) are at ten times greater risk of VTE

than women younger than 25, and the death rate is higher in black than white

women.15 Major VTE risk factors in pregnant women include: age greater than 35,

higher parity, obesity, prolonged immobilization, pelvic trauma, surgery during

pregnancy, cesarean section, multiple pregnancy, preeclampsia and hereditary

thrombophilia (Table 7.1).16 Farrell has proposed a three-tiered risk stratification

for VTE in pregnancy (Table 7.2): (1) low risk:<35 years of age, uncomplicated

pregnancy, and elective cesarean section, (2) moderate risk:>35 years of age,

obesity, gross varicose veins, recurrent infections, immobility>4 days before

delivery, preeclampsia, and emergency cesarean section, (3) high risk: three or

more moderate risk factors, hereditary thrombophilic disease or antiphospholipid

antibody syndrome, personal or family history of DVT, history of PE, and cesarean

section hysterectomy.17

Just as in the non-pregnant patient, the pathophysiology of maternal VTE is well

described with the application of Virchow’s triad (hypercoagulability, venous
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stasis, and vascular injury). Measurable increases in fibrinogen, von Willebrand

factor, clotting factors (I, II, V, VII, VIII, IX, X, XII),2,3 increased inhibition of

fibrinolysis (increased plasminogen activator inhibitor type I (PAI-1) and type II

(PAI-2) (produced by the placenta)18 and reduced levels of coagulation inhibitors

(decreased protein S,19 acquired resistance to activated protein C)20 create a

hypercoagulable state not typical of preconception. Maternal risk may also be

elevated owing to underlying hereditary and acquired blood defects such as:

protein C and S deficiency, antithrombin deficiency, hyperhomocysteinemia,

Leiden and other factor V mutations,21–24 prothrombin G20210A mutation,25–27

antiphospholipid antibodies, lupus anticoagulant, heparin cofactor II deficiency,

plasminogen deficiency, tissue plasminogen activator deficiency, sticky platelet

syndrome, dysfibrinogenemia, and factor XII deficiency.28,29 Increased VTE risk

may also result from acquired resistance to protein C resulting from increased

levels of factor V and factor VIII.20 An eight-fold increased risk of VTE during

pregnancy has been reported in pregnant women with an underlying inherited or

acquired thrombophilic disorder.30 The most common acquired thrombophilia is

the antiphospholipid syndrome, for which the reported risk of VTE has varied

Table 7.1 Risk factors for venous thromboembolism (VTE) in pregnancy.

Clinical risk factors

Age>35

Multiparity

Obesity

Personal or family history of VTE

Prolonged immobilization (bed rest, paralysis, travel including plane flight longer than

3 h 45 min.)

Pelvic trauma

Surgery during pregnancy

Cesarean section

Multiple pregnancy

Preeclampsia

Malignancy

Thrombophilic disorders

Inherited Acquired

Factor V Leiden mutation

Prothrombin G20210A mutation

Antiphospholipid antibodies

Elevated factors

Antithrombin deficiency Elevated PAI-1 and PAI-2

Protein C and S deficiencies Others

Others

224 William F. Baker, Eugene P. Frenkel and Rodger L. Bick



from 5%31 to 22%.32 Recurrent thrombosis may occur in as many as 69% of

antiphospholipid patients.33

Increased venous capacitance results in a measurable reduction of venous flow in

the lower extremities beginning early in the first trimester.34 Beginning with the

second trimester, significant venous stasis is present owing to compression of the

inferior vena cava, left iliac vein and pelvic veins by the gravid uterus.35 Venous stasis

may be accentuated by the presence of varicosities, immobility or surgery (especially

cesarean section with or without hysterectomy). Vaginal and cesarean delivery both

damage pelvic veins, adding vascular injury to the other components of Virchow’s

triad. Other clinical risk factors may also be present such as sepsis, or trauma.

Disorders such as malignancy and severe cardiac disease, which also increase the risk

of VTE, are however unusual in reproductive-age women. Successful diagnosis,

treatment and secondary prevention requires definition and management of not

only the thrombotic process but also the underlying risk factors. A summary of the

pathophysiology of VTE during pregnancy is presented in Figure 7.1.

The location and presentation of maternal VTE is similar but not exactly the

same as in the non-pregnant patient. Deep vein thrombosis and PE represent

Table 7.2 Risk stratification for venous thromboembolism (VTE) in pregnancy.

Low risk

Age<35 years

Uncomplicated pregnancy

Elective cesarean section

Moderate risk

Age >35 years

Obesity

Gross varicose veins

Recurrent infections

Immobility >4 days before delivery

Preeclampsia

Emergency cesarean section

High risk

Three or more moderate risk factors

Hereditary thrombophilic disease

Antiphospholipid antibody syndrome

Personal or family history of DVT

History of PE

Cesarean section hysterectomy

Source: Farrell, S. E., Emerg. Med. Clin. North Am., 2001. 19: 1013–23.
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manifestations of a continuum of disease. Over 50% of cases36 of PE may not have

recognized sources of DVT. Many patients with proximal DVT have clinically

silent PE. Symptomatic thrombi are usually found in proximal veins37,38 however;

at least 50% of pulmonary emboli occur in asymptomatic patients.39 In the non-

pregnant patient the majority of all venous thrombi occur in infrapopliteal veins;

however, the primary source of PE is proximal DVT.40–42 Calf DVT propagates

proximally in about 30% to 40% of cases. During pregnancy, DVT occurs more

commonly in the iliofemoral veins (72%) than in the calf veins. Compression of

the left iliac vein by the right iliac and the ovarian arteries (which only cross the

iliac vein on the left side), may explain the 90% prevalence of left-sided DVT

(compared to 55% in non-pregnant women). This anatomic asymmetry may also

explain the predisposition for thrombosis to occur in the iliofemoral systems

(72%) rather than the distal veins (9%).43 Postpartum DVT, however, is more

likely to occur in the popliteal veins (�50%).

Clinical evaluation

The diagnosis of VTE is not possible on clinical grounds alone. Nonetheless, an

understanding of the clinical features is essential to the selection of patients

for objective diagnostic studies. The clinician must be ever mindful of the

Stasis

Compression of IVC, iliac and pelvic veins by the gravid uterus

Varicosities

Immobility

Surgery 

Very high Risk

Medium/High Risk

Low/Medium Risk

Hypercoagulability

Infection

Thrombophilia

Increased clotting factors

Decreased protein S

Decreased fibrinolysis

Vascular injury

Vaginal and cesarean delivery

Venous
stasis

Vascular
injury

Hypercoagulability

Figure 7.1 Pathophysiology of VTE in pregnancy.
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consequences of a missed diagnosis and maintain a high level of suspicion when-

ever the pregnant patient presents with symptoms or signs suggesting venous

thrombosis. A variety of risk factors have been recognized and the clinician should

have a heightened awareness of these in every pregnant patient. It is reported that

72% of pregnant women with VTE have some additional clinical risk factor.44

One particularly important risk factor is a previous history of venous thrombo-

embolism. The previous episode must be evaluated to determine whether it was

associated with a transient risk factor such as trauma, long-term immobility, or a

previous pregnancy. For those patients who experienced VTE in the absence of a

defined risk factor, a careful evaluation for inherited or acquired thrombophilia is

required. This is particularly true for those patients who also have a family history

of venous thromboembolism.

Other risk factors that should increase clinical vigilance include older maternal

age, higher parity and obesity.45 Since the risk of venous thromboembolism is

greatest in the postpartum period (10 to 20 times greater than during preg-

nancy),16,17 the clinician must be aware that the risk is many fold increased

following cesarean section compared to vaginal delivery and there is a 10-fold

higher risk of fatal pulmonary embolism during that period.46 This risk is further

increased in those patients in whom a hysterectomy is done during the procedure.

In addition, women who have sustained VTE during a previous pregnancy or

while taking combination oral contraception14 are at significant risk of thrombosis

during a subsequent pregnancy.47

The recent recognition that the ovarian hyperstimulation syndrome results in a

very significant risk factor for venous thromboembolism has provided a new

problem for the clinician. Several aspects of the clinical features that result from

assisted reproductive treatment must be born in mind. It is now clear that

thromboembolism is more common in those hyperstimulation cycles that result

in pregnancy than those that do not.48,49 It is of interest that an important systemic

hypercoagulable state occurs with ovarian hyperstimulation. Thus, the site of

thrombosis is as likely to be in the upper extremities or neck veins as in the

lower extremities. As expected from an induced pathophysiologic event, the risk

of venous thromboembolism in these patients is highest in the first trimester.

Clinical presentation of deep vein thrombosis

A classic clinical presenting triad has commonly been taught that includes calf

pain, edema (particularly unilateral), and pain with dorsiflexion of the foot

(Homan’s sign). This description has long fallen by the wayside, since careful

serial non-invasive studies have shown that only a small fraction (30%) of

pregnant patients with deep vein thrombosis express this ‘‘triad’’,50 and many

consider the Homans’ sign not only unreliable but potentially dangerous, since it
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can occur with many clinical circumstances such as muscle strain, hematoma, or

contusion. In addition, most now believe that some clinical risk exists for the brisk

dorsiflexion examination, because a clot, if present, can become dislodged with

resultant pulmonary embolization. A study by Gherman of 165 pregnant patients

with VTE (127 DVT and 38 PE), revealed that while 85.7% of patients presented

with pain, tenderness, and unilateral leg swelling, only 46.6% had a positive

Homans’ sign, 27.6% had erythema, 13.4% had increased warmth and 12.6%

had a palpable cord.12

A common presentation in pregnancy is with the complaint of low back or flank

pain, calf discomfort, or the clinical recognition of tenderness when the patient is

examined. The presence of unilateral edema, especially with some associated calf

tenderness, is particularly important, since the actual clinical presentation is often

quite subtle. Since these findings may be very subtle the clinician must practice due

diligence in the evaluation of the lower extremities during pregnancy. Table 7.3

illustrates the multiple diagnostic possibilities in evaluating the red, painful,

swollen calf. In addition, since the first six to eight weeks postpartum are actually

the time of greatest risk, the physician needs to be particularly vigilant after what

may be even a simple, non-complicated delivery. The complexity and significance

of the ‘‘high index of suspicion’’ in the pregnant patient who is found to have leg

edema, dyspnea, back pain and/or chest pain has been carefully reviewed by Bates

and Ginsberg,51 who have shown that the actual prevalence of venous thrombo-

embolism in pregnant women with these symptoms is less than in the general

age-correlated population, because these findings are so very common during

pregnancy.

Nevertheless, unilateral edema and/or pain in the lower extremity, especially in

the iliofemoral region, continue to be the noteworthy presenting features of deep

vein thrombosis. This is particularly true in the pregnant patient when the left leg is

the edematous extremity. Certainly, clinical evidence of edema is most evident in

Table 7.3 Differential diagnosis of calf pain, redness or swelling.

DVT Inguinal abcess

Superficial phlebitis Erythema nodosum

Varicose veins Gout

Congestive heart failure

Trauma

Malignancy with venous or lymphatic

obstruction

Baker’s cyst Rheumatoid arthritis

Cellulitis Pregnancy

Lymphangitis Paralysis

228 William F. Baker, Eugene P. Frenkel and Rodger L. Bick



the third trimester, although most studies demonstrate that the risk of venous

thromboembolism is significant through all trimesters. The actual risk is signifi-

cantly enhanced in the postpartum period, when the mechanisms for iliac vein

compression no longer exist. Clinically, it is often easier to identify possible VTE

patients with edema and/or pain during the earlier trimesters; whereas in the third

trimester the large fetus-containing uterus is all too often regarded as the reason-

able cause of compression of the iliac veins and thereby not regarded as a

significant finding. The fact that significant proportions of pregnancy or post-

partum patients who present with a pulmonary embolism have no physical

findings and may not even recall symptoms, emphasizes the difficulty in the

clinical diagnosis of venous thromboembolism. A study of patients with angio-

graphically proven PE has demonstrated that over half had clinically asympto-

matic DVT in the extremities.52

Clinical presentation of pulmonary embolism

Although the classical clinical features of pulmonary embolism have been exten-

sively reviewed, all clinicians are aware that many episodes occur in the absence of

the complete clinical picture. The usual presentation is unexpected dyspnea or

chest pain, which may be pleuritic, or the presence of both symptoms simulta-

neously. The sudden onset of tachypnea and tachycardia provide a helpful diag-

nostic focus. A cough is common and, rarely, actual hemoptysis occurs; and its

presence can serve as a very dramatic clinical focus. A feature commonly evident is

anxiety, which needs to be acknowledged as an important symptom. All too often

this symptom is ascribed to the mental status related to the pregnancy and its

potential significance is overlooked. Unfortunately, some patients present with

acute right-sided heart failure with the abrupt and progressive development of

peripheral edema and even anasarca, prominent neck vein distension in the

upright position, and extremity skin discoloration. Rarely, the presentation can

be one of cardiovascular collapse and as many as 40% of patients with fatal PE

present with syncope. The presenting symptoms and signs of PE are summarized

in Tables 7.4 and 7.5.

Diagnostic modalities

Laboratory studies

The utility of the clinical laboratory in diagnosing VTE is greatly reduced owing

to the intrinsic prothrombotic state inherent in pregnancy. The D-dimer assay

elevates and becomes progressively more positive during the second and third

trimester,53 thrombin–antithrombin complexes become elevated, and protein S

levels decrease. The high risk postpartum period is similarly a time of elevated
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D-dimers, regardless of the presence of thromboembolism. Since the primary

usefulness of the D-dimer assay is for its negative predictive value, and since it is

usually positive during uncomplicated pregnancy and postpartum, it is not a

useful assay for this population. Even in the non-pregnant patient, few labora-

tory studies are particularly useful in confirming suspected DVT or PE. The

complete blood count and chemistry analysis are of little value but may aid

considerably in the identification of underlying illness predisposing to or initi-

ating thrombosis.

The antithrombin level (AT) (normal 85% to 125% of normal human plasma

(NHP)) is diminished to a degree corresponding to the severity of thrombosis, as

AT binds to thrombin. The AT level should be obtained in patients suspected of

having DVT as a diagnostic adjunct and to assess the suitability for heparin

therapy.54 The antithrombin level, however, cannot be relied upon as a useful

diagnostic study for VTE in pregnancy.

An interesting laboratory finding has been the evidence that individuals with

blood group O have a decreased risk of venous thromboembolic disease. The mean

relative risk is one-half that of the population.55 The biologic explanation for this

is unclear.

Table 7.4 Symptoms of pulmonary embolism (PE).

Cardiovascular collapse

Cardiopulmonary arrest, sudden death

Chest pain, sudden onset, typically pleuritic

Syncope

Hemoptysis

Diaphoresis

Anxiety

Unexplained shortness of breath

Stroke caused by paradoxical embolism

Fever of undetermined origin

(Clinical risk strongly influences interpretation of symptoms)

Table 7.5 Signs of pulmonary embolism (PE).

Apprehension

Diaphoresis

Tachycardia (rapid heart rate)

Tachypnea (rapid breathing rate)

Fever
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Imaging studies

It is clear that in both pregnant and non-pregnant patients, clinical criteria alone

are not adequate to establish the diagnosis of DVT or PE. Less than half of patients

with suspicious clinical signs and symptoms are proven to have DVT by objective

testing. The physiological changes of normal pregnancy render the diagnosis of

lower extremity DVT especially difficult. Non-thrombotic etiologies of maternal

leg pain and swelling are common. The enlarged uterus makes many of the newer

diagnostic tests applicable in the non-pregnant patient difficult to use and inter-

pret. The same criteria for diagnosis are applied; however, the preponderance of

antepartum DVT in the pelvic and iliofemoral veins limits the utility of compres-

sion ultrasound (CUS), thus altering the approach to diagnosis. Diagnostic mod-

alities useful in the diagnosis of DVT are summarized in Table 7.6.

The diagnostic evaluation of suspected PE is not changed by pregnancy. The

Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) study of

patients with suspected PE determined that if the pretest clinical probability of PE

was 80% to 100% (10% of patients), the diagnosis was correctly predicted in only

68%. When the clinical probability was 0% to 19% (26% of patients), PE was

excluded in 91%. Unfortunately, in the majority of patients (64%) the clinical

diagnosis was noncommittal (20% to 79% probability of PE). The PIOPED study

clearly demonstrates that pretest probability correlates primarily with negative

diagnostic studies.56,57

The imaging reference standards for diagnosis are ascending contrast veno-

graphy for DVT and pulmonary angiography for PE. The primary modality for

diagnosis of DVT is CUS with or without color flow Doppler. Owing to the

limitations of CUS in pregnancy, magnetic resonance imaging (MRI) has emerged

as a particularly useful technique for the diagnosis of pelvic and iliofemoral

thrombosis.58 Impedance plethysmography may be of value in diagnosis; however,

is not widely available and has many limitations, particularly during pregnancy.59

While ventilation/perfusion (V/Q) lung scans have been the primary modality for

Table 7.6 Diagnostic modalities for the diagnosis of DVT.

Non-invasive

Impedance plethysmography (IPG)

Compression ultrasound (CUS)

Compression ultrasound with color Doppler (Duplex)

Magnetic resonance imaging (MRI)

Invasive

Ascending contrast venography
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diagnosis of PE, spiral computerized tomographic imaging has supplanted the

V/Q scan in many institutions. Pregnancy results in a number of physiological

changes, which alter the diagnostic utility of the imaging studies employed for

diagnosis in the non-pregnant patient. Diagnostic modalities utilized for the

diagnosis of PE are summarized in Table 7.7.

A great deal of study has been done to delineate the risks to the mother and fetus

of the various imaging approaches. Ginsberg and colleagues60 have defined the

exposure risks to the fetus with the various imaging modalities. The ventilation

lung scan with 99mTc results in an estimated fetal exposure of 20 to 30 m Rads. The

addition of the perfusion lung scan with the 99mTc adds an estimated 10 to 18 m

Rads. Thus, the full study provides an estimated fetal exposure of approximately

50 m Rads.61 Since earlier estimates of the occurrence of adverse fetal affects have

utilized the benchmark of 4,000 m Rads, this projected exposure appears reason-

able and appropriate.

Diagnostic modalities for deep vein thrombosis

Impedance plethysmography

An older but diagnostically useful study is impedance plethysmography (IPG). It

is non-invasive, sensitive and specific for proximal vein thrombosis, the anato-

mical site of greatest risk for pulmonary embolization and the site most difficult to

evaluate in the pregnant patient.59,62 However, IPG does not provide as good

delineation of the status of the calf veins.63 As a result, repeat testing has been

proposed in equivocal cases or in circumstances where the clinical picture is highly

suggestive but the IPG non-diagnostic. Hull and coworkers59 have proposed

repeating the IPG on days 2, 3, 5, 7, 10 and 14 in such circumstances to exclude

the possibility of an inadequately recognized calf vein thrombosis that is extend-

ing. Importantly, they have shown such a sequential approach safe, so that in the

absence of affirmative data, institution of anticoagulant therapy can be withheld.55

Pseudothrombosis in pregnancy can produce a false positive test, particularly in

the third trimester when compression of the iliac veins by a large uterus may

Table 7.7 Diagnostic modalities for the diagnosis of PE.

Non-invasive

Ventilation/Perfusion lung scan (V/Q scan)

Spiral computerized tomography (spiral CT)

Echocardiography (2-D echo)

Invasive

Pulmonary angiography
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occur. Repeating the study in the lateral decubitus position will often clarify this

situation.57 Unfortunately, impedance plethysmography is no longer widely avail-

able and has been replaced by ultrasound as the diagnostic study of choice for

suspected DVT.64

Real-time B-mode compression ultrasound

In all patients, real-time B-mode compression ultrasound (CUS) is the imaging

modality of choice for the diagnosis of proximal DVT. The primary diagnostic

finding is the presence (normal) or absence (thrombosis) of compressibility of the

vein. Useful findings also include the lack of movement of the venous valves and

walls with direct pressure and maneuvers such as respiration and valsalva. The

external iliac, common femoral, and popliteal veins are examined. Examination of

the veins of the calf may be excluded from examination owing to the low sensitivity

to calf thrombi.38,65–68

In the non-pregnant patient, CUS is nearly 100% sensitive and specific for the

diagnosis of proximal DVT.66,68–71 CUS fails to adequately identify calf thrombi

(<50% sensitivity);68,70,72 however, only 30% to 40% of calf thrombi extend

proximally and these are rarely asymptomatic.42 Follow-up studies performed

seven days after an initially negative CUS have identified only 1% to 1.4%71 of

patients with the subsequent development of DVT. The incidence of PE in the

patients who were treated without anticoagulation based upon the negative

ultrasound was only 0.7% in the study by Cogo et al.73 and 0.6% in the series of

Birdwell et al.71

Compression ultrasonography is limited by the inaccuracy in detecting pelvic

DVT and the relatively low sensitivity and specificity in asymptomatic patients.

False negative CUS may occur as the result of: (a) thrombosis involving less than

3 cm of the distal popliteal vein; (b) a single lumen thrombosis of a duplicate

popliteal vein; (c) edema; (d) distortion of the venous anatomy owing to malig-

nancy or cellulitis; (e) common femoral vein involvement by a short tail of

thrombus originating in the deep femoral vein and (f) unknown reasons.69,74

Pregnant patients have physiologic changes resulting in dilatation of pelvic and

lower extremity veins, varicose veins and overt venous insufficiency and edema of

the lower extremities. This results in a significantly decreased specificity of CUS for

the diagnosis of DVT. Furthermore, the significantly increased frequency of

iliofemoral DVT (70%) versus popliteal and calf DVT (9%)75 in pregnancy

compared to the non-pregnant patient, presents a further limitation to reliance

upon CUS.

Particularly in pregnancy, diagnosis may be challenging. Repeat CUS, after an

initially negative study, may be indicated in symptomatic hospitalized patients69,76

and in symptomatic outpatients,74 particularly in the setting of high clinical
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probability (characteristic of pregnancy) and a positive D-dimer assay (as is

usually the case during pregnancy). In clinical situations in which the diagnosis

of pelvic or calf vein thrombosis is critical, or if there is particularly poor labora-

tory to clinical correlation, contrast venography or magnetic resonance imaging

may be required. Magnetic resonance imaging or venography may be required for

diagnosis in pregnancy. Compression ultrasound may also be included in the

diagnostic evaluation of patients with intermediate probability ventilation perfu-

sion lung scans (V/Q) or non-diagnostic spiral CT scans.

Real-time B-mode ultrasound with color Doppler (Duplex scanning)

Improvement in the diagnostic accuracy and specificity of standard CUS may

result from enhancement of B-mode ultrasound with color Doppler (Duplex).

Ultrasound analysis augmented by color Doppler analysis with a 3–5 megahertz

Doppler transducer compares favorably with contrast venography.69 The Doppler

component allows the examiner to determine areas of abnormality and focus on

changes in blood flow spontaneity, phasicity, and augmentation. Venous patency

is confirmed by normal phasic flow signals and obliteration of the venous

lumen by direct compression of the vein with the transducer. Thrombotic venous

occlusion eliminates normal Doppler signals and the lumen is rendered non-

compressible with direct pressure. Non-occlusive clots result in partial obliteration

of the lumen with pressure and continuous (rather than phasic) venous signals.

Evaluation of calf veins requires foot compression and monitoring of signals from

the posterior tibial vein. Very recent thrombi resemble flowing blood with

Doppler and are compressible with CUS. Older clots are incompressible and

somewhat less echogenic. As with CUS, Duplex is 97% to 100% sensitive and

specific in symptomatic non-pregnant patients with proximal DVT.69 Numerous

studies have also demonstrated that neither CUS nor Duplex scanning are cost

effective for screening high-risk, asymptomatic patients and should primarily be

applied for patients with symptoms.77,78

Ascending contrast venography

The radiocontrast venogram remains the reference standard for the diagnosis of

DVT.77,79 Venous thrombosis is diagnosed by an abrupt termination or redirec-

tion of blood flow, or an intravascular filling defect visible on more than one view.

Although highly reliable, ascending contrast venography is an invasive procedure

limited by the difficulty encountered in venous cannulation, a patient history of

allergy to iodine or radiocontrast media, and relatively poor availability (com-

pared to ultrasound). As many as 20% of hospitalized patients may not be suitable

candidates for study.80 In addition, thrombogenicity of iodinated radiocontrast

results in a 2% to 4% risk of developing DVT from the procedure.81 In the
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pregnant patient, radiation exposure is often raised as an objection to the use of

venography. Fortunately, the radiation exposure to the fetus for unilateral imaging

with spot films and without abdominal shielding is less than 1 Rad (0.0005Gy).

This level of exposure is well below the minimum level regarded as teratogenic.61

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is primarily utilized for the diagnosis of DVT

in pregnant women. The diagnostic evaluation of lower extremity edema in this

group is often difficult and the risk of DVT in pregnancy is high. Spitzer and

associates have applied MRI and have determined sensitivity for detecting thrombi

of 87% in the calf and 97% to 100% above the knee.58 Magnetic resonance imaging

may also be useful in the patient with suspected pelvic, iliac or calf thrombosis, in

spite of a negative venous Duplex scan of the lower extremities.82

Diagnostic modalities for pulmonary embolism

Chest radiograph

Chest radiography is usually of little or no value in confirming the diagnosis of PE.

Approximately 40% of patients with PE have a normal chest X-ray. Classical

abnormalities include the ‘‘cut-off ’’ sign of central pulmonary artery occlusion

with increased lucency of the lung field, atelectasis, small pleural effusions and a

pleural-based, wedge-shaped density of pulmonary infarction.83 In the majority of

patients, the chest X-ray is primarily of value in suggesting alternative diagnoses

and in clarifying the etiology of matching defects on the V/Q scan.

Electrocardiogram

The electrocardiogram of a patient with PE is usually normal or reveals sinus

tachycardia. The classic findings of ‘‘S1-T3’’, T inversion in the right precordial

leads, right-axis deviation, and incomplete or complete bundle branch block

owing to right ventricular enlargement and strain may be observed but are not

diagnostic.84 Most often, the electrocardiogram serves as an indicator of under-

lying illness and is infrequently of value in confirming the diagnosis of PE.

Arterial blood gas

Reliance upon the arterial blood gas for useful diagnostic information is perhaps

the most common mistake in evaluating the patient with suspected PE. Patients

with acute PE may have both matching and non-matching abnormalities of

ventilation and perfusion, and many have underlying disease as a cause of an

abnormal arterial blood gas. Characteristic findings include a decrease in the

normal pO2 and pCO2, thus a widening of the arterial–alveolar oxygen gradient
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accompanied by an alkalotic pH. Among PE patients with no prior cardio-

pulmonary disease, 30% or more will have a pO2> 80 mmHg.83 A normal blood

gas does not exclude PE and an abnormal result does not confirm PE.

Ventilation/Perfusion lung scan

Ventilation/perfusion lung scanning (V/Q) is the diagnostic procedure of choice

to confirm a suspected PE. Perfusion scanning is performed by venous adminis-

tration of isotopically labeled macroaggregates of human albumin. Ventilation

scanning involves the inhalation of aerosols of either 127Xe or technetium.

A normal scan exhibits homogenous and matching distribution of the aerosol

and the macroaggregated albumin throughout both lungs.

The degree of ventilation–perfusion match guides interpretation. Scans consis-

tent with PE exhibit areas of V/Q mismatch characterized by absence of perfusion

in the presence of normal ventilation. Matching defects are typical of lung disease.

Peripherally based, large perfusion defects in areas of normal ventilation are

strongly suggestive of PE, while matching, small, central or ill-defined defects

are less likely to represent PE. The scans are interpreted as: high probability,

intermediate probability, low probability, very low probability or normal, as

defined by PIOPED criteria.56 Pretest clinical suspicion plays a major role in

establishing the diagnosis. With a strong pretest suspicion for PE and a high

probability scan, the V/Q is 96% accurate in identifying PE. A moderate clinical

probability combined with a high probability scan confirms PE in only 80% to

88% of cases.56,85,86 The primary challenge has been to develop management

strategies for patients with intermediate probability scans, since patients with

high to moderately high clinical suspicion and high-probability scans only repre-

sent 12% to 32% of patients with abnormal scans. Among patients with a low

clinical suspicion and high-probability scan, only 56% are confirmed to have PE.

Less than 6% of patients with low clinical suspicion of PE and a low-probability

scan will be determined to have a PE.56

High pretest probability and a high-probability scan as well as low pretest

probability and a low-probability scan reliably confirm the diagnosis and guide

therapy. Remaining is the over 50% of patients for whom the diagnosis is not clear

based upon the clinical findings and V/Q result.87

Pulmonary angiography

Pulmonary angiography (PA) is the primary reference standard for diagnosis

of PE. Analysis of the PIOPED data has demonstrated that PA is about 98%

accurate for the diagnosis of PE.56 While the error rate is low, in the selected

patient with ongoing clinical indications of thromboembolic disease further
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evaluation may be indicated.82,83,88 As an invasive procedure, PA is not without

risk of complications.89 Accepted morbidity and mortality rates (caused by severe

allergic reactions to radiocontrast, cardiac perforation and serious cardiac arrhyth-

mias) are 0.2% and 1.9%, respectively.90

Clearly, the risk of failure to diagnose PE is great and the risk/benefit ratio of PA

must be weighed in each patient. Numerous experts have concluded that the

inclusion of pulmonary angiography in a diagnostic algorithm was important

and cost-effective. Pulmonary angiography was most useful when performed in

patients with non-high probability scans and normal leg CUS.90 The consensus of

most proposals has been that PA should be performed whenever the V/Q is

interpreted as intermediate or low probability, the leg CUS is normal, the clinical

probability is intermediate or high and the D-dimer assay is abnormal. Pulmonary

angiography has also been recommended whenever there is a strong clinical

indication of PE, even in the absence of a positive V/Q or CUS.76,90,91

Spiral computed tomographic angiography

Spiral computerized tomography with contrast (SCTA) is a non-invasive alter-

native to PA, which provides three-dimensional visualization of pulmonary

thromboemboli. Sensitivity for diagnosis of PE with SCTA is 95.5% (range 64%

to 100%), with a specificity of 97.6% (range 89% to 100%).92,93 When PE are

confined to subsegmental pulmonary arteries, sensitivity is lower (as low as

36%).92,94 Subsegmental emboli have been demonstrated in as many as 30% of

patients with intermediate probability V/Q scans.92 Stein et al. resolved the con-

cern regarding subsegmental emboli, noting that only 6% of PE detected among

all PIOPED patients were subsegmental and that these corresponded to low-

probability V/Q scans.95

Evaluation of a diagnostic algorithm for the diagnosis of PE, proposed by van

Erkel and associates in 1996, confirmed that SCTA could be an important

component of the best approach to diagnosis. D-dimer was used to exclude

DVT and PE and SCTA was used to confirm PE in all patients with non-high

probability V/Q scans. Both clinical outcome and cost effectiveness data were

superior to other approaches.92 Subsequent studies have confirmed the super-

iority of SCTA over V/Q scanning for the diagnosis of PE. Mayo and associates

compared SCTA and V/Q scanning, determining sensitivity and specificity for

SCTA of 95% and 94% versus 87% and 65% for V/Q scanning.96 Garg et al.

compared the two modalities and clearly demonstrated the superiority of SCTA

over V/Q scanning. Spiral CT angiography exhibited greater accuracy and speci-

ficity and was recommended as the primary screening technique for PE. Notably,

SCTA provided significant, clinically useful information not available from V/Q

scanning as old clots were distinguishable from new and an alternative diagnosis
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was established in 31% of patients.97 Cross and associates performed a similar

analysis and recommended that SCTA replace V/Q scanning as the initial diag-

nostic study in patients with suspected PE.98 The review by Perrier et al. has,

however, demonstrated that SCTA should not be used alone to diagnose PE;

rather it should be combined with other studies such as CUS/Doppler and

D-dimer (non-pregnant patients) in diagnostic algorithms. It was advised that

SCTA might replace pulmonary angiogrpahy in combined approaches which

include CUS/Doppler and V/Q scanning.99

Echocardiography

Patients with PE who undergo echocardiography are found to have right ventri-

cular enlargement or hypokinesis approximately 40% of the time.100 These find-

ings are non-specific but in the setting of acute submassive PE without shock or

massive PE with shock may provide prognostic information which will guide the

choice of therapy (anticoagulation alone or with thrombolytic therapy).101

Evidence of pulmonary arterial hypertension or the finding of main pulmonary

artery thrombus may also influence patient management. In addition, as a diag-

nostic tool in evaluating the patient who presents with unexplained chest pain and

shortness of breath, other findings such as myocardial infarction, valvular heart

disease, aortic dissection or cardiac tamponade may be identified.102,103

Diagnostic strategies

As has been emphasized, pregnancy provides a complex setting for diagnostic

approaches.51 The initial clinical features may be quite subtle. Critical issues of

safety for the fetus and mother limit the diagnostic approaches available in the

non-pregnant state. The currently recommended algorithms for evaluation of

non-pregnant patients with suspected VTE emphasize: (a) clinical probability,

(b) the D-dimer assay, (c) diagnostic imaging (compression ultrasound for DVT

and V/Q lung scanning or spiral CT angiography for PE), (d) clinical reassessment

and serial testing. In the pregnant patient the approach is much the same. The

major differences are the inability to rely upon the D-dimer assay and difficulty in

interpreting lower extremity compression ultrasound images owing to edema and

obesity (the setting in which MRI is most useful). The evaluation of the patient

with suspected DVT or PE begins with a thorough history and physical examina-

tion. A clinical probability (Tables 7.8 and 7.9)104 is then developed to guide the

selection of diagnostic studies. Test results are interpreted with knowledge of the

clinical context and the outcome of other studies. Figures 7.2 through 7.4 illustrate

various approaches to suspected DVT and PE.
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Table 7.8 Pretest clinical probability of DVT.

Clinical features* Score**

Cancer (treatment ongoing or within 6 months, or palliative) 1.0

Paralysis, paresis, plaster immobilization of the lower extremities 1.0

Bedridden for more than 3 days or major surgery within 4 weeks 1.0

Tenderness localized along the deep venous system 1.0

Entire leg swollen 1.0

Calf swelling >3 cm compared to asymptomatic leg (measure 10 cm

below tibial tuberosity)

1.0

Pitting edema (greater in the symptomatic leg) 1.0

Collateral superficial veins (non-varicose) 1.0

Alternative diagnosis as likely or greater than DVT �2.0

Low probability �0

Moderate probability 1.0–2.0

High probability �3.0

Sources: Wells, P. S. et al., Lancet, 1997; 350: 1795–8.

*In patients with symptoms in both legs, the more symptomatic leg is used.

**Analysis: Patients were categorized as being low, moderate or high pretest probability for deep

vein thrombosis by the scoring model. A high score was one of three or more, a moderate score

was one of two or more, and a low score was zero or less.

Table 7.9 Pretest clinical probability of PE.

Clinical features Score**

Clinical signs and symptoms of DVT 3.0

Heart rate >100 beats/minute 1.5

Immobilization (for �3 consecutive days) 1.5

Surgery in the previous 4 weeks 1.5

Previous diagnosis of DVT or PE 1.5

Hemoptysis 1.0

Cancer (treatment ongoing or within 6 months, or palliative) 1.0

PE as likely or more likely than another diagnosis 3.0

Low probability <2.0

Moderate probability 2.0–6.0

High probability >6.0

Sources: Wells, P. S., Anderson, D. R., Rodger, M., et al. Ann. Int. Med., 2001; 135: 98–107.

**Analysis: The pretest probability of pulmonary embolism was considered low in patients

whose score was less than 2.0, moderate in patients whose score was at least 2.0 but no higher

than 6.0, and high in patients whose score was greater than 6.0.
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Diagnostic strategy for suspected deep vein thrombosis

Figure 7.2 is an algorithm which directs the approach to the pregnant patient

presenting with signs and symptoms of DVT. Clinical probability is first calculated

by considering details of the history and physical examination. Diagnostic imaging

is then obtained in the hope of confirming or excluding the diagnosis. When the

results of diagnostic imaging are not satisfactory or when there is poor clinical to

radiographic correlation, additional studies may be indicated. Magnetic resonance

imaging may be utilized, or in certain difficult circumstances in which the poten-

tial benefit is felt to outweigh the small risk, ascending contrast venography may be

required. It must be emphasized that although Duplex scanning is the first-line

diagnostic strategy,10 it does not provide good visualization of the iliac vessels,

which is a serious consideration during pregnancy. As the failure to diagnose DVT

may have dire consequences, the diagnosis of DVT must be confidently excluded

for treatment to be withheld. When the diagnosis remains truly uncertain, it is

recommended that either anticoagulation be initiated pending the outcome of

additional studies or the patient must be followed very closely with serial Duplex

imaging or other studies.

In the algorithms, CUS may be used interchangeably with Duplex. The indica-

tion for repeat imaging with Duplex has been extensively reviewed.71–73,76 Repeat

imaging is primarily indicated in patients with high clinical probability, an initially

negative Duplex and continuing symptoms. Venography or MRI is usually

reserved for the 1% of cases for whom the clinical probability remains high and

the diagnosis remains obscure.

History and physical
examination

CUS/Duplex
imaging

TreatmentDiagnostic

Non-diagnosticClinical probability
Low
Moderate
High

Venography*Repeat CUS/ 
Duplex within
1 week

Clinical follow-up

Low Moderate High

Clinical probability

Figure 7.2 Evaluation for suspected DVT.

*An MRI may be considered; however, if it is non-diagnostic, contrast venography is required.
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Diagnostic strategy for suspected pulmonary embolism

The highest clinical probability of PE is present in patients with known risk factors

who present with new onset pleuritic chest pain, shortness of breath or acute

cardiovascular collapse. In the circumstances of a suspected pulmonary embolus it

is clear that the potential risk of withholding treatment is significantly greater than

the risk of an invasive diagnostic procedure. Although immediate anticoagulation

in all suspected cases may be appropriate, it should be kept in mind that the risks of

therapy are not trivial. As there are many potential etiologies for the ‘‘classic’’

symptom complex, ‘‘empiric therapy’’ is only indicated while awaiting the results

of objective testing.

The diagnostic procedure of first choice when PE is suspected is the V/Q scan or

SCTA (depending upon availability). The SCTA should now be preferred.

Pulmonary radiocontrast angiography is only indicated when the basic studies

are inadequate to establish a firm diagnosis and clinical probability is high. The

algorithm presented in Figure 7.3 combines clinical probability, the V/Q scan and

other studies. Patients with intermediate probability V/Q scans may require

additional diagnostic studies, including CUS or Duplex and careful clinical

follow-up. Figure 7.4 reflects the superiority of SCTA as the initial investigation

for patients with suspected PE.

The major controversy focuses on the approach when non-diagnostic lung scans

are found. Studies have shown that almost 12% of individuals with a ‘‘low

probability’’ ventilation–perfusion scan have identifiable pulmonary emboli.56 In

those patients with documentation of an occlusive lesion in the leg or pelvis, an

‘‘indeterminate’’ ventilation–perfusion scan can be considered the basis to proceed

with therapy. By contrast, such findings in patients who have no evidence of a

lower extremity thrombosis and similarly non-diagnostic spiral CT angiography,

may require radiocontrast pulmonary angiography, which continues to be the

diagnostic gold standard for pulmonary embolism. When the pulmonary angio-

graphy is done via the brachial artery approach the estimated fetal radiation

exposure is less than 50 m Rads, which sharply contrasts with the risks via the

classical femoral route of well over 400 m Rads.61

Conclusion

Pregnancy represents a high-risk clinical condition for VTE. A precise diagnosis

can be achieved in a timely manner if the clinician is aware of the presenting signs

and symptoms and the available diagnostic studies. There are many potential

pitfalls that may result in an incorrect or missed diagnosis. A few of these are

outlined in Table 7.10. An algorithmic approach must guide evaluation.
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Abstract

The diagnostic approach to suspected deep vein thrombosis (DVT) and pulmon-

ary embolism (PE) is evolving. A greater understanding of the details of the

history and physical examination now allows designation of clinical probability

as a guide to the application of various diagnostic modalities. The traditional

History and physical
examination

V/Q
Scan

Abnormal

Normal

No anticoagulation

TreatmentHigh

Low or
intermediate

Clinical probability

Pulmonary
angiography

Serial Duplex or pulmonary
angiography

Clinical follow-up
(if low V/Q
probability)

Low Moderate High

Low

Clinical probability

Moderate or High

Spiral CT or pulmonary
angiography

CUS/
Duplex

V/Q probability

Low
Intermediate
High 

Clinical probability

Figure 7.3 Evaluation for suspected PE with the V/Q scan.

History and
physical
examination

Spiral
CT scan

TreatmentDiagnostic

Non-diagnostic

Clinical probability

AngiographyCUS
Duplex
Clinical
follow-up

Clinical
follow-up

Low Moderate High

Clinical probability
Low
Moderate
High

Figure 7.4 Evaluation for suspected PE with spiral CT scan.
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approaches to diagnosis are primarily based upon the results of compression

ultrasonography (CUS) for DVT and the ventilation/perfusion lung scan (V/Q)

for PE. Spiral computerized tomographic imaging (SCTA) may replace the V/Q

scan and the need for pulmonary angiography is diminishing.
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Introduction

The placenta has two important functions: absorption of substrates from the

maternal circulation and protection of the fetus from harmful external forces. As

an absorptive organ the placenta is essentially an interhemal membrane separating

maternal blood in the intervillous space from fetal blood in the umbilical-villous

circulation. Given the importance of both placental blood supplies it is not

surprising that many external forces exert their harmful effects via hemorrhage

and thrombosis. The pathologic sequelae of these processes in the placenta will be

the primary focus of this chapter. Adaptations occur during placental develop-

ment to maximize blood flow and minimize the diffusion distance that substrates

must traverse. These developmental adjustments can predispose to later hemor-

rhage or thrombosis and this will be the second major emphasis of this chapter.

A schematic diagram illustrating the spectrum and anatomical site of major

thrombotic and hemorrhagic lesions in the placenta is provided in Figure 8.1.

Maternal perfusion of the interhemal membrane is augmented by several

mechanisms. Cardiac output increases by approximately 40% over the course of

pregnancy, largely due to a 50% increase in maternal plasma volume.1 Large

uterine arteries dilate two-fold under the influence of pregnancy hormones,

many of which are secreted by the placenta.2 Endometrial spiral arterioles are

remodeled by invading trophoblast to form funnel shaped conduits that are

incapable of restricting blood flow because of dissolution of their smooth muscle

wall.3 Blood enters the intervillous space of the placenta via 80–120 of these spiral

arterioles. This blood flows upward in the area between the villous trees until it

strikes the undersurface of the chorionic plate after which it percolates downward

along the interstices of the villous tree where the bulk of substrate exchange occurs.

Blood preferentially enters the placenta in the central 2/3 where spiral arteriolar
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remodeling is best developed.4 Venous drainage preferentially occurs at the lateral

margins. Lateral drainage is further accentuated by remodeling of marginal veins

that occurs during lateral placental growth during the middle third of preg-

nancy.5,6 These relationships are shown in schematic form in Figure 8.1. Failure

of maternal volume expansion, deficiencies of placental hormones, obstructive

lesions of any level of the uterine circulation, and obliteration of the intervillous

space can all profoundly affect maternal perfusion of the interhemal membrane.

On the fetal side, the villous tree is lined by syncytiotrophoblast which expresses

anticoagulant and pro-fibrinolytic proteins including thrombomodulin, annexin V,

and PP5 TFPI-2 that prevent coagulation.7,8 Growth and development of the

villous tree is driven by elongation and branching of the fetal vasculature.9 Only

the distal tips of the villous tree, known as terminal villi have absorptive capacity

Fetal thrombotic 
vasculopathy

Infarcts, 
maternal underperfusion

Cord compression

THROMBOTIC LESIONS UC HEMORRHAGIC LESIONS

Umbilical vessel tear

Perivillous
fibrin

Abruptio
placenta

UA

UV

BP

IVS

CP

Marginal/
chronic 
abruption

Intervillous 
thrombus

Massive 
subchorial 
thrombosis

Figure 8.1 Schematic view of placental anatomic relationships with the types and anatomical site

of major thrombotic and hemorrhagic lesions. Thrombotic lesions are listed on the left

with arrows indicating their anatomic localization. Hemorrhagic lesions are listed on the right

with arrows indicating the anatomic site of rupture. The fetus would be above the figure,

the maternal uterus at the bottom. Shaded areas represent the chorionic plate and villous

tree. Cross hatched areas are placental trophoblast. UC: umbilical cord; CP: chorionic plate;

IVS: intervillous space; BP: basal plate; UV: uterine veins; UA: uterine artery.
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which primarily occurs at specialized structures known as vasculosyncytial mem-

branes where syncytiotrophoblast and fetal capillary endothelium are in unusually

tight contact.10 Terminal villi first develop in the third trimester and act to increase

placental efficiency as growth relative to the fetus decreases. Structural support for

the fetal circulation is provided by collagenization of larger villous trunks that arise

from the chorionic plate and support the terminal villi. These larger villi and the

chorionic plate contain muscularized veins and arteries that converge at the

umbilical cord as two arteries and a single vein (see Figure 8.1). While not directly

involved in gas exchange these larger vessels connecting the fetus to the interhemal

membrane of the placenta are critically important for placental function and are

susceptible to interruption by both intrinsic and extrinsic thromboocclusive

lesions. The fetoplacental circulation is a low resistance circuit which normally

receives about one third of the fetal cardiac output. Thrombosis, mechanical

obstruction to venous return, primary myocardial dysfunction, fetal volume

depletion, chronic hypoxia, and changes in both oxygen carrying capacity (ane-

mia) and viscosity (polycythemia) can all cause profound circulatory changes

affecting fetal perfusion of the interhemal membrane.

Maternal vasculature (Table 8.1)

Table 8.1 Outline of maternal vascular lesions of the placenta with clinical presentation

and underlying associations with thrombophilia and other risk factors. *

Pathologic lesion Clinical presentation

Association with

thrombophilia? Other associations

Developmental

Decidual arteriopathy Early onset

preeclampsia

Yes Chronic renal disease

Connective tissue disease

Acute atherosis Idiopathic IUGR Type 1 diabetes mellitus

Hypertrophic Abruptio placenta Primigravida

, Oligohydramnios

Basal plate (same) Yes (same)

Persistent arterial smooth

muscle

Excessive intermediate

trophoblast

Prematurely differentiated

trophoblast

Obstructive

Uteroplacental underperfusion

Distal villous hypoplasia
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Developmental lesions

Human pregnancy is characterized by deep interstitial implantation with arterial

remodeling.11 This implantation is mediated by placental trophoblast and involves

both tissue invasion of the uterine wall and vascular invasion of the uterine

arteries. The result of deep implantation is greater maternal blood flow allowing

more fetal growth and a longer period of intrauterine development than in other

species. A decrease in the depth of implantation occurs in early onset preeclampsia

and some cases of maternal thrombophilia, connective tissue disease, idiopathic

intrauterine growth retardation, and abruptio placenta.12–17 The precise series of

events leading to superficial implantation remains unclear. Early endometrial

hypoxia, aberrations of the local renin-angiotensin system, abnormal maternal

responses to paternal antigens, and deficiencies of trophoblast hormonal and

adhesion molecule expression have all been implicated.18–21

Table 8.1 (cont.)

Pathologic lesion Clinical presentation

Association with

thrombophilia? Other associations

Increased syncytial

knots/intervillous fibrin

Villous infarcts

Intervillous space Severe early onset IUGR Yes Connective tissue disease

Massive perivillous fibrinoid

deposition

Fetal LCHAD deficiency

(‘‘Maternal floor infarction’’)

Loss of integrity

Retroplacental hemorrhage

with placental

indentation/rupture

Abruptio placenta

Yes Hypertension, trauma,

primigravida, smoking,

cocaine

with overlying villous

infarction

Subacute or concealed

abruption

Marginal retroplacental and

retromembranous

hemorrhage

No Oligohydramnios

Multiparity

Acute peripheral separation Marginal abruption

Chronic peripheral

separation

Chronic abruption

*References in text.

253 Hemorrhagic and thrombotic lesions of the placenta



Placental lesions indicative of superficial implantation include lack of normal

arterial remodeling (persistent smooth muscle in basal plate arteries), accumula-

tion of excessive immature and prematurely differentiated trophoblast near the

base of the placenta, reduced placental weight for gestational age, and two forms of

uterine arteriopathy.22,23 Uterine arteries in the membranes and basal plate may

undergo hypertrophy of the arterial vascular wall (hypertrophic decidual vasculo-

pathy).24 Mothers with the Thr235 allele of the angiotensinogen gene are at

increased risk for hypertrophy.25 This allele is also associated with essential hyper-

tension in some populations. Late in pregnancy, usually in patients with clinical

signs of preeclampsia, uterine arteries may also develop fibrinoid necrosis of the

muscular wall (acute atherosis).26 A similar lesion is also seen in some cases of

hyperacute transplant rejection, Kawasaki’s disease, hemolytic uremic syndrome,

thrombotic thrombocytopenic purpura, and heparin-associated thrombocyto-

penia. All of these disorders are characterized by acute endothelial damage; in many

cases associated with anti-endothelial antibodies. Patients with antiphospholipid

antibodies commonly show acute atherosis and patients with preeclampsia have a

high incidence of angiotensin II receptor antibodies.27–29 Both antibodies bind

endothelial cells. Arteries that lack normal remodelling and show the two forms of

arteriopathy described above are associated with chronic underperfusion of the

intervillous space and are at increased risk for thrombosis or rupture.

Obstructive lesions

Obstruction to uterine blood flow can be either chronic or acute. Severe and

prolonged maternal underperfusion leads to truncated placental development.

Histologically, these placentas are characterized by distal villous hypoplasia

(numerically decreased and abnormally small nonbranching terminal villi with

decreased capillaries).30–34 Grossly, they are often extremely small for gestational

age. The clinical syndrome that correlates with these placental findings is severe

IUGR with abnormal fetal pulsed flow doppler studies. In this situation abnormal

fetal blood flow, as reflected by doppler studies, indicates increased resistance due

to decreased villous vascular development.

In less severe or longstanding cases of maternal underperfusion, the placenta

is characterized by lesser decreases in weight for gestational age, increased syn-

cytial knots, and increased intervillous fibrin (fibrin-type fibrinoid). Syncytial

knots are groups of degenerating trophoblastic nuclei on the surface of terminal

villi.35 Their presence is indicative of hypoxic damage and increased trophoblast

turnover. Some evidence suggests that they may enhance villous absorption by

narrowing the diffusion distance across nonaffected portions of the villous sur-

face.36,37 Increased intervillous and perivillous fibrin probably reflects both stasis
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of maternal blood flow due to underperfusion and abnormal coagulation due to

trophoblast damage and the failure of normal anticoagulation mechanisms.38,39

A distinct variant of intervillous fibrin is massive perivillous fibrin (matrix-

type fibrinoid) deposition (also known as maternal floor infarction). This

idiopathic and rare placental lesion is associated with very high perinatal morbi-

dity and mortality and tends to recur in subsequent pregnancies.40–42 While super-

ficially similar to increased intervillous fibrin, the fibrinoid material associated

with this lesion contains matrix-type molecules (fibronectin, Type IV collagen,

laminin), is infiltrated by trophoblast, and may cause severe secondary villous

degenerative changes.43 Matrix-type fibrinoid is produced by the trophoblast itself

and may represent a phenotypic change secondary to decreased blood flow.

A strong genetic component is suggested by a high recurrence rate and some

investigators have described cases associated with maternal thrombophilic muta-

tions.44,45 One report has described an association with fetal LCHAD deficiency.46

Acute interruption of uterine blood flow, usually due to thrombosis, results in a

villous infarct.47 Since there is considerable overlap between the vascular distri-

butions of individual spiral arterioles it is likely that villous infarcts result from

occlusion of a larger uterine artery. Marginal villous infarcts with a diameter of less

than 3 cm are common in term placentas.48 All other infarcts are abnormal and

often seen in the context of the developmental and chronic obstructive lesions

described above. Extensively infarcted placentas may be seen with preeclampsia

and maternal thrombophilia.49,50 Their identification in multigravid women is

one possible indication for considering genetic and immunologic studies of the

coagulation system.

Sickle cell disease in pregnancy was historically associated with extremely high

rates of fetal and maternal morbidity and mortality.51 In more recent times

aggressive antenatal management has dramatically improved the prognosis for

both mother and infant.52 While placentas from mothers with sickle cell disease

are more likely to show changes attributable to mild chronic maternal under-

perfusion, no pathognomonic lesion of sickle cell disease has been identified.

Sickling of maternal red blood cells in the intervillous space may be useful

diagnostically, but is a formalin-induced artifact seen in both sickle cell trait and

sickle cell disease.53 It has no prognostic importance.

Disturbance of maternal vascular integrity

Hemorrhages arising from the maternal placental circulation can exit the gravid

uterus as vaginal bleeding, accumulate between uterus and placenta, or can

separate the placenta from the uterus leading to delivery. They may be subclassified

into a number of pathophysiologically distinct categories. Acute rupture of a
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major artery is known as acute abruption or abruptio placenta.54 The subset of

these cases where only a portion of the placenta is affected and pregnancy persists

is termed partial, incomplete, or subacute abruption. Acute rupture of a major

marginal vein (acute peripheral separation) is known as marginal abruption.55

Chronic or recurrent venous hemorrhage at the margin of the placenta (chronic

peripheral separation) is referred to as chronic abruption or the chronic abruption-

oligohydramnio sequence.56,57

Retroplacental hemorrhages are often linked to one of three factors: intrinsic

abnormalities of the arterial wall, pathologic processes that secondarily involve

blood vessels, or effects of direct mechanical shear force. The most common

intrinsic abnormalities are the arteriopathies of preeclampsia and related condi-

tions including the inherited and acquired thrombophilias, all of which are strong

risk factors for abruptio placenta.16,58,59 Hemorrhage in these situations may be

either a direct result of vessel wall necrosis (acute atherosis) or an indirect result of

thrombosis and downstream ischemic necrosis. Secondary damage to blood

vessels leading to abruptio placenta may occur in patients who use vasoactive

drugs such as cocaine or nicotine during pregnancy.60–62 Acute inflammation at

the periphery of the placenta can weaken vessels leading to marginal abruption in

mothers with chorioamnionitis, particularly in the late second or early third

trimester. Increased uterine venous pressure due to obstruction of the inferior

vena cava may also lead to marginal abruption.54 Distortion of the normal mar-

ginal venous anatomy due to excessively deep implantation or impaired lateral

placental growth has been implicated in chronic abruption.63 Direct mechanical

shear forces resulting from motor vehicle accidents, physical abuse, or traumatic

falls account for a minority of cases of abruptio placenta. Rupture of membranes

can also introduce mechanical forces by altering the relationship of the placenta to

the uterus resulting in rupture of marginal veins and the development of marginal

or chronic abruption.64 Much rarer causes of placental abruption include deficien-

cies of coagulation factors X, XIII, and fibrinogen.65,66

Classical studies comparing the clinical and pathologic diagnoses of placental

abruption showed poor correlation with agreement in only one third of cases.67

Increased awareness of the different subcategories of abruption and recognition

of additional placental criteria have improved this agreement somewhat.

Nevertheless, neither the clinical nor the pathologic criteria are foolproof and

the only true gold standard for abruption is direct visualization of retroplacental

blood clot at the time of C-section. Pathologic criteria strongly suggestive of acute

abruption include central or paracentral retroplacental hemorrhage with inden-

tation or rupture of the overlying placenta. Occult abruption is occasionally

manifest as an irregularly shaped basal intervillous thrombus. Interstitial hemor-

rhage of the decidua basalis and recent stromal hemorrhage of overlying villi
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are supportive, but less specific findings.68 Subacute abruption is diagnosed by

recent infarction of the overlying villous parenchyma. Pathologic findings con-

sistent with acute peripheral separation (marginal abruption) include adherent

recent marginal blood clot with compression of the marginal anatomy and

retromembranous hemorrhage. Chronic peripheral separation (chronic abrup-

tion) is characterized by circumvallate membrane insertion, old marginal blood

clot, chorioamnionic hemosiderosis, and green discoloration of the chorionic

plate due to biliverdin staining.69 In all cases the greater the number of supporting

pathologic features the greater the probability of the clinical diagnosis.

Fetal vasculature (Table 8.2)

Table 8.2 Outline of fetal vascular lesions of the placenta with clinical presentation and underlying

associations with thrombophilia and other risk factors.*

Pathologic lesion Clinical presentations

Associated with

thrombophilia? Other associations

Developmental

Abnormal cord

insertion

Marginal/membranous

Fetal distress

Ruptured vasa

previa

No Uterine anomalies

Multiple gestation

Anomalous membrane

vessel Prior instrumentation

Furcate

Amniotic web

Vascular tumors Fetal hydrops No High altitudes

Chorangioma Fetal DIC Multiple gestation

Umbilical hemangioma/

angiomyxoma

Local hemorrhage Beckwith–Weidmann

syndrome

Obstructive

Fetal thrombotic

vasculopathy

Fetal thromboembolism

Cerebral palsy

Yes Chronic cord

compression

Avascular villi IUFD, IUGR Maternal diabetes

Villous stromal

karyorrhexis

and hemorrhage

Fetal cardiac dysfunction

Chorionic/umbilical

vessel thrombi

Fibromuscular sclerosis

Intimal fibrin cushions
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Developmental lesions

Thrombosis and hemorrhage involving the fetal vasculature may occur in the

context of aberrant vascular development or within vascular tumors. Clinically

significant developmental lesions usually involve the insertion site of the umbilical

cord into the placenta. The umbilical cord initially forms at the center of the

placental disc following implantation. Later reorientation of the disc to areas with

a better maternal blood supply can lead to secondary atrophy at the initial implan-

tation site. This placental migration, known as ‘‘trophotropism’’, can result in

marginal or membranous insertion of the umbilical cord where the cord vessels

are not well supported. In other cases the cord inserts in the placental disc, but one

or more adjacent chorionic vessels traverse membranous areas of the placenta

(aberrant membranous vessel). The umbilical cord can also terminate proximal

to the insertion site leading to exposed umbilical vessels lacking a protective sheath

of Wharton’s jelly (furcate cord). Finally, folds of amnion can encircle the umbi-

lical cord near its insertion site (amnionic webs) leading to acute angulation with

changes in fetal position. All of these anatomic abnormalities can lead to obstruc-

tion or loss of integrity of cord vessels (ruptured vasa previa) as detailed below.

Vascular tumors of the villous circulation are known as chorangiomas.70 Those

of the umbilical or viteline circulation are known as umbilical hemangiomas or

Table 8.2 (cont.)

Pathologic lesion Clinical presentations

Associated with

thrombophilia? Other associations

Disturbance of Integrity

Distal villous circulation

Acute villous stromal

hemorrhage

Abruptio placenta Yes (see above)

Chronic villous stromal

hemosiderosis

Congenital viral infection No

Intervillous thrombi Fetomaternal hemorrhage No

Proximal villous circulation

Massive subchorial thrombus IUFD, abortion Yes

Umbilical/chorionic

large vessels

Traumatic hemorrhage Ruptured vasa previa No (see above)

Iatrogenic hemorrhage Traumatic

amniocentesis/PUBS

No

*References in text.
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angiomyxomas.71 Chorangiomas contain a complex microcirculation that under

some circumstances can be the nidus for a fetal microangiopathic hemolytic

anemia or platelet sequestration leading to thrombocytopenia.72,73 Cord heman-

giomas are composed of large thin-walled vessels that can rupture leading to fetal

blood loss into an umbilical cord hematoma.

Obstructive lesions

Fetal thromboocclusive processes in the placenta occur in two contexts. They can

either be the local consequence of systemic fetal thrombophilia or isolated lesions

resulting from local alterations in blood flow. Irrespective of etiology, they

compromise placental function by decreasing the volume of the fetal vascular

bed and by creating circulatory mismatch between the maternal and fetal circula-

tions. In rare cases thromboemboli may travel from the placenta to systemic fetal

circulation via the foramen ovale or ductus arteriosus to cause CNS or other

organ damage. Inherited fetal thrombophilias have been postulated to be causes

of fetal thromboocclusive disease of the placenta, but the degree of risk is

controversial.74–76 We found no increase in fetal thromboocclusive lesions in

patients with documented fetal thrombophilia compared to those without,94 but

did find a 2–3 fold increase in the prevalence of Factor V Leiden, PT2015, and

MTHFR mutations in patients with severe fetal thromboocclusive disease

(Table 8.3, unpublished data). One interpretation is that such mutations decrease

the threshold for thrombosis, but require additional stimuli. Other potential

stimuli include maternal antiphospholipid and antiplatelet antibodies, maternal

diabetes, vascular wall damage from prolonged meconium exposure or severe

fetal chorioamnionitis, and obstruction to placental venous return blood flow due

to compression of chorionic or umbilical vessels, increased fetal central venous

pressure, or hyperviscosity secondary to polycythemia.77–80

Table 8.3 Fetal thrombophilia in Caucasian patients with extensive avascular villi in placenta.

Thrombophilic Mutations* N (% positive)

Avascular

villi/Slide

Cases

tested

Factor V

Leiden

Prothrombin

20210A

MTHFR

(homozygous)

MTHFR

(heterozygous) Any More than one

>15 9 2 (22) 2 (22) 2 (22) 1 (11) 4 (44) 2 (11)

<15 6 0 0 0 2 (33) 2 (33) 0

*Evaluated by polymerase chain reaction using DNA extracted from deparaffinized umbilical cord sections.

Unpublished data, E. Brandewie and R. Redline, University Hospitals of Cleveland, Ohio, USA.
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The most sensitive indicator of fetal thromboocclusive disease is the finding of

hyalinized avascular villi in segmental groupings reflecting the vascular territory

of an upstream vessel.77 A closely related pattern is villous stromal karyorrhexis

and hemorrhage (so-called ‘‘hemorrhagic endovasculitis’’).81 The latter changes

mimic changes seen in the placentas of stillborns and are probably due to vascular

stasis.82 They could indicate venous rather than arterial obstruction or might

represent an early stage of either arterial or venous occlusion. Individual cases can

show a mixture of both patterns. A diagnosis of fetal thrombotic vasculopathy

is made when an average of 15 or more villi per parenchymal section show either

pattern and this diagnosis has been shown to be an independent predictor

of cerebral palsy in term infants.95 Fetal thrombotic vasculopathy is usually charac-

terized by large clusters of 20 or more avascular villi, but on occasion smaller

clusters of 2–5 villi predominate suggesting smaller vessel disease. One third of

cases with fetal thrombotic vasculopathy have demonstrable chorionic plate or

stem villous thrombi in random histologic sections. Careful gross pathologic

inspection can increase sensitivity by identifying chorionic plate thrombi prior

to histologic examination. Other changes suggestive of fetal thromboocclusive

disease include fibromuscular sclerosis of stem vessels and intimal fibrin

cushions. Fibromuscular sclerosis is the concentric narrowing and obliteration

of vascular lumina within stem villi lying between the actual site of obstruction

and the avascular terminal villi.83 Intimal fibrin cushions are collections of

laminated fibrin within the walls of large fetal veins.84 They may result from

either increased venous pressure leading to intramural insudation of fibrin or

incorporation of nonocclusive mural thrombi into the vascular wall. Calcification

of intimal fibrin cushion reflects chronicity.

Disturbances of fetal vascular integrity

Hemorrhagic lesions occur at all levels of the fetal circulation. Etiologically they

can be separated into degenerative lesions secondary to ischemia or viral infection

and traumatic lesions related to turbulence in the intervillous space, tearing of fetal

vessels at the time of labor and delivery, or iatrogenic complications of invasive

procedures in utero.

Ischemic fetal capillary hemorrhages can occur following interruption of either

maternal or fetal blood flow, as discussed above. Acute villous stromal hemor-

rhage is a secondary effect of abruptio placenta, especially in premature gestations.

Villous stromal karyorrhexis and hemorrhage (‘‘hemorrhagic endovasculitis’’)

develops distal to thromboocclusive lesions of large fetal vessels and is most

commonly seen in term pregnancies.
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Some congenital viral infections in the so-called TORCH group can infect and

lyse villous capillary endothelial cells leading to villous stromal hemosiderosis.

Presently the most common viruses causing this pattern belong to the Herpesvirus

group and include cytomegalovirus, herpes simplex virus, and varicella-zoster

virus.85 Historically, the most notorious vasculotropic virus affecting the placenta

was rubella virus.86

Intervillous thrombi are spherical expansile hemorrhages in the intervillous

space that are surrounded by compressed villous tissue. These lesions have been

shown to contain fetal red blood cells.87 Since the intervillous space is a maternal

circulatory compartment, these lesions are by definition sites of fetomaternal

hemorrhage. They most likely represent traumatic disruption of the terminal

villous tree due to turbulent intervillous blood flow. They are more frequent in

preterm placentas with increased syncytial knots and in hydropic placentas at

term. Intervillous thrombi are very common and the degree of fetomaternal

hemorrhage is usually not physiologically significant. Significance is increased

when intervillous thrombi are large and/or multiple. Definitive diagnosis of sig-

nificant or massive fetomaternal hemorrhage depends on other accompanying

features such as low fetal hematocrit, positive maternal Kleihauer Betke testing,

and/or the concomitant presence of secondary changes such as increased circu-

lating nucleated red blood cells and fetal hydrops.

Massive subchorial thrombosis (subchorionic hematoma) is an idiopathic

lesion defined by a large collection of clotted blood which distorts and elevates the

chorionic plate.88 This lesion was at one time believed to be a consequence of fetal

death in that there were no surviving fetuses. Occasional survivors have since been

reported. Because of the strong association with fetal demise and occasional cases

where a direct tear in a fetal vessel has been identified, I believe that these are fetal

hemorrhages arising from tears in major stem villous vessels. Other authors con-

sider them to be accumulations of maternal blood. Several cases have been described

in association with maternal thrombophilia.89 It is possible that similar lesions may

be pathogenically distinct, but it seems more likely that although the majority of

blood in these lesions is maternal in origin they originate as fetal hemorrhages.

Traumatic tears in umbilical vessels near the insertion site or in the placental

membranes have been discussed above. Most of these lesions occur either at the

time of membrane rupture or in the process of fetal descent during parturition.

Membranous vessels are often artifactually torn during placental removal after

delivery of the fetus. Clinically significant tears are usually accompanied by a

significant amount of adjacent hemorrhage, often displace neighboring tissues,

and are generally associated with serious fetal distress.

Finally, iatrogenic fetal hemorrhage can occur as a consequence of diagnostic

or therapeutic procedures performed in the antenatal period. Amniocentesis and
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percutaneous umbilical blood sampling are the most common procedures asso-

ciated with hemorrhage. As with other traumatic injuries local spread and orga-

nization of the blood clot are key to the diagnosis. Only rarely can the actual site of

injury be identified on the placenta after delivery.

Thrombophilia and placental pathology

A voluminous literature has arisen over the last 10 years debating the association of

maternal thrombophilic states with severe preeclampsia, IUGR, abruptio placenta,

and recurrent abortion. A considerable number of papers have also addressed the

relationship of fetal thrombophilia to cerebral palsy, fetal stroke, and other fetal

thromboembolic complications. This literature is reviewed elsewhere in this

volume. Whether thrombophilia directly causes thrombotic and hemorrhagic

lesions of the placenta or the lesions develop as a consequence of the clinical

syndromes associated with thrombophilia is not clear. Reported associations of

thrombophilia with specific placental lesions are summarized in Tables 8.1 and 8.2.

A couple of studies and our own unpublished data and suggest that maternal

thrombophilia has little impact on the prevalence of placental lesions in already

complicated pregnancies (Table 8.4).90,91 However, preliminary evidence suggests

that anticoagulation in patients with thrombophilia not only decreases clinical

disease but also the severity of placental lesions.92 Although patients with severe

fetal thromboocclusive lesions of the placenta probably have an increased pre-

valence of fetal thrombophilia (Table 8.3), the majority of such placentas are not

associated with thrombophilia. An underlying caveat in any discussion of this

topic is that it is highly likely that many more causes of underlying and acquired

thrombophilia will be discovered in coming years.93 For the present, the most

important role of placental pathology is to document the pattern and extent of

Table 8.4 Maternal vascular obstructive lesions in pregnancies complicated by severe preeclampsia,

abruptio placenta, or IUGR with and without maternal thrombophilia.

Maternal

thrombophilia*

Cases

tested

Mean placental

weight (Z-score) {
Increased

syncytial knots

Villous

infarcts

Intervillous

fibrin

Positive 22 �0.66� 1.12 4 (18) 9 (41) 6 (27)

Negative 42 �0.64� 1.14 13 (31) 9 (21) 10 (24)

*Maternal thrombophilia ¼ one or more of the following: Factor V Leiden, prothrombin 20210A, MTHFR

(homozygous), evaluated by polymerase chain reaction using DNA extracted from maternal peripheral blood.
{Z-score¼ standard deviations from the mean for gestational age.

Unpublished data, I. Ariel and R. Redline, Hadassah University Hospital, Jerusalem, Israel.
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thrombosis and hemorrhage. When lesions recur in consecutive pregnancies or

present in unusual circumstances (e.g., acute atherosis in a multiparous patient),

a workup for underlying thrombophilia should be considered.
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Anemia is the single most common hematological problem faced by women. The

most common anemia are iron deficiency anemia and folate deficiency megalo-

blastic anemia.1 Iron deficiency alone affects nearly 20% of the world’s popula-

tion. Approximately 51% of pregnant women are anemic. This includes a

prevalence of 56% in developing countries and 18% in developed countries.2

Among these, 43% of women from developing countries and 12% of women

from developed countries were already anemic, preconception.3 The WHO has

estimated that considering all forms of anemia, from 16,800 to 28,000 women of

reproductive age die annually from anemia, with the greatest risk in younger

women.4 Of all anemias diagnosed during pregnancy, 75% are due to iron

deficiency.1

The systemic effects of anemia of any cause may result in significant morbidity.

Deficiencies of iron, folate and vitamin B12 result in unique clinical consequences.

These are manifested throughout life. The underlying etiologies of each deficiency

state may be somewhat different pre-puberty, during the child bearing years and

post menopause. During pregnancy, the adverse effects of iron, folate and vitamin

B12 deficiency extend beyond the health of the mother to the developing fetus.

This chapter is divided into two sections. The first reviews the most common type

of anemia, iron deficiency. The second section examines the deficiencies of folate

and vitamin B12. Because of the close interrelationship between folate, vitamin B12

and homocysteine in the methionine synthesis pathway, hyperhomocysteinemia

is also discussed.
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Iron deficiency anemia

Introduction

Iron deficiency is the most prevalent single nutritional deficiency,5 affecting as many

as 200 million of the world’s population.6 Of the individuals with iron deficiency,

50% progress to iron deficiency anemia.7 While iron deficiency might be expected

in developing countries with widespread social and economic deprivation,8,9,10,11

it also remains a significant problem in western nations as well.12,13,14 In developed

countries, the risk of iron deficiency appears to be greatest among low-income

women during and after pregnancy.15 When all ages of women are considered, iron

deficiency remains the most frequently encountered health problem worldwide.12

It is clear that the prevalence of iron deficiency varies widely with geography,

socioeconomic status and age.16,17,18,19,20,21 A summary of prevalence is presented

in Table 9.1.12 In spite of the documented increases in the iron intake of infants

and children,22,23 the prevalence of iron deficiency anemia in low-income and

pregnant women in the United States has not improved.24 This apparent failure of

Table 9.12 Prevalence of iron deficiency.

NHANES III (United States of America)

Iron deficiency

Women ages 20–49 11%

Women ages 50–69 5%

Women ages �70 7%

Men 20–49 <1%

Men 50–69 2%

Men �70 4%

Iron deficiency anemia

Women ages 20–49, nonpregnant 5%

Women �50 2%

Men 20–49 <1%

Men �50 �2%

Pregnancy

First trimester 9%

Second trimester 14%

Third trimester 37%

United Nations study of developing countries (estimates)113

Iron deficiency anemia

Adult women 18%

Adult men 10%

Pregnant women 18%–38%
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United States efforts to identify and treat iron deficiency led the Centers for

Disease Control and Prevention (CDC), in 1998, to publish new guidelines for

the prevention and control of iron deficiency.12

The highest risk of iron deficiency occurs in women who are pre-menopausal

and/or pregnant.25,26 The etiologic origins and the consequences of iron deficiency

are different in these younger women from those who are post-menopausal.

Although menstrual loss, puerperal blood loss and nutritional insufficiency pre-

sent an obvious source of iron deficiency in pre-menopausal women, iron loss

frequently results from gastrointestinal blood loss in women of all ages.27 Iron

deficiency in post-menopausal women may be of gynecologic origin but may also

result from any of the multiple sources of blood loss also seen in men.28

The basic pathophysiology, clinical and laboratory findings and approach to

diagnosis of iron deficiency and iron deficiency anemia are identical in women and

men of all ages.17,29,30 Pregnancy, however, increases the need for maternal iron to

supply fetal iron needs and to withstand the physiologic challenge of puerperal

blood loss. Iron deficient premenstrual women are at increased risk for iron

deficiency anemia during pregnancy.31 Pregnancy also induces physiologic

changes which may influence the results of laboratory studies.

Iron homeostasis

Iron homeostasis is achieved when iron absorption meets the physiologic needs for

the formation of normal red blood cells and for normal cell physiology. Any

increase in the utilization of iron or pathologic loss of iron-laden red blood cells

results in an imbalance, which will ultimately lead to measurable deficiencies of

iron and, finally iron deficiency anemia. Understanding basic iron homeostasis is

essential to diagnosing and treating iron deficiency and iron deficiency anemia.

Functional iron is present in red blood cells as hemoglobin, available for oxygen

storage in the tissues as myoglobin and for cellular aerobic metabolism in cyto-

chromes. After circulating for 3–4 months, hemoglobin-containing red blood cells

are removed from the circulation by the liver and spleen. Iron is extracted and

stored in the spleen and bone marrow. Iron is primarily stored in tissue as ferritin

or hemosiderin and transported by the protein transferrin. Iron deficiency results

from an imbalance between intake, loss and tissue stores. (Table 9.2)32 Once iron

stores are depleted, with an iron intake of �70% of requirement, approximately

4 months of iron deficient erythropoiesis results in a 1.0 g/dl decrease in Hgb.7 As

defined by the WHO, anemia is present when the hemoglobin decreases to less

than 12 mg/dl for premenopausal women and prepubertal patients and a hemo-

globin of less than 13 g/dl for men and postmenopausal women.33 Anemia in

pregnancy is defined according to the trimester (as discussed below) but is gen-

erally described as hemoglobin below 11 g/dl.1,34
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The development of iron deficiency is a sequential four phase process, as shown

in Figure 9.1 and summarized as follows:32,35

1. Decrease in storage iron

a. Decrease in tissue iron

b. Decreased marrow iron

c. Decreased serum ferritin level

d. Increased transferrin level

2. Decrease in iron for erythropoiesis

a. Decreased mean corpuscular volume (MCV)

b. Decreased mean corpuscular hemoglobin (MCHC)

c. Decreased transferrin saturation

d. Increased free erythrocyte protoporphyrin

3. Decrease in peripheral blood hemoglobin

a. Decreased hemoglobin

b. Decreased hematocrit

4. Decrease in peripheral tissue oxygen delivery

a. Clinical signs

b. Clinical symptoms

The World Health Organization dietary allowance for iron, based upon current

knowledge of normal iron homeostasis, is 5 to 10 mg/day.36,37 The amount of iron

absorbed from the diet (<1% to >80%) is regulated by the gastrointestinal tract

and depends upon the adequacy of iron stores.38 Absorption is about 6% for men

and 18% for nonpregnant women during childbearing years (reflecting lower iron

stores resulting from menstruation and pregnancy). Dietary bioavailability is

determined by the iron content and the presence of inhibitors of absorption

such as phytates in bran, tannins in tea and polyphenols in certain vegetables

versus enhancers such as heme iron in red meat, fish and poultry and vitamin C.39

Average daily absorption of iron from the western diet is 4 to 5 mg/day. Iron stores

vary from 1.0 to 1.4 grams of body iron in men to 0.4 grams in women.40

Table 9.222 Body iron distribution.

Storage (liver>marrow> spleen)

Men 1000 mg

Women 500 mg

Plasma 3 mg

Red cells 2000 mg

Other cells 1000 mg

Recirculation 20 mg

(Red cells to spleen to plasma or plasma to marrow to red cells)
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Obligatory iron loss from skin cell desquamation, mucosal cell turnover and

physiologic gastrointestinal loss amounts to 1 mg/day.41 Iron deficiency may be

expected with blood losses of 5 to 10 ml/day, the equivalent of 2.5 to 5 mg/day of

iron. Iron loss during the childbearing years amounts to 0.3 to 0.5 mg/day.39 To

this is added the loss due to pregnancy and delivery of about 3 mg/day for a 280 day

gestation (840 mg of iron).42 Up to 2 years of normal dietary intake is required to

replace the loss of iron incurred with each pregnancy. Over 500 mg of storage iron

are required to avoid iron deficiency during pregnancy. These levels are present in

only 20% of women; 40% of women have stores of 100–500 mg and 40% have no

storage iron. Demand for iron increases from 0.8 mg/day early in pregnancy to

7.5 mg/day in late pregnancy. In spite of increased iron absorption during preg-

nancy, at least 20% of women not taking supplements have iron deficiency

anemia.43 In Scandinavian pregnant women, iron intake is as high as 9 mg/day,

yet well below the recommended dietary allowance of 12 to 18 mg/day.43 Multiple

pregnancies progressively add to the iron deficit. Lactation places an added burden

on maternal iron stores, with a loss of 0.5 to 1.0 mg/day.44

Decrease in storage iron
Decreased tissue iron
Decreased marrow  iron
Decreased serum ferritin level
Increased transferrin level

Decrease in iron for erythropoiesis
Decreased mean corpuscular volume (MCV)

Decreased mean corpuscular hemoglobin (MCH)

Decreased transferrin saturation

Increased free erythrocyte protoporphyrin

Decrease in peripheral blood hemoglobin 
Decreased hemoglobin
Decreased hematocrit

Decrease in peripheral tissue oxygen delivery
Clinical signs
Clinical symptoms

Symptomatic Iron
Deficiency Anemia

Normal Iron Levels

PHASES OF IRON DEFICIENCY ANEMIA

Figure 9.1 Phases of iron deficiency anemia.
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In premenopausal women, pathological blood loss leading to iron deficiency

anemia may be due to excessive uterine bleeding (37%) but is also frequently the

result of gastrointestinal bleeding (86% of women, including those with a con-

comitant gynecological cause).27 Gastrointestinal pathology is the primary etio-

logy of iron deficiency in postmenopausal women.28

Iron homeostasis may be altered by numerous environmental influences

which include: an iron deficient diet, alcohol, medications, parasites and

other factors predisposing to gastrointestinal hemorrhage (Table 9.3). Strict

vegetarians require iron supplementation to avoid deficiency.45 Grains, cereals

and corn possess phytates and neutral detergent fibers which form insoluble

complexes with iron, inhibiting absorption. Inadequate dietary vitamin C

may reduce absorption of iron.37,46 In underdeveloped countries, combined

deficiencies of multiple nutrients including iron, vitamin C, riboflavin and thia-

mine may cause functional impairment without the specific features of any single

deficiency.46 Zinc47–49 and vitamin A50 deficiency also predispose to iron

deficiency.

Alcohol may cause gastrointestinal hemorrhage but a traditional beer consumed

by African women contains such substantial amounts of iron and folate that it

may actually be protective against anemia.51 Tannin-containing beverage

consumption such as tea, in association with a largely vegetarian diet, impairs

iron absorption.52 Cigarette smoking, increasing in American women, raises

mean hemoglobin levels53 but is also a major risk factor for peptic ulcer

disease and cancer; both associated with the development of iron deficiency

anemia.54

Table 9.322 Iron homeostasis.

I R O N B A L A N C E

Total body iron

4 grams

I N T A K E L O S S

Western diet contains 10 to 20 mg/day Obligatory loss (skin,

Normal absorption lungs, renal, intestine)

Men 1 mg/day Men 1 mg/day

Women, non-menstruating 1 mg/day Women, non-menstruating 1 mg/day

Women, menstruating 2 mg/day Women, menstruating 2 mg/day

During pregnancy or after

blood loss 5 mg/day

Blood loss 1 mg iron/1 gram red cells
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A major problem in undeveloped countries is infestation with Necatur ameri-

canus (hookworm) and Ancylostoma duodenale (roundworm) which also cause iron

deficiency from gastrointestinal blood loss.55,56 Visceral leishmaniasis (Leishmania

donovani) infestation may also result in gastrointestinal hemorrhage.53,57

Iron homeostasis during pregnancy

Changes in iron homeostasis during pregnancy reflect maternal physiologic

changes and fetal demand for iron. Maternal plasma volume begins to increase

starting at about 6 weeks gestation. The expansion of plasma volume, which peaks

at about 1,250 ml (approximately 42% above the pre-pregnant state) is dispro-

portionately greater than the corresponding increase in red cell mass. This results

in a physiologic fall in the hemoglobin concentration. An initial rapid rise slows

after 30 weeks gestation. Evidence of a positive correlation between the neonatal

birth weight and the plasma volume expansion indicate that this is an important

index of normal pregnancy. The red cell mass expands but at a slower rate, with a

total increase of about 24% (250 ml) at term. Iron supplementation may produce

an increase of up to 30%. Just as with the plasma volume, there seems to be a direct

correlation between fetal growth and increased red cell mass.1

A marked decrease in the serum ferritin is observed between the 12th and 25th

week of gestation as iron is utilized for the obligatory expansion of maternal red

cell mass. During pregnancy, the placenta regulates iron transfer from the mother

to fetus. Increased maternal iron absorption supports this process. Maternal iron

absorption reaches peak efficiency after 30 weeks gestation. This corresponds to

the period of greatest transfer of iron from the mother to fetus. Iron is carried by

maternal transferrin, to transferrin receptors located on the apical surface of the

placental syncytiotrophoblast. Endocytosis incorporates holotransferrin into the

placental cell, iron is released and apotransferrin is returned to the maternal

circulation. The free iron binds to ferritin in the placental cells, is transferred to

apotransferrin entering from the fetal side of the placenta and is released as

holotransferrin into the fetal circulation. Transport of iron from the maternal to

fetal circulation is regulated by this placental iron transfer system. A decrease in

maternal iron results in an increase in the number of placental transferrin recep-

tors. More iron is then extracted from the maternal circulation by the placenta.

The placental synthesis of ferritin inhibits further uptake of iron. When the mother

is iron deficient, it appears that the capacity of the system is inadequate to

maintain iron transfer to the fetus.3

In response to the net loss of maternal iron to the developing fetus, there is an

increase in iron absorption from the gastrointestinal tract. A decrease of the

maternal serum ferritin below 12 ug/l, stimulates absorption.58 Absorption may

triple from the first to third trimester. The molecular mechanisms whereby this
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occurs appear to involve the HFE gene and protein but are poorly understood.59

Fetal iron needs in the first trimester are about 1 to 2 mg per day; 4 mg per day in

the second trimester and 6 mg per day in the third trimester. Of approximately

1245 mg of iron to meet the demands of pregnancy, labor and delivery, basal

maternal needs are 240 mg, 450 mg augments maternal blood volume, 80 mg

deposits in the placenta, 225 mg is required for fetal needs and 250 mg is lost

during a normal vaginal delivery.14 The needs are met first by maternal tissue

stores and then by increased absorption.

Clinical manifestations

Mild anemia, with the hemoglobin greater than 10 g/dl, is usually asymptomatic

except during heavy physical exertion or in the presence of cardiovascular com-

promise.60,61,62,63 Mild, nonspecific symptoms, frequently attributed to anemia

and iron deficiency, require an alternative explanation.64 Iron deficient adults

involved in heavy labor may experience diminished work capacity and measurable

cognitive deficiencies.17,65 Severe anemia of any etiology (<5 g/dl) may cause a

high cardiac output, high output failure and even tissue ischemia.66

Highly trained female athletes develop iron deficiency from dietary inadequacy,

uncompensated menstrual losses, excessive losses from hemolysis, gastrointestinal

bleeding and in sweat.67,68,69,70 As many as 82% of female and 29% of male elite

Canadian distance runners have been identified with low serum ferritin (less than

25mg/l),71,72 however, overt iron deficiency is found in only 3% to 7% of endur-

ance runners.73 The impact of iron deficiency with or without anemia is uncer-

tain,74 however, some studies do suggest significant impairment of performance.75

Neonatal iron stores are dependent upon those of the mother. Iron deficiency

during the first two trimesters of pregnancy doubles the risk of pre-term delivery,

triples the risk of neonatal low birth weight76 and results in the delivery of iron

deficient neonates.3,14,77 In one study from India, severe maternal anemia (hemo-

globin less than 7 g/dl) was associated with the greatest risk for intrauterine growth

retardation and low birth weight. With a hemoglobin of less than 8.9 g/dl, there is a

4 to 6 times greater risk of prolonged labor and with the hemoglobin below 7.5 g/dl

there is a 4.8 times greater risk of requiring cesarean section or operative vaginal

delivery.78 It appears that the greatest risk of low birth weight is associated with

anemia during the first but not the second or third trimester.79 Iron deficient

children may experience delayed development and disturbed behavior, persisting

until full repletion of iron stores.80,81,82,83 Infants and children of iron deficient

mothers are also at increased risk of developing iron deficiency anemia, undetected

at birth.83 In addition, maternal iron deficiency anemia has been correlated with

increased fetoplacental angiogenesis during the first trimester leading to an

increase in cardiovascular morbidity and mortality during adult life.84 A trial of

276 William F. Baker and Ray Lee



prophylactic oral iron supplementation has revealed that whereas neither the

prevalence of anemia nor risk of preterm birth was not increased, the incidence

of preterm low birth weight was reduced.85

Diagnosis

History and physical examination

Specific symptoms and signs may suggest iron deficiency anemia or chronic

genitourinary or gastrointestinal blood loss. Pica is an uncommonly reported

but not infrequent (as many as 50% of patients) symptom of severe iron defi-

ciency,86,87 and may include craving for earth or clay (geophagia), starch (amylo-

phagia), ice (pagophagia), or even nuts.88

The pale green skin of chlorosis that is seen with severe iron deficiency appear-

ing during the adolescent growth surge of maturing girls was first reported in the

medical literature of the 1800s and disappeared during the first decade of the

twentieth century.89 Although chlorosis was once sine qua non for iron deficiency,

pallor is the physical finding most often observed in patients with iron deficiency

anemia.90–92 Pruritis is occasionally due to iron deficiency and koilonychia is

observed only in patients with severe, longstanding illness.90 Blue sclera may be

observed in teenage girls93 and adults94 with iron deficiency but has not been

verified as a valuable diagnostic finding in children.95

Menorrhagia, metrorrhagia, or metromenorrhagia may be important clinical

corollaries to the finding of iron deficiency. The average dietary consumption of

iron may not be adequate to replace the loss consequent to menstrual blood loss

and multiple or complicated pregnancies. Women of any age may present with

chronic iron deficiency and no apparent gynecological explanation. A number of

clinical studies have clearly demonstrated that gastrointestinal hemorrhage is the

probable source of blood loss.27,28,96

Contraceptive method has also been identified as a factor in iron deficiency.

Millman and colleagues have determined from a Danish study that women using

oral contraception had a much shorter duration of menses than those using intra-

uterine devices (IUD) and other methods, resulting in a lower incidence of iron

deficiency. Further, the recommendation is made that screening and preventive

efforts be focused primarily in women with menses of greater than 5 days duration,

with particularly heavy bleeding, those using an IUD and regular blood donors.97

Postmenopausal bleeding, particularly in women with a history of postmenopausal

estrogen use or obesity, should be evaluated promptly for the presence of endometrial

cancer.98 Hematuria, a common gynecologic disorder usually resulting from acute

hemorrhagic cystitis or incidental menstrual contamination may be overlooked as a

sign of a primary genitourinary malignancy contributing to iron deficiency.99
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Gastrointestinal symptoms of significant blood loss are easily recognized, however,

even mild indigestion may be a symptom of a gastroesophageal source of hemor-

rhage. Many patients with occult gastrointestinal bleeding are asymptomatic.27,28,96

Abdominal and bimanual examination in women may reveal a gynecologic

etiology of hemorrhage. Accompanying the bimanual pelvic examination with a

rectal exam is also essential to diagnosis, as up to 12% of colon cancer is detected

by the digital rectal examination. Stool specimens should be examined for the

presence of occult blood, since gastrointestinal cancer or polyps will be found in

28% of patients with occult positive stools.100

Laboratory studies

The definition of both iron deficiency and iron deficiency anemia are primarily

quantitative. Laboratory analysis includes hemoglobin, red cell indices, red cell

dispersion width, serum iron, transferrin saturation and serum ferritin. To this

may be added the serum transferrin receptors, free erythrocyte protoporphyrin,

and bone marrow iron.

Anemia is diagnosed when there is a reduction of the hemoglobin in grams per

100 ml to at least two standard deviations below the mean, adjusted for age, sex,

and altitude of residence.101,102 Normal values increase in proportion to elevation

of residence above sea level and in cigarette smokers. The mean normal hemoglo-

bin for women is 14 g/dl, with a range of 12–16 g/dl. For men, normal hemoglobin

is 16 g/dl, with a range of 14–18 g/dl. While increases in iron stores and in

ineffective erythropoiesis occur in elderly women and men, these changes do not

warrant the establishment of new geriatric norms.103,104,105,106

Twenty to 60% of pregnant women are found to have a hemoglobin level below

11.0 g/dl, defined by the WHO and others as anemia.34,107 Table 9.4 summarizes

the lower limit of normal hemoglobin during each stage of gestation.34 Laboratory

Table 9.434,45 Normal hemoglobin values during

pregnancy: pregnant women 5th percentile values.

Gestation in weeks Hemoglobin

12 11.0

16 10.6

20 10.5

24 10.5

28 10.7

32 11.0

36 11.4

40 11.9
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studies for the evaluation of anemia and iron deficiency during pregnancy may be

influenced by inherent physiologic changes. During the first and second trimesters

hemoglobin and hematocrit decrease as the maternal blood volume expands.25,108

Women who have adequate iron intake experience a rise in both hemoglobin and

hematocrit during the third trimester to levels noted pre-pregnancy.34,109,110 A

reduced hemoglobin from pre-pregnancy levels usually indicates iron deficiency,

whereas, an increased hemoglobin (especially in the second trimester) indicates

poor maternal blood volume expansion and is associated with hypertension, fetal

growth retardation, death, premature delivery and low birth weight.111–114 A

hematocrit of >43% (normal 33% to 36%) has been associated with a four-

times increased risk of fetal growth retardation.112

The diagnosis of iron deficiency anemia may also be reached by observing an

increase in the hemoglobin in response to a therapeutic trial of iron supplementa-

tion. This clinical practice is appropriate during pregnancy, in premenopausal

women with a history of heavy menstrual loss, those from underdeveloped coun-

tries, and women with a history of multiple pregnancies or a socioeconomic

background at risk of dietary inadequacy. A trial of oral iron should be prohibited

in most postmenopausal women from western countries, owing to the high like-

lihood of underlying occult gastrointestinal bleeding, including that from gastro-

intestinal malignancy.27,28,115

Iron deficiency is diagnosed when the serum ferritin, the most specific blood

test, is �12mg/l and excluded when >12 mg/l.116,117 Correlation between low

serum ferritin and absent bone marrow stainable iron is about 75%. The specificity

of low serum ferritin for absent marrow iron is 98%. Indicating the importance of

determination of the serum ferritin cut-off, it has been noted that when the lower

limit for serum ferritin is set at <12 mg/l the sensitivity is 61% and specificity

98%.118 In screening for iron deficiency in pregnant women from underdeveloped

countries it has been recommended that the lower limit for ferritin be set at 30mg/l.8

Measurement of the ferritin during the first and second trimester may fail to

predict the adequacy of iron stores during the third trimester.119 Since ferritin is an

acute phase reactant, acute or chronic inflammatory disorders may raise the levels,

obscuring the diagnosis of iron deficiency.120

Serum iron, transferrin and percent saturation have significant limitations

which may be accentuated during pregnancy and other states as seen in

Table 9.5.65,118 Recently, the protoporphyrin/heme ratio has been observed to

rise in response to iron supplementation more dramatically than any other

measurement of iron status in pregnant women.121 For screening, van den Broek

and colleagues have recommended a sequential evaluation including both the

serum ferritin, as the most sensitive test and the transferrin ratio as the most

specific.8 Akesson12 and others122 have identified the serum transferrin receptor
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(soluble transferrin receptor) as 100% specific in identifying iron deficiency

during pregnancy. This may be superior to both ferritin and transferrin satura-

tion. As the serum ferritin is not only an iron storage protein but also an acute

phase reactant, elevation is expected in the patient with an active inflammatory

process. Assessment of the C-reactive protein is a useful method of determining

the validity of an elevated serum ferritin as a marker of iron deficiency. Elevation

of the C-reactive protein suggests that an elevated serum ferritin cannot be used for

the diagnosis of iron deficiency. In this circumstance, the soluble transferrin assay

is a very useful study, since it is unaffected by the presence of inflammation.123

Stainable marrow iron is the reference standard for iron deficiency. Although

the absence of iron is not absolute proof of iron deficiency, the presence of

stainable marrow iron (haemosiderin) reliably excludes iron deficiency.65

Table 9.521,50 Misleading laboratory values in measurement of iron.

Increased serum iron

premenstrual state

ingestion of iron supplements

pregnancy

progesterone-based oral contraceptives

iron dextran injection

hepatitis

hemochromatosis

Decreased serum iron

diurnal variation with low values in mid-afternoon and very low

near midnight during menstruation

acute or chronic inflammation

infection

malignancy

Increased total iron-binding capacity

progesterone-based oral contraceptives

Increased transferrin saturation

ingestion of iron supplements

progesterone-based oral contraceptives

iron dextran/sucrose injection

hemochromatosis

Decreased transferrin saturation

acute or chronic infection

inflammation

malignancy (transferrin saturation may be low or normal)

280 William F. Baker and Ray Lee



Screening for iron deficiency anemia

Screening for anemia is indicated for all adolescent girls (ages 12 to<18 years) and

nonpregnant women of childbearing age every 5 to 10 years. Annual screening is

indicated for women with risk factors for iron deficiency such as a history of heavy

menstrual blood loss, menses >5 days duration, IUD use for contraception,

gastrointestinal disease, low dietary iron intake, regular blood donors or pre-

viously diagnosed iron deficiency anemia.97,124 Although it is recommended that

all pregnant women receive low dose iron supplementation, screening for anemia

remains an essential part of the first prenatal visit.124 Screening for anemia and

iron deficiency in postmenopausal women without major risk factors is not

routinely recommended. A summary of the approach to screening is presented

in Table 9.6.32

Diagnostic evaluation

Evaluation of the iron deficient patient must proceed to a determination of the

specific etiology of poor iron absorption or of blood loss.27 The diagnosis of

anemia at the time of screening is based upon the finding of a hemoglobin

<11.8 g/dl in girls from age 12 to 15 and <12.0 g/dl for adolescent girls over 15

and adult women. The normal values cited in Table 9.5 are used for the diagnosis

during pregnancy. Table 9.7 outlines a basic categorization of anemia based on the

MCV. Once the diagnosis of microcytic anemia has been reached, the evaluation

must proceed to determine etiology. If iron deficiency is found, a precise cause

must be determined. During pregnancy, unless the history and physical exami-

nation suggest an alternative source of iron depletion, therapy may proceed. If

the initial hemoglobin is <9.0 g/dl, more intensive evaluation and referral for

Table 9.632 Screening for iron deficiency and iron deficiency anemia.

Population Frequency Method

Adolescent nonpregnant

girls ages 12 to <18

Every 5–10 yrs Hemoglobin

If low – 4-week trial of oral iron

MCV, RDW, Ferritin if no

response

Adult women Annually if high risk Hemoglobin

If low – MCV, RDW, Ferritin

Pregnant women First prenatal visit Hemoglobin

If low – MCV, RDW, Ferritin

if <9.0, or if no response to oral

iron refer for consultation
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consultation may be required. Clearly, failure to respond to oral iron with an

elevation in hemoglobin (increase by 1 g/dl or hematocrit by 3%) within 4 weeks

should prompt a more intensive investigation. Other possible etiologies of micro-

cytic anemia are listed in Table 9.8.

In premenopausal women, pathological blood loss leading to iron deficiency

anemia may be due to excessive uterine bleeding (37%) but is also frequently the

result of gastrointestinal bleeding (86% of women).27 Gastrointestinal pathology

is the primary etiology of iron deficiency in postmenopausal women.28

Nonpregnant, premenopausal women who fail to respond to a trial of oral iron

or who have upper gastrointestinal symptoms should be considered for esopho-

gastroduodenoscopy. Endoscopic evaluation of the colon is indicated in presence

of lower intestinal symptoms or signs along with normal upper endoscopy.27,28

Radiographic evaluation of the small bowel is indicated only if other studies fail to

reveal a source of bleeding.27,28,125,126 All iron deficient, postmenopausal women

require a complete gastrointestinal evaluation to a certain diagnosis.

Treatment

All pregnant women should receive a daily oral dose of at least 27 mg of elemental

iron to provide for the needs of pregnancy, labor and delivery and as prophylaxis

against depletion of iron stores.9,124,127–130 An iron supplement with a heme

Table 9.7 Classification of anemia (Hemoglobin <12.0 g/dl).

MCV (mm3) Category

80–100 mm3 Normocytic

<80 mm3 Microcytic

>100 mm3 Macrocytic

Table 9.8 Etiologies of microcytic anemia.

Iron deficiency

Dietary deficiency

Blood loss

Thalassemia minor

B-Thalassemia intermedia and major

Sideroblastic (hereditary)

Anemia of chronic disease

Hemoglobinopathies (H or E)

Lead poisoning
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component is preferred and is superior to an equivalent dose of pure organic

iron.127 The dose for treatment is 60 to 120 mg/day of elemental iron. Patients

intolerant to oral iron or those with specific disorders which limit iron absorption

may require parenteral iron therapy. Treatment is outlined in Table 9.9.

Therapy must continue throughout pregnancy. When the expected level of

hemoglobin is achieved, the dose of oral iron may be reduced to 30 mg/day.

Treatment is the same for iron deficiency in nonpregnant premenopausal, post-

partum and postmenopausal women. For both primary prevention in premeno-

pausal, pregnant and nonpregnant women, enhancement of the diet with foods

high in iron is essential.131 Women from underdeveloped countries, adolescent

girls from developed countries and women with iron deficient diets, all require

careful attention to correct dietary deficiencies. Counseling should be provided to

all adolescent girls and women of childbearing age regarding the specifics of a diet

high in available iron.128,131

Refractory iron deficiency anemia is a not uncommon problem during preg-

nancy. For treatment of iron deficiency, relatively large doses of iron are frequently

administered. Side effects include gastrointestinal intolerance and oxidative

damage. Delayed release preparations are somewhat better tolerated, however,

many patients continue intolerant or unresponsive.132 Concomitant with phar-

macologic therapy, increased intake of dietary iron should continue. It has been

recognized for many years that vitamin C is important for the absorption of iron

from the gastrointestinal tract. It has now been demonstrated that the addition of

Table 9.922,234 Treatment of iron deficiency.

Population Therapy

Nonpregnant adolescent girls

and women

Oral iron 60–120 mg/day

Pregnant women Oral iron 60–120 mg/day

All groups Counseling regarding a diet high in iron and correct

all other dietary deficiencies

All groups Monitor hemoglobin at 4 weeks and if hemoglobin

rises by �1 g/dl diagnosis is confirmed and treat

for 2 months, re-evaluate at 6 months. Re-evaluate

if anemia persists

Refractory patients Ferric gluconate complex in iron sucrose –

approximately 1.0 gram total dose of elemental

iron infused in 6 sessions; Erythropoietin –

150 IU/kg three times per week, combined with

100 mg/day parenteral elemental iron
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folate to iron results in an improved response, with a greater elevation of hemo-

globin in those treated with both compared to patients treated with iron alone.

These results are independent of the underlying presence of folate deficiency.133

The addition of riboflavin but not vitamin A may also help to enhance the effect of

iron in iron deficient pregnant women.134

Patients who fail to respond to oral iron or who have severe intolerance, may be

candidates for parenteral iron therapy. Intravenous iron sucrose has been exten-

sively studied and determined to be safe and quite effective for the treatment of

refractory iron deficiency anemia.135–137 Studies have demonstrated a high success

rate accompanied by a substantially decreased transfusion requirement.138 In most

refractory cases, and once the iron deficit has been fully reversed by parenteral

iron, the addition of erythropoietin has proven quite successful.138,139 A decreased

post partum transfusion requirement has also been confirmed with the routine

administration of 20,000 U recombinant erythropoietin immediately after deli-

very, given irrespective of the concomitant hemoglobin level.140

Conclusion

Iron deficiency remains a major health risk in the United States, in spite of the

apparent availability of a high-quality diet. In the United States at least 7.8 million

adolescent girls and premenopausal women are deficient.5 World-wide, the chal-

lenge of identifying and treating iron deficiency is enormous.7 Physicians involved

in the primary care and in the obstetrical and gynecologic care of women of all ages

must be aware of the nature of the problem and the correct approach to screening,

diagnosis and treatment. The potential benefit to newborns and infants and to

their mothers is substantial. Furthermore, a thorough diagnostic evaluation has

considerable potential for uncovering a potentially lethal disease such as gastro-

intestinal malignancy in a curable phase.

Folate and vitamin B12 deficiency and hyperhomocysteinemia

in obstetrics and gynecology

Introduction

Among the many metabolic changes that occur during pregnancy, the metabolism

and maternal requirements of vitamins B12 and folate have received much atten-

tion due to the spectrum of clinical diseases associated with their deficiencies. In

discussing these vitamins and their roles in health and disease, it is also necessary to

discuss homocysteine, a molecule that shares biochemical pathways with folate

and B12 and is itself an important marker for vascular disease as well as pregnancy

complications. From the recognition many years ago that folate deficiency was

associated with neural tube defects, research now indicates that folate, vitamin B12,
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and homocysteine play roles in maternal and fetal health and may affect the health

of older adult women.

The interrelationship between vitamin B12, folate, and homocysteine

Vitamin B12, or cobalamin, is found in a variety of animal-derived foods such as

meats, eggs, and milk. After ingestion, vitamin B12 binds to its specific receptor,

intrinsic factor, and this complex is absorbed in the terminal ileum. Average intake

of cobalamin averages 5–7 mcg per day,141 which exceeds the recommended daily

allowance of 2 mcg per day. Vitamin B12 is required for only two enzymatic

reactions in humans. The first reaction generates activated methyl groups in the

methionine synthesis pathway that is discussed below. The second reaction, which

converts methylmalonyl-CoA to succinyl-CoA, is important in the diagnosis of

cobalamin deficiency.

Folate is a broad term encompassing the many different forms of naturally

occurring and synthetic variants of folate. Folic acid refers to one synthetic form of

folate found in many multivitamin supplements as well as fortified food products.

Folate cannot be synthesized by man but is fortunately available from a wide

variety of food sources including organ meats, leafy green vegetables, citrus fruit,

bread, and dairy products. Cooking and ultraviolet radiation destroy many food

sources of folate. After ingestion, folate is absorbed primarily in the jejunum and is

taken up by the liver which processes and releases folate into the systemic circula-

tion. Cells require folate for single-carbon transfer reactions: the catabolism of

histidine, the interconversion of glycine and serine, the synthesis of thymidylate

and purines, and the synthesis of methionine. The biochemical features of folic

acid have recently been reviewed in detail.142

The interrelationship of vitamin B12, folate, and homocysteine is best illustrated

in the methionine synthesis pathway (Figure 9.2). Homocysteine is a central

molecule in this process and can undergo remethylation or transsulfuration. In

the remethylation cycle, methyltetrahydrofolate serves as the methyl donor to

homocysteine in a vitamin B12 cofactor dependent reaction catalyzed by methio-

nine synthase. Both folate and B12 are important in the normal processing of

homocysteine since these two vitamins are required for remethylation. Inadequate

stores of these vitamins place an individual at risk for hyperhomocysteinemia

because homocysteine will accumulate if the reaction catalyzed by methionine

synthase cannot continue at a normal rate. Methyltetrahydrofolate consumed in

the methionine synthase-catalyzed reaction must be regenerated, and the final step

of this process is catalyzed by 5,10-methylenetetrahydrofolate reductase

(MTHFR). This enzyme is important because mutations of MTHFR cause hyper-

homocysteinemia in adults. A cystathionine b-synthase mutation is the chief cause

of homocystinuria, a rare childhood disease characterized by increased incidence
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of thromboembolic disease.143 Methionine synthase mutations are also known but

have unclear clinical consequence. Hyperhomocysteinemia in adults has been

associated with increased cardiovascular disease, and its role in the pathogenesis

of disease is still under investigation.

Hyperhomocysteinemia

Elevated homocysteine levels are an important marker for folate and B12 deficiency

in adults and will be discussed below. Hyperhomocysteinemia itself has received

attention as a potential cause for a variety of clinical conditions, especially

increased risk of vascular events in adults. Homocystinuria, the rare autosomal

recessive condition causing markedly elevated homocysteine levels in the blood

and urine, is usually diagnosed at a young age and is associated with a significant

risk of thromboembolic complications that is a chief cause of early mortality.143

Milder forms of hyperhomocysteinemia are common in adults and have also been

linked to vascular disease; additional interest was generated when a common

variant of MTHFR was discovered that caused hyperhomocysteinemia.144 Later

identified as a Cys677Thr mutation, this variant MTHFR showed reduced activity

by approximately 50%.144 In heterozygous (CT) MTHFR carriers, the mutation

does not cause hyperhomocysteinemia, but homozygotes for the mutation (TT)

Homocysteine

Serine

Cystathionine

Cystathionine β-synthase (CBS)

Pyruvate/sulfate/taurine

Methionine

Methyl THF

THF

Methionine synthase (MS)

S-Adenosylmethionine

S-adenosylhomocysteine

5,10 Methylene THF Remethylation 
cycle

Transsulfuration 
pathway

N 5,10-methylene- 
tetrahydrofolate
reductase 
(MTHFR)

Folates

Vitamin B6

Vitamin B6

Vitamin B6

Methylation 
reactions

Vitamin B12

Figure 9.2 The methionine synthesis pathway. THF = tetrahydrofolate.
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show elevated homocysteine levels in the blood that are up to 25% above nor-

mal.145 This Cys677Thr MTHFR mutation is common in the United States but shows

ethnic variations; TT homozygotes are found in approximately 1% of African-

Americans, 10% of Caucasian-Americans, and 20% of Hispanic-Americans.146

Because the TT genotype is so common in the general population, it is better

described as a polymorphism rather than a mutation and has been found in up to

50% of hyperhomocysteinemic adults.145 The effects of the mutation appear to be

‘treatable’ in that increased folate intake lowers the homocysteine levels in TT

homozygotes.147–149 The U.S. folic acid fortification program, which started in

1998, will likely have an impact on the definition of ‘normal’ homocysteine levels

because much of the hyperhomocysteinemic effect of the MTHFR TT genotype

will likely be nullified. Other factors that may modestly increase homocysteine

levels include impaired renal function, smoking, increased age, and male gen-

der.150 Thus, elevated homocysteine levels can also be due to environmental or

genetic factors independent from adequate folate status.

The diagnosis of folate and B12 deficiency

The diagnosis of folate and vitamin B12 deficiency has been complicated by the

discovery that mild forms of deficiency without overt clinical symptoms may be

missed on basic screening tests using direct measurements of these vitamins.

Common to both folate and B12 deficiency is the presence of a megaloblastic/

macrocytic anemia, often accompanied by hypersegmentation of granulocytes. It

is important to note that iron deficiency can occur simultaneously with B12 or

folate deficiency with a resulting ‘normocytic’ anemia as measured by a Coulter

counter. A high red cell distribution width (RDW) is a clue that more than one

deficiency may exist, and can be confirmed by examination of the peripheral blood

smear revealing both macrocytes and microcytes.

Laboratory measurement of folate and B12 include both direct and indirect

measurements. Direct measurement of serum folate and B12 levels are commonly

ordered when deficiency is suspected, but neither test is very sensitive or specific.

For example, serum folate levels are affected by recent dietary changes and may not

reflect tissue stores of folate, and even mild hemolysis will falsely elevate serum

levels.151 Erythrocyte folate levels are not as affected by dietary changes and offer

theoretical advantages over serum folate, but clinical studies have shown that it

does not have good sensitivity or specificity,152 particularly in alcoholics and in

pregnancy.141 Similarly, serum B12 levels have been found to be in a low-normal

range for a high percentage of patients who subsequently respond to B12 therapy153

and conversely B12 levels may be suppressed due to folate deficiency that resolves

with folate treatment.141 Other causes of falsely raised or lowered B12 levels are

listed in Table 9.10.
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Indirect measurements assist in the diagnosis of folate and B12 deficiency.

Rather than direct vitamin assays, indirect measurements of folate and B12 stores

rely on detecting elevated levels of precursor molecules that accumulate when

folate and/or B12 dependent reactions are blocked. Homocysteine, the precursor to

methionine in the remethylation cycle, is expected to increase if either B12 or folate

is deficient since both are required cofactors. Methylmalonic acid (MMA), the

precursor for the conversion of methylmalonyl-CoA to succinyl-CoA, is expected

to increase if a cobalamin deficiency exists but is not affected by folate stores. Based

on clinical studies, homocysteine and MMA are now recognized as more sensitive

and specific indicators of folate and cobalamin stores than the direct measure-

ments of the vitamins themselves.154 High homocysteine and MMA levels have

been found to be more reliable markers of B12 deficiency, even in the absence of

anemia, macrocytosis or subnormal serum B12 levels.155,156 Likewise, high homo-

cysteine is a sensitive marker for folate deficiency,157 although it is not specific

since it shares the same enzyme pathway with cobalamin. Two additional points

should be emphasized. First, in addition to being useful diagnostically when levels

are elevated, the indirect measurements have excellent negative predictive value in

‘ruling-out’ the presence of either folate or B12 deficiency when the levels are normal.

In the study by Savage, only 1 out of 406 patients with documented cobalamin

deficiency had normal levels of both homocysteine and methylmalonic acid.157

Second, high homocysteine and/or MMA may be caused by other factors, notably

renal insufficiency, hypovolemia, and as discussed above, the MTHFR TT genotype.

That said, homocysteine and MMA have significantly improved our ability to

diagnose or exclude folate and cobalamin deficiency. An approach to the diagnosis

of B12 and folate deficiency using the above laboratory tests is shown in Figure 9.3.

Fluctuations in the blood levels of vitamins are known to occur in pregnancy

though it is difficult to differentiate those changes that are physiological and not

detrimental to fetal development from those which are pathological and potentially

Table 9.10 Causes of falsely raised or

depressed B12 levels.

Falsely depressed B12 levels

* Folate deficiency

* Myeloma

* High-dose vitamin C intake

Falsely raised B12 levels

* Liver disease

* Autoimmune diseases

* Myeloproliferative states
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harmful to the fetus. Vitamin B12 levels fall,158–161 serum folate levels remain stable

or fall slightly,158,161,162 and homocysteine levels remain stable but may climb

slightly during the third trimester,159,161–163 in pregnant women. How these levels

relate to each other, to changes in hormones, plasma volume and binding proteins,

or to renal function is not well defined. Given this myriad of factors, interpreting

results of serum folate, B12, and homocysteine during pregnancy is a complicated

task because reference norms have not been determined and standard adult refer-

ence ranges may not apply in pregnancy. Macrocytosis and other hematological

changes are consistently seen in true folate and B12 deficiency and are as useful in

pregnant women as they are in other adults.

Folate and vitamin B12 requirements in adults and during pregnancy

Folate

The actual and recommended daily intake of folate for adults and pregnant women

continues to be a subject of much study, but one fact is emerging – the gap between

the average and recommended folate consumption for Americans has narrowed

over the past 5 years. In the past, the estimated folate intake for adult men and

women has been 280 mcg and 210 mcg per day, respectively.151 The current

recommended daily folate intake for adults is 400 mcg daily.128 In an attempt to

narrow the gap between recommended and observed intake of folate and to

prevent neural tube defects the Food and Drug Administration issued a regulation

Suspect B12 or folate deficiency

Obtain serum B12 and folate levels

B12 > 300 pg/ml 
Folate > 4 ng/ml

B12 < 200 pg/ml 
Folate > 4 ng/ml

B12 < 200 pg/ml 
Folate < 2 ng/ml

B12 200 – 300 pg/ml 
Folate > 4 ng/ml

B12 > 300 pg/ml 
Folate < 2 pg/ml

B12 > 300 pg/ml 
Folate 2 – 4 ng/ml

B12 / folate deficiency unlikely

Possible folate deficiency

Folate deficiency

Possible B12 deficiency

B12 deficiency

Combined deficiency or folate deficiency alone

Normal MMA and increased HcyNormal MMA and normal Hcy Increased MMA and increased Hcy

B12 deficiency excluded Probable folate deficiency B12 deficiency + / – folate deficiency

Obtain MMA and Hcy

Figure 9.3 Proposed algorithm for evaluating patients with suspected vitamin B12 or folate deficiency.

MMA = methylmalonic acid; Hcy = homocysteine.
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requiring that all enriched flour, rice, pasta, cornmeal, and other grain products

contain 140 mcg of folic acid per 100 grams starting January 1998.124 Because folic

acid is a more bioavailable form of folate than most dietary forms of folate, this

degree of fortification was thought to enhance the daily intake of folate by

approximately 100–150 mcg per day of women in childbearing age.124,164

Somewhat surprisingly, post-fortification studies have consistently revealed that

the actual increase in dietary folate is more than was predicted.165–168 For example,

a recent study indicated that the actual increase in folate intake among adults is

over 300 mcg per day, to approximately 650 mcg folate daily.165 Jacques, et al.

found that plasma folate levels doubled (from 4.6 to 10 ng/ml) in adults (mean

age 55) not taking additional supplements since the start of the food fortification

program.168 Additionally, this study showed that the post-fortification percentage

of adults with an elevated homocysteine level (>13 mcg/l) fell from 19% to 10%

in those adults not taking additional folic acid supplements, while overall homo-

cysteine levels fell by a more modest (but statistically significant) 7%.168 Taking

additional vitamin B supplements helped raise folate and B12 levels further while

lowering homocysteine levels in this study. Thus it appears that the government’s

folic acid fortification program has exposed adults to increased folate from diet,

perhaps even more than was originally envisioned.

The beneficial effects of folic acid supplementation for the general population are

fortunately mirrored in the subpopulation of women in their childbearing years in

preliminary studies. Caudill, et al.169 examined the folate status of women between the

ages of 18–45 in Southern California after folic acid fortification and found high serum

and red cell folate levels along with low homocysteine levels in these women regardless

of socioeconomic status. In a much larger study, the Centers for Disease Control

showed an increase in serum folate since fortification from 6.3 to 16.2 ng/ml and a

parallel rise in RBC folate from 181 to 315 ng/ml in women of childbearing age.128,164

Vitamin B12

Vitamin B12 deficiency is uncommon in pregnancy, and unlike folate stores that

can be depleted in months, normal cobalamin stores can last for years. The B12

needs of a pregnant woman are not thought to differ much from an average adult,

and there is only a modest increase in recommended daily intake of vitamin B12

from 2.2 mcg daily to 2.4 mcg daily during pregnancy.128,129

Disorders related to folate and B12 deficiency and

disorders related to hyperhomocysteinemia

Hematological sequelae of folate and B12 deficiency

Classically, folate and B12 deficiency in a non-pregnant adult is manifested by a

megaloblastic/macrocytic anemia. Megaloblastosis refers to the changes in the
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bone marrow and macrocytosis in the peripheral blood; a deficiency of either will

cause identical bone marrow features. It should also be remembered that macro-

cytosis does not specifically indicate that megaloblastic changes are occurring in

the bone marrow. Other causes of macrocytosis are listed in Table 9.11. Two

specific signs of megaloblastic changes are helpful: (1) hypersegmentation of

neutrophils and (2) presence of macroovalocytes in the peripheral blood. As

nuclear maturation is progressively delayed, megaloblastic erythroblasts in the

bone marrow begin to lyse, causing an elevation of serum lactate dehydrogenase,

indirect bilirubin, uric acid, as well as ferritin and iron.

Neuropsychiatric symptoms in B12 deficiency

One of the main clinical features that differentiate B12 deficiency from folate

deficiency is the presence of neuropsychiatric symptoms. These can include

posterolateral spinal column demyelinating symptoms, peripheral neuropathies,

mood changes, and dementia-like memory loss (Table 9.12). Of these symptoms,

peripheral neuropathy appears to be the most frequent clinical feature. Some of

these changes are reversible with repletion of B12, thus improvement can occur in

days to weeks. The underlying pathophysiology remains unclear. Folate deficiency

does not have neurological sequelae, so macrocytosis with neuropsychiatric symp-

toms should strongly suggest B12 deficiency.

Table 9.11 Causes of macrocytosis.

Artifactual

* Markedly elevated blood sugar

* Cold agglutinins

Vitamin deficiency

* B12 deficiency

* Folate deficiency

Induced DNA defects

* Drug-induced altered DNA synthesis (folate antagonists,

antiviral and anticonvulsant drugs)

* Inborn errors of metabolism (Lesch-Nyhan syndrome,

orotic aciduria)

Metabolic derangements

* Myelodysplastic syndromes

* Liver disease

* Alcohol use

* Reticulocytosis

* Hypoxemia
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Obstetrical complications relating to a deficiency of vitamins,

B12 or folate, or to elevated levels of homocysteine

Neural tube defects

One of the most well known problems related to folate deficiency in pregnancy is

the group of disorders known as neural tube defects (NTDs). Spina bifida and

anencephaly, the most common of the NTDs, occurred in approximately 2.5 out

of 10,000 births in the United States in the early 1990s.170 Although the association

of maternal folate deficiency with fetal NTDs has been known for over forty years,

the mechanism of this interaction remains unclear. Theories include a direct effect

of low folate levels on impaired DNA synthesis171 to an indirect effect of homo-

cysteine toxicity on the fetus. Definitive evidence that treatment with folate can

reduce the incidence of neural tube defects was shown in a randomized clinical

trial carried out by the British Medical Research Council. In this study, women

with a prior pregnancy affected by NTD were randomized to folate (4 mg), multi-

vitamin (not a complete multivitamin – it did not include vitamin B12, for

example), or no intervention in a 2� 2 factorial design. NTD-affected births

decreased by 72% in women treated with folate.144 The Institute of Medicine

now recommends that pregnant women receive 600 mcg of folate daily, and

women with prior NTD-associated pregnancy receive 4 mg of folate daily.128,164

Implementing an effective intervention has been difficult because neural tube

closure is complete four weeks after conception, a time when many women are not

aware that they are pregnant and may not be taking folate supplements. Folic acid

fortification of food was clearly an attractive option that could eliminate or reduce

Table 9.12 Neuropsychiatric manifestations of B12 deficiency.

Spinal Cord Changes

* Posterior column symptoms

* Paresthesias in fingers and toes

* Uncoordination of legs

* Diminished vibratory sense/proprioception

* Lateral column symptoms

* Weakness of legs> arms

* Spasticity of legs> arms

* Positive Babinski’s sign

Central Nervous System Changes

* Dementia

* Personality changes

* Psychiatric disturbances
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the need for women to actively take folic acid supplements, but the U.S. program

itself was controversial. Some have felt that the level of fortification was not

enough,172 others felt that it might be too much because B12 deficiency might be

masked by folate repletion (which can reverse the anemia and hyperhomocystei-

nemia associated with a combined folate and B12 deficiency).150 Thus far, folate

fortification appears to have reduced the incidence of NTDs by approximately

20%.173 Using birth certificate records, the prevalence of NTDs has decreased from

37.8 per 100,000 live births to 30.5 per 100,000 live births in the United States since

1998. Thus it appears that folate fortification has made an impact in reducing

NTDs, though the ultimate degree of reduction remains to be seen.

Whether or not vitamin B12 status affects NTDs is not known. There are several key

points to consider regarding vitamin B12 in pregnant women. First, true B12 defi-

ciency is rare in pregnancy and is associated with a megaloblastic state.151 Second,

vitamin B12 levels fall throughout pregnancy, often to levels considered ‘low’ by adult

reference standards, but are not associated with hyperhomocysteinemia or anemia.159

Third, although most studies addressing a possible link between B12 and NTDs have

used serum B12 levels and in aggregate have suggested a possible association,174

methodological differences among the studies make such a conclusion difficult.

Only a few studies have looked at methylmalonic acid levels during pregnancy,148,175

but their small numbers also do not allow for clear conclusions to be drawn.

Miscarriage

Miscarriage occurs commonly in women with homocystinuria, who have fetal loss

rates of almost 50%.143 Studies of hyperhomocysteinemic women, with less elevated

homocysteine values, have generally shown a positive association of high homo-

cysteine levels with miscarriage. A meta-analysis of 10 case-control studies gave an

odds ratio of 2.7 (95% CI 1.4 to 5.2) for women with recurrent early pregnancy loss

(two or more spontaneous miscarriages before 16 weeks menstrual age) and elevated

fasting levels of homocysteine.176 A smaller link (odds ratio¼ 1.4, 95% CI 1.0 to 2.0)

was found between the TT genotype of the MTHFR gene and recurrent miscarriages.

Whether folate supplementation might be beneficial is not known, but a small trial

using 15 mg of folic acid daily along with vitamin B6 helped to normalize homo-

cysteine levels in 25 hyperhomocysteinemic women, all with the TT MTHFR

genotype, who had recurrent miscarriages.177 Twenty of the 25 women subsequently

carried a fetus to term without complications. Turning attention towards fetal

characteristics, other studies suggest that spontaneously aborted fetuses carry certain

combinations of genes more frequently, including the TT MTHFR genotype, which

lowers fetal viability.178,179 Thus, while elevated homocysteine may be found in a

small subset of women with recurrent miscarriages, there is some hope that treat-

ment with vitamins may allow these women to complete their pregnancies.
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Preeclampsia

Preeclampsia occurs in up to 7% of nulliparas and 5% of multiparas during

pregnancy180 and while the etiology remains unclear, placental vasculopathy is

seen pathologically and endothelial dysfunction has been postulated to play a

significant role.181 Homocysteine interferes with nitric oxide synthesis and homo-

cysteine impairs endothelium dependent vasodilation.182–184 Homocysteine has

been associated with the development of pre-eclampsia in numerous case-control

studies,185–194 although an association with the MTHFR TT genotype has generally

not been found.189,194–198 Additionally, low serum folate and B12 levels generally

do not correlate with preeclampsia.185,189,190,193 In theory, if homocysteine can be

lowered by increased folate intake and hyperhomocysteinemia plays a role in

preeclampsia, then increased dietary folate should lessen the occurrence of pre-

eclampsia. Although prospective clinical trial data are lacking, a retrospective

analysis of the incidence of preeclampsia and eclampsia before and after folic

acid supplementation in Canada did not show a decline following supplementa-

tion (3.8% before vs. 3.7% after).199 Certainly more clinical trials are warranted in

this area, but at the present, the roles of folate, B12, and homocysteine in the

diagnosis and treatment of preeclampsia are not well defined.

Other problems in pregnancy

The relationship of intrauterine growth retardation (IUGR) to homocysteine

initially gave conflicting results with some positive correlations187,200 and some

negative correlations.201,202 These studies were relatively small, but a recent large

study203 involving several hundred parents and children with and without IUGR

failed to show any association to IUGR to elevated homocysteine values; in fact,

most homocysteine values were in the normal range and relatively higher homo-

cysteine levels in the mother and newborn were protective against IUGR. It is not

clear why hyperhomocysteinemia might be protective or reflect a protective

mechanism against IUGR, but it appears that hyperhomocysteinemia and IUGR

are unlikely to be related events. Other studies have suggested a link between

homocysteine and Down’s syndrome204 as well as congenital heart defects205 and

placental abruption.206

Folate and cancer

There are several putative mechanisms whereby folate deficiency may play a role in

carcinogenesis.207 First, deficiency of folate can cause a relative deficiency of the

methyl donor S-adenosyl methionine leading to DNA and RNA hypomethylation.

Hypomethylation of DNA may lead to activation of proto-oncogenes.207

Additionally, folate is required for synthesis of purines and thymidylate, and folate

deficiency may cause improper base pair incorporation into DNA leading to
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mutations. Several large case-control studies suggest that folate deficiency may

increase risk for cancer, though the data with the MTHFR TT genotype is not as

clear and even paradoxical.

Breast cancer

Many studies have attempted to find a link between breast cancer and folate intake;

the majority of studies have not found a link except in women who have low folate

intake and high alcohol intake. Large cohort studies including tens of thousands of

women208–211 and smaller case-control studies212–216 provide the bulk of the

evidence; folate intake was acquired via self-reporting of dietary habits by the

study participants. Most studies show either no effect of folate on breast cancer risk

in pre- or post-menopausal women,210,213–215 or an association only with increas-

ing alcohol intake,208,211 itself a risk factor for breast cancer. Studies assessing the

link between the MTHFR TT genotype and breast cancer have suggested a possible

increased risk in TT genotype patients in premenopausal women only.217,218 The

only large trial measuring homocysteine in a cohort of women found no link

between homocysteine levels and breast cancer.219

Other cancers

The data with regard to colon cancer and folate status provides an interesting

parallel comparison with the data in breast cancer. Cohort and case-control

studies provide most of the data, with the majority showing an inverse association

of folate intake with colorectal carcinoma risk.220–224 In contrast to the data in

breast cancer, however, the TT MTHFR genotype appears to be protective against

colon cancer.223,225 A low folate status or increased alcohol intake negates the

protective effect of the TT polymorphism in colon cancer. The mechanism of

protection is not clear, but illustrates that gene-environment interactions are

complex. In breast cancer, low intake of folate and the TT MTHFR genotype

both appear to be risk factors, while in colon cancer, low intake of folate is a risk

factor while the TT MTHFR genotype is a protective factor and the presence of

both has a neutral effect. Studies on the effect of folate and cervical cancer have

been recently reviewed,226 with no clear link between low folate intake and the

development of cervical carcinoma. Likewise, there is no clear link between folate

status and development of lung cancer.227–230

Treatment

Folate and B12 deficiency

The approach to the treatment of folate and B12 deficiency depends on the clinical

situation in which the diagnosis is suspected. When a megaloblastic anemia is the

initial presenting problem, the anemia itself may be the most important symptom
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and transfusion of packed red blood cells may be indicated. Transfusion of one or

two units should be enough to avert hemodynamic compromise and if possible,

serum B12 and folate levels should be drawn before the transfusion to aid in

diagnosis. If the patient is stable, workup can begin by checking serum B12 and

folate levels, followed by homocysteine or methylmalonic acid levels to aid in

diagnosis when the values are equivocal. Once the problem has been identified,

treatment can be started with the appropriate vitamin, and if no etiology has been

found, a search can commence for the cause of the deficiency.

Folate deficiency is most often related to inadequate dietary intake; pregnancy

increases the metabolic demand for folate further as the placenta actively captures

folate from the maternal circulation and releases it to the rapidly growing fetus.

Folate demands may be heightened by multiparity and folate intake lessened by

hyperemesis gravidarum. Fortunately, folate deficiency is effectively treated with

folic acid supplements between 1–5 mg daily. Unlike food-derived folates, folic

acid is very well absorbed and high doses can even overcome malabsorption

problems. In non-pregnant adults, an appropriate response includes a reticulo-

cytosis and drop in serum potassium levels in the first several days, resolution of

hyperhomocysteinemia and hypersegmented neutrophils in a few weeks, and a

normalization of the hemoglobin values in several months.141

B12 deficiency is a less common clinical condition than folate deficiency since

intake and absorption of vitamin B12 (4 mcg) greatly exceeds the daily requirement

of B12 (1 mcg) in most diets, and the body stores of B12 (2000–5000 mcg) are

extensive enough to last for years. Because most mechanisms of B12 deficiency are

related to absorptive problems, treatment is usually given by daily intramuscular

injections of vitamin B12 for one week, followed by weekly injections for a month.

Once the body stores have been repleted, oral B12 supplementation (1 mg daily) may

be appropriate for some patients with ongoing malabsorption, though monthly

1 mg injections bypasses any absorption problems and ensures adequate levels.

Repletion of B12 should result in normalization of the hematological abnormalities

in a parallel manner to the treatment of folate deficiency. Recovery of neurological

abnormalities is slower, requiring up to 6 months, and may be incomplete depend-

ing on the duration and degree of impairment at the time of diagnosis.

Hyperhomocysteinemia

Whether hyperhomocysteinemia arises from folate or vitamin B12 deficiency

or from polymorphisms of enzymes involved in folate and B12 metabolism such

as the MTHFR G677 T mutation, treatment relies on increasing folate and B12

intake. While individual vitamin supplementation can lower homocysteine levels,

multivitamins containing B12, folate and vitamin B6 are often used. Folate

supplementation appears to have the most homocysteine lowering effect,128,231
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and addition of B12 lowers homocysteine values further. Effective doses used

in homocysteine lowering trials are similar to doses used in folate and B12

deficiency: 1 to 5 mg of folic acid and 0.4 to 1 mg of vitamin B12. Those who

carry the TT MTHFR genotype can also be effectively treated with folic acid and

vitamin B12.147,149,232,233

Summary

Folate, vitamin B12, and homocysteine are now seen as increasingly important

mediators in the complex interaction of diet, genetics, health, and disease. For the

obstetrician and gynecologist, the discoveries in this field have implications

beyond caring for the pregnant woman; vascular disease and cancer are among

the most important contributors of morbidity and mortality for the adult, post-

menopausal woman. Although much of the clinical data is observational, well-

designed clinical intervention trials have begun,150 which should help guide

clinicians on the appropriateness of offering vitamins in disease prevention for

their patients.
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Introduction

Malignancy is an independent risk factor for the development of venous throm-

bosis (VT)1 and the latter belongs to the most common and life-threatening compli-

cations in patients with gynecological malignancy. Most thrombotic complications

are recognized while patients undergo cancer treatment. Breast cancer patients

under observation were found to experience VT in 0 to 3% compared to an overall

incidence per year of about 0.3% in women. Incidence of VT does not exceed 1.5%

following surgery for breast cancer, irrespectively of whether patients had radical or

breast conserving surgery.2,3 VT occurs in about 1 out of 5 patients after Wertheim –

Meigs surgery for cervical and endometrial cancer despite receiving thrombosis

prophylaxis2,4,5 and every 4th patient with ovarian malignancy is confronted with

VT during the time of primary treatment (surgery and first-line chemotherapy).6,7,8

According to a statement by the Subcommittee Thrombosis and Haemostasis in

Malignancy of the International Society on Thrombosis and Haemostasis (ISTH) a

5% incidence of VT can be expected in the course of adjuvant chemotherapy for

breast cancer,9 which is of concern since most breast cancer patients will receive

adjuvant chemotherapy. According to the American Cancer Society (ACS)10 esti-

mates for 2004, 217,000 new cases of invasive breast cancer, 50,840 cases of uterine

cancer and 25,580 cases of ovarian cancer will be diagnosed in the United States.

Thus some 13,000 patients (6%) with breast cancer, 10,000 patients with uterine

malignancy, and 6,300 women with ovarian cancer will develop thrombosis within

the first year after diagnosis of cancer. Despite the widespread acceptance of the

increased risk for VT in cancer patients, among physicians, a lack of confidence

exist when, how, and how long a cancer patient should receive prophylaxis during

the course of cancer disease. This discrepancy may be in part explained by the

lack of uniform – or to be precise – adequate and negotiable guidelines/

Hematological Complications in Obstetrics, Pregnancy, and Gynecology, ed. R. L. Bick et al. Published by

Cambridge University Press. # Cambridge University Press 2006.



recommendations for VT prophylaxis apart from surgical interventions. Moreover,

valid data on the incidence of VT within a particular type of cancer and apart from

the surgical period are rare or even absent. Symptomatic VT is an infrequent event,

even in thrombosis prophylaxis or prevention trials thus the overall VT rate is low as

long as screening procedures are not applied.11 In a Pan-European trial of the

European Organisation for Research and Treatment of Cancer (EORTC –55962) a

3% rate of symptomatic VT was recently reported after radical hysterectomy for

uterine cancer.12 In a meta-analysis the incidence after uterine cancer surgery was

more than 6 times higher (118/600; 19.6%) when VT screening was performed.13

Early discharge from hospital after surgery and the increasing outpatient manage-

ment, e.g. during adjuvant and second-line chemotherapy, reduces patients’ sur-

veillance, thus clinical manifestation of VT often is misinterpreted or remains

unrecognized. As a result the true incidence of thrombotic complications like-

wise is dramatically underestimated in the course of malignant disease, which is

supported by the high rate of previously undiagnosed thrombotic events in cancer

patients that are found in autopsy studies.14

The clinical importance of asymptomatic thrombosis has been a matter of

discussion for many years but such interpretations are interrogative and should

always consider the potential risk of thrombus embolization and of post throm-

botic syndrome that further confines life-quality in a cancer patient.

Risk factors for VT in gynecologic malignancy

Development of thrombosis in malignancy is the result of multiple conditions

that commonly coincide in a cancer patient. Apart from the surgery, systemic

cancer treatment is an independent risk factor for VT in patients.3 For individual

risk assessment, predisposing and temporary risk factors must be defined and

their cumulative appearance should guide the decision for VT prophylaxis

also apart from the surgical period. A risk-assessed model (RAM) with defined

risk categories has been designed in an international collaboration of experts15

(Table 10.1). Although such RAM seems useful, especially in hospitalized

patients, during clinical workaday in many patients it is difficult or even

impossible to assign them to an equivocal risk category. Predisposing

factors, which include the patient’s history, e.g. previous VT, known hereditary

or acquired thrombophilia, co morbidity, or higher age of patient, can be obtained

relatively easily. The number of temporary risk factors is extensive and – most

important – dynamic, which often necessitates reevaluation of the overall risk in a

cancer patient. Metastatic disease in particular is a predisposing factor for VT

since co morbidity rises and according to RAM in such patients prophylaxis is

indicated.
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There is a significant correlation between a rising age of patient and the risk of

VT after surgery.16 The relative risk for postoperative VT, when compared with an

age below, is 4-fold higher over an age of 19 years, is 12 fold increased at the age over

39 years and 35-fold increased when the age is more than 60 years.17 In healthy

individuals, an age over 60 years represents a permanent risk factor for post-

operative VT through accumulation of physiological changes in the elderly. These

include low-grade coagulation activation accompanied by reduced fibrinolytic

activity and a higher prevalence of atheriosclerotic changes with impaired

endothelial anticoagulant properties, as well as insufficient venous valve function

that is associated with reduced blood flow.18 The latter is further negatively

influenced by a set of rheological changes triggered by an increase in fibrinogen turn

over, higher plasma viscosity, and an increased erythrocyte rigidity and –

aggregation.19 Thus impairment of all three cornerstones of the Virchow – Trias

Table 10.1 Experts’ recommendation for indication of thrombosis prophylaxis application in

non-surgical patients according to a risk-assessed model (RAM) introduced at the VTE meeting

in Lisbon, November 2003.

A
C

U
T

E
  R

IS
K

BASIC RISK

•  ischemic cerebral stroke 

•  acute dekomp. COPD and assisted 

   ventilation

•  myocardial infarction 

•  myocardial insufficiency NYHA III + IV 

•  acute dekomp. COPD without 

   assisted ventilation 

•  sepsis 

•  inflammation, acute infection, mostly

   immobilized

•  inflammation, acute infection, 

   without complete immobilization 

•  central venous device/port,

   administration of cytotoxic/

   vein damaging substances

•  no acute risks

0 I II III

• no basic risks
•  dehydration 

•  polyglobulia or

    thrombocythemia 

•  varicose and venous

    insufficiency 

•  family history of VT 

•  HRT 

•  adipositas

•  age > 65 y 

•  pregnancy

•  OC

•  nephrotic syndrome

•  myelo-proliferative

   syndrome 

         or

•  ≥ 2 risks (category I)

•  thrombophilia 

•  previous VT 

•  active cancer 

            or 

•  ≥ 3 risks (category I) 

•  ≥ 2 risks (category II)

III high

II high

I low

0 low

high

high

low

low

high

moderate

low

high high

high

high

moderate

OVERALL VT RISK

Source: Venous Thrombosis Experts meeting (VTE), Lisbon, November 2nd–4th 2003.
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tend to the worse with an increasing age. Accordingly the patient’s age is a

major stratifying determinant within the risk categories, that have been developed

by the European Consensus Conference20 in surgical patients that also apply to

gynecologic/surgical patients (Table 10.2).

Immobilization, e.g. bed-rest prior to surgery predisposes to venous stasis and

thus to VT. The role of an increased BMI (>24 kg/m2) for the development of VT

is a point at issue. Hormonal replacement therapy in a postmenopausal woman

may not increase the risk for thrombosis during surgery.21 While hormonal

replacement therapy (HRT) in a postmenopausal woman may not increase the

risk for thrombosis during surgery21 the Women’s Health Initiative trial109 found

a two- to three-fold higher rate of VT in patients receiving HRT continuous and

daily as compared to women that were given placebo (HR 2.11; 95% CI: 1.58–2.82)

during an average follow up of 5.6 years. Moreover the presence of factor V Leiden

mutation nearly six-fold increased the risk for VT during HRT.110 However, a

history of primary thrombosis, e.g. one that occurred during hormonal contra-

ception, is associated with a higher risk of recurrence. During surgery the duration

of anesthesia and the extend of surgical intervention are important determinants

for the risk of postoperative VT, whereas general anesthesia particularly for more

than 5 h carries a higher risk as compared to segmental spine anesthesia. Extent

of pelvic lymphadenectomy at surgical staging for uterine cancer is an independent

risk factor for the occurrence of postoperative complications including VT. In a

recent study, according to multiple logistic regression, removal of more than 14

nodes was the only condition associated with at least one postoperative compli-

cation (OR¼ 2.56, P< 0.01), while removal of more than 19 nodes (OR¼ 9.7,

P< 0.01) was the only variable significantly associated with the development of

two postoperative complications.22 A time-interval of less than 30 days between

two surgical interventions further increases the risk for VT.23

Table 10.2 Risk categories for VT in surgical patients.20

Risk Low Moderate High Very high

Localization of VT uncomplicated

surgery, age <40 y,

no additional

risk factors

abdominal and

vaginal surgery

age >40 y,

no additional

risk factors

abdominal and

vaginal surgery

age >40 y,

additional risk

factors

abdominal and

vaginal cancer

surgery,

age >60 y

Distal VT (%) 2 10–20 20–40 40–80

Proximal VT (%) 0.4 2–4 4–8 10–20

Symptomatic PE (%) 0.2 1–2 2–4 4–10
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In malignancy the presence of hemostaseological and hemorheological defects in

addition to cancer induced hypercoagulability predisposed to thrombosis. Acquired

defects include inhibitor deficiency24 and hypofibrinolysis25 that occur during

chemotherapy, functional resistance to activated Protein C (APC),26,27 and high

antiphospholipid antibody titres28 that may not develop for the course of cancer

disease.29 Genetically determined hemostaseologic risk-factors of VT include gene-

mutation of factor V (Leiden), factor II (prothrombin G20210A), thrombomodulin,

methyl-tetrahydrofolate-reductase (MTHFR), or 4G5G polymorphism of the plasmi-

nogen activator inhibitor-1 (PAI-1) gene, whereas factor V mutation is present in

about 11 to 20% of all patients with VT30 and factor II mutation, that is found in

about 5 to 10% of patients with VT31, has been shown to increases the risk of VT

3.8-fold.32 However, their contribution to the pathogenesis of VT in malignancy

apart from catheter-related thrombosis is less studied and may be of secondary

importance.27,33,34 Finally, the common presence of hyper viscosity – a syndrome,

that is caused by high cellular concentrations in myelo-proliferative malignancy,

e.g. polycythemia Vera, and hematocrit independent with high plasma viscosity in

patients with solid tumors,35 is a risk-factor for VT.36,37,38

VT during gynecologic cancer surgery

Surgery for malignant compared to benign gynecologic diseases is associated with

a three-fold higher VT incidence. In a set of ten trials without prophylaxis and a

comparable study design, VT incidence postoperatively was assessed in patients

who had surgery for benign and malignant gynecologic diseases (Table 10.3). The

rate was 13.4% (n¼ 78) in 579 patients confirmed by fibrinogen up-take test after

Table 10.3 VT in patients undergoing gynecologic surgery without prophylaxis.

Number of

patients (N)

Incidence

of VT%

Incidence

of PE%

Bonnar & Walsh, Lancet ii, 1972 140 15 0.7

Ballard et al., Obstet. Gynecol. Brit. Cwlth., 1973 55 29 0

Walsh et al., Obstet. Gynecol. Brit. Cwlth., 1974 262 14 2.7

Taberner et al., BMJ, 1988 49 23 0

Adolf et al., Gynäkol. Geb. Frauenhlk., 1978 75 29 0

Clarke-Pearson et al., Am. J. Obstet. Gynecol., 1983 97 12.4 1

Clarke-Pearson et al., Gynecol. Oncol., 1984 382 12.4 1.3

Clarke-Pearson et al., Obstet. Gynecol., 1984 12 34.6 1.9

Turner and Brookes, Brit. J. Obstet. Gynec., 1984 92 4.3 0

Clarke-Pearson et al., Obstet. Gynecol., 1990 103 18.4 0
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vaginal and abdominal hysterectomy for benign pathology and was 20.3%

(n¼ 78) in 384 patients after cancer surgery. In an early trial by Walsh and

colleagues from 1974,39 26% of patients after the Wertheim-Meigs operation and

45% after ovarian and vulva cancer surgery developed VT postoperatively. In

1987, Clarke-Pearson and colleagues reported a mean incidence of 12% after

abdominal hysterectomy for non-malignant indication and after ovarian cancer

surgery, while 16% of patients undergoing Wertheim surgery, 23% after surgery

for endometrial cancer, 32% after radical vulvectomy, and 88% of patients who

had exenterating surgery, had VT postoperatively.40

In general surgery the use of aspirin for thrombosis prophylaxis had little effect

on the incidence of VT when compared to that of patients without prophylaxis

(Table 10.4). In 1980 the use of Dextran for thrombosis prophylaxis in a small

study of gynecologic cancer patients was rather disappointing since 28.0% of

patients developed VT postoperatively.41 A review of studies in which different

prophylactic methods were randomly tested against placebo or no prophylaxis in

gynecologic patients undergoing cancer surgery (UFH: unfractionated heparin,

LMWH: low molecular weight heparin, IPC: intermittent pneumatic compression

or EC: graduated elastic compression), the rate was between 4.9% (LMWH) and

11.5% (ICE) postoperatively and thus significantly lower as compared to a rate of

20.0% in patients who randomly received no prophylaxis (Figure 10.1). In 1,225

patients who had vaginal and abdominal operations for non-oncologic indication

VT incidence was 5.4% (n¼ 66) postoperatively, whereas thrombosis screening in

966 women revealed a mean incidence of 14.6% (n¼ 141) after surgery for genital

cancer. Most of detected VT were located in the calf veins (�17.0%), while�2.0%

Table 10.4 VT incidence after different prophylactic methods in patients undergoing

general surgery.

Trials (n)

Absolute VT incidence

postoperatively (n)

Relative VT incidence

postoperatively (%)

95%

CI

Without prophylaxis 54 1,084/4,310 25 24–27

Aspirin 5 372/76 20 16–25

Elastic stockings 3 196/28 14 10–20

UFH* 47 10,339/784 8 7–8

NMH 21 9,364/595 6 6–7

IPC 2 132/4 3 1–8

*UFH: unfractionated heparin; LMWH: low molecular weight heparin; IPC: intermit. pneumat.

compression.

Source: Pooled data from randomized trials (published at the VIth ACCP Consensus Conference

on Antithrombotic Therapy).96
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were found in the proximal veins. Among these, earlier trials used fibrinogen

up-take test for screening and diagnosing VT, which offers a lower sensitivity for

the detection of thrombi in the femoral and pelvic veins. Thus the estimated rate

of proximal VT likely is underestimated. This is supported by trials that used

phlebography for VT screening and found more proximal VT than calf vein

thrombosis.42,43 Ovarian cancer patients had the lowest incidence of VT (6.3%)

after standard abdominal surgery, while the ‘‘Wertheim’’ operation (radical hyster-

ectomy plus extended retroperitoneal lymphadenectomy) for cervix or uterine

cancer was followed by a VT rate of 19.5% and 19.9% respectively (Figure 10.2).13

In these trials thrombosis prophylaxis was given up to day 7–10 postoperatively

which might be too short since 8.3% of ovarian cancer patients developed late

thrombotic complications thereafter while no prophylaxis was given.6 White and

colleagues retrospectively investigated the early and late incidence of symptomatic

VT after surgery in patients that were recorded in the California Patient Discharge

Data Set from 1992–96. ICD-9-CM (International Classification of Disease,

9th Revision Clinical Modification) numbers associated with thrombosis were

identified and the incidence of VT during stay in hospital as well as after discharge

until day 91 postoperatively was calculated in 1,653,275 patients with and without

cancer that previously had surgery (Table 10.5). VT incidence was 1.28% (n¼ 244)

Unfractionated
heparin (47/567)

(12/258)

(29/253)

(77/384)

Low molecular weight
heparin

Intermit. compression
stockings

Without prophylaxis

0 5 10 15 20

[Percent]

25 30

Cl 95 %

Mean

Figure 10.1 Thrombosis incidences (95 confidence interval) after different prophylactic methods in

gynecologic patients undergoing cancer surgery.
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Table 10.5 Incidence of symptomatic VT within 91 days of surgery before and after discharge from

hospital in patients with and without cancer. The numbers of patients with thrombosis are shown

and the rate (%) is calculated accordingly.44

Patients without cancer Cancer patients

VT incidence

upto day 91

postoperatively

[N (%)]

VT incidence

after discharge

upto day 91

postoperatively

[N (%)]

VT incidence

upto day 91

postoperatively

[N (%)]

VT incidence

after discharge

upto day 91

postoperatively

[N (%)]

Neurosurgery 395/0.83 0.51 215/3.21 2.47

Head/neck surgery 25/0.10 0.06 144/0.83 0.43

Thoracic surgery 1,806/0.68 0.39 654/1.00 0.61

Gastrointestinal surgery 1,177/0.38 0.20 988/1.77 0.81

Urologic surgery 319/0.34 0.23 814/1.30 0.76

Gynecologic surgery 402/0.25 0.19 244/1.28 0.74

Orthopedic surgery 4,689/1.30 0.96 324/2.49 1.38

Ovarian cancer

Mean and 95% confidence interval

Cervical cancer

Uterine cancer

Breast cancer

Benign disease

0 5 10 15
[%]

20 25 30

Figure 10.2 Postoperative VT in gynecologic cancer patients who received prophylaxis (ovarian cancer:

23/366; cervical cancer: 64/329; uterine cancer: 54/271; breast cancer: 12/1,717) and in

patients with benign gynecologic disease (66/1,225). Meta-analysis including 13 trials.
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Low-level LMWH

High-level LMWH

Low-level LMWH

High-level LMWH

1.0LMWH better UFH better

double
blind

double blind

all studies

all studies

Figure 10.3 Odds-Ratio (95 CI) of wound hematoma after low and high doses of LMWH and after

low-dose heparin (UFH). Meta-analysis by Kakkar.50

Major bleeding events

Wound hematoma

Severe intraoperative blood loss

Re-operation

Injection hematoma

LMWH better UFH better

0.37 1.09

0.39 0.88

1.23

2.26

0.36

0.02

0.830.23

1.0

Figure 10.4 Odds-Ratio (95% CI) of major bleeding complications after gynecologic cancer surgery.
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within 3 months after surgery in a total of 19,006 women with gynecologic cancer,

whereas more than half of these events (n¼ 141; 57.8%) occurred after discharge

from hospital.44 Extending the time of postoperative heparin prophylaxis may

reduce the high rate of late VT in gynecologic cancer patients, which is suppor-

ted by the results of the Enoxacan II trial. Continuation of VT prophylaxis

(Enoxaparin 40 mg/d s.c.) after cancer surgery for a total of 4 weeks (n¼ 165)

was associated with a 60% risk reduction for the development of VT within 28 days

after surgery, whereas the incidence of phlebographically confirmed VT (n¼ 9;

5.5%) was significantly lower as compared to cancer patients receiving placebo

(23/167; 13.3%; p¼ 0.01).11

In women undergoing radical pelvic surgery of the highly vascularized retro-

peritonal area for treatment of genital cancer the risk of severe bleeding complica-

tions may be higher as compared to that during general surgery.45 However, the

introduction of low-dose heparin prophylaxis during gynecologic cancer surgery

seemed not to potentiate the risk for hemorrhagic diathesis in patients.46 Changes

in homeostasis that trigger the risk for VT in the elderly may also admit respon-

sibility for a lower risk of bleeding associated with the use of anticoagulants for VT

prophylaxis. After thrombosis prophylaxis with Nadroparin (once 0.3 ml/d) during

general surgery including gynecologic cancer surgery a patient’s age> 60 y was

associated with a 67% risk reduction for the development of wound hematoma

(n¼ 9; 2.0%) as compared to younger patients (n¼ 27; 5.8%; p< 0.01).45 Studies

comparing LMWH and UFH prophylaxis during cancer surgery including gyne-

cologic patients found similar or better safety after LMWH prophylaxis while

efficacy was comparable.47,48,49 In 1995 a meta-analysis performed by Kakkar and

colleagues found a lower risk of bleeding after LMWH compared to UFH pro-

phylaxis postoperatively.50 However, higher doses of LMWH in randomized trials

had significantly higher rate of wound hematoma as compared to low-dose heparin

prophylaxis (UFH) (Figure 10.3). The lower rate of minor hemorrhagic complications

after LMWH prophylaxis as compared to UFH may be due to reduced inhibition of

platelet aggregation. In a double blind randomized trial in patients undergoing

gynecologic cancer surgery,2 incidence of major bleeding events and the number

of necessary blood transfusions were statistically significantly lower after Certoparin

prophylaxis (Novartis AG – once daily 3,000 anti Xa Units) as shown in Figure 10.4.

VT during radiotherapy

Reviewing the charts of one gynecologic institution, 81 women with genital cancer

and an episode of VT were identified within a 10 year period (1984–95) by Morgan

and colleagues.51 Most thrombotic complications were diagnosed within 3 months

of radiation (43% 32/81), while 38% (n¼ 28) occurred postoperatively and
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24% (n¼ 25) during chemotherapy. Although no conclusion on the incidence

of VT during radiotherapy can be drawn from these data, the distribution of

their occurrence is surprising. Prior to the introduction of HDR-AL techniques

(high dose rate after loading) using 192IR, VT was a substantial complication

during intra vaginal/uterine radium therapy, which needs several hours to

days. In 1962 an incidence of symptomatic VT of 2.5% within 48 h after

2,540 intra vaginal/uterine radium applications without prophylaxis was found,

whereas PE occurred in 0.6% and 0.1% had lethal PE.52 In 347 gynecologic cancer

patients the risk for postoperative VT was significantly increased when radio-

therapy had preceded surgery (RR¼ 1.108; p< 0.05).5 In the recent literature

there is little information on the role of VT in gynecologic cancer patients under-

going radiotherapy. Among 132 gynecologic patients with endometrial cancer who

received oral anticoagulation (Cumarin INR: 2.0–3.5) during pre- or postoperative

radiotherapy Graf and colleagues53 found a VT incidence of 6.8% and an incidence

of non-lethal PE of 3.8%, while in 5.3% bleeding complications occurred. In a

subsequent study,54 136 uterine cancer patients either received low molecular

weight heparin (LMWH; once 5,000 anti Xa/die s.c. Fragmin), or an oral anti-

coagulant (acenocoumarol, Sintron INR: 2.0–3.5) during primary or post surgery

radiotherapy. The incidence of non-lethal PE was 5.9% in the LMWH group vs.

5.8% in the oral anticoagulant prophylaxis group. Bleeding complications

occurred in 1.5% in the LMWH group and in 2.9% while receiving oral anti-

coagulants. In a study by Kemkes-Matthes from 199555 a 10 to 30 minute HDR-AL

therapy was not associated with an increase in coagulation activation after

6 or 24 h as indicated by normal and – compared to the pre-treatment values –

unchanged levels of thrombin–antithrombin complexes, d-dimer, and prothrombin

1þ 2. Symptoms of VT were observed in none of the patients and the authors

concluded that prophylaxis is not recommended during HDR-AL therapy.

In a recent trial 37 women with uterine cancer received 4 cycles of postoperative

HDR-AL therapy that was given weekly. No routine VT prophylaxis was applied.

Tests performed before each radiation session neither revealed coagulation acti-

vation nor reduced fibrinolytic response or changes in blood rheology in the

course of treatment. Non-invasive VT screening took place at the same times

but revealed no episodes of VT.56

VT during chemotherapy

In literature the reported incidences of clinical VT in breast cancer patients

undergoing adjuvant chemotherapy excluding catheter-related VT is about 5%9

and was twice as high upon screening for VT.25 A systematic review57 found

6 studies in which a total of 3,101 patients received adjuvant non-hormonal
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chemotherapy for breast cancer whereas the incidence of VT in these trials was

between 1.3% and 10% (mean 4.5%). Most of them used CMF therapy (cyclophos-

phamide, methotrexate, 5-fluorouacil) and the average mean VT incidence was

4.2% compared to 4.8% when anthracycline regimens were given. In 4 studies

chemotherapy for advanced stage disease in 444 breast cancer patients was asso-

ciated with an average mean VT incidence of 9.8%.

During adjuvant tamoxifen/chemotherapy for breast cancer in 4 trials

(n¼ 1,102) an average mean VT incidence of 4.8% (range of means: 3.1% to

9.3%) was recorded, which is more than twice as high as compared to the average

mean rate of 1.7% (range of means: 0 to 5.6%) found in 8 studies during adjuvant

tamoxifen mono therapy based on a total of 3,184 patients. Tamoxifen or tor-

emifen mono therapy for metastatic breast cancer in 3,370 patients from 5 studies

revealed comparable rate for VT (average mean VT incidence 2.1%; range of

means: 0.8% to 3.2%) as seen after adjuvant tamoxifen mono therapy. Data

from the International Breast Cancer Intervention Study (IBIS-I) trial revealed

significantly higher risk for VT in those who received tamoxifen in a chemopre-

ventive setting as compared to women from a matched control group not receiving

tamoxifen (OR, 4.7; 95% CI, 2.2 to 10.1).58 Interestingly, a trial by the Stockholm

Breast Cancer Study Group59 found no significant differences in the incidence of

hospital admissions due to VT in 2,365 postmenopausal breast cancer patients

who were randomly assigned to either adjuvant tamoxifen treatment (49/1,188;

4.1%) or no hormonal therapy (45/1,177; 3.8%; HR: 1.06; CI 95%: 0.71–1.6;

p> 0.05). During MPA (medroxy-progesterone acetate) mono therapy at a dose

of 500–1,200 mg/d in 6 studies including 1,225 patients with advanced stage breast

cancer, the reported VT incidence was between 0.9% to 14.5% (mean: 4.1%)

compared to 4.1% (range of means: 3.5% to 4.7%) in 407 patients from 4 studies

receiving megestrol acetate (MA). Treatment regimens with Taxane, which is a

new antineoplastic substance obtained from extracts of yew tree, have become the

standard in advanced breast cancer, whereas an 11% incidence of clinical VT

occurred during 6 cycles of docetaxel and estramustine phosphate combination

therapy in 36 women.60 In 2 trials of 130 ovarian cancer patients receiving

platinum based chemotherapy VT incidence was 10.6% and 12.0% respectively

(Table 10.6).7,61

A search for hemostaseological and hemorheological changes associated with

different antineoplastic substances was performed in a number of trials among

which CMF-regimens were best studied in breast cancer. Patients receiving CMF

chemotherapy show a temporary reduction in protein C and S activity/antigen

levels soon after the 1st cycle,62,24 which possibly is caused by methotrexate

induced inhibition of tetrahydrofolate-dependent protein synthesis, e.g. nucleic

acids, pyrimidine, and purine. The reduction of coagulation inhibitors is
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Table 10.6 Systematic review – trials on the incidence of chemo/hormonal therapy related VT in breast cancer patients.57

Cytostatika regimens Authors TNM Patients (n)

Arterial

thrombosis

n (%) VT n (%)

Cyclophosphamide R. Weiss Cancer Treat.

Rep., 1981; 65: 677–9

T1–4 N0–2 M0 433 – 22 (5.1%)

Methotrexate T. Saphner J. Clin. Oncol.,

1991; 9: 286–94

T1–4 N0–2 M0 603 0 9 (1.5%)

Fluorouacil (CMF)

without hormonal

substances

M. N. Levine N. Engl. J.

Med., 1988; 318: 404–7

T1–2 N0–1 M0 102 – 9 (8.8%)

S. E. Rifkin J. Clin. Oncol.,

1994; 12: 2078–85

T1–3 N0–2 M0 300 0 4 (1.3%)

M. N. Levine Lancet, 1994;

343: 886–9

T1–4 N0–2 M1 159 0 7 (4.4%)

A. Falanga Thromb.

Haemost., 1998; 79:

23–7

T1–4 N0–2 M1 16 0 2 (12.5%)

L. Goodnough Cancer,

1984; 54: 1264–8

T1–4 N0–2 M1 159 4 (2.5%) 20 (12.6%)

A. Manni Cancer Treat.

Rep., 1980; 64: 111–16

T1–4 N0–2 M1 110 – 11 (10.0%)

Anthracycline J. G. Wall Am. J. Med.,

1989; 87: 501–4

T1–2 N0–1 M0 901 7 (0.8%) –

Adriamycin J. G. Wall Am. J. Med.,

1989; 87: 501–4

T1–4 N0–2 M0 113 6 (5.3%) –

Epirubicin P. C. Clahsen J. Clin. Oncol.,

1994; 12: 1266–71

T1–4 N0–2 M0 1,292 0 27 (2.1%)



Cyclophosphamide v.Tempelhoff J. Clin.

Oncol., 1996; 14: 2560–8

T1–4 N0–2 M0 50 0 5 (10.0%)

(AC, EC) T. Saphner J. Clin. Oncol.,

1991; 9: 286–94

T1–4 N0–2 M0 321 1 (0.3%) 8 (2.4%)

Taxane regimens

docetaxel

S. E. Soule Ann. Oncol.,

2002; 13: 1612–5

T1–4 N0–2 M1 36 – 4 (11.1)

Combination

regimens

K. I. Pritchard J. Clin.

Oncol., 1996; 14: 2731–7

T1–3 N0–2 M0 353 3 (0.9%) 33 (9.3%)

M. N. Levine N. Engl. J.

Med., 1988; 318: 404–7

T1–3 N0–2 M0 103 1 (1.0%) 4 (3.9%)

Tamoxifen CMF with

and without

anthracycline

B. Fisher J. Clin. Oncol.,

1990; 8: 1005–18

T1–3 N0–2 M0 383 – 12 (3.1%)

S. E. Rifkin J. Clin. Oncol.,

1994; 12: 2078–85

T1–3 N0 M0 303 – 11 (3.6%)

K. Bober-Sorcinelli Proc.

Asco., 1986; 5: 64*

T1–4 N0–2

M0–1

52 – 7 (13.5%)

Tamoxifen K. D. Pemberton Blood

Coag. Fibrin., 1993; 4:

935–42

T1–4 N0–2 M0 89 – 5 (5.6%)

K. I. Pritchard J. Clin.

Oncol., 1996; 14: 2731–7

T1–3 N0–2 M0 352 4 (1.1%) 5 (1.4%)

B. Fisher J. Clin. Oncol.,

1990; 8: 1005–18

T1–3 N0–2 M0 367 – 6 (1.6%)

S. E. Rifkin J. Clin. Oncol.,

1994; 12: 2078–85

T1–3 N0–2 M0 295 0 0

B. Fisher N. Eng. J. Med.,

1989; 320: 479–84

T1–3 N0 M0 1,318 – 12 (0.9%)

R. R. Love Arch. Int. Med.,

1992; 152: 317–20

T1–4 N0–2 M0 70 – 1 (1.2%)



Table 10.6 (cont.)

Cytostatika regimens Authors TNM Patients (n)

Arterial

thrombosis

n (%) VT n (%)

C. C. Mamby Cancer Res.

Treat., 1994; 30: 311–4

T1–4 N0–2 M0 32 – 0

C. C. McDonald BMJ,

1995; 311: 977–80

T1–4 N0–2 M0 661 39 (5.9%) 15 (2.8%)

D. F. Hayes J. Clin. Oncol.,

1995; 13: 2556–66

T1–4 N0–2 M1 215 4 (1.8%) 5 (2.3%)

L. Beex Cancer Treat. Rep.,

1981; 65: 179–85

T1–4 N0–2 M1 1975 – 15 (0.8%)

A. Lipton Cancer Treat.

Rep., 1984; 68: 887–8

T1–4 N0–2 M1 220 0 7 (3.2%)

M. Castigl-Gertsch Ann.

Oncol., 1993; 4: 735–40

T1–4 N0–2 M1 64 0 2 (3.1%)

M. Gershanovich Br. Can.

Res. Treat., 1997; 75:

251–62

T1–4 N0–2 M1 149 3 (2.0%) 2 (1.3%)

Toremifen D. F. Hayes J. Clin. Oncol.,

1995; 13: 2556–66

T1–4 N0–2 M1 433 6 (1.38%) 12 (2.8%)

M. Gershanovich Br. Can.

Res. Treat., 1997; 75:

251–62

T1–4 N0–2 M1 314 2 (0.6%) 4 (1.3%)



MPA (medroxy-

progesterone

acetate high dose)

*combination

regimens with

chemotherapy

F. Pannuti Eur. J. Cancer.

Clin. Oncol., 1988; 24:

423–9

T1–3 N0–2 M0 62 – 1 (1.6%)

M. Castigl-Gertsch Ann.

Oncol., 1993; 4: 735–40

T1–4 N0–2 M1 55 – 8 (14.5%)

G. Bastert Med. Welt.,

1984; 34: 61–9

T1–4 N0–2 M1 94 – 2 (2.1%)

K. Pollow Tumordiag.

Ther., 1993; 14: 49–55

T1–4 N0–2 M1 846 – 13 (1.5%)

G. R. Della Cuna Tumori.,

1978; 64: 143–51

T1–4 N0–2 M1 101 – 1 (0.9%)

G. Samonis Oncology 1994;

51: 411–5

T1–4 N0–2 M1 29 – 1 (3.4%)

JABCS group Jp. J. Cancer

Res., 1993; 84: 455–61*

T1–4 N0–2 M1 44 – 1 (2.3%)

MA (megestrol-

acetate)

J. S. Abrams Oncology,

1992; 49 Suppl 2: 12–17

T1–4 N0–2 M1 50 – 2 (4.0%)

A. Buzdar J. Clin. Oncol.,

1996; 14: 2000–11

T1–4 N0–2 M1 253 – 12 (4.7%)

H. L. Parnes Blood Coag.

Fibrin., 1993; 4: 935–42

T1–4 N0–2 M1 57 – 2 (3.5%)

S. Tchekmedyian Sem.

Oncol., 1988; 15 Suppl 1:

44–9

T1–4 N0–2 M1 47 – 2 (4.3%)

*combination regimens with chemotherapy



accompanied by increasing PAI-1 levels (Plasminogen activator inhibitor

type 1) that may signal a cytotoxic reaction of the vascular endothelium.63 CMF

treated patients had less deformable erythrocyte, which could be a result of lipid-

oxidation, induced by cyclophosphamide metabolites Acrolein and Phosphoramide

mustard.64 During adjuvant anthracyclin based chemotherapy coagulation inhi-

bitors in addition to anti thrombin activity were unchanged while PAI activity

increased and remained high throughout chemotherapy.25 During both, chemo-

therapy in the adjuvant setting for breast cancer using EC (Epirubicine,

Cyclophosphamide) as well as first-line PEC chemotherapy for ovarian cancer

(Cisplatinum, Epirubicine Cyclophosphamide), levels of the d-dimer and fibri-

nogen in addition to rheological variables, e.g. plasma viscosity and erythrocyte

aggregation markedly reduced. Thus there was no evidence of chemotherapy

induced coagulation activation.25,65,66 Moreover, none of the markers studied in

these trials was able to predict the development of VT in patients. Upon reevalua-

tion of all patients with a previous diagnosis of VT during adjuvant EC and first

line PEC chemotherapy (n¼ 10) in half of them hereditary thrombophilia defect,

i.e. heterozygous gene mutation of the factor V Leiden and/or Factor II was present

(unpublished data). The increasing use of antibody treatment for breast cancer, e.g.

Trastuzumab so far has not been associated with the development of VT. However,

during antiangiogenic therapy using a potent inhibitor of vascular endothelial

growth factor (VEGF) receptor-1 and -2 (SU5416), 3 of 17 patients with miscella-

neous cancer types developed VT whereas levels of the von Willebrand antigen,

soluble tissue factor, and soluble E-selectin significantly increased during therapy

signaling an activation of endogenous thrombin formation and endothelial cell

activation that was most pronounced in the presence of VT.67

Findings in studies on Tamoxifen induced changes of blood coagulation are

widely inconsistent and predominantly revealed a moderate reduction of anti

thrombin levels/activity which however was not associated with the development

of VT in these trials.57 In the IBIS-I trial58 from 53 women who had VT while

receiving tamoxifen in chemopreventive setting, blood samples were available and

all were negative for the Factor V Leiden and prothrombin mutations compared to

a prevalence of 5.0% and 1.9% respectively in 159 control women.

In 1990 Edwards and colleagues68 showed that heparin could abolish chemo-

therapy induced coagulation activation. In 8 of 16 patients receiving different

regimens of chemotherapy for various advanced malignancies, a single injection of

5,000 IU of UFH heparin immediately after blood collection and before chemo-

therapy resulted in significantly lower FPA levels 45 minutes after chemotherapy

(p< 0.02) as compared to patients that received no heparin. Levine and

colleagues69 performed a double blind randomized trial of very-low-dose warfarin

for prevention of VT in stage IV breast cancer. A total of 152 patients with
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advanced stage breast cancer daily received dose-adjusted warfarin (international

normalized ratio: 1.3 to 1.9) throughout different chemotherapy regimens until

one week thereafter. During chemotherapy 4.4% of patients without concurrent

warfarin prophylaxis developed VT (7/159) – one of which complicated by non-

fatal PE – and one patient of the warfarin treated group had PE. Warfarin

recipients had an 85% lower risk for VT as compared to patients not receiving

prophylaxis (p¼ 0.03), which was not shouldered by an increase in major bleeding

complication. In another small prospective randomized trial by Falanga et al.,70

during 9 cycles of CMF chemotherapy in advanced stage breast cancer the same

daily dosage of warfarin resulted in significantly lower mean levels of the d-dimer,

thrombin–antithrombin (TAT), and prothrombin fragment 1þ 2 (F1þ 2)

between the 4th and 6th cycle as compared to patients who did not receive

warfarin prophylaxis. VT occurred in 2 women of the placebo group (n¼ 16)

and in none of the warfarin treated patients (0/9). Recently, a prospective random-

ized trial (FAMOUS) found comparable rates of symptomatic VT in a total of

385 patients who either received a LMWH (Dalteparin 5,000 IU) once-daily s.c.

(2.4%) or placebo (3.3%), with bleeding rates of 4.7% and 2.7%, respectively.71

The use of LMWH once daily s.c. (3,000 anti Xa Certoparin, Novartis) during PEC

chemotherapy in patients with a previous diagnosis of VT after ovarian cancer

surgery (n¼ 6) successfully prevented re thrombosis, while 6 of 41 patients with-

out prophylaxis VT were diagnosed upon non-invasive screening.61

VT in cancer patients with central venous catheters

In the course of cancer disease, placement of a central venous catheter (CVC) often

remains the last resort to access the venous system in a patient. However, their use

potentially bears the risk of acute and late complications one of which is VT. Short-

term CVC (1–14 days) include percutaneous internal jugular, subclavian, and

femoral lines in addition to the peripherally inserted central catheters (PICCs).

Long-term catheters such as surgically tunneled devices or CVCs that are con-

nected to a totally implanted port-system may remain in situ for months or even

years. Apart from intraluminal clot formation, which is a common event72, the

development of partially or completely occluding thrombi in the blood vessel may

involve up to 66% of all CVC.70 Most of these thrombi were found non-occlusive

and in a trial by Balestreri et al.74 only 10.5% of 26 oncologic patients with

catheter-related VT (cr-VT) had complete thrombosis and all were clinically

silent. Less than a quarter of patients with cr-VT present symptoms such as local

venous distention and numbness, a painful shoulder, or a swollen arm, and neck or

head that will guide to a diagnosis of cr-VT. Meanwhile a number of studies have

been published in which the incidence of symptomatic cr-VT ranged between

0.3%75 and 28.3%.76 When venography was used for screening of cr-VT the
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incidence is somewhat higher and ranges between 27%77 and 66%,73 whereas most

of these are asymptomatic. The risk for upper limb cr-VT (UL-cr-VT) in cancer

patients seems highest within the first weeks of CVC insertion.78,79 In a prospective

study by De Cicco et al. serial venography revealed that 64% of all UL-cr-VTs were

diagnosed on day 8, 34% on day 30, and 2% on day 105 after insertion of CVCs.73

A review by Ruesch and colleagues80 found that the rate of cr-VT was not

dependant on whether the subclavian or jugular veins were access points. After

insertion of a peripherally implanted central catheter in the basilic, brachial, or

cephalic veins most trials found a lower overall incidence of cr-VT compared to

CVC in non-oncologic patients,81 whereas venographic screening revealed a high

rate of 23% – that were predominantly located in the cephalic veins.82 The risk of

PE coming from catheter related upper extremity VT has been estimated low in

earlier reports. Recently some smaller trials that included cancer patients reported

a lung-scan proven incidence of 16.583 to 23.6%.84 In 4 studies reviewed by

Kuter,85 incidence of PE was 11% in patients with UL-VT, which is comparable

with the rate of asymptomatic PE seen in patients with symptomatic lower

extremity VT.

After catheter insertion, a fibrin sheath forms around the catheter,86 which is

almost always colonized by cocci87 but does not seem to predict subsequent cr-VT

of the vessel in which the catheter is placed.88 Few studies have recorded the

prevalence of inherited thrombophilia (F V Leiden mutation, F II 20210A gene

mutation) in cancer patients with cr-VT. In 252 consecutive cancer patients the

cumulative incidence of cr-VT was 30% (clinically manifested thrombosis: 7%).

The relative risk of factor V Leiden or prothrombin G20210A mutation for

thrombosis was 2.7 (CI 95% 1.9 to 3.8).89 In women with locally advanced or

metastatic breast cancer who received fluorouracil-based chemotherapy through a

totally implanted access port another trial found a 60% risk-increase for cr-VT in

heterozygous carriers of factor V mutation (P¼ 0.04).90 In contrast, Leebeek and

colleagues34 found significantly higher prevalence of high antiphospholipid anti-

body titers and reduced levels of antithrombin (also seen by de Cicco91) in

patients with vs. without cr-VT while factor V Leiden or prothrombin G20210A

mutation was equally distributed in all patients. Incorrect positioning of the distal

catheter tip is an independent risk factor for cr-VT.92 Only five of 87 patients with

a correctly positioned distal catheter tip (i.e. either in the superior vena cava or

at the junction between the right atrium and the superior vena cava) developed

thrombosis, compared with 12 of 26 patients with a misplaced catheter

(P< 0.001).

In a number of trials prophylaxis was given to cancer patients with CVC and the

rate of cr-VT was assessed clinically or using objective methods (Table 10.7). After

very low-dose warfarin prophylaxis an incidence of symptomatic cr-VT between

328 Georg-Friedrich von Tempelhoff



Table 10.7 VT incidence during different prophylactic regimens in patients with CVC.

Prophylaxis

regimens

Screening

procedure

Type of

CVC

Cr-VT

(total)

Cr-VT

UFH pro-

phylaxis

[n/n (%)]

Cr-VT

LMWH

prophyl-

axis

[n/n (%)]

Cr-VT

warfarin

prophyl-

axis

[n/n (%)]

Cr-VT with-

out prophyl-

axis

[n/n (%)]

Duration

[(days)] p value

Mismetti, P.97

prospective,

randomized

Warfarin

1 mg/d

LMWH

2,850 IU

venography CICC – 6/21 (28.6) 4/24 (16.7) – 90 p¼ 0.48

Bern, M. M.98

prospective,

randomized

Warfarin

1 mg/d

venography Port 37.5% – – 4/42 (9.5) 15/40 (37.5) 90 p< 0.001

Boraks, P.99

retrospective

Warfarin

1 mg/d

clinically CICC 9.0% – – 5/108 (4.6) 15/115 (13.0) diff. p¼ 0.03

Nightingale,

C. E.100

prospective

Warfarin

1 mg/d

clinically CICC (5.1) diff.

Heaton, D. C.101

prospective,

randomized

Warfarin

1 mg/d

clinically CICC 14.8% – – 8/45 (17.7) 5/43 (11.6) 90 n.s.

Couban, S.102

prospective,

randomized

Warfarin

1 mg/d

clinically CICC 4.3% – – 6/130 (4.6) 5/125 (4.0) diff. n.s.

Minassian,

V. A.103

retrospective

UFH low

dose

clinically PICC

CICC

Port

(4.0) – – (11.0) 5–16

months

p¼ 0.004

Harter, C.104

prospective

UFH low

dose

clinically CICC 1.5% 4/233 (1.5) – – – diff.

Cortelezzia,

A.105

retrospectively

UFH, 2,500

IU/d 24 h.

cont. infus.

LMWH

3,800 IU/d

s.c.

Nadoparin

clinically PICC

CICC

15.5% 28/169

(16.6)

1/21 (4.7) 1 – 19

Monreal,106

prospective,

randomized

LMWH 2,500

IU/d s.c.

Fragmin

venography Port 31.0% – 1/16 (6.3) – 8/13 (61.5) 90 p¼ 0.002

Pucheu, A.107 LMWH 2,500

anti-Xa U/d

s.c.

Dalteparin

duplex CICC 11.9% – 3/46 (6.5) – 11/72 (15.3) diff. p¼ 0.2

Reichardt, P.108 clinically CICC 5.5% – 17/294

(5.8)

– 10/194 (5.3) 114 n.s.



4.6 and 17.7% was found compared to a rate of 11.6 and 13.0% in those patients

who had no prophylaxis. In a prospective analysis of 949 insertion of CVC that

were needed for ambulatory chemotherapy the incidence of symptomatic cr-VT

was 5.1% in patients who received very low-dose warfarin.100 Heaton et al.101

found no differences in the incidences of cr-VT in hematological cancer patients

with and without warfarin 1 mg/d. Another trial by Eastman and colleagues93 used

the same dose of warfarin for prophylaxis in patients with metastatic melanoma or

renal cell carcinoma in whom a surgically implanted central venous device was

placed before starting IL-2 therapy, but found no reduced incidence of cr-VT

compared to patients without prophylaxis. These results are in accordance with

that of a recent trial in which 255 cancer patients had similar cr-VT incidences

despite prophylaxis with very low-dose warfarin in about half of the patients.102

Mismetti and colleagues found a non-significant higher incidence of cr-VT in

57 cancer patients who received a fixed dose LMWH (Nadroparin) (6/21) as

compared to patients who had very low-dose warfarin for VT prophylaxis.97 In

382 consecutive patients receiving a stem cell transplantation (SCT) two consecu-

tive regimens with Nadroparin were used for cr-VT prophylaxis (7 days 2,850 IE

Nadroparin and 10 days 5,700 IE Nadroparin). While the overall incidence of cr-VT

was 6.9% in 382 patients with 390 catheters, 8% of patients receiving one of the

prophylactic Nadroparin regimens developed VT compared to 6% in a compar-

able control group without prophylaxis.94 In a prospective open randomized trial

long-term administration of 2,500 IU Fragmin once daily or nothing was given to

cancer patients who underwent placement of a long-term port subclavian venous

catheter. As the incidence of VT reached 62% (8/13) in the group without

prophylaxis compared to 6% (1/16) during LMWH treatment this study was

terminated earlier than planned.106 Reichard et al.108 performed a large double

blind placebo controlled trial in cancer patients using Dalteparin for prevention of

cr-VT but found similar VT rates in the verum and placebo treated arm.

Recommendations for thrombosis prophylaxis in gynecologic patients

Thrombosis prophylaxis in patients undergoing gynecologic cancer surgery

There are sufficient data from randomized double-blind trials available that

have demonstrated a significant reduction of venous thromboembolic complica-

tions in association with different prophylactic regimens in patients undergoing

pelvic and abdominal cancer surgery. According to the European and American

risk stratifications of VT during surgery (Table 10.2) women undergoing genital

cancer surgery belong to the ‘‘very high risk’’ category and pharmacological

methods in addition to physical strategies (IPC, ES) are indicated. Low molecular
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weight heparin regimens represent the first choice as they have widely replaced the

use of low-dose heparin prophylaxis in most countries (Table 10.8). Although the

risk of VT during breast cancer surgery is comparably low, VT prophylaxis in

patients should be considered. Prolongation of prophylaxis for at least 4 weeks

seems beneficial in terms of a further reduction of late VT. In the presence of HIT

II (heparin-induced thrombocytopenia) or other rare conditions of contraindica-

tions to heparin, heparinoids (Table 10.8), Dextrane or adjusted-dose warfarin

may be an alternative but should be avoided as a routine procedure for prophylaxis

in gynecologic surgery.

Thrombosis prophylaxis during cytoreductive therapy

So far, thrombosis prophylaxis is not routinely applied during conventional

chemotherapy for gynecologic malignancy, either in the adjuvant setting or in

patients with advanced-stage malignancy. Apart from high costs and – in terms of

oral anticoagulation – the need of laboratory monitoring, general prophylaxis is not

indicated in most patients. The incidence of thrombosis during MPA or tamoxifen

treatment compared to chemotherapy is low and therefore hormonal anticancer

treatment alone does not justify thrombosis prophylaxis. Following the RAM

shown in Table 10.1, chemotherapy (acute risk I) for treatment of metastatic or

active cancer (basic risk III) represents a high risk of VT in patients, thus pharma-

cological prophylaxis is indicated. Treatment of occult micro metastasis or sup-

posed tumor residuals after surgery in the adjuvant setting in an otherwise healthy

individual carries a low risk of VT according to RAM and prophylaxis is not

recommended. Most breast cancer patients with a history of VT during adjuvant

treatment are postmenopausal and previously had mastectomy.9 A more recent

trial found a 5.5% incidence of VT upon screening in 348 patients with breast

cancer during the first 9 months of adjuvant chemotherapy.95 None of the

premenopausal women (n¼ 69) developed VT but more often it was diagnosed in

Table 10.8 Thrombosis prophylaxis during surgery in gynecologic cancer patients.

Recommendation according to the ACCP.96

Heparin* Dose Duration

UFH low dose 5,000 U 8–12 h, starting 1–2 h before surgery

LMWH Dalteparin 5,000 U 10–12 h before surgery and once daily after surgery

Enoxaparin 4,000 U 10–12 h 10–12 h before surgery and once daily after

surgery

Heparinoids Danaparoid 750 U 1–2 h before surgery and twice daily after surgery

*approved by the FDA for use in the United States
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the presence of a tumor greater than 5 cm, in nodal positive women having more

than 9 positive axillary lymph nodes and in women with a history of VT. Therefore

such a constellation may guide the decision for thrombosis prophylaxis during

chemotherapy. The role of congenital thrombophilia (factor V Leiden mutation,

prothrombin mutation) in the pathogenesis of VT associated with systemic cancer

treatment is still to be determined. Since one out of four patients with ovarian

cancer develops VT during primary cancer treatment concomitant thrombosis

prophylaxis throughout therapy should be considered.

Thrombosis prophylaxis can either be given orally, e.g. very-low-dose

warfarin or using heparin, whereas LMWH is a particularly suitable drug for this

indication. Prophylaxis should be started 3 to 4 days before the beginning of

chemotherapy and continued throughout chemotherapy at a prophylactic dose

using self-injecting systems. The platelet count should be monitored 2 to 3 times in

the first month to exclude heparin-induced thrombocytopenia.

Apart from high-risk patients (Table 10.1) and those who have intra vaginal/

uterine radium therapy, prophylaxis is not recommended while undergoing radio-

therapy, e.g. HDR-AL.

Recommendations for VT prophylaxis in cancer patients with central venous catheters

According to the RAM shown in Table 10.1, insertion of a CVC alone is a weak risk

factor for VT and routine prophylaxis is not needed. Central venous catheter

installation in a cancer patient is often required for application of second line

chemotherapy, parenteral nutrition or for patients’ surveillance (a.o.). Thus, most

of these reasons are likely associated with advanced stage (active) malignancy and

therefore prophylaxis is recommended. According to the recommendation of the

VIth ACCP (American College of Chest Physicians) Consensus Conference on

Antithrombotic Therapy96 cancer patients with long-term CVC for chemotherapy

should also receive prophylaxis with either warfarin 1 mg/d or LMWH s.c. to prevent

axillary-subclavian VT. At the 1997 meeting of the Subcommittee Thrombosis and

Haemostasis in Malignancy of the ISTH low-dose warfarin prophylaxis (1 mg/d) is

the drug of first choice in patients with CVC during chemotherapy. In the case of

clot development LMWH was suggested as an alternative.9 In order to minimize the

risk of cr-VT the smallest acceptable catheter diameter should be used.

Synopsis

According to the American and European Consensus Conferences patients under-

going major cancer surgery are at very high risk for the development of VT and

therefore require appropriate prophylaxis. LMWH has become the drug of first

choice and should be combined with physical methods, e.g. ES, ICP. In the medical

patients malignancy itself is an independent risk factor for VT. Nonetheless it is the
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responsibility of the physician to individually assess the risk profile in a cancer

patient prior to commencement of cancer treatment, and a RAM may be useful.

Insertion of a CVC in cancer patients receiving chemotherapy does not require

VT prophylaxis as long as additional risk-factors do not coincide. Duration of VT

prophylaxis after surgery is still a matter of debate but an increasing number of studies

found significant reduction of late VT which is of particular concern in ovarian cancer

patients. Hence, VT is a frequent complication in gynecologic malignancy that one

should be aware of when planning therapeutic management of patients.
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The pathophysiology of the thrombotic process is multicomponent and involves

blood, vascular system, humoral mediators and target sites. Furthermore, the intiating

event and the site of thrombogenesis play a key role in the overall pathogenesis. The

process of thrombogenesis is depicted in Figure 11.1. Initially, vascular injury results

in the localized alterations of the vessels, generation of tissue factor, and subsequent

activation of platelets. Activated cells mediate several direct or signal transduction

induced processes resulting in the activation of platelets. Cellular activation also

results in the release of various mediators which amplify vascular spasm and the

coagulation process. Adhesion molecules, cytokines, oxidative stress and flow condi-

tions signficantly contribute to the ischemic and occlusive outcome. Drugs that target

various sites of the activation process have been developed to control thrombotic

events. Because of the coupled pathophysiology, a drug that targets a single site may

not be able to produce the desired therapeutic effects. Furthermore, many of these

mediators produce localized actions at cellular and subcellular levels. Feedback

amplification processes also play an important role in the pathology of these disorders

and interruption of these pathways can be a therapeutic goal. This understanding has

led to the concept of polytherapy in the management of thrombotic disorders.

Pregnancy and thrombosis

Pregnancy is associated with a hypercoagulable state that can lead to thrombosis

and thromboembolism.1,2 The risk of venous thromboembolism (VTE) in
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pregnancy is approximately six times higher than in non-pregnant women.3

Pulmonary embolism occurs in 16% of pregnant women with untreated deep

vein thrombosis.3 This in turn can lead to both morbidity and mortality during

pregnancy. Many factors contribute to the risk of thrombosis during pregnancy.

These include age, cesarean delivery, prolonged immobilization, prior thrombosis,

and obesity (Table 11.1). The coexistence of thrombophilia compounds this risk.

The puerperium, the six week period following delivery, is associated with a higher

rate of thrombosis than pregnancy itself.4

Thrombosis during pregnancy can be attributed to alteration in hemostasis as

shown in Table 11.2. Several physiologic changes during pregnancy can predispose

women to thrombosis. Release of tissue thromboplastin occurs at the time of

placental separation causing alteration in the coagulation system.5 In addition,

increased levels of markers of coagulation activation can be detected in the

circulation by the end of the first trimester.6 The levels of most coagulation

proteins increase during pregnancy with fibrinogen and factor VIII levels increas-

ing to 2–3 times normal.7 There is also a significant decrease in free and total
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Figure 11.1 Diagrammatic representation of the mechanisms of thrombogenesis. Both the cellular and

humoral components of the vascular system contribute to the formation of thrombus.

Endothelial dysfunction and damage result in the formation of platelet thrombi which are

able to trigger activation of coagulation. Cellular adhesion molecules and other mediators

further augment this process. The composition of plasma proteins also play a key role in the

eventual clot formation.
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protein S in the second trimester.8 Simultaneously, a decrease in fibrinolytic

activity occurs during the third trimester, and in the early stages of labor, due to

the generation of plasminogen activator-2 by the placenta.5,9 Platelet activation

and increased platelet turnover also occurs leading to an increased risk of throm-

bosis.10 Mild thrombocytopenia occurs in approximately 8.3% of healthy women

at term.11 The causes of this are multifactorial.

In pregnancy local pressure of the gravid uterus causes stasis of the venous

return from the lower limbs.12 Trauma to the pelvic veins during vaginal delivery

or tissue injury during cesarean section also contribute to a hypercoagulable

state.13 Compression of the left iliac vein by the crossing right iliac artery is a

local, mechanical factor that is believed to cause a 3-fold higher incidence of DVT

in the left leg compared to the right leg. If there are obstetric complications such as

abruptio placenta, preeclampsia, threatened abortion, prolonged labor, etc., the

risk of thrombosis is even higher.14 The association of right ovarian vein throm-

bosis with late stage pregnancy and early puerperium can be a cause of right lower

abdominal and flank pain, fever, and embolization in the lung.15

Table 11.1 Risk factors for VTE in pregnancy.

* Age

* Obsesity

* Immobilization

* Thrombophilia

* Protein C deficiency

* Protein S deficiency

* Factor V Leiden mutation

* Prothrombin 20210 mutation

* Antiphospholipid syndrome

Table 11.2 VTE in pregnancy: Etiology.

Mechanical Hemostatic

* enlarged uterus obstructs venous return

* venous atonia caused by hormonal effects

* " factors II, V, VII, VIII, and X activity

* " von Willebrand factor

* " fibrinogen

* # fibrinolysis

* # free protein S

* acquired resistance to protein C

* platelet activation
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Thrombophilia is common in approximately 20% of pregnant women having

some type of genetic predisposition to thrombosis.1,2 Several genetic mutations

associated with an increased risk of thrombosis include Factor V Leiden,

Prothrombin 20210 and methyltetrahydrofolate reductase deficiency (MTHFR).

Other causes of thrombophilias include antithrombin, protein C, protein S

deficiency, and heparin cofactor II deficiency, and antiphospholipid antibodies.

There is convincing evidence that women who are positive for the antiphos-

pholipid antibodies (APAs) are also at increased risk for developing thrombosis

and pregnancy loss.16 Women with recurrent pregnancy loss should be screened

for the APAs during the early part of the pregnancy. The clincial manifestations of

APAs include DVT, PE, coronary or peripheral artery thrombosis, cerbrovascular

or retinal thrombosis, and pregnancy mobidity. Most of the miscarriages (94%) in

women with APAs occur in the first trimester. There is a correlation between the

titer of APAs and the risk of recurrent thrombosis and spontaneous abortions.

A summary of the literature reports that 5.3% of normal women, 20% of women

with recurrent pregnancy loss, and 37% women with systemic lupus have APAs.

The management of women with APAs is tricky due to the fact that only limited

clinical trials evaluating therapy have been performed.17

Taking a detailed family history on pregnant patients, genetic testing and popula-

tion studies of thrombophilia have led to improved risk assessments and early

intervention for thrombosis in pregnancy. Other groups of women who may need

prophylaxis during pregnancy include those with a history of past thrombosis,

prosthetic heart valves, native valvular heart disease, and patients with antiphospho-

lipid syndrome.18 Pregnant women with thrombophilia require prolonged anti-

coagulant therapy such as coumadin, which cross the placenta and has adverse

effects on the fetus.19,20 Some of the newer agents such as the low molecular weight

heparins (LMWHs) (see below) may be useful in these cases. LMWHs do not bind to

endothelium and have a lower affinity to plasma proteins, which results in more

predictable bioavailability and elimination kinetics.19 This suggests that LMWHs may

have several advantages of UFH for use in pregnancy. The management of thrombosis

and thrombophilia during pregnancy has been refined over the past 5 years due to the

better understanding of the pathophysiology of thrombosis during pregnancy and the

development of newer anticoagulants for the treatment of thrombosis. The preven-

tion and management of venous thrombosis in pregnancy is a controversial area, due

to the fact that there are no major clinical studies to support evidence based practice.20

Low molecular weight heparins

While heparin has been used as the sole anticoagulant for nearly half a century, its

use has been associated with several adverse effects, in particular the white clot
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syndrome, alternately known as heparin-induced thrombocytopenia and heparin-

associated thrombosis (HIT/HITTS). The need for an alternate anticoagulant

prompted the development of several newer anticoagulant agents which are

obtained from either natural or synthetic/biosynthetic techniques. Currently,

several of the newer drugs are being tested in various antithrombotic and cardio-

vascular indications. The LMWHs represent deploymerized heparin derivatives

with better safety and efficacy profiles. Both heparin and LMWHs release an

endogenous inhibitor, namely tissue factor pathway.

From the earlier studies it became evident that low-dose subcutaneous heparin

produced prophylactic antithrombotic effects in surgical patients. This is due to

the absorption of the low molecular weight components of heparin which exhibit

mostly anti-Xa activity and produce a long-lasting effect. At the same time the

bioavailability of smaller molecular weight components is markedly high. This

observation led to the development of depolymerized heparin derivatives which

exhibit similar properties to LMW components of heparin. In addition, these

agents show decreased toxicity profiles in terms of lesser bleeding, osteoporosis,

and HIT/HITTS potential.

LMWHs are now widely accepted as drugs of choice for post-surgical prophylaxis

and treatment of DVT and the management of acute coronary syndromes. Currently

these agents are also being developed for several additional indications. Because of

manufacturing differences, each of the LMWHs exhibit distinct pharmacologic and

biochemical profiles. The specific activity of these agents in the anticoagulant assays

ranges from 35–45 anti-IIa U/mg whereas the specific activity in terms of anti-Xa

units is designated as 80–120 anti-Xa U/mg. LMWHs are capable of producing

product specific dose and time dependent antithrombotic and bleeding effects in

animal models of thrombosis. While the ex vivo effects are initially present at

dosages that are antithrombotic, these agents have been found to produce sustained

antithrombotic effects without any detectable ex vivo anticoagulant actions.

All of the LMWHs are prepared by depolymerization of porcine mucosal heparin

preparations. LMWHs are either prepared by chemical or enzymatic digestion

methods as shown in Figure 11.2. Most LMWHs exhibit approximately one-third

of the molecular weight of regular heparin. Initially, the clinical batches of LMWHs

were prepared by fractionation of heparin. However, because of cost the limited

availability of heparin for the sizeable isolation of these agents, chemical and

enzymatic depolymerization procedures were developed. Physical methods such as

irradiation have also been employed in the preparation of these agents. All of the

currently available LMWHs are usually manufactured by chemical depolymeriza-

tion. Controlled depolymerization processes are widely used to produce products

with similar molecular weights, however, marked differences in the chemical com-

position of each of these products were inflicted during depolymerization process.
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Although the depolymerization process results in lower molecular weight

heparin products (MW 4–8 kDa) as shown on Table 11.3, these products exhibit

differences in their molecular, structural, and functional properties. Optimized

methods are currently employed to prepare LMWHs which exhibit a similar

molecular profile. However, due to the significant differences in the chemical

or enzymatic procedures, structural variations are found in all of these agents.

These differences, therefore, exert significant influence on the biologic action

of these products.21,22 Safety and efficacy comparison of these agents in

well-designed clinical trials to demonstrate clinical differences in each of the

individual products have only become available recently. Initial attempts to

standardize LMWHs on the basis of their biologic actions, such as anti-Xa

potency, have failed. A potency designation on the basis of the anti-Xa actions

only represents one of the several properties of these agents. Furthermore, this

Preparation of low molecular weight heparin

Heparinase

Figure 11.2 Heparin represents a polycomponent drug composed of high and low molecular weight

fractions. Heparin can be depolymerized to produce low molecular weight heparins.

Unfractionated heparin represents a molecular weight of 15,000 daltons, whereas the low

molecular weight heparins represent one-third the molecular weight of heparin. The

anticoagulant properties of low molecular weight heparin are weaker and these agents have

a better safety and efficacy index.

Table 11.3 Low molecular weight heparin (LMWH).

Median molecular

weight

Anti-Xa

IU/mg

Anti-IIa

IU/mg Xa/IIa

Enoxaparin 4800 104 32 3.3

Dalteparin 5000 122 60 2.0

Nadroparin 4500 94 31 3.0

Tinzaparin 4500 90 50 1.8

Clivarine 3900 130 40 3.3
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assay only measures the AT based actions of some of the components of these

agents. Many of the pharmacologic actions of LMWHs are based on the non-AT

affinity components of the drugs. The non-AT III affinity components of LMWHs

are also capable of producing several biologic effects such as the coagulation

inhibitor, tissue factor pathway inhibitor (TFPI) release, HC II activation, and

platelet selectin modulation.

Despite the clinical effectiveness of the LMWHs in various thrombotic condi-

tions, the mechanism of action of these agents is not completely understood. More

recently, it has been suggested that endogenous release of a Kunitz-type inhibitor,

TFPI, may be a contributing factor to the mediation of the antithrombotic actions

of these agents.23,24 This inhibitor is also known as lipoprotein associated coagula-

tion inhibitor, which is released from vascular sites. It is interesting to note that

most of the studies on LMWH have eluded to the relevance of the anti-Xa effect

with the antithrombotic action of these agents. However, after subcutaneous

administration of these agents, circulating anti-Xa activity is not detectable in

samples collected 12 hours after the administration of prophylactic dosages.

Despite this, the patients remain in an antithrombotic state. Thus, additional

mechanisms such as the release of TFPI may contribute to the overall action of

these agents. LMWHs are also known to produce endothelial modulation and may

release fibrinolytic activators such as t-PA and antiplatelet substances such as

prostacyclin. Thus, LMWHs are effective in the control of thrombogenesis

which itself is a complicated process. Endothelial dysfunction, platelet activation,

white cell activation, and plasmatic process contribute to this process. Since

LMWHs are polycomponent drugs with multiple sites of action, these agents are

capable of controlling the process of thrombogenesis at several target sites.

Unfortunately, most of the clinical trials have been designed to determine the

clinical outcome with these drugs and very little is known on the pharmacologic

mechanisms involved in the mediation of their action. The pharmacologic profiles

of individual LMWHs has been extensively studied by various investigators.

However, only limited data on the comparison of all of the available LMWHs is

available at this time. Pharmacologic differentiation and inequivalence of these

agents has been reported previously.25–29

It is now widely accepted that unlike unfractionated heparin, LMWHs exhibit

both structural and functional heterogeneity and each of these agents, therefore,

represents a distinct drug entity. From the clinical trials for the prophylaxis of

DVT, it is evident that most of the commercially available LMWHs at optimized

dosage can be used for this indication. These dosages, however, vary and are

product specific. In these indications, relatively lower dosages (20–40 mg either

once a day or twice a day) are used in the subcutaneous regimen. While the

amidolytic anti-Xa activity can be assigned to a given LMWH, a product
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equivalence can not be claimed for any two products at either gravimetric or

biologic potency adjusted/assigned units. Based on various discussions each of the

LMWH preparations is now considered to be a distinct drug requiring individual

optimization for different prophylactic and therapeutic indications.

LMWHs are also developed for therapeutic, cardiovascular, and long-term

home therapy at high dosages for various indications (3–5 times higher). When

these agents are used intravenously at higher dosages, the observed differences in

their pharmacologic characteristics will be proportionately modified. These differ-

ences, therefore, determine the individual product profile in terms of safety and

efficacy. It is, therefore, necessary to perform preclinical studies for a given

indication measuring the dosage to be used for human trials. While it may not

be possible to compare all products, any claims for product equivalence for a given

indication must be supported by both preclinical and clinical applications. In vitro

potency adjustment and equivalence claims for a product are not predictive of its

in vivo behavior. Most of the clinical trials carried out on LMWHs are carried out

in anti-Xa units and individualized dosages, thus these trials can not be compared.

LMWHs have been developed for several clinical indications. Several preclinical

and clinical studies have been carried out on these agents or are in the process of

being completed.25,30–34 These agents have been tested for the management of

post-PTCA restenosis where a high dosage of these agents is used. At higher total

dosages of 100–200 mg total dosage in various regimens, LMWHs are proposed for

use in various interventional cardiovascular procedures. In both the preclinical

and clinical studies, LMWHs have been observed to produce beneficial effects.34,35

In these conditions, tissue factor is released after interventional procedures. Thus,

TFPI may play a key role in the mediation of the actions of LMWHs. Thus,

additional studies on the relevance of TFPI to the clinical outcome with these

agents may be useful.

The impressive clinical performance of LMWHs is primarily due to their

polypharmacologic actions. In post-surgical states, the role of these agents as

drugs of choice is well documented. Surgical trauma produces a sizeable release

of tissue factor from various sites. This mediator is a potent thrombogenic agent

and is capable of activating both the plasmatic and cellular sites. LMWHs are

capable of releasing an endogenous inhibitor to tissue factor, namely TFPI. The

subcutaneously administered LMWH produces a sustained release of this media-

tor. Thus, it effectively inhibits the action of tissue factor and helps in the control

of thrombogenesis.

The pharmacologic differences among LMWHs can only be demonstrated by

comparing these agents in valid and properly designed studies. Such studies are

currently lacking and warrant further investigation. For example, in some of the

newer indications, such as thrombotic stroke, large dosages of LMWHs will be used

348 Debra A. Hoppensteadt et al.



for therapeutic purposes and for the management of cardiovascular disorders. To

validate the safety of these agents, Phase I studies should be carried out prior to

giving the patients these agents at such higher dosages. It must be emphasized that in

many of these indications, patients already received several other drugs depending

upon the clinical conditions. To date, a systematic study on drug interactions is

also not available. Such studies should also be carefully designed to elucidate the

interactions of LMWHs with such agents as antiplatelet, thrombolytic, and vascular

modulatory drugs. It is also desirable to obtain information on additional inter-

actions of these agents with drugs that are commonly used.

Recognizing the clinical usefulness of LMWHs, the American College of Chest

Physicians, 2004 Consensus conference has unequivocally endorsed the use of

LMWHs in high risk major surgery, hip replacement, knee replacement, and high

risk multiple trauma.36 The consensus statement also includes favorable com-

ments for LMWHs in contrast to the oral anticoagulant drugs for knee surgery.

Needless to say, these recommendations are based on well-designed clinical trials

and were objectively developed by a panel of experts. It is also important that such

recommendations have taken into account the product specific clinical outcome.

Besides the prophylaxis of post surgical and medical DVT/PE, guidelines for the

treatment have also been endorsed. In addition on the LMWHs, namely enox-

aparin is now approved for the management of acute coronary syndromes. Thus,

the ACCP consensus statement has also endorsed the use of this agent.

There are several newer clinical trials in progress using different products in

indication specific protocols. These trials are designed to investigate the effects of

LMWHs in the treatment of DVT/PE, cancer associated thrombosis, stroke, and

several cardiovascular indications. Each of these trials was designed either empiri-

cally or by considering results of pilot trials on a given product. The dosages used

are product specific. Some of these trials employ relatively high dosage for long

periods of time. In these situations, each product will have its own clinical profile.

The results of these trials will certainly validate the notion that all LMWHs are not

the same. The future consensus conferences will also consider the product based

differences and a collective statement based on the performance of LMWHs as a

group must be based on valid meta-analysis.

In some of the clinical trials and preclinical studies LMWHs have been reported

to exhibit reduced morbidity and mortality associated with thrombosis during

pregnancy suggesting that these drugs may also have therapeutic value in preg-

nancy.37 Once again suggestions have been made that some of these LMWHs may

be better in producing their effects than others.

In the United States there are three LMWHs currently approved for the pro-

phylaxis and treatment of DVT. One of these LMWHs is also approved for an

additional indication for the management of unstable angina and non-Q wave
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myocardial infarction. In addition to the approved uses LMWHs are currently

tested for the management of thrombotic and ischemic stroke, malignancy asso-

ciated thrombosis and transplantation associated vasculopathies. Being a poly-

pharmacologic agent these drugs are expected to find usages in several other

clinical indications. Well-designed clinical trials in which various pharmacokinetic

and pharmacodynamic parameters are also studied will provide additional evi-

dence on the clinical individuality of each of these drugs. Additional studies on the

pharmacologic and biochemical profiles of each of the individual drugs will

provide useful information on the mechanism and site of action of these drugs.

Anticoagulant therapy during pregnancy

The indications for anticoagulation in pregnancy include prophylaxis and/or

treatment of DVT, history of chronic anticoagulation for prior conditions, and

risk of pregnancy loss. Studies to support the use of anticoagulation therapy in

preeclampsia and the hemolysis elevated liver enzymes low platelet (HELLP)

syndrome have recently been reported.38,39 Historically, UFH was the anticoagu-

lant used during pregnancy, because unlike warfarin it does not cross the placental

barrier and cause teratogenic effects.2 However, UFH can be difficult to dose

during pregnancy and requires monitoring using the activated partial thrombo-

plastin time (APTT). Side effects with prolonged treatment of UFH, include

osteoporotic fractures and loss of bone mass. Greer has estimated that in preg-

nancy, UFH treatment results in 30% of women losing at least 10% of their bone

mass and 2% experience fractures.2 LMWHs offer an alternative to UFH since they

have better bioavailability, do not cross the placenta, are easy to use, and report-

edly have a lower incidence for osteoporosis.2

There are several studies on the administration of LMWHs during preg-

nancy.40–50 In one study enoxaparin 40 mg was administered to 13 pregnant

women during early pregnancy (12–15 weeks), late pregnancy (30–33 weeks),

and in the postpartum period (6–8 weeks after delivery). During pregnancy, the

maximum concentration and last measurable anti-Xa levels were considerably

lower than in the postpartum period (p¼ 0.05).42 This difference is probably

due to the increased renal clearance of the LMWH during pregnancy.42 An

adjustment in the dosage of LMWH may therefore be required to maintain

anti-Xa activity in pregnancy. Enoxaparin has also been studied in women requir-

ing thromboprophylaxis after delivery by cesarean section. Two dosages on enox-

aparin, 20 and 40 mg once a day, were compared with UFH 7,500 IU twice a day.43

Although the study was small, 17 women, no thrombotic or bleeding events were

observed.43 Another study in women undergoing abortion due to fetal malforma-

tion confirmed that enoxaparin does not pass the placental barrier.44 This suggests
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that enoxaparin may be without risk to the fetus if taken during pregnancy. However,

since the level of enoxaparin was measured using a functional method, the presence

of other non-anticoagulant effects of this drug cannot be ruled out.

A small randomized controlled trial in 107 women compared dalteparin to

UFH. No thrombotic events were report in either group however, the bleeding

complications were higher in the UFH treated group.45 Two larger trials have

conformed the safety and efficacy of enoxaparin during pregnancy.46,47 In a total

of 111 woman treated with 40 mg of enoxaparin, no thrombotic or hemorrhagic

events were reported. Several larger studies also confirmed the safety and efficacy

of enoxaparin during pregnancy.48,49 One of these studies reported a congenital

abnormality rate of 2.5%, which is consistent with the literature.48

A comprehensive literature summarized the findings of 40 published studies

involving women treated with LMWHs.50 Among these patients, 47% received

dalteparin, 26% enoxaparin, and 27% other LMWHs. Highly variable dosing

regimens and treatment regimens were reported. The major outcomes included

9 thromboembolic events, 8 cases of DVT, 4 pulmonary embolisms, 4 cases of

thrombophlebitis, 1 placental abruption, 12 cases of preeclampsia, 27 bleeding

episodes, and 2 fractures due to osteoporosis. Local skin reactions were observed in

18 patients. Overall these studies showed that LMWHs are safe and effective,

although additional studies are warranted.51

A placebo controlled randomized study in 202 women, showed no benefit to

using aspirin and prednisone in pregnant women with prior pregnancy loss and

APAs.52 Additional trials with UFH comparing aspirin and UFH to aspirin alone,

showed improved fetal survival with the combination.52,53 Results of published

trials using LMWHs suggest that LMWHs are efficacious in women with APAs and

fetal loss. The available data suggests that aspirin and heparin therapy are the

treatment of choice for prevention of pregnancy loss in women with APAs. It is

very likely that LMWHs will also prove to be effective in this indication.

Pregnant women with high titer APAs and no pregnancy losses, but previous

DVT should be considered for prophylaxis with UFH or LMWH. Women with

APAs who have no previous history of thrombosis or pregnancy loss should still be

considered for prophylaxis with UFH or LMWHs.

A recent study of pregnant patients with elevated titers of anticardio-

lipin �2-glycoprotein I antibody may be at increased risk for fetal–maternal

complications.54

Recommendation from the ACCP Consensus

The Consensus Conference on Antithrombotic Therapy of the American College

of Chest Physicians (ACCP) has developed guidelines to help clinicians make
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treatment decisions for patients. These recommendations along with the physi-

cians’ clinical judgement need to be considered prior to treatment. These experts

in the field, have developed a systematic approach to grading the strength of the

treatment recommendations to minimize bias and aid in the interpretation. In this

grading system the 1A-1C recommendations are strong recommendations that

can apply to most patients. The 2A grading is a intermediate-strength recommend-

ation depending on circumstances or the patient. A 2B recommendation is weak

where alternative approaches may be better in some patients. The 2C grading is a

very-weak recommendation where other alternative therapy may be as good.

These are only recommendations and it is up to the individual physician to assess

the patient and determine what is the best treatment under the given circum-

stances for each patient.

Management of pregnant patients at increased risk for VTE

For a single episode of previous VTE associate with a transient risk factor,

surveillance and postpartum anticoagulation is recommended. For a single incid-

ence of idiopathic VTE in patients not already on long-term anticoagulation

surveillance of mini-dose UFH, moderate dose UFH or prophylaxis with LMWH,

plus postpartum anticoagulation is recommended. For a single episode of VTE

and confirmed thrombophilia in patients not already receiving long-term anti-

coagulant therapy mini-dose UFH, moderate dose UFH or prophylaxis with

LMWH, plus postpartum anticoagulation is recommended. The indication for

active prophylaxis is stronger in women with antithrombin deficiency. For no

prior VTE and confirmed thrombophilia mini-dose UFH, moderate dose UFH or

prophylaxis with LMWH, plus postpartum anticoagulation is recommended. For

multiple episodes of VTE and/or women receiving long-term anticoagulation

(single episode of VTE, either idiopathic or associated with thrombophilia),

adjusted-dose UFH, or prophylaxis or adjusted-dose LMWH, followed by resum-

ing long-term anticogulation postpartum is recommended. These are all grade 1C

recommendations.

Treatment of VTE of pregnancy

Adjusted-dose LMWH throughout pregnancy or UFH IV bolus, followed by a

continuous infusion (to maintain APTT in therapeutic range) for at least 5 days,

followed by adjusted-dose UFH for the remainder of the pregnancy. Therapy

should be stopped 24 hours prior to delivery. If the woman is at high risk to

develop recurrent VTE, defined as proximal DVT within 2 weeks, therapeutic

UFH should be initiated and stopped 4–6 hours before expected delivery.

Postpartum therapy should be administered for at least 6 weeks. This is a grade

1C recommendation.
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Unexpected pregnancy or planned pregnancy in patients already receiving long-term

anticoagulation

These patients should be told about the risks before pregnancy. Frequent preg-

nancy tests should be performed and adjusted-dose LMWH or UFH should be

substituted for warfarin when pregnancy is achieved. Alternately, UFH or LMWH

can replace warfarin before conception. Both of these treatments have limitations.

The first treatment assumes warfarin is safe during the first 4–6 weeks of gestation.

The second treatment approach extends the use of UFH or LMWH. The recom-

mendations are for the first treatment approach. However, the first option has an

increased risk of serious osteoporosis in the mother, particularly if she is not a

primipara or older patient. The patient should be so advised. This is a 1C

recommendation.

Prophylaxis in patients with mechanical heart valves

Three treatment modalities have been recommended. The first is aggressive

adjusted-dose UFH (s.c. every 12 hours in a dose to keep APTT at least twice

control) throughout pregnancy. The second is adjusted-dose LMWH throughout

pregnancy, adjusted according to weight or to keep 4 hour post administration

anti-Xa level at 1.0 U/ml. The third approach is UFH or LMWH as given in the first

two approaches, until the 13th week, change to warfarin until the middle of the

third trimester, then restart UFH or LMWH until delivery.

These are all grade 2C recommendations.

Management of pregnant women at increased risk for pregnancy loss

Women with three or more miscarriages should be screened for APAs. If one of the

losses occurred in the second trimester, screening for thrombophilia should be

performed. In addition, women with prior severe or recurrent preeclampsia,

IUGR, abruption, or other unexplained complications should be screened for

congenital thrombophilia and APAs. Pregnant women with APAs and a history

of multiple pregnancy losses or preeclampsia, IUGR, or abruption should be

treated with antepartum aspirin plus mini-dose or moderate dose UFH or pro-

phylaxis with LMWH. This is a grade 1B recommendation.

Women who are homozygous for the methylenetetrahydrofolate reductase

(MTHFR) variant (C677T) should be treated with folic acid supplements prior

to conception or if already pregnant, as soon as possible. This is a 2C recommen-

dation. Women with a thrombophilic deficiency who have experienced recurrent

miscarriages, a second triemster or later loss or preeclampsia, IUGR or abruption

should also be considered for low-dose aspirin plus mini-dose UFH or prophylaxis

with LMWH. These women should also receive postpartum anticoagulation. This

is a grade 2C recommendation.
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Patients positive for APAs and a history of venous thrombosis, who are receiv-

ing long-term therapy, during pregnancy should be treated with adjusted-dose

UFH or LMWH throughout the pregnancy and return to oral anticoagulants

postpartum. This is a grade 2C recommendation. In addition, women positive

for APAs and no history of VTE or pregnancy loss should be considered at risk for

the development of DVT and pregnancy loss. Four treatment approaches have

been recommended. These treatments are surveillance, mini-dose UFH, pro-

phylactic LMWH or low-dose aspirin (80–325 mg qd). This is also a 2C

recommendation.

A statement from the American College of Obstetricians and Gynecologists also

supports the use of enoxaparin in pregnancy with two precautions.55 LMWHs are

not recommended in pregnant women with prosthetic heart valves. This warning

came after reports of frequent valvular thrombosis in pregnant women treated

with LMWH.56 The second precaution is that LMWHs should not be administered

24–48 hours prior to the administration of epidural analgesics during labor. This

stems from the warning issued on increased risk of hematomas, that may lead to

permanent paralysis when LMWHs are used with spinal/epidural analgesics.57 In

addition, use of non-steroidal anti-inflammatory agents or other drugs that alter

hemostasis may increase this risk.

In view of the fact that a study showed that the use of LMWHs in non-pregnant

subjects with mechanical heart valve replacement was successful, it encourages us

to evaluate this therapy in pregnant patients.58

In a 1999 article, Messmore et al. suggested that a study such as the one cited

above would provide encouragement to start a trial of LMWH in pregnant patients

with mechanical heart valves.59 There are some successful anecdotal reports which

should provide some guidance as to dosages that might be safe and effective.59–61

Monitoring with anti-Xa levels should be a part of such a study, assuring a dosage

to provide a blood level of at least 1.0 AXa U/ml. Monitoring for osteoporosis is

advisable as well inspite of reports that it should be less than with heparin therapy.

Another special problem encountered uncommonly in pregnancy is heparin-

induced thrombocytopenia (HIT). A number of anecdotal reports have supported

the use of danaparoid (ORG 10172-Orgaran) in pregnant patients with the HIT

syndrome. None of these were patients with prosthetic heart valves. This drug has a

low probability of interaction with the HIT antibody, but testing with platelet

aggegation or serotonin release assay has been reported to be positive in some cases.

Thus, it is important to test for the HIT antibody and avoid its use if the test is positive.

Platelet counts during use are advisable. A thorough review of the use of danaparoid

in HIT patients has been published by Chong and Magnani.62,63 This drug is no

longer marketed in the United States, but it is available in Canada and Europe. It is

marketed by the Organon Corporation and inquiries should be directed to them.
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It is obvious that the pregnant patient is underserved by the pharmaceutical

industry and the medical community in the area of hypercoagulable syndromes

and thromboembolism. Dedicated research in this area is vitally needed.

Newer antithrombotic and anticoagulant drugs

Several newer anticoagulant and antithrombotic drugs have been introduced

recently (Figure 11.3). These drugs represent a wide array of agents with molecular

and functional diversity, however with the exception of heparins most of these

drugs are monotheraputic and target specific sites in hemostatic process.43,44 Of

these agents the synthetic pentasaccharide is noteworthy. While this agent is not

developed for specific indications in pregnancy, it has been clinically validated in

various thrombotic disorders. Pentasaccharide primarily produces its anticoagu-

lant actions by interacting with endogenous antithrombin and inhibits thrombin

generation. Pentasaccharide is a relatively small molecule (MW<2,000 daltons)

and in its free form it is expected to pass the placental barrier. However, when

complexed with antithrombin it does not pass through the placental barrier. Since

pentasaccharide exists in an equilibrium, it is likely that it may pass through the

placental barrier. However, no data are available in clinical setting on this issue.

While pentasaccharide may be useful in pregnancy associated thrombosis, the

questions related to its effect on fetal growth and hemostatic process are not

known. Regardless of this issue, pentasaccharide and its analogues should be

considered for this indication. However, some preclinical studies are needed

prior to the initiation of the clinical trial in this area.

The recognition of HIT syndrome has led to the development of various

antithrombin agents such as hirudin, hirulog, angiomax, and argatroban. All of

these agents are currently used as potential anticoagulants in heparin comprom-

ised patients. All agents are capable of passing through the placental barrier.

Therefore, their utilization in pregnancy associated thrombotic indications may

be inhibited. Currently, several new anti-Xa and anti-IIa drugs are being devel-

oped. Of these exanta or ximelagatran is in advanced clinical development. This

drug is approved in France for post orthopedic surgical thrombosis. However, in

the US this agent is under consideration by the US FDA. Ximelagatran has been

clearly validated in post-surgical thrombosis and atrial fibrillation. However,

ximelagatran has a relatively small molecular weight (<500 daltons) and is capable

of passing through the placental barrier. Furthermore, it has been shown to

produce an increase in liver enzymes. Thus, this drug and similar antithrombin

agents may not be useful in pregnancy.

Both the parenteral and oral forms of anti-Xa agents are also currently being

developed. These agents also represent small molecular weight (<500 daltons)
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synthetic agents which are capable of passing through the placental barrier. There

are no studies available on the relatively safety and efficacy of these agents in

pregnancy at the clinical and preclinical level. However, the relative safety of the

anti-Xa drugs may be higher than the anti-IIa drugs. Thus, additional studies are

warranted on these agents for their potential usefulness in pregnancy.

While the newly developed antithrombotic drugs may be of value for the acute

and extended management of thrombosis, their relative usefulness in the pregnant

patient is questionable. The most unmet need in this area is to replace long-term

use of heparin and LMWHs. Since the extended use of heparin may result in

osteoporosis, the LMWHs represent an optimal approach to manage pregnancy

associated thrombosis. Despite several clinical trials with different LMWHs,

a recommendation on the use of these agents is primarily not endorsed.

Additional large scale trials to validate the safety and efficacy of various LMWHs

Ximelagatran

Anticoagulant and antithrombotic drugs

HEPARIN

HIRULOG

Di-, tripeptides and

peptidomimetics

HIRUDIN

Oligopeptides

TFPI

LMWH

Ticlopidine,
Clopidogrel

Cyclic
peptides

Peptidomimetics

ReoPro and YM 337

Platelet inhibitorsThrombin and Xa

inhibitor

Recombinant
agents

Figure 11.3 A composite illustration for the newly developed anticoagulant and antithrombotic drugs.

These agents include a wide array of drugs with both the molecular and functional

heterogeneity. These include synthetic peptides and peptidomimetics, natural and

recombinant proteins, natural glycosaminoglycans and synthetic and biotechnology produced

glycomimetics. Most of the newer drugs are monotherapeutic agents and target a single site

such as thrombin or factor Xa. Heparins are the only drugs with polytherapeutic effects.
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are needed. The coming years will witness the introduction of several newer

antithrombotic agents in the management of thrombosis, whose efficacy in

pregnancy-related thrombosis will require clinical validation.
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Introduction

Although childbirth is a wonderful and enjoyable experience by most, it still is an

anatomically traumatic event, associated with tissue injury, vascular disruption

and the potential for blood loss. All deliveries are accompanied by physiologic

hemorrhage from the genital tract, and the abdominal soft tissue in cesarean

section (Table 12.1). Post partum hemorrhage (PPH) is an obstetrical complica-

tion, which can transform a normal physiologic process of labor and delivery into

a life-threatening emergency within minutes. A routine cesarean section can be

complicated by massive hemorrhage. The healthy mother may quickly become a

patient in the critical care unit, requiring all of the available skill and resources

of physicians, nurses, the medical laboratory and the blood bank for survival.

A thorough knowledge of the risk factors, preventive strategies, approach to

diagnosis and management of PPH are required to properly care for women

presenting for delivery. Once PPH is diagnosed, hospital facilities and/or referral

centers, laboratories and blood banks must be readily available to provide the

optimal chance for a successful outcome. The availability of blood replacement

and modern critical care are major determinants of survival in women who

develop post partum hemorrhagic shock. Mortality from PPH is strongly corre-

lated with substandard care.1 Clearly, it is the problem of PPH that most vividly

illustrates the difference, worldwide, between management of the puerperium in

developed countries from that in underdeveloped countries.2 Good prenatal care

to detect and treat correctable risk factors and active management of the third

stage of labor can usually prevent PPH. This chapter reviews the pathophysiology

Hematological Complications in Obstetrics, Pregnancy, and Gynecology, ed. R. L. Bick et al. Published by

Cambridge University Press. # Cambridge University Press 2006.



of PPH and the underlying risk factors for its occurrence, strategies to identify and

properly treat high-risk patients (including those with hemorrhagic diatheses), as

well as the approach to clinical, laboratory, and radiological diagnosis and manage-

ment involving the use of pharmacologic agents, blood products, interventional

radiology, and surgery.

Incidence

Post partum hemorrhage is a major cause of maternal morbidity and mortality,

causing the death of 150,000 women per year, worldwide. Post partum hemor-

rhage is the underlying factor in 17% to 40% of the maternal mortality per year in

underdeveloped countries.3,4 This amounts to a risk of death from PPH in devel-

oping countries of 1 in 1,000.4 By contrast, in the United Kingdom, the risk of

mortality from PPH is 1 in 100,000.5 Hemorrhage is the leading cause of maternal

mortality and PPH accounts for the majority of it.6,7

The United States incidence of post partum hemorrhage (as defined by the

American College of Obstetrics and Gynecology) is 3.9% for vaginal deliveries and

6.4% for cesarean sections.8–10 The incidence of PPH may, however, be greatly

influenced by the approach to the third phase of labor. When management of the

third stage of labor is active and includes the routine use of an oxytocic agent after

delivery, the risk of PPH is reduced by 40%.11,12 Mortality and morbidity from

PPH are related not only to hemorrhagic shock but also to other systemic

consequences. In the absence of blood replacement (as occurs most often in

underdeveloped countries), the mother may die of exsanguination.2,13

Hemorrhagic shock may also lead to pathologic derangements triggering multiple

organ dysfunction syndrome (MODS)5,14 or, at the least, may result in significant

Table 12.1 Physiologic parturition hemorrhage.

Physiologic/normal vascular injury

Placental separation

Uterine vascular separation

Cervical laceration (minor)

Vaginal laceraton (minor)

Perineal laceration (minor)

Episiotomy

Cesarean section

Cutaneous and abdominal wall incision

Uterine incision
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post partum anemia. Post partum iron deficiency anemia may cause symptoms of

malaise, fatigue and may impair effective breast-feeding. The true clinical impact

of PPH is therefore, not easily quantified. It is estimated that morbidity from PPH

affects 20 million women per year, worldwide.15

Definition of post partum hemorrhage

The World Health Organization (WHO) has defined PPH as the post partum loss

of greater than 500 ml of blood after delivery.16 While this definition may be

considered arbitrary, it is a volume of hemorrhage that, untreated may be suffi-

cient to cause hemorrhagic shock and death.17,18 Post partum hemorrhage after

cesarean section is defined as blood loss in excess of 1,000 ml.10 This is also defined

by the American College of Obstetrics and Gynecology as either a 10% change in

hematocrit between admission and post partum or the need for a blood transfu-

sion.8 Primary PPH is defined as blood lost within the first 24 hours of delivery and

secondary PPH as that which occurs from 24 hrs to 12 weeks post partum. Early

hemorrhage is far more common than late.10 Primary PPH may also be character-

ized as either placental or extra-placental hemorrhage.19 While the widely accepted

definition of PPH is more than 500 ml of blood lost, the diagnosis rests also on

other clinical features. A more useful definition is any blood loss, which causes a

physiological change threatening the woman’s life.20 In the severely anemic

woman, for example, a mere 250 ml blood loss might result in the same adverse

clinical outcomes as the loss of a larger volume in a woman with normal hemo-

globin (Hgb).19,21

The definition of PPH has been further categorized by the addition of the

terms major PPH and severe or massive PPH. These are cases in which the

volume of blood lost is greater than 1,000 ml (major PPH) to 1,500 ml (severe or

massive PPH). Severe PPH may be further defined as a Hgb drop of �4 g/dl and

transfusion of �4 units of blood. Table 12.2 summarizes the accepted definitions

of PPH. In a United Kingdom study, severe PPH was approximated to occur in

6.7 per 1,000 deliveries.5,22 The source of blood loss may also greatly influence

clinical consequences and management. Bleeding from the body and fundus

of uterus usually responds to uterotonic agents, however, hemorrhage from the

lower uterine segment may require more vigorous medical and/or surgical

intervention.19

Massive (severe) post partum hemorrhage

While hemorrhagic shock may result from as little as 250 ml of blood loss in

especially vulnerable patients, most lethal consequences of PPH occur when the

363 PPH: Prevention, diagnosis, and management



volume and rate of blood loss is much greater. Massive (also termed severe) post

partum hemorrhage has been variably defined.14 In general, the definitions include

reference both to the total volume of blood transfused and the overall clinical

consequences. With blood loss of over 1,500 ml (about 25% of total blood volume),

massive hemorrhage resulting in hemorrhagic shock should be anticipated. The

usual definition includes blood loss requiring the replacement of the patient’s total

blood volume or transfusion of more than 10 units of blood within 24 hrs. Another

definition includes the need for replacement of 50% of circulating blood volume

in less than 3 hours or blood loss at the rate of more than 150 ml per minute.

Unfortunately, in obstetrical emergencies the volume of blood lost may be difficult

to estimate due to occult hemorrhage within the uterus, broad ligament or

peritoneum.14

The pathologic consequences of hemorrhagic shock due to massive post partum

hemorrhage are tissue hypoxia, acidosis, the release of pro-inflammatory cytokines

and the precipitation of the systemic inflammatory response syndrome (SIRS),23–26

the triggering of disseminated intravascular coagulation (DIC) with associated

systemic microvascular thrombosis, and organ hypoperfusion (Table 12.3).27–29

Clinically, patients may then progress to the multiple organ dysfunction syndrome

(MODS), including renal failure,30 hepatic failure, adult respiratory distress

syndrome (ARDS),31 hypoxic brain injury, Sheehan’s syndrome (avascular necrosis

of the anterior pituitary gland),14,32 myocardial ischemia, myocardial infarction33

and death (Table 12.4).23–27,34–38 Further complicating the clinical picture are the

consequences of resuscitation, including left ventricular failure due to fluid volume

overload, intravascular hemolysis (further stimulating DIC) due to massive trans-

fusions, dilutional coagulopathy, electrolyte disturbances and surgical complica-

tions such as injury to the ureters and bladder. The primary causes of preventable

Table 12.2 Definitions of post partum hemorrhage.

Blood loss of >500 ml following vaginal delivery and >1,000 ml following a cesarean section

Early PPH

Blood lost within the first 24 hours of delivery

Late PPH

Blood lost from 24 hours to 12 weeks after delivery

Major PPH

Blood loss >1,000 ml

Massive/severe PPH

Blood loss >1,500 ml

PPH in severely anemic women

Blood loss >250 ml
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death in massive PPH are delayed fluid volume and blood replacement, delay

in recognizing and appropriately treating DIC and delay in controlling surgical

bleeding.14

Antepartum hemorrhage

While separate from PPH, antepartum hemorrhage is often the predictor of

PPH. Antepartum hemorrhage complicates as many as 2–5% of pregnancies

Table 12.326,38,133,134,136 Pathologic consequence of hemorrhagic shock.

Diagnosis of Systemic Inflammatory Response Syndrome (SIRS)

Clinical criteria: 2 or more for diagnosis

Abnormal body temperature (>38 8C or <36 8C)

Tachycardia (HR>90)

Tachypnea (RR>20 or PCO2<32 mmHg)

Abnormal WBC count (WBC>12 K or <4 K)

Associated disease states

Systemic sepsis

Hemorrhagic shock

Massive transfusion

Cardiopulmonary bypass

Surgery

Trauma

CPR

Others

Pathophysiology of SIRS

Release of cytokines and factors

IL-2, IL-6, IL-8, Tumor Necrosis Factor alpha and others

Endothelial dysfunction

Expression of E and P selectins

Stimulation of thrombosis and fibrinolysis

PAI-1 increased

Elevated VWF

Elevated thrombomodulin

Elevated t-PA

Elevated F1þ2, TAT complexes and D-Dimer

HR¼ heart rate, RR¼ respiratory rate, WBC¼white blood count, IL-2¼ Interleukin-2,

IL-6¼ Interleukin-6, IL-8¼ Interleukin-8, PAI-1¼ plasminogen activator inhibitor

type-1, VWF¼ von Willebrand factor, t-PA¼ tissue plasminogen activator,

F1þ 2¼ prothrombin factor 1þ 2, TAT¼ thrombin-antithrombin.
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with etiologies ranging from potentially lethal placenta previa to genital

infections. Generally, antepartum hemorrhage is defined as that occurring after

the 20th week of gestation.17 Table 12.5 summarizes etiologies of antepartum

hemorrhage. The most common causes are placenta previa and placental abrup-

tion. Both may culminate in massive PPH. Other etiologies may have less severe

consequences but, as in the case of genital infections, may still require careful

diagnosis and effective treatment. Nearly 25% of women with antepartum hemor-

rhage are found to have placental abruption or placenta previa, with a fetal loss rate

of 32%.39 Adverse pregnancy outcomes are also noted in as many as a third of

patients with antepartum hemorrhage from causes other than placenta previa or

abruption.40

In order to exclude placenta previa and placental abruption, a thorough diag-

nostic investigation including pelvic ultrasound (US), is indicated when any

pregnant patient presents with antepartum hemorrhage.41–44 If assessment con-

firms the presence of a viable fetus, and bleeding stops, conservative management

is appropriate. If hemorrhage is life threatening or if the fetus is nonviable,

immediate delivery is indicated.17 Identification of placenta previa, as well as

other placental abnormalities allows for planning of appropriate management

and offers potential life-saving benefits. Other placental abnormalities may also

be identified and allow an appropriate approach to delivery.

Table 12.4 Clinical manifestations of MODS.

Cerebrovascular thrombosis

Cerebral infarction

Pituitary infarction (Sheehan’s Syndrome)

Hypoxic brain injury

Hypoxic encephalopathy

Coronary thrombosis

Myocardial ischemia

Myocardial infarction

LV dysfunction

Microvascular thrombosis

Adult Respiratory Distress Syndrome (ARDS)

Acute renal failure

Acute hepatic failure

Skin necrosis

Mesenteric thrombosis

Acute adrenal failure
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Pathophysiology of post partum hemorrhage

Risk factors for post partum hemorrhage

The majority of women who develop post partum hemorrhage have underlying

risk factors, which are recognizable antepartum. For these, carefully managed

pregnancy, labor, and delivery can dramatically reduce the likelihood of bleeding.

Risk factors can be characterized as either clinical or hematological, obstetrical,

anatomical or systemic and can be recognized antepartum or occurring unexpec-

tedly during the puerperium. Predisposition to PPH may occur with (1) abnormal

placentation, (2) birth trauma, (3) uterine atony, (4) maternal blood volume defi-

ciency, (5) hemorrhagic diathesis, and (6) other factors (including uterine artery

aneurysms and varices;45,46 as outlined in Table 12.6.41 Women who have pre-

viously had a cesarean section are also at increased risk of PPH due to placental

accretism. The incidence of placenta previa with placental accretism correlates

directly with the number of cesarean scars, and it is not surprising that the risk of a

morbidly adherent placenta increases from 5% with no previous cesarean section;

10 to 24% with one; 38–49% with two; and 67% with three previous cesarean

scars.47 Hemorrhagic diatheses include von Willebrand disease, coagulation

factor defects, platelet and vascular defects. Hemorrhagic diatheses predisposing

to hemorrhage include not only inherited coagulation defects but also acquired

deficiencies of coagulation factors in acute fatty liver of pregnancy, HELLP

syndrome (hemolytic anemia, elevated liver enzymes, and low platelets), choles-

tasis of pregnancy, and factor VIII inhibitors.

Table 12.5 Etiology of antepartum hemorrhage.

Placenta previa

Placental abruption

Marginal bleeding

Bloody show during labor (cervical effacement)

Cervicitis

Vaginal and cervical trauma

Vulvovaginal varicosities

Genital neoplasm (benign and malignant)

Vulvovaginal infection

Hematuria

Vasa previa (hemorrhage from fetal blood vessels

caused by abnormal cord insertion,

if membranes are ruptured)
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Table 12.65,10,17,41 Risk factors for post partum hemorrhage.

Abnormal placentation

Placenta previa

Placental abruption

Placenta accreta/increta/percreta

Bicornate uterus

Leiomyoma

Prior uterine surgery/cesarean section

Hydatidiform mole

Retained placental fragments

Birth trauma

Episiotomy (medioloateral>midline)

Cesarean section

Cervical or vaginal tear

Low or mid forceps delivery

Uterine rupture

Uterine inversion

Uterine atony

Multiple gestations

High parity

Over distended uterus

Large fetus

Multiple fetuses

Hydramnios

Distended with clots

Complications of anesthesia or analgesia

Halogenated agents

Conduction analgesia with hypotension

Myometrial dysfunction

Rapid labor

Prolonged labor

Oxytocin or prostaglandin augmented labor

Tocolytic agents

Chorioamnionitis

Previous uterine atony

Maternal blood volume deficiency

Small maternal size

Submaximal maternal hypervolemia

Constricted maternal hypervolemia

Preeclampsia

Eclampsia
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Causes of post partum hemorrhage

The causes of post partum hemorrhage may be organized into three groups

(Table 12.7). First, are those disorders in which hemorrhage originates primarily

from pathologic vascular injury of the uteroplacental junction, uterus, cervix,

vagina or perineum and uterine atony. The second group includes women in

whom PPH results from the usual degree of uteroplacental vascular disruption or

birth trauma concomitant with an underlying inherited or acquired hemorrhagic

diathesis. Finally, are women who experience peripartum hypovolemic shock or

other complications of pregnancy, which trigger DIC. Failure of normal physio-

logic contraction of uterine arteries may occur as the result of a morbidly adherent

or retained placenta, uterine atony or uterine rupture. Pathologic injury to the

birth canal may result in active vaginal bleeding or interstitial bleeding into a large

vaginal hematoma. When abruptio placenta, amniotic fluid embolism, sepsis or

hemorrhagic shock trigger DIC, massive vaginal and cesarean incision bleeding are

associated with systemic hemorrhage.

Table 12.65,10,17,41 (cont.)

Hemorrhagic diathesis

Inherited coagulopathy

Acquired coagulopathy

Disseminated intravascular coagulation (DIC)

Amniotic fluid embolism

Placental abruption

Retained dead fetus

Severe preeclampsia and eclampsia

Saline-induced abortion

Massive transfusion

Severe intravascular hemolysis

Systemic sepsis

Systemic inflammatory response syndrome

Therapeutic anticoagulation

Dilutional coagulopathy (massive volume resuscitation)

Thrombotic thrombocytopenic purpura

Other factors

Nulliparity

Obesity

Native American ancestry

Prior postpartum hemorrhage
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Table 12.7 Causes of post partum hemorrhage.

Pathologic vascular injury

Abnormal placental separation

Placenta previa

Placenta abruption

Placenta accreta/increta/percreta

Ectopic pregnancy

Hyatidiform mole

Uterine vascular injury/dysfunction

Uterine rupture

Uterine atony

Uterine inversion

Cervical laceration (major)

Vaginal laceraton (major)

Perineal laceration (major)

Episiotomy (complicated)

Cesarean section/cesarean hysterectomy with surgical misadventure

Physiologic trauma complicated by underlying hemorrhagic diatheses

Fibrinogen deficiency (hypo or dysfibrinogenemia)

Factor II deficiency

Factor V deficiency

Factor VII deficiency

Factor VIII deficiency/inhibitors

Factor IX deficiency

Factor X deficiency

Factor XI deficiency

Factor XIII deficiency

Passovoy defect

Platelet defects

Von Willebrand disease

�-2-antiplasmin deficiency

�-2-macroglobulin deficiency

Disseminated intravascular coagulation (DIC)

Amniotic fluid embolism

Placental abruption

Hemorrhagic shock

Septicemia
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Maternal physiology and parturition

In order to compensate for the vascular injury and physiologic blood loss associated

with delivery, there are a number of compensatory changes in maternal physiology.

By pregnancy term, uteroplacental blood flow is as brisk as 600 ml per minute.19 As

parturition involves the separation of the placenta from the uterine wall in the third

stage of labor, physiologic adaptations have developed to prevent the otherwise

inevitable exsanguination. In anticipation of blood loss, maternal plasma volume

expands by 42% and the red cell mass expands by 24% by the third trimester48

(Table 12.8). By late in pregnancy, the healthy mother has a total blood volume of

6–7 liters, compared to normal of approximately 5 liters (70 ml/kg).14 In pre-

eclamptic patients, plasma volume fails to expand normally and is as much as 9%

lower than in patients without preeclampsia.49,50 In addition to the increase in

plasma volume and red cell mass, third trimester pregnancy is characterized by

intensification of the intrinsically hypercoagulable state of normal pregnancy.

Measurable increases occur in the levels of fibrinogen, factors VII, VIII, X, and

von Willebrand factor51 and with decreased levels of Protein S (associated with an

increase in the level of C4 binding protein). Fibrinolytic activity is inhibited as the

result of increased levels of plasminogen activator inhibitor (PAI-1).52 This hyper-

coagulable state of pregnancy not only predisposes to thrombotic complications

but also may blunt the impact of underlying inherited hemorrhagic diatheses

and alter coagulation tests, making the prediction of PPH more difficult.

Typically, the prothrombin time (PT) and partial thromblastin time (PTT) shorten

Table 12.849 Physiological changes in pregnancy.

Third trimester

Maternal plasma volume expands 42%

Red cell mass expands 24%

Total blood volume of 6–7 liters

Increases in

Fibrinogen

Factor VII

Factor VIII

Factor X

Von Willebrand factor

Plasminogen Activator Inhibitor (PAI-1)

Decreases in Protein S

Fibrinolytic activity inhibited

Preeclampsia patients

Plasma volume expands 9% lower than normal patients (33%)
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during the third trimester of pregnancy.51 Markers of active thrombosis and

fibrinolysis are noted with elevations of D-Dimer and thrombin-antithrombin

complexes.

Prevention of post partum hemorrhage

Antepartum preparation

The recognition of clinical and obstetrical risk factors for PPH is an essential

step in preventing post partum hemorrhage. Prenatal evaluation must include a

thorough history and physical examination and screening laboratory studies.

Required laboratory studies include a complete blood count (CBC), prothrombin

time (PT) and activated partial thromblastin time (PTT). In the event there is a

personal or family history of easy bruising, bleeding, excessive hemorrhage with

minor injury, surgery, pregnancy or labor and delivery, a thorough investigation

must be undertaken. Patients with a history of metromenorrhagia must be

assessed, as 17% will be found to have a hemorrhagic diathesis.53 A complete

screening evaluation is required including the CBC, PT, PTT and also a template

bleeding time (TBT) or alternative assay of platelet function (Table 12.9). Based

upon the results of these screening studies, suspicion may be then directed to

specific hemorrhagic diatheses, as outlined in Table 12.10. Follow-up laboratory

studies of clotting factors, platelet function assays and other confirmatory studies

may then be performed to define a specific diagnosis. From this is estimated the

associated risk of PPH.

An often-overlooked issue in the pregnant woman is the willingness to receive

blood transfusion. Religious beliefs may preclude transfusion and without fore

knowledge the potential exists for catastrophic consequences. If it is evident from

the prenatal history that this is the case, preparation is required to plan for

potential PPH. This will include attention to prevent and treat anemia, careful

management of identified risk factors and provision for a blood substitute to be

used in an emergency.54,55

Preparation must also include planning for the physiologic hemorrhage asso-

ciated with uncomplicated vaginal and cesarean delivery. Prevention, early identi-

fication and effective treatment of prenatal anemia (usually iron deficiency) is

essential to preventing normal bleeding from becoming a serious medical com-

plication.56 Women who are anemic at the time of PPH are at increased risk of the

complications of decreased oxygen carrying capacity, may require an increased

number of units of packed red cells for resuscitation and are exposed to an

increased risk of systemic complications.
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Antepartum hemorrhagic diatheses

The inherited coagulopathies are well-described risk factors for PPH. Disturbances

in the antigenic or functional levels of most of the components of the coagulation or

fibrinolytic systems have the potential for predisposing to hemorrhage. In normally

functioning hemostasis, activation of the intrinsic pathway, involving factors VIII

and IX, leads to activation of the common pathway. Stimulation of the extrinsic

coagulation pathway (tissue factor pathway) by factor VII also results in activation

of the common pathway. In the common pathway, activation of the prothrombinase

complex of factor Xa with factor Va, calcium and phospholipid results in the

conversion of prothrombin to thrombin which then converts fibrinogen to fibrin

(cross-linked as the result of factor XIII) (Figure 12.1). Platelets function to provide

primary hemostasis and stimulate the activation of the coagulation cascade.

Abnormal function of any of the coagulation factors may impair normal hemostasis.

Hyperfunction of the fibrinolytic system may rapidly degrade an otherwise normal

clot. A simple schematic of the coagulation system is presented in Figure 12.1. The

delicate balance between thrombosis and hemorrhage is illustrated in Figure 12.2.

Table 12.10 Screening tests for the laboratory differentiation of hemorrhagic diatheses.

Laboratory test

Vascular

disorder

Platelet

function

Platelet

number

Blood

proteins

Platelet count Normal Normal Abnormal Normal

Template bleeding time Abnormal Abnormal Abnormal Normala

Prothrombin time Normal Normal Normal Abnormal or normalb

Partial thromboplastin

time Normal Normal Normal Abnormal or normalb

a Except von Willebrand’s syndrome.
b Prothrombin time and/or partial thromboplastin time will be prolonged depending on the

factor involved; factor XIII deficiency and alpha-2-antiplasmin deficiency not detected by

prothrombin time or partial thromboplastin time.

Table 12.9 Prenatal laboratory screening evaluation.

CBC

PT (Prothrombin time)

PTT (Activated partial thromboplastin time)

TBT (Template bleeding time) (indicated if there is a personal

or family history of hemorrhage)
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The coagulation cascade

Intrinsic system Extrinsic system

XII Injury
XIIa

XI IX
XIa

X Tissue
thromboplastin

(TF)IXa
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VIIIa
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Va + Ca++

VII

Prothrombin Thrombin

Fibrinogen

Common
pathway
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Figure 12.1 Coagulation pathway.

Basic hemostasis

The delicate “balance”of hemostasis

Vasculature
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Blood
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THROMBOSIS HEMORRHAGE

Figure 12.2 The balance of thrombosis and hemorrhage.
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When local vascular injury in the uterus and lower genital tract occurs in

patients with disorders of coagulation factors or of platelets, significant blood

loss results from failure of primary and/or secondary hemostasis. Patients usually,

but not always, will provide a history of easy bruising, gum bleeding, epistaxis, soft

tissue bleeding with or without a history of trauma, post-operative or previous

post partum hemorrhage or metromenorrhagia. The primary hemorrhagic dis-

orders recognized to place women at risk for PPH are listed in Table 12.11 and

include von Willebrand disease, deficiencies of factors (II, V, VII, VIII, IX, X, XI,

XIII), deficiency or dysfunction of fibrinogen, deficiency of the plasmin inhibitors

alpha-2-antiplasmin and alpha-2-macroglobulin, and disorders which decrease

platelet numbers (immune thrombocytopenia) or impair platelet function.

When the diagnosis of a primary hemorrhagic diathesis is known, the problem

becomes one of simply planning an appropriate management strategy

(Table 12.12). Many patients with von Willebrand disease, thrombocytopenia

or thrombocytopathy (platelet function defects) have no history of unusual

bleeding and proceed into labor undiagnosed. It is in such patients who begin

labor with a previously unsuspected hemorrhagic diathesis, that the risk of PPH is

Table 12.11 Hemorrhagic diatheses.

Deficiency/Defects PT PTT TBT Platelets

Fibrinogen deficiency " " $ $
Factor II deficiency " " $ $
Factor V deficiency " " $ $
Factor VII deficiency " $ $ $
Factor VIII deficiency/inhibitors $ " $ $
Factor IX deficiency $ " $ $
Factor X deficiency " " $ $
Factor XI deficiency $ " $ $
Factor XIII deficiency $ $ $ $
Prekallikrein deficiency $ " $ $
Passovoy defect $ " " $
Von Willebrand disease $ " " $
�-2-antiplasmin deficiency $ $ $ $
�-2-macroglobulin deficiency $ $ $ $
Platelet defects

Thrombocytopenia $ $ " #
Thrombocytopathy $ $ " $
DIC " " " #

"¼ increase,$¼ no change, #¼ decrease
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Table 12.12 Management of hemorrhagic diatheses during pregnancy and puerperium.

Hemorrhagic diathesis Hemostasis Treatment

Fibrinogen defects Fibrinogen level >60

to 100 mg/dl

Infusion of cryoprecipitate

Factor II defects Elevation of factor II

level to 50% of normal

Administration of PCC a or FFP b

Factor V defects Factor V levels above 30% Administration of FFP b or

infusion of cryoprecipitate

Factor VII defects Factor VII levels at 30%

of normal

Factor VII replacement,

administration of FFP b or PCC a

Factor VIII: C defects Rise in factor VIII: C

to at least 50% or 80–100%

for severe and acute

hemorrhage

Infusion of factor VIII most

effective; for mild bleeding

bed rest, topical thrombin

or DDAVP

Factor IX defects Factor IX level of 100%

of normal

Replacement therapy with

factor IX from FFP b or PCC a ;

may require surgery

Factor X defects Factor X level of 15 to

20% of normal or 50%

just before delivery

Administration of factor X

from FFP b

Factor XI defects Factor XI levels to 70%

of normal

Administration of FFP, b

factor XI concentrate (Europe)

and/or antifibrinolytic agents

Prekallikrein deficiency – No therapy required

Kininogen defect – No therapy required

Passovoy defect – Administration of FFP b

Alpha-2-antiplasmin – Epsilon �-aminocaproic acid

(EACA) or tranexamic acid

Factor XIII Factor XIII level at 2%

to 3% of normal

Infusion of FFP b or cryoprecipitate

and prophylaxis for surgery,

labor and delivery

Von Willebrand

disease

Increase in VWF and

factor VIII to the

normal range

DDAVP, cryoprecipitate, and

humate-P

Platelet defects Platelet count of 50, 000

at delivery

Platelet transfusion;

administration of

glucocorticoids,

intravenous IgG, and

splenectomy for ITP

a Prothrombin complex concentrate.
b Fresh frozen plasma.
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greatest. In those patients with an established diagnosis, therapeutic approaches

have been developed to reduce the risk of PPH and allow safe delivery. When PPH

occurs, therapy must be directed to correct the primary defect, as well as the

specific complications, such as blood loss, hypotension, or post partum anemia.

The effective treatment options for the inherited and acquired hemorrhagic

diatheses are summarized below.

Fibrinogen defects

While dysfibrinogenemias are the best recognized, both quantitative and qualitative

defects of fibrinogen are identified. Afibrinogenemia and hypofibrinogenemia

inheritance is usually autosomal recessive. Congenital hypodysfibrinogenemia is

also reported as an autosomal dominant disorder characterized by both qualitative

and quantitatively abnormal fibrinogen.57 Since clinical manifestations of bleeding

are usually only associated with the puerperium, surgery, trauma or menses,

therapy may only be indicated in specific situations. Without treatment, congenital

afibrinogenemia results in miscarriage at 6–8 weeks gestation due to hemorrhage.58

Newborns with the disorder may present with umbilical stump bleeding at birth,

intra-articular bleeding and occasionally intracranial hemorrhage.59 The mother

with dysfibrinogenemia, afibrinogenemia or hypodysfibrinogenemia, may bleed

from the uterus, birth canal, gastrointestinal tract or other mucous membranes.

Treatment consists primarily of infusion of cryoprecipitate. In the pregnant

patient, prevention of spontaneous abortion and genital hemorrhage requires the

fibrinogen level be maintained at >60 to 100 mg/dl.60,61 As the pregnancy pro-

gresses, fibrinogen clearance increases, thus the dose requirement increases.

Continuous infusion of fibrinogen concentrate (not available in the United

States) or cryoprecipitate is recommended during labor and delivery to maintain

the fibrinogen level at a minimum of 150 to 200 mg/dl.60 This approach has proven

successful at allowing uneventful pregnancy, labor and delivery of a normal fetus.

There is, however, a report of placental abruption, placental infarction and post

partum deep vein thrombosis in a woman who was treated in a similar manner

with cryoprecipitate.58 Cryoprecipitate contains 80–120 U of factor VIII, 40–70%

of the original plasma of von Willebrand factor and 150–250 mg of fibrinogen.62 It

is postulated that the increased factor VIII and von Willebrand factor levels may

have contributed to thrombosis.58

Factor II defects

Factor II (prothrombin) deficiency is a very rare autosomal recessive disorder.

Quantitative defects in factor II (prothrombin) may be either hypoprothrombinemia

377 PPH: Prevention, diagnosis, and management



or aprothrombinemia. The deficiency may also be qualitative. Clinical manifesta-

tions primarily occur in the presence of a homozygous defect. These include

spontaneous, severe bleeding with the formation of large hematomas, massive

gastrointestinal or other mucosal membrane hemorrhage, as well as bleeding due

to delivery, surgery or trauma. Heterozygous patients occasionally bleed sponta-

neously but usually only with surgery or trauma.59 Therapy is indicated in the

presence of hemorrhage or in anticipation of delivery, surgery or invasive

procedures.63

Treatment consists of prothrombin complex concentrates64 or fresh frozen

plasma.65 Elevation of the functional factor II level to about 50% of normal is

adequate to prevent puerperal and post partum hemorrhage. Fresh frozen plasma

has approximately 400 mg of fibrinogen and 200 U of other clotting factors

(including prothrombin), in about 250 ml of plasma. Infusion begins with a

loading dose of 15–20 ml/kg, followed by 5 ml/kg every 24 hours as needed to

achieve hemostasis. Prothrombin complex concentrates (PCC) contain pro-

thrombin, factor VII, IX and X and proteins C and S. PCC are highly thrombo-

genic (may lead to pathologic thrombi including DIC) and are not to be

administered concomitantly with antifibrinolytic agents. Therapy is initiated

with 20 U/kg as a loading dose followed by 10 U/kg daily.66

In addition to clinical assessment, therapy is monitored with the PT and PTT.

The precise quantitative measurement of factor II may not be available in all

clinical laboratories, however, is the most accurate method of documenting

laboratory improvement with treatment. Resolution of clinical hemorrhage

should accompany stabilization of functional factor II levels at about 50%.

Factor V defects

Factor V deficiency is autosomal recessive and, fortunately, very rare.

Homozygous individuals may experience mucosal membrane and gastrointestinal

hemorrhage, spontaneous hematomas, spontaneous intra-articular bleeding,

intracranial bleeding, and large ecchymoses.59 Severe bleeding may occur with

delivery, surgery or trauma. Heterozygous patients rarely bleed. Therapy must

consider not only the level of factor V, which correlates poorly with clinical

manifestations, but the frequent presence of concomitant disorders of hemostasis.

These include: combined congenital factor V and factor VIII deficiency, combined

factor V deficiency with von Willebrand’s syndrome and factor V Quebec (with

moderately low levels of plasma factor V combined with low levels of platelet alpha

granules).63,64

Treatment consists of administration of fresh frozen plasma at 10 ml/kg or

cryoprecipitate. The goal of treatment is to keep the factor V levels above 30%.
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As the half-life of factor V is about 24 hours, infusion is required only every

24 hours.59 Therapy also includes clinical support until hemorrhage is controlled.

Prophylaxis is indicated for homozygotes during labor and delivery, and for major

surgery or interventional procedures. Monitoring of therapy requires following

the PT and activated partial thromboplastin time (APTT). At least 30% of normal

activity of the PT and APTT are desired.

Factor VII defects

Factor VII (proconvertin) deficiency is a rare autosomal recessive disorder, which

may result from either complete absence of factor VII or the presence of a

dysfunctional factor. Homozygotes have factor VII levels of less than 10% and

heterozygotes have levels of about 50%.67 Clinical manifestations include: mucosal

membrane bleeding with severe epistaxis, intrapulmonary and gastrointestinal

hemorrhage, intra-articular bleeding, umbilical stump bleeding and intracranial

hemorrhage in the homozygotic newborn and severe hemorrhage with childbirth,

surgery, invasive procedures or trauma. Heterozygous patients rarely bleed except

at the time of delivery, surgery or trauma.63 Normal pregnancy induces a fourfold

rise in the factor VII levels during pregnancy but it is unclear to what degree this is

due to increased factor production or to enhanced function. Furthermore, it is not

known to what degree pregnancy induces an increase in the factor VII deficient

woman.68 As it is clear that deficiency confers an increased risk for hemorrhage

and that any labor may potentially require cesarean delivery, it is acknowledged

that prophylaxis should be provided to prevent puerperal and post partum

hemorrhage.67

Primary treatment consists of factor VII replacement. Although fresh frozen

plasma may be used, prothrombin complex concentrates (associated risk of blood

born illness) containing a high concentration of factor VII promptly increase

factor VII levels. A widely available recombinant factor VII (Novoseven1) is also

rapidly effective without the usual risks associated with the administration of

products of whole blood, and is now recommended. The required dose ranges

from 15 to 30 mg/kg body weight, as monitored by the PT.69 Treatment with both

bolus67 and constant infusion70 methods have been demonstrated effective at

preventing hemorrhage during and after cesarean delivery. A level of factor VII

at 30% of normal should be achieved for effective therapy.59 Since the factor VII

half-life is only four to six hours, repeat boluses or continuous infusion is needed

to maintain an adequate level. Therapy is indicated in the presence of clinical

evidence of hemorrhage or in anticipation of and following vaginal or cesarean

delivery, major surgery or invasive procedures. Monitoring of therapy is depen-

dent upon bedside clinical evaluation and factor VII levels. While, as in diagnosis,
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a prolonged PT and normal PTT are helpful, they are not the optimal guides

to therapy.

Factor VIII: C defects

In spite of the complexities of precise diagnosis and characterization, the presenta-

tion, clinical consequences, and treatment of all of the forms of factor VIII: C

deficiency are similar. Patients with the sex-linked recessive absence of VIII: C

(90%) (hemophilia A), with dysfunctional VIII: C (10%), and with anti-factor VIII

antibodies (autoantibodies) all bleed. The severity of bleeding correlates with the

absolute level of functional VIII: C. Patients with levels of 0 to 5% have severe and

spontaneous bleeding, those with levels of 5 to 10% experience moderate bleeding,

including some spontaneous hemorrhage, and patients with levels of 10 to 40%

may experience only mild bleeding and rarely bleed spontaneously. Patients with

the lowest levels of VIII: C bleed in infancy with hemorrhage at circumcision,

spontaneously bleeding into large muscles and joints and intracranial. With

growth and development intra-articular hemorrhage followed by joint fibrosis

may be crippling. Hemorrhage may occur into closed muscle compartments

resulting in peripheral nerve injury, which may be permanent if not identified

and treated promptly. All patients with VIII: C deficits are, to a greater or lesser

extent as determined by the level of VIII: C, prone to surgical bleeding. Similarly,

there is a considerably increased risk of hemorrhage subsequent to childbirth,

trauma or special procedures.59,64,71

Patients with factor VIII autoantibodies may not be identified antepartum.

Factor VIII autoantibodies are present at a rate of 0.2 to 1 cases per million per

year, of which 7–11% of the cases occur during pregnancy.72 A large review of 215

non-hemophiliac patients with acquired factor VIII inhibitors identified 47%

of patients with underlying illness such as autoimmune disease and malignancy,

46% with no underlying disorder, and 7% occurring in women post partum.73

Presentation during pregnancy is uncommon. Post partum hemorrhage is usually

late, presenting about a week after apparently uncomplicated delivery.41 Post partum

hemorrhage, whether early or late, is uncommon. More often, non-hemophiliac

women with acquired factor VIII antibodies, develop soft tissue and joint bleeding

from 1 month to over one year after delivery. Acute PPH with a fatal outcome due to

uncontrolled hemorrhage is reported.74

Therapy with infusion of factor VIII remains the key element in successful

treatment, both for hemophiliacs and patients with autoantibodies. Delivery

must be carefully managed to decrease the risk of serious intracranial hemorrhage

in the affected newborn, occurring most commonly with prolonged labor, vacuum

extraction, and forceps delivery.59 Patients with mild bleeding may be managed
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simply with bed rest, topical thrombin or 1-D-amino-8-D-Arginine Vassopressin

(DDAVP). Hemophiliacs who demonstrate a baseline factor VIII: C level of>5 U/dl

may respond to DDAVP. A trial of DDAVP must demonstrate rise in factor

VIII: C levels to at least 30 U/dl, 30 to 60 minutes after the dose, before this

approach may be relied upon for minor surgery.64 Factor VIII replacement is

required in anticipation of delivery by vaginal or cesarean route, in anticipation of

neuraxial anesthesia, or as treatment for acute hemorrhage.75 Spontaneous

hemorrhage is unlikely with factor VIII levels below 20% of normal, however

with severe hemorrhage, levels of 80% to 100% are required for hemostasis.76

Since cryoprecipitates may include variable amounts of factor VIII, large amounts

of fibrinogen, and carry some risk of viral transmission, therapy with recombinant

factor VIII concentrates is preferred. For emergency treatment, an infusion of

recombinant factor VIII concentrate at 30 units/kg may be expected to increase the

circulating level by 50%. The treatment goal in the presence of acute severe

hemorrhage is between 50% to 100% of normal factor VIII levels.59,71 Control of

hemorrhage should follow. Precise calculation of dose is primarily indicated in the

antepartum whether delivery is expected by vaginal or cesarean route. The formula

for administration of recombinant factor VIII concentrate is as follows: 59

Units needed = desired level – initial level

Dose of factor VIII = units needed � 0.5 � body weight (kg)

Milliliters of concentrate needed = total units needed/units/ml concentrate

The biologic half-life of factor VIII is 12 hours. Treatment is guided by the clinical

situation. Patients who present with hemorrhage are treated emergently.

Postpartum hemorrhage requires adjusted dose infusions every 12 hours, until

clinical and laboratory stabilization is achieved. After cesarean section delivery,

therapy is also required until all wounds are healed.76

Spontaneous recovery from factor VIII autoantibodies is likely but may take

years. Treatment with immunosuppression may hasten remission in as many as

40%,74 but is of little use in the acute setting. The most rapid induction of

remission in a post partum woman with acquired factor VIII inhibitors, with

immunosuppression has been 15 days after therapy with the combination of

methylprednisolone (3 mg/kg/day for 8 days then 1 mg/kg/day) and cyclospha-

mide (150 mg/day for 5 days then 100 mg/day).77 Patients with factor VIII inhi-

bitors usually fail to demonstrate the expected increase in factor VIII: C activity

level following recombinant factor VIII infusion. In clinical situations when more

serious bleeding is present or anticipated (as in labor and delivery), the level of the

inhibitor should be quantified via the Bethesda assay78 and a precise dose of

recombinant factor VIII concentrate administered to exactly neutralize the inhi-

bitor. The correct dose may be estimated by applying the formula above and
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assuming that the patient level of VIII:C is 0%. While plasma exchange and

extracorporeal inhibitor absorption with protein A columns have been met with

some success in clearing the antibodies, DDAVP has not been effective. In the past,

treatment with factor VIII concentrates carried a significant risk of hepatitis and

human immunodeficiency virus (HIV) infection. New recombinant products have

eliminated this risk.79,80 Unfortunately, however, the presence of autoantibodies

which rapidly inactivate factor VIII may require the use of alternative therapy not

needed in the hemophiliac without autoantibodies. This problem has led to the

development and use of Porcine factor VIII (Hyate:C1), Factor VIII Inhibitor

Bypassing Activity (FEIBA), Autoplex1 and recombinant factor VIIa.79,80

Treatment with these agents proceeds according to the formula presented above

and is guided by the serial measurement of factor VIII: C levels and bedside clinical

assessment. Occasionally, in severe deficiencies, a dysfunction of platelet aggrega-

tion develops requiring platelet transfusions. Thrombotic complications remain a

concern with the use of prothrombin complex concentrates. A highly predictable

and effective alternative to recombinant factor VIII therapy for inhibitor patients

appears to be recombinant factor VIIa.81 Therapy for patients with factor VIII

inhibitors may be complex, but properly managed is expected to produce a

successful outcome of pregnancy and the puerperium.

Monitoring of therapy requires careful bedside evaluation and measurement

of quantitative factor VIII: C. While at the time of diagnosis, the PTT will be

prolonged and the PT normal, normalization of these parameters is not an

adequate indication of therapeutic efficacy.

Factor IX defects

Hemophilia B (Christmas disease) is a sex linked recessive disorder in which factor

IX is absent in 70 to 90% of patients and dysfunctional in 10 to 30%. The clinical

manifestations of hemophilia B are quite similar to those expressed in hemophilia

A. Severity of hemorrhage correlates with the level of quantitative or qualitative

deficiency. Deep muscle hemorrhage, intra-articular, intracranial and severe

bleeding from mucosal membranes may occur. In severe deficiency (0 to 5% factor

IX level) spontaneous hemorrhage is frequent, in moderate deficiency (5 to 10%

factor IX level) spontaneous bleeding is occasional and in mild deficiency (10 to

40% factor IX level) spontaneous hemorrhage is rare.82 Management involves not

only replacement of the deficient factor but also local or interventional treatment

of the complications.59,71

Replacement therapy with factor IX contained in fresh frozen plasma or pro-

thrombin complex concentrates containing factor IX has been the hallmark of

treatment.59 The risk of viral infection and the risk of thrombosis posed by the

382 William F. Baker, Joseph Mansour and Arthur Fontaine



presence of fibrinogen and other procoagulants, have prompted a change in

preferred therapy to highly purified factor IX products. These include

AlphaNine1, MonoNine1 and the recombinant factor IX, Benefix1.64,83 The

dose of purified factor IX administered in anticipation of labor and delivery,

surgery or in the presence of acute hemorrhage should achieve a factor IX level

of 100% of normal. A calculated dose may be given as with factor VIII replace-

ment, however, due to the wide extravascular presence of factor IX, the initial

loading dose must be 1.5 to 2.0 times the calculated dose based on plasma

volume.83 Factor IX inhibitors have rarely been reported in nonhemophiliac

post partum women.84 Plasmaphoresis, immunoabsorption and immunosuppres-

sives may also be effective.85 Patients with hemophilia B not only require infusion

therapy but also may require invasive procedures or surgery as well as considerable

medical support during episodes of hemorrhage.

Monitoring requires frequent clinical follow-up and serial measurement of

factor IX levels. In spite of the observed prolongation of the PTT in the presence

of a normal PT, monitoring of these levels is of limited value in clinical manage-

ment. In milder cases, both the PT and PTT may be normal.

Factor X

The autosomal recessive disorder of factor X deficiency is very rare. Clinical

features are umbilical stump bleeding, subcutaneous hemorrhage and bleeding

with childbirth, surgery, invasive procedures and trauma. Deep-tissue bleeding is

not generally observed. Severe bleeding from mucosal membranes, including

gastrointestinal, genitourinary and intrapulmonary sites primarily occurs in

homozygotes. Menorrhagia is frequent and there is a significant risk for PPH.83

Pregnancy is often complicated by recurrent miscarriage and preterm delivery in

homozygotes. The risk for hemorrhage correlates with factor X levels below 15% to

30% of normal. The presentation is frequently with the observation of a prolonged

PT and PTT, with mild prolongation in heterozygotes and marked prolongation in

homozygotes. Heterozygotes are usually asymptomatic.59,63

Treatment includes administration of factor X contained in fresh frozen plasma at

15–20 ml/kg loading dose followed by 5 ml/kg daily maintenance dose or a calcu-

lated dose of prothrombin complex concentrates (associated risk of thrombosis). As

no spontaneous or other hemorrhage will occur if the factor X level is 15% to 30% of

normal, the target level for treatment is usually 15% to 20%. Factor replacement is

indicated during pregnancy, labor and delivery.59,64 The target level in anticipation

of delivery is 50% of normal. Although only 13 pregnancies have been reported in

the medical literature, it appears clear that prophylactic replacement therapy is

effective at allowing uncomplicated delivery, both vaginal and cesarean.86
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Monitoring includes clinical assessment and measurement of factor X levels.

The prolonged PTT, PT and Russell’s viper venom time (RVVT) are useful for

diagnosis but not therapy.

Factor XI

The deficiency of factor XI is inherited as an incomplete autosomal recessive

genotype and the clinical manifestations are quite variable. Patients present with

an isolated prolongation of the PTT and normal PT. There may be no history of

bleeding or severe bleeding and there may be variable degrees of hemorrhagic risk.

Heterozygous patients are rarely symptomatic. Bleeding is most often associated

with factor XI levels less than 10%, but there is no clear correlation between the

risk of hemorrhage and the factor XI level. Mucosal bleeding, particularly from the

oral mucosa and genitourinary tract is common. A prior familial or personal

history of abnormal bleeding best correlates with future risk.71 Factor XI deficiency

has also been reported as first presenting with acute PPH.87

With or without a prior history of hemorrhage, it is advised that individuals

with levels less than 20% be pretreated with FFP to raise the levels to 70% in

anticipation of surgery, labor and delivery. Infusion of fresh frozen plasma may be

used to increase factor XI levels, but the volume of infusion may be significant

(15–20 ml/kg loading dose followed by 5 ml/kg/day). Available in Europe, factor

XI concentrate is recommended in a dose calculated to raise the factor XI level to

70% of normal (0.7 U/ml). Treatment is recommended during labor to maintain

this level for 3–4 days after vaginal delivery and 4–5 days after cesarean delivery.

Antifibrinolytic agents (tranexamic acid and "-aminocaproic acid, trasylol) may

be added to replacement therapy for refractory PPH.87 Although a prolonged PTT

and normal PT are useful for diagnosis, they are not of value for therapy. Both a

precise diagnosis and appropriate management require the measurement of factor

XI levels.

Prekallikrein deficiency

The diagnosis of prekallikrein (Fletcher factor) deficiency is usually noted on

routine evaluation of coagulation with a PTT. While the PTT is markedly pro-

longed and the PT normal, suggesting a number of other disorders, the important

distinctive feature of Fletcher trait is the absence of clinical manifestations.59,83

Since there is no hemorrhagic or thrombotic diathesis, no therapy or monitoring is

required. Confusion between this and other much more serious disorders, how-

ever, may lead to life-threatening errors in management. Evaluation with a pre-

kallikrein assay to confirm the diagnosis is critical.
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Kininogen

Similarly to defects in prekallikrein, deficiency of kininogen is not associated with

either hemorrhage or thrombosis. Diagnosis is important primarily due to the

potential confusion between this and other disorders presenting with a prolonged

PTT and a normal PT. In the appropriate setting, measurement of high-molecular

weight kininogen may be indicated. No therapy is required.83

Passovoy defect

The Passovoy defect is a poorly delineated abnormality characterized by autoso-

mal dominant inheritance and a moderate degree of hemorrhage. Mucosal bleed-

ing, excessive menstrual bleeding, spontaneous bruising and severe bleeding with

childbirth, trauma or surgery are observed. The administration of fresh frozen

plasma will correct clinical bleeding and may be used in preparation for delivery or

surgery. Monitoring is primarily clinical. Although the detection of a prolonged

PTT and normal PT are useful for diagnosis, they are not useful for therapy.59

Alpha-2-antiplasmin

The rare autosomal recessive disorder of alpha-2-antiplasmin deficiency may

result in severe hemorrhage in homozygous patients. Severe mucosal membrane

bleeding (especially genitourinary), spontaneous bruising and subcutaneous

hematoma formation, intra-articular bleeding, traumatic hemorrhage and surgical

bleeding are characteristic.

Treatment primarily is indicated in the presence of major hemorrhage.

Therapies of choice are either epsilon �-aminocaproic acid (EACA), 10 mg/kg

three times daily or tranexamic acid, 500 mg two to three times daily, either orally

or intravenously. Supportive and interventional therapy may also be required for

severe bleeding. No prophylaxis is indicated.

Monitoring is primarily clinical, since all global clotting studies are normal and

the only laboratory abnormality is a low level of alpha-2-antiplasmin. Low level

elevations of fibrin degradation products (FDP) may be observed but these are also

not useful as a guide to therapy.59,64

Factor XIII

The rare autosomal recessive disorder of deficiency of factor XIII may have severe

clinical consequences. Since only 10% of normal levels of factor XIII are required for

normal hemostasis, bleeding only occurs in homozygotes. At least 90% of patients
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present with delayed umbilical stump bleeding. Delayed hemorrhage is also typical

in spontaneous and traumatic deep muscle hemorrhage and delayed post-traumatic

or spontaneous intracranial bleeding (the most common cause of death). Deep-

tissue bleeding may result in bone pseudotumor formation. Intra-articular hemor-

rhage is rare. Men are sterile and women experience spontaneous abortion.

Postoperative hemorrhage and delayed wound healing are observed.88 Therapy

must address both the coagulopathy and the clinical consequences of bleeding.

Treatment is primarily indicated in the presence of major hemorrhage.

Hemorrhage requires infusion of fresh frozen plasma (2–3 ml/kg) or cryoprecipi-

tate (one bag/10 kg) every 4–6 weeks. The goal is to maintain the factor XIII level at

2% to 3% of normal.59 Prophylaxis has been effective at sustaining pregnancy

(prophylactic fresh frozen plasma every 14 days or factor XIII concentrate every

21 days).83 Cryoprecipitate is also effective. Prophylaxis is indicated for surgery,

labor and delivery and therapy must continue for 3–4 weeks to avoid complications.

Monitoring is primarily clinical, since the diagnosis is difficult to establish and

readily available laboratory studies are non-existent. A specific assay for factor XIII

cross-linking activity is required for diagnosis.

Von Willebrand disease

Von Willebrand disease (vWD) is of variable inheritance and characterized by

easy and spontaneous bruising, petechiae and purpura, mucosal membrane

hemorrhage and bilateral epistaxis in early childhood. Deep-tissue bleeding is

rare but hemorrhage may be severe with surgery, trauma or labor and delivery.

Table 12.13 characterizes the various types of von Willebrand disease. Table 12.14

summarizes the diagnostic evaluation for von Willebrand disease. Table 12.15

compares von Willebrand disease with factor VIII deficiency (and inhibitors).59,89

During pregnancy, von Willebrand factor levels rise after the 11th week gestation.

Early hemorrhage due to first trimester miscarriage and both early90 and late PPH

(when the levels again drop to pre-pregnancy levels) are reported.89 Women with

vWD may normalize the levels of von Willebrand factor (vWF) and factor VIII

levels but do not normalize the template bleeding time (thus remain at risk

of PPH).91

Treatment in preparation for delivery is advised for both vaginal and cesarean

deliveries. As the defect in primary hemostasis due to platelet dysfunction can

usually be well managed by meticulous surgical technique, PPH most closely

correlates with the factor VIII: C level. Vaginal deliveries are deemed safe if the

factor VIII: C level is>50 U/dl. Prophylactic therapy for delivery is recommended

if the level is <30 U/dl. Available therapies for von Willebrand’s are DDAVP,

cryoprecipitate (contains abundant amounts of VWF) and Humate-P1 (a stable,
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Table 12.1359 Von Willebrand disease.

Type I

Von Willebrand syndrome type IA

Autosomal dominant

Concordant decrease in factor VIII: C, factor VIII: CAg, VW factor, VW factor Ag

WF multimer analysis reveals decrease in normal structure and distribution

Von Willebrand syndrome type IB

Same as IA but disproportionate decrease in large VWF multimers

Type II

Von Willebrand syndrome type IIA

Autosomal dominant trait

Discordant decreases in factor VIII: C (reduced), factor VIII: CAg (reduced), VW factor

(very reduced), VW factor Ag (reduced)

Depolymerization of VWF complex with many multimeric ‘‘fast’’ forms

Von Willebrand syndrome type IIB

Autosomal dominant trait

Discordant findings as in type IIA

Factor VIII: C near normal

VWF factor Ag moderately reduced

Enhanced platelet agglutination to ristocetin

Depolymerization of VWF complex but fewer monomeric forms than IIA

Type III

Von Willebrand syndrome type III/IV

Severe hemorrhage of many sites

High incidence of consanguinity

Very prolonged template bleeding time

Very reduced factor VIII: C

Very reduced VWF (ristocetin cofactor)

Very reduced VWF: Ag

Table 12.14 Diagnostic evaluation for suspected von Willebrand disease.

Template bleeding time

Activated partial thromboplastin time

Factor VIII: C assay

Von Willebrand’s (ristocetin cofactor assay)

VWF factor: Ag (Factor VIII: RAg) assay

Agarose gel analysis of VWF multimers
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purified, sterile, lyophilized concentrate of factor VIII, prepared from pooled

human plasma containing higher concentrations of von Willebrand factor).

The choice of treatment depends upon the von Willebrand disease type and

the specific setting. Patients diagnosed antenatally can be thoroughly evaluated

and the type of VWD well characterized. In patients with all but Type 2 VWD, a

trial of DDAVP may be administered as 0.3mg/kg intravenously with peak von

Willebrand factor (VWF) and factor VIII: C levels assessed 30 to 60 minutes

later. An increase in VWF and factor VIII: C levels to the normal range

indicates that DDAVP may be relied upon and administered in the late second

stage of labor, immediately post partum and 12 hours later.91,92 If there is no

response to, or in the presence of severe deficiencies such as Type 2B VWD

and Type 3 VWD, replacement therapy with cryoprecipitate or Humate-P1

is required. Humate-P1 therapy is individualized depending upon the risk or

severity of hemorrhage. For acute hemorrhage, 15 U/kg (factor VIII units) is

administered as a bolus followed by 8 U/kg every 8 hours for the first 24 hours

and the same dose every 12 hours for 3–4 days. Prior to delivery (or surgery) doses of

20–26 U/kg are advised. Post partum or postoperatively, 15 U/kg every 8 hours for at

least 10 days should be administered. Cryoprecipitate is generally administered as

1 to 3 bags of cryoprecipitate per day per 10 kg of body weight. If Humate-P or

cryoprecipitate are not available, fresh frozen plasma may be used to raise the level

of factor VIII: C to near 80% to 100% of normal or to normalize the template

bleeding time (usually 10 to 15 ml/kg per day).59,93

Epidural anesthesia is possible with attention to maintain adequate factor VIII

and VWD levels. Both vaginal and cesarean delivery are possible with proper

planning and prophylactic therapy. Preventing both early and late PPH also

requires continued therapy for 7–10 days for a vaginal delivery and 14 days for

cesarean delivery.92

Table 12.15 Comparison of von Willebrand disease with factor VIII: C deficiency.

von Willebrand Factor VIII: C deficiency

Inheritance Autosomal dominant Sex-linked recessive

Bleeding time Prolonged Normal

Factor VIII: C Moderately decreased Markedly decreased

VWF: Ag (VIII:RAg) Decreased Normal

VWF (ristocetin cofactor) Decreased Normal

Platelet adhesion Abnormal Normal

Clinical features Mucosal bleeding, petechiae,

purpura

Deep-tissue bleeding
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Platelet defects

Thrombocytopenia of pregnancy may occur as incidental thrombocytopenia of

pregnancy or autoimmune thrombocytopenia. Incidental thrombocytopenia is

not associated with hemorrhagic complications. The incidence in pregnancy is

7–8% and platelet counts usually range from 95,000 to 150,000, but may be as low

as 40 to 80,000.94 Autoimmune thrombocytopenia (idiopathic thrombocytopenic

purpura, (ITP)) during pregnancy may result in PPH and the risk of PPH

correlates with the platelet count less than 50,000. Treatment is indicated if the

platelet count falls below 50,000. Therapeutic intervention includes the adminis-

tration of glucocorticoids, intravenous IgG and splenectomy (preferred in the 2nd

trimester). There is a risk of PPH and fetal thrombocytopenia, especially in vaginal

deliveries. Vaginal delivery has been discouraged in favor of planned cesarean

section, however, this remains at issue. Labor and delivery in a woman with ITP

should anticipate PPH with platelet transfusion as needed to elevate the platelet

count to 50,000 at the time of delivery.94

The occurrence of thrombocytopathy resulting from inherited and acquired

platelet defects is well described. Clearly, the impact on pregnancy, labor and

delivery varies, depending on the disorder. Typically, the clinical manifestations

are easy bruising, soft tissue bleeding, mucosal hemorrhage and hypermenor-

rhea.66 There is a risk for PPH. Treatment is expectant, with preparation for

prompt administration of blood and platelets should PPH occur. Careful moni-

toring of the Hgb and clinical monitoring are required during the puerperium.

Management of labor

A major factor in the prevention of PPH is the active management of the third

stage of labor. Treatment of the laboring patient is a ‘‘hands on’’ process, involving

regular assessment and modification of therapy based upon the minute-to-minute

physiologic changes experienced by the laboring mother and her fetus. During the

first two stages of labor, prevention of PPH largely rests with early identification of

placental abruption. Typical findings include vaginal bleeding, uterine tenderness

or back pain, fetal distress, high frequency contractions, uterine hypertonus,

idiopathic preterm labor, and dead fetus.41

The third stage of labor is the time from delivery of the baby to separation and

expulsion of the placenta.41 The third stage is perhaps the most important phase of

labor from the standpoint of prevention of PPH.41 It is during the third phase that

placental separation and delivery occurs, the uterus contracts and uterine arteries

constrict and clot.41 The purpose of management in the third stage of labor is to

decrease the duration of this stage since the incidence of PPH increases as the
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duration lengthens.41 There are no uniform criteria for the length of normal third

stage labor. However, it is commonly accepted that 30 minutes is the endpoint for

intervention in the absence of hemorrhage.41

Management of the third stage of labor may be physiological or ‘‘active’’.95,96

Physiological management involves gentle pressure with the hand on the abdomen

over the uterine fundus to assist delivery of the separated placenta. This is con-

trasted with ‘‘active management’’ involving the use of pharmacologic agents to

stimulate uterine contraction, assist delivery of the placenta, and reduce the risk of

uterine atony.95 The first hour after delivery has been characterized as the ‘‘fourth

stage’’ of labor and it is during this time that PPH is most likely to appear. Careful

monitoring of maternal blood pressure and pulse are advised immediately after

delivery and every fifteen minutes for this critical first hour.41

The goal of active management of the third stage of labor is to assist uterine

contraction, thus reducing the risk of uterine atony, accelerating the delivery of the

placenta and reducing the risk of post partum hemorrhage.96 It is during the third

stage that life-threatening PPH is likely to occur, thus any maneuver that shortens

this phase reduces the incidence of PPH. It has been well demonstrated that active

management reduces the amount of blood lost at delivery and reduces the need for

transfusion.97 With active management, including the use of a uterotonic drug, the

risk of PPH is decreased over 40%.11,12,98 The key elements of active management

include: (1) administration of uterotonic agents, (2) delivery of the placenta by

controlled cord traction, (3) uterine massage.12,96

Uterine contraction during the 3rd phase appears to be influenced by endogen-

ous prostaglandins and oxytocin. Prostaglandins gradually rise in the first stage

and increase rapidly during the second stage, reaching a peak in the third stage

immediately before and after delivery of the placenta.21 Prostaglandin F levels are

highest 5 minutes after placental separation and subsequently demonstrate a rapid

decline.99 Oxytocin levels also rise progressively during labor, peak within minutes

of crowning of the fetal head and plateau until placental delivery, when they

rapidly decline.100 A close interaction between endogenous prostaglandins and

oxytocin is evident but the precise mechanism has not been well established.21

Understanding of the role of oxytocin and prostaglandins has led to their phar-

macologic use to prevent and control PPH (Table 12.16).

The preferred uterotonic agent is oxytocin. Immediately after delivery of the

newborn and subsequent to uterine palpation to verify the absence of a second

fetus, 10 U of oxytocin is administered intravenously (IV) or intramuscularly

(IM). This is effective within 2–3 minutes, stimulates uterine contraction and is

well tolerated by most women.96 There is no advantage to giving oxytocin prior to

delivery of the placenta, however, such timing does not increase the risk of a

retained placenta.101 Oxytocin is the preferred oxytocic agent due to its rapid
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effectiveness, prompt onset of action, low risk of side effects and tolerance by most

women. Administration is associated with approximately 22% reduction in post

partum blood loss and 40% reduction in the frequency of PPH.12,98 When

administered by rapid IV bolus, oxytocin has been complicated by acute, life

threatening hypotension.102

Alternative agents include the ergot alkaloids, ergometrine and syntometrine

(a combination of 5 U of oxytocin and 0.5 mg of ergometrine)103 and the prosta-

glandin misoprostol.15,21,104–108 Ergometrine administration may be complicated

by hypertension, intracerebral hemorrhage109 and coronary artery spasm.110 The

ergot alkaloids are administered IM as 0.2 mg of ergometrine or 1 ampule of

syntometrine. The ergots are contraindicated in women with pre-eclampsia,

eclampsia or hypertension.

Misoprostol has the advantage of administration as a rectal suppository or

oral tablet and may be stored at room temperature.15,105–108,111 Misoprostol is

effective at inducing uterine contraction but is associated with a significantly

increased risk of shivering and post partum elevation of body temperature to

greater than 38 degrees C. A large (9,264 women received misoprostol and 9,266

received oxytocin), multinational World Health Organization trial concluded that

oxytocin 10 mg IM or IV is preferred over misoprostol 600 mcg, administered

orally.107

The other two components of active management involve proper application of

the techniques of controlled cord traction and uterine massage. These methods are

well described and must be performed properly to avoid serious complications

such as uterine atony, cord avulsion, uterine inversion and retained placental

fragments. The essentials of controlled cord traction and placental delivery are as

follows: (1) once cord pulsation stops in a healthy newborn, clamp the cord close

to the perineum, (2) while holding the cord with one hand, place the other over the

Table 12.1649,108 Uterotonic agents.

Agent Indication Dose

Oxytocin Routinea/PPHb 10–20 mg

Ergometrine PPHb 10–20 mg

Syntometrine Routinea/PPHb 0.2 mg

Prostaglandin F2 PPHb 0.2 mg

Prostaglandin E2 PPHb 0.2 mg

Misoprostol Routinea/PPHb 600 mg

a Routine¼ active management of the third stage of labor.
b PPH¼ post partum hemorrhage.
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woman’s pubic bone and exert gentle counter-pressure over the uterus, (3) await a

strong uterine contraction with slight tension on the cord, (4) encourage the

mother to push with uterine contraction and while continuing to exert counter-

pressure on the uterus, very gently pull downward on the cord to deliver the

placenta, (5) if the placenta fails to descend after 30–40 seconds of cord traction,

hold the cord until the next contraction and repeat the process with the next

contraction, (6) with delivery, hold the placenta in 2 hands and gently turn it until

the membranes are twisted and complete placental delivery, (7) any tearing of

membranes must be followed by careful inspection of the upper vagina and cervix

with removal of any retained fragments, (8) the placenta must then be carefully

inspected for missing fragments and if any are missing, immediate uterine exam-

ination and removal of retained tissue is then required.96

Uterine massage mechanically assists the contraction of the uterus and is

effective at combating uterine atony. After delivery of the placenta, the uterus

must be continuously massaged until it is well contracted. Palpation for contrac-

tion is then required every 15 minutes for the first 2 hours and massage is repeated

as needed to assure continued uterine contraction. It is important to monitor

carefully for uterine relaxation, even after apparent initial contraction.96

Diagnosis of post partum hemorrhage

The diagnosis of PPH primarily rests with bedside clinical evaluation

(Table 12.17). A history of predisposition to PPH and knowledge of the patient’s

condition throughout labor assists the development of an index of suspicion for

PPH that may influence the interpretation of changes in the post partum vital

signs, physical examination and the post partum Hgb. Following the definition of

PPH as blood loss in excess of 500 ml is a reasonable guide, however, as little as

250 ml of blood loss may be of clinical significance in a patient who is anemic at

presentation for delivery. The volume of parturition blood loss may be difficult to

quantify and is frequently underestimated, as a mixture of fluids (blood, amniotic

fluid, urine, stool) may accompany delivery. After delivery, determination of the

volume of blood lost vaginally can be made by quantifying blood collected in

bedpans, from the weight of saturated pads and linens (1 ml of blood weighs

1 gm).15 Frequently, however, the volume of blood loss is an estimation made by

obstetrical nurses, midwives and obstetricians and is frequently only 50% of the

actual loss.18 Occasionally, as much as 1000 ml of blood may accumulate in a large

uterus and not produce vaginal bleeding.41 Bleeding may be sudden and massive,

but also characterized by continuous hemorrhage, which does not produce hypo-

tension until the volume of blood lost is substantial. At cesarean section, measure-

ment of blood loss is usually much more precise, as blood is collected from the
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surgical field via suction catheters. Typically, massive PPH is readily apparent from

simple observation. Profuse bleeding may be seen from the vagina or surgical field.

Rarely, however, normal pregnancy, pre-eclampsia112 or HELLP113 may lead to the

formation of hepatic hematomae or cause frank hepatic rupture. Massive intra-

abdominal hemorrhage presents as acute abdominal distention and hemorrhagic

shock.41,114,115

Hemorrhagic shock

In massive PPH, features of hypovolemic shock may ensue, with hypoperfusion of

vital organs resulting in changes in mental status, decreased urine output and

acute cardiovascular collapse or cardiac arrest. Except in placental abruption and

amniotic fluid embolism,116,117 hemodynamic changes directly correlate with the

volume of extravasated blood.14 In the normal non-pregnant patient a loss of

500 ml (10% of total blood volume) may cause no symptoms or vasovagal

syncope; 1000 ml loss (20% of total blood volume) orthostatic hypotension and

exertional tachycardia; 1500 ml loss (30% of total blood volume) flat neck veins

supine but normal blood pressure and pulse with orthostatic hypotension; 2000 ml

(40% of total blood volume) reduced central venous pressure, cardiac output and

systolic blood pressure, tachycardia, air hunger and cold clammy skin; 2500 ml

Table 12.17 Diagnosis of PPH.

Diagnostic approach

History and physical examination

Clinical impression (accurate 90% of the time given a thorough Hx and PE)

Laboratory evaluation

Differential diagnosis

Secondary evaluation: laboratory, radiographic, examination under anesthesia/surgery

Differential diagnosis

Focal bleeding

Uterus

Birth canal

Cesarean wound

Systemic bleeding

DIC

Combined etiologies

Focal bleeding with DIC

Patients on antiplatelet therapy or anticoagulants

Patients with underlying disorders of hemostasis
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(50% of total blood volume) shock with reduced systolic and diastolic blood

pressure, tachycardia, reduced urine output, changes in mental status or coma

(Table 12.18).62,118–120

Physiologic and pathologic changes unique to pregnancy, however, may affect

the response of the blood pressure and pulse.14,121 Third trimester hypervolemia

may prevent the expected degree of hypotension and tachycardia resulting from

the loss of even large volumes of blood. Hemorrhage may actually induce initial

hypertension, resulting in a confusing clinical picture.41 Sympathetic compensa-

tion for acute PPH results in intense peripheral vasoconstriction, cardiac tachy-

cardia, increased myocardial contractility (associated with increased myocardial

oxygen consumption),122 and decreased blood flow to the uterus and placenta.121

Women with severe pre-eclampsia do not have the normal degree of hypervolemia

and are thus predisposed to hypotension even with less than the normal post

partum blood loss. Fetal distress related to uteroplacental hypoperfusion is usually

evident by fetal monitoring and is an important indication of maternal systemic

Table 12.1814,289,290 Indices of severity in hemorrhagic shock.

Parameter Compensated Mild Moderate Severe

Blood loss (ml) 500–1,000 1,000–1,500 1,500–2,000 >2,000

Heart rate (bpm) <100 >100 >120 >140

Systolic pressure (mm Hg) Normal Orthostatic

drop

70–80 <70

Arterial pO2 Normal Normal Decreased <59 torr (FiO2>0.4)*

Arterial pCO2 Decreased Decreased Decreased Decreased or normal

Arterial pH Increased Decreased Decreased Severe decrease

Cardiac index (l/min �M2)

(Nonsurvivors) 3.5–4.0 2.5–3.5 2.2–2.8 1.5–2.0

Urinary output >30 cm3/hr 20–30 cm3/hr 5–20 cm3/hr Anuria

Mental status Normal Agitated Confused Coma

Fetal heart rate Normal Tachycardia Bradycardia Severe bradycardia

Decreased 
circulating
volume

Decreased 
venous 
return

Decreased 
stroke 
volume

Decreased 
cardiac 
output

Decreased 
cellular 
oxygen 
supply

Impaired
tissue 
perfusion

Impaired 
cellular
metabolism

*Consistent with ARDS.
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perfusion.14,121 Amniotic fluid embolism (AFE) is characterized by sudden cardio-

pulmonary decompensation followed by the development of acute hemorrhagic

DIC.117,123–127 Presenting symptoms of AFE are, typically, seizure-like activity

(30%), dyspnea (27%), fetal bradycardia (17%) and hypotension (13%). This

initial presentation is usually followed by hemorrhagic DIC.126

The clinical manifestations of hemorrhagic shock allow classification as ‘‘early’’

shock or ‘‘late’’ shock. These are summarized in Table 12.19.118 Early shock is

characterized by decreased mean arterial pressure, stroke volume, cardiac

output, central venous pressure, and pulmonary capillary wedge pressure. Tissue

oxygen extraction increases and overall oxygen consumption decreases as there

is a measurable increase in arteriovenous oxygen levels.128 The intense catechol-

amine release resulting from acute hemorrhage results in an intense increase

in venular tone resulting, effectively, in an autotransfusion as the large volume

(70% of total blood volume stored in the venules) in this reservoir enters the

arterial circulation. Extracellular fluid and electrolyte shifts resulting from cellular

dysfunction promotes the transport of water and sodium into muscles and

potassium to the extracellular fluid.129,130 Heart rate, myocardial contractility,

and systemic and pulmonary vascular resistance increase and there is selective,

centrally mediated arteriolar vasoconstriction. The result is decreased perfusion

Table 12.19 Clinical manifestations of hemorrhagic shock.

Organ system Early shock Late shock

Blood volume, normal – 5 l

(70 ml/kg) Loss of 25–30% 35–45%

CNS Altered mentation Coma

Cardiovascular Orthostatic hypotension,

tachycardia

Myocardial ischemia, arrythmias,

LV failure, supine hypotension

Respiratory Normal tachypnea Tachypnea, cyanosis, respiratory

failure (ARDS)

Renal Oliguria Anuria

Hepatic No change Elevated liver enzymes,

hepatic failure

Gastrointestinal No change Gastrointestinal bleeding,

bowel ischemia

Hematologic Normocytic anemia Thrombocytopenia, DIC

Metabolic Respiratory alkalosis Lactic acidosis, hypocalcemia,

hypomagnesemia, hyponatremia

CNS (central nervous system); LV (left ventricle); ARDS (adult respiratory distress syndrome);

DIC (disseminated intravascular coagulation).
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to the kidneys, splanchnic beds, skin and uterus in attempt to maintain perfusion

to the heart, brain and adrenal glands.130,131 Compensatory mechanisms begin to

fail when the blood volume deficit exceeds 25%.131 Subsequently, blood pressure

and cardiac output decrease and any additional blood loss results in rapidly

intensifying maldistribution of blood flow, focal tissue hypoxia, metabolic acidosis

and organ dysfunction. Leukotrienes and cytokines are released, platelet aggrega-

tion is stimulated and vasoactive mediators are released.132

As shock progresses from mild to severe, the degree of systemic tissue hypoper-

fusion progressively worsens and organ system dysfunction intensifies. In early

shock, prompt volume resuscitation reverses hemodynamic changes and may fore-

stall the development of organ ischemia. Early shock may be separated into the

shock phase followed by the post resuscitation phase. Inflammatory signaling

pathways are activated early in the shock phase and key genes which control

inflammatory mechanisms are rapidly upregulated at the time of resuscitation.133

A systemic inflammatory response progresses to multiple organ dysfunction syn-

drome (MODS).120,122,134–136 As hemorrhage continues and shock persists, anaero-

bic metabolism supervenes, multiple organ dysfunction syndrome intensifies and

shock becomes irreversible, accompanied by a mortality of over 30% and substantial

risk of permanent tissue injury in survivors, including anoxic brain injury.119,137

Management of post partum hemorrhage

Resuscitation

Clearly, the aspect of PPH treatment, which has the greatest influence on out-

come is resuscitation from acute hypovolemia. Delay in initiating therapy is

the major factor in maternal morbidity and mortality.1,14 As much as any other

factor, it is the prompt availability of intravenous fluids, blood and blood products,

which is responsible for the difference in mortality between the developed and

underdeveloped nations.2,13 While the problem of PPH is one of acute blood loss,

the primary effort of resuscitation is restoration of intravascular volume. A general

guide to therapy during the critical first hour is the mnemonic ORDER: Oxygenate,

Restore circulating volume, Drug therapy, Evaluate response to therapy, Remedy the

underlying cause.35,118,138 This has also been restated as: Organization, Restoration

of blood volume, Defective blood coagulation, Evaluation of response, Remedy the

cause of bleeding.14 Critical to success is a clear plan of action, an organized

approach to care involving physicians, nurses, intensive care facilities, medical

laboratory and blood bank.14,35 A failure in any one of the required components

may doom the resuscitative efforts.
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The initial step in resuscitation is to provide adequate oxygenation. Although

initially not presenting with respiratory compromise (except in cases of amniotic

fluid embolism), patients with acute PPH may quickly experience a profound

decrease in oxygen carrying capacity and a decrease in effective respirations

associated with cerebral hypoperfusion and obtundation.118 Rapid volume infu-

sion of crystalloid should be administered through large bore intravenous cathe-

ters. Two peripheral catheters of 14–16 gauge should be inserted and 1,000 to

2,000 ml administered rapidly.5,14,118 In patients with severe PPH, central venous

pressure catheters and multi-lumen pulmonary artery catheters should be strongly

considered. These allow accurate measurement of intravascular volume and

greatly facilitate the maintenance of normovolemia, which is an essential goal of

therapy.35,120,139 Although delayed volume resuscitation has been evaluated in

patients with traumatic hemorrhagic shock,140 it is generally accepted that the

faster the intravascular volume deficit can be corrected and the more effective

management is at maintaining normovolemia, the greater the possibility of avoid-

ing hypovolemic shock.118

Comparative trials have demonstrated the superiority of crystalloid over colloid

for acute intravenous volume resuscitation.141 A 4% increase in mortality is noted

in PPH patients resuscitated with colloid rather than crystalloid.141 If colloid is

used, it should not be given in pre-eclampsia patients who develop PPH, until

2,000 ml of crystalloid have been infused.14 Albumin should also be avoided in

critically ill patients, as there is a 6% increased rate of mortality used for volume

expansion.142 The disadvantage of crystalloid is the rapid movement from the

intravascular to the extravascular space, necessitating three to four times greater

volumes of fluid for replacement of intravascular volume deficits, contributing to

severe tissue edema.118,143

The crystalloids of choice for resuscitation are Ringer’s lactate, Hartmann’s

solution and 0.9% saline.5,144 As the administration of 1000 ml of Ringer’s lactate

only increases intravascular volume by 200 ml (80% enters the extravascular space)

large volumes of crystalloid are required to correct hypovolemia.5,144 Dextrose

solution is not indicated, as not only does a mere 10% of the infused volume

remain in the intravascular space but dextrose may also impair platelet function

and hinder blood compatibility testing.118,145

Immediately upon the diagnosis of PPH, type and cross-match for packed

red blood cells should be requested on an emergency basis. While awaiting

compatible blood, massive crystalloid infusion must be continued. When hemor-

rhage is truly massive and accompanied by signs of hypovolemic shock, type

O negative (universal donor) blood should be administered.14 Red cell transfusion

is clearly indicated when acute volume depletion amounts to 2,000 to 3,000 ml (40%

of total blood volume).146 Universal donor blood is required if cross-matched
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blood is not available by the time 3.5 L of crystalloid has been infused.5 Blood

should be infused as rapidly as possible through large bore intravenous cathe-

ters.35 In massive PPH, one or more units of red cells may be required per hour

to keep up with the lost blood.14 It is the maintenance of intravascular volume

and red blood cell carrying capacity, which will most influence morbidity and

mortality.147

Blood component therapy

Packed red blood cells

Although the infusion of whole blood is ideal for replacement of red cells and

blood volume, it has numerous limitations and is rarely available. Component

therapy is now preferred. Table 12.20 summarizes the available blood components

for use in PPH. The primary method of increasing red blood cell mass is with the

administration of packed red blood cells (PRBCs).62,148,149 The use of PRBCs

decreases the volume of infused white blood cells with the associated risk of

sensitization due to white cell antigens. PRBCs are provided as 200 to 250 ml

volume including preservative and anticoagulant.62 An adequate oxygen carrying

Table 12.2062 Blood products in the management of PPH.

Product Volume Components

PRBCs CPD, CPDA-1, 250 ml

AS 350 ml

CPD, CPDA-1, WB 200–250 ml

plasma removed, Hct 70–80%

WB with most plasma removed and

100 ml of AS added, Hct 50–60%

FFP 200–250 ml 150–250 mg per unit of fibrinogen,

factors II, VII, IX, X, protein S and C,

antithrombin

Platelets 50 ml >5.5� 1010 PLT plus plasma, 108 WBC,

trace to 0.5 ml RBC

Cryoprecipitate 5–15 ml 80–120 U of factor VIII, 40 to 70% of

original plasma of von Willebrand factor and

150–250 mg fibrinogen

FFP¼ fresh frozen plasma, AP¼ anticoagulant/preservative, AS¼ additive solution,

CPD¼ citrate phosphate dextrose anticoagulant, CPDA-1¼ citrate phosphate dextrose

adenine anticoagulant, WB¼whole blood, PLT¼ platelets, WBC¼white blood cells,

RBC¼ red blood cells.
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capacity is maintained in most women with Hgb levels of 7 g/dl. Actively bleeding

patients should be transfused with Hgb levels between 7 and 10 g/dl. The combi-

nation of PRBCs and crystalloid should be administered at a rate, which at least

matches the rate of loss, compensates for deficits and maintains intravascular

normovolemia.150 Generally, each unit of PRBCs will increase the Hgb level by

approximately 1 gm/dl and Hct by 3–4% (in the absence of active bleeding).149

Another goal of transfusion is to maintain the packed cell volume (PCV) above 30,

as below this level platelet function may deteriorate.151

As PRBCs include only small amounts of clotting factors and few platelets, when

massive transfusions (replacement of one or more blood volumes within 24 hrs,

which is approximately 10 units of blood in a 70 kg individual)14,152 are required,

clotting factors and platelets must be provided independently. As the blood lost

includes plasma volume and red cells, the concomitant administration of crystal-

loid, plasma and platelets is required to not only maintain intravascular volume

but also allow effective hemostasis and maintain electrolyte balance.14,118,149 Blood

must be transfused through intravenous lines with 0.9% saline rather than Ringer’s

lactate (which contains calcium and causes red cell agglutination) or 5% dextrose

(which causes red cell hemolysis).14,35,149 The citrate anticoagulant in banked

blood may complex with serum calcium and dramatically reduce ionized calcium

levels, predisposing to impaired myocardial contractility and cardiac arrhythmias.

Calcium chloride (10 ml 10% calcium chloride, given intravenously) is, therefore,

recommended after every fourth unit of blood.150 Hypothermia is a significant risk

in patients requiring massive transfusion and may cause hypocalcemia by inter-

fering with hepatic metabolism of citrate, provoke cardiac arrhythmias, produce

thrombocytopenia due to platelet sequestration and trigger DIC.62,153–155 For this

reason it is advised that blood be administered with the use of a blood warmer and

the patient treated with warming blankets. Every effort should be made to main-

tain normothermia.5,156 Blood should be infused through a 170–200 mm filter, but

the use of micro-aggregate filters, leukocyte poor or irradiated units is not required

in the setting of acute massive blood loss when large volumes of blood must be

administered rapidly.5,118

Although estimations of volume of blood loss are possible from direct collection

via drains, suctioned blood, and blood soaked dressings, this is not an adequate

indication of the volume of PRBCs required. Frequent monitoring of the Hgb and

Hct allows estimation of the deficit in red blood cell mass and provides a guide for

red cell transfusion. Every effort should be made to cross-match blood well in

anticipation of the patient’s immediate needs, staying at least 3–4 units ahead, with

blood available in the blood bank. During resuscitation from active hemorrhage, it

is essential to remember that there is continued loss of red cells and plasma.

Measurement of the Hgb does not directly reflect the loss of intravascular volume.
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Measurement of the Hgb and Hct may not reflect the true degree of acute

hemorrhagic anemia until 72 hours after bleeding has ceased.62 Frequent measure-

ment is required of not only Hgb and Hct but also of the platelet count (which may

also be reduced by consumption), electrolytes (may be dramatically affected by

crystalloid infusion) and coagulation parameters.147,157

Autotransfusion

In a variety of operative and postoperative settings, blood is collected and pro-

cessed for re-infusion by a Cell Saver1 device that permits continuous auto-

transfusion.158–161 Blood collected is anti-coagulated, filtered and centrifuged,

allowing the re-infusion of red blood cells. The process is not associated with an

increased risk of infection or amniotic fluid embolism and is accompanied by the

reduced risk of transfusion reaction, autoimmunization and infection from blood-

born pathogens.49

Fresh frozen plasma

Since resuscitation with crystalloid and PRBCs does not include platelets or

clotting factors, frequent monitoring of the platelet count, PT and PTT are

necessary to anticipate the need for transfusion of platelets and clotting factors.

In resuscitation from hemorrhagic shock, there is no clear indication for the

prophylactic or ‘‘routine’’ administration of FFP or platelets.118,143,145,162,163

Rather, therapy with both must be guided by the need to replace specific defi-

cits.149,164 A unit of FFP (250 ml) contains approximately 150–250 mg per unit of

fibrinogen, factors II, VII, IX, X, protein C, protein S and antithrombin.41,62 The

primary indications for FFP are massive transfusion and the replacement of factors

VIII and V.62,165–168 During massive blood transfusion (>1 blood volume within

a few hours), coagulation defects arise more from dilutional thrombocytopenia

than depletion of clotting factors. A one blood volume hemorrhage is associated

with a loss of about 60% of available clotting factors.169,170 In the absence of DIC,

the coagulopathy associated with massive transfusion is most associated with defi-

ciency of fibrinogen (<50 mg/dl) and clotting factors less than 20% of normal.171

Although the PT and PTT are frequently prolonged, the most useful predicators

of hemorrhage are the platelet count <50,000, fibrinogen level <50 mg/dl and PT

or PTT ratios (patient/control) of >1.8.167,171

The administration of FFP is guided by the necessity for clotting factor replace-

ment as best measured by the PT and PTT. The PT and PTT are, however, of

limited value as predictors of the degree of hemodilution or of the potential for

bleeding.170 Empiric therapy, pending the laboratory results is often required,

although not preferred. When the PT and/or PTT are prolonged to greater than

1.5 times normal and diffuse hemorrhage is noted, an initial infusion of FFP is
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recommended at a starting dose of 12–15 ml/kg (4–5 units of FFP).14 Subsequent

FFP therapy should be guided by the need for factor replacement, as required to

maintain the PT and PTT <1.5 times normal.146 This will require approximately

4 units of FFP for every 6 units of PRBCs.14 The use of FFP for clotting factor

replacement must be carefully guided by repeat laboratory studies and clinical

assessment. Correction of the PT and PTT to normal is not usually required to

achieve hemostasis.

In the presence of DIC or other primary clotting factor deficiencies, much larger

volumes of FFP or specific factor replacement may be required. The use of FFP in

DIC must be integrated into an overall plan for treatment, as the use of FFP

without inhibition of microvascular thrombosis is likely to further potentiate

systemic thrombosis, factor consumption and fibrinolysis, thus worsening the

prognosis for recovery.172–175 For fibrinogen replacement (100 mg/dl levels

required for normal hemostasis), large volumes of FFP may be required. A pre-

ferred alternative is cryoprecipitate, which contains much more fibrinogen

(150–250 mg per 50 ml unit), as well as factor VIII and von Willebrand factor.149

The complications of FFP therapy primarily result from rapid administration of

large volumes and include hypothermia, citrate toxicity and hyperkalemia.167

Platelets

The administration of platelets must be guided by the clinical assessment,

platelet count and estimated platelet function. Although, in the otherwise stable

patient, spontaneous hemorrhage is unlikely unless the platelet count is less than

10,000, in the post partum patient and in the presence of PPH, the target level is a

platelet count above 50,000.5,146 In acute blood loss, thrombocytosis occurs

promptly, with increases in platelet count to as high as 1,000� 109/L.176–178

Patients with PPH are expected to exhibit thrombocytosis, however, in massive

PPH, resuscitation with crystalloid and PRBCS results in dilutional thrombo-

cytopenia, usually observed with replacement of 1.5 to 2.0 times blood volume

replacement.14,170,179 Actively bleeding patients should be transfused to maintain

the platelet count above 50,000.14,149 Prophylactic administration of platelets is,

however, not indicated.118,162,180

In DIC, fibrinogen degradation products profoundly inhibit platelet func-

tion,172,181,182 principally through binding to the GPIIb/IIIa receptor.66,172,175 In

the actively hemorrhaging patient with continued bleeding in spite of adequate

replacement of clotting factors and fibrinogen, platelets may be required due to

platelet dysfunction, even if the platelet count is >50,000.62,183

The primary risk of platelet transfusion is the development of platelet alloanti-

bodies and RBC alloantibodies. Platelet cross-matching by HLA typing is not readily

available, nor appropriate, in the emergency setting. The use of ABO-matched
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platelets is preferred, but not required.62 Since there remain small numbers of

RBCs, even after careful platelet preparation, platelets infused which are not ABO

and Rh matched to the patient may induce the development of anti-D (Rho)

antibodies. This may be an important concern in the woman who intends future

pregnancy and may be prevented by the administration of a single 300 mg dose

of Rho immune globulin for every 15 ml of RBC (assume 2 ml of blood per each

6 unit platelet pack).149

Cryoprecipitate

The indication for infusion of cryoprecipitate is to rapidly replace fibrinogen,

von Willebrand factor, fibronectin and the clotting factors VIII and XIII.184

Cryoprecipitate contains 80–120 U of factor VIII, 40–70% of the original plasma

of von Willebrand factor and 150–250 mg of fibrinogen.62,167 Patients with PPH

and DIC are usually profoundly hypofibrinogenemic. Infusion with FFP as a

source of fibrinogen may require large volume FFP infusions, whereas the volume

of cryoprecipitate required to increase the fibrinogen level to the same degree is

5 times lower.184 PPH patients confirmed or suspected to also have DIC should be

promptly evaluated for fibrinogen deficiency and transfused with cryoprecipitate

at a rate necessary to keep the fibrinogen level above 100 mg/dl.5,149 Prophylactic

therapy is not indicated. In the patient with DIC, cryoprecipitate is only indicated

as a component of an overall management plan and should not be administered

without concomitant antithrombotic therapy, as doing so simply sustains systemic

microvascular thrombosis and perpetuates MODS.172,175

Hemostatic agents

Factor VIIa

Factor VII is the clotting factor unique to the extrinsic clotting system. The

tissue factor-factor VIIa complex triggers the conversion of factor X to Xa.

Recombinant factor VIIa has been used effectively in refractory PPH to control

hemorrhage.185–187 Although, generally considered contraindicated, successful

hemostasis and outcome have also been achieved in PPH patients with refractory

hemorrhage and DIC.186,188,189 Therapy has included the administration of one or

more doses ranging from 60 U/kg to 120 U/kg. An initial dose has been usually

followed by at least one additional dose and repeated infusion is guided by the

initial response and clinical course.185,186 As the mechanism of action involves

stimulation of the common pathway of coagulation on the platelet surface, leading

to local fibrin deposition, the effectiveness of this approach depends upon the

presence of adequate levels of factors X, V, prothrombin and fibrinogen.
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Pharmacologic therapy

Uterotonics

As the major cause of PPH is uterine atony and since the major source of blood lost

is usually from the uterus, pharmacologic measures to stimulate uterine contrac-

tion and vascular constriction are first line therapy. Concomitant with fluid

resuscitation, oxytocin is recommended by intravenous bolus of 10–20 U followed

by 20 U in 500 ml of normal saline.190 This is followed by methyl ergometrine

0.4 mg intravenously. Cases not responding to this regimen may be administered

intramyometrial prostaglandin F 2� (15-methyl-PGF2; carboprost trometh-

amine) at a dose of 0.25 mg intramuscularly or intramyometrialy every 15 minutes

to a maximum of 2 mg.54 Therapeutic failures have also been treated quite

successfully with a 600 to 800 mcg dose of rectal misoprostol (response within

30 s to 3 min).21,108,191 In comparison to Syntometrine (ampoule with 5 U oxyto-

cin and 500 mcg ergometrine maleate), misoprostol is more effective at controlling

PPH.103,106 Studies comparing intravenous versus intramyometrial administra-

tion of carboprost have demonstrated superiority of the intramyometrial route

for control of PPH.192,193 In refractory cases, this has been successful in control-

ling PPH, when administered as a vaginal suppository or by intrauterine

irrigation.49,193

Side effects to prostaglandins are not uncommon, as PGF2 is associated with

side effects in 20% of women, including provocation of bronchospasm (contra-

indicated in patients with a history of asthma), diarrhea, hypertension, vomiting,

fever, flushing and tachycardia49 and PGE2 may cause fever in 50% and transient

diastolic hypotension in 10%.49 Ergot derivatives and prostaglandin analogues are

also identified as causative factors in acute myocardial infarction and cardiac arrest

during initial treatment for PPH.33,194,195

Antifibrinolytic agents

The therapeutic use of the antifibrinolytic agents "-aminocaproic acid (EACA),

tranexamic acid (AMCA) and trasylol has been suggested in patients with PPH,

DIC and refractory life-threatening hemorrhage.196 Antifibrinolytic therapy is

however, generally regarded as contraindicated in DIC, due to potentiation of

microvascular thrombosis.172,175 EACA has been used in primary fibrinoly-

sis,197,198 AMCA has been used to reduce blood loss at cesarean section199 and

for primary fibrinolysis197,200,201 and trasylol to inhibit the initiation of SIRS

associated with cardiopulmonary bypass.197,202 Tranexamic acid has been used

successfully for refractory PPH as 1 g intravenously every 4 hours for 12 hours.203

In the setting of massive PPH with DIC, fibrinolytic agents must only be
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considered as a component of a comprehensive approach to management. Since

the primary pathology of DIC is microvascular thrombosis, concomitant anti-

thrombotic therapy is required.196

Vasopressors

Other pharmacologic agents of use in the patient with PPH, primarily assist

control of hemodynamic instability and treatment of DIC. Although the primary

insult in PPH is hypovolemia, as volume and blood deficits are treated, cardiotonic

and vasoconstrictor agents may be required temporarily to maintain an adequate

mean blood pressure. These agents include the inotropic agents dopamine, dobut-

amine, and isoproterenol and the vasopressor agents epinephrine, norepinephrine,

vasopressin, metaraminol bitartrate, inamrinone, milrinone acetate, and phenyl-

ephrine. Vasopressin, by action on unique receptors, causes intense vasospasm.

In addition to use as a systemic vasoconstrictor, vasopressin has been

used successfully in a dilute solution for intrauterine injection for intractable

uterine hemorrhage resulting from placenta accreta.54,204 Initiation of therapy

with the agent of first choice, dopamine is indicated if the mean arterial pressure

is less than 60 mm Hg. The goal for blood pressure maintenance should be a mean

of 90 mm Hg.37,118,205

Patients who present with acute PPH are hypotensive and tachycardic as the

result of acute blood loss resulting in intravascular hypovolemia. The logical and

appropriate therapy is to replace volume. Unfortunately, patients with massive

PPH frequently present with acute, severe hypotension and active acute hemor-

rhage. Although crystalloid may be available for rapid infusion, blood may not be

and the patient may either suffer frank cardiac arrest or appear near arrest with

very low or undetectable blood pressure. As a therapy of last resort, the prompt

administration of vasopressor agents may stimulate heart rate, increase myocardial

contractility and intensify peripheral vasoconstriction to assist central vital organ

perfusion as a temporizing measure until definitive therapy can be provided

(Table 12.21). The benefit of vasopressor administration, however, is transient,

as intensification of vasospasm may worsen microvascular hypoperfusion and

increase the potential for microvascular thrombosis.35,37,205 Without correcting

intravascular volume depletion, the use of vasopressors offers only transient

benefit.

Severe complications of vasopressor therapy may result from intense stimula-

tion of systemic and peripheral vascular resistance and include myocardial ische-

mia and infarction,33 multiple organ ischemia including the induction of acute

renal failure and peripheral tissue ischemia leading to digital and limb ischemia,

infarction, and amputation. Once the volume deficit is corrected, vasopressors are

to be progressively withdrawn as quickly as possible.

404 William F. Baker, Joseph Mansour and Arthur Fontaine



The target for vasopressor therapy is maintenance of the mean arterial pressure

of 90 mm Hg, as measured by intraarterial monitoring. The use of these agents

should be guided by intraarterial monitoring combined with monitoring of

volume resuscitation with central venous and/or pulmonary artery pressure

monitoring.35,37,205,206

Antibiotics

While the primary etiology of shock in patients with massive PPH is not infection,

broad-spectrum antibiotic coverage is recommended.37,118 At initial presentation,

in patients without massive vaginal blood loss, sepsis must be considered in the

differential diagnosis. Furthermore, hemorrhagic shock results in gastrointestinal

ischemia and predisposes to the translocation of bacteria through the mucosal

Table 12.21291 Vasopressors in the treatment of PPH.

Vasopressor Action Dose

Dopamine increased cardiac output,

dilates renal and

mesenteric vasculature

moderately ill: 2–5 mcg/(kg min);

seriously ill: 5 mcg/(kg min) and

increase gradually to

20–50 mcg/(kg min)

Isoproterenol relaxes smooth muscle,

increase in heart rate,

unchanged stroke volume

and increase in ejection

velocity

0.02 to 0.06 mg initially, 0.01

to 0.2 mg IV injection according

to patient response

Dobutamine vasodilator effects, increased

cardiac output

2.5 to 10 mcg/(kg min); administer

according to patient response

Epinephrine increases strength of ventricular

contraction, increases heart rate,

relaxes smooth muscle

0.5 to 1 mg administered by IV

every 5 minutes

Norepinephrine vasoconstrictor, increases

systolic BP and coronary

artery blood flow

8–12 mcg/(kg min) and increase

according to patient to establish

normal BP (average

dose¼ 0.5 to 1 ml per minute)

Phenylephrine increases systolic and

diastolic BP, vasoconstrictor

mild to moderate hypotension¼ 2–5 mg

Vasopressin vasopressor and antidiuretic

hormone activity

one 40 mg dose administered by IV

All doses are for IM or SC. Blood volume depletion must be stabilized before administering any

of these drugs.
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barrier to enter the systemic circulation.207 This may then trigger SIRS and

complicate hemorrhagic with septic shock.

Monitoring

Resuscitation from PPH requires intensive monitoring of hemodynamic and

hematologic parameters. Blood pressure and pulse remain the primary determin-

ants of hemodynamic integrity. Except in abruptio placenta, the primary guide to

the degree of intravascular hypovolemia is the blood pressure.14 The goal of

treatment is to achieve the baseline blood pressure and pulse as quickly as possible.

When hypovolemia is not accompanied by other features of shock or SIRS,

infusion of volume is generally followed by return to baseline blood pressure

and pulse quickly. Serial measurement of blood pressure and pulse every

15 minutes is necessary and can be reasonably relied upon to reflect the adequacy

of volume replacement. Measurement of urinary output is a sensitive measure-

ment of the adequacy of systemic organ perfusion and close monitoring of output

via indwelling urinary catheter is recommended.14,41 When primary hypovolemia

from PPH is not accompanied by shock, volume replacement can be guided by

these simple bedside measurements.

As the diagnostic feature of PPH is excessive blood loss, this must be accom-

panied by serial measurements of the serum Hgb. Although an unreliable mea-

surement of true oxygen carrying capacity,62 determination of the Hgb must be at

least hourly during the early phases of resuscitation, reduced to every 4 hours as it

appears that hemorrhage is controlled and gradually reduced in frequency, as

clinically indicated. When transfusion is indicated, measurement of hemodynamic

parameters such as the mixed venous oxygen content may be more reliable in

predicting the need for transfusion, than serial CBCs.208 Coagulation studies are

indicated initially and after every 5–10 units of blood transfused, or as clinically

indicated, based upon bedside evaluation for signs of DIC and monitoring for

hemodynamic changes which indicate occult hemorrhage. Recommended studies

include the Hgb, Hct, platelet count, PT, PTT, fibrinogen, and D-dimer assay.35

The patient with massive PPH, and hemorrhagic shock requires immediate

transfer to the intensive care unit or other area capable of providing the very

highest level of monitoring and intervention available in the hospital. Immediately

upon recognition of PPH, emergency consultation should be requested from a

critical care specialist, an expert in thrombosis and hemostasis and others, based

on the suspected etiology of PPH. As massive crystalloid, blood and blood

component administration is required and since hemodynamic changes may

occur on a minute-to-minute basis, central venous pressure monitoring is strongly

recommended.37 Insertion of a large central catheter in the internal jugular,
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subclavian or femoral vein allows the needed access for massive fluid and blood

infusion, as well as a port for connection to a central venous pressure monitoring

system. Patients with massive PPH, hemorrhagic shock, SIRS, amniotic fluid

embolism and DIC have all been documented to have myocardial ischemia and

myocardial infarction as consequences.33 For this reason and because of the

limited accuracy of measurements of central venous pressure alone, monitoring

with a pulmonary artery catheter capable of measuring cardiac output should be

considered.35,209 It has been noted, however, that randomized controlled trials

have not verified superior outcomes with invasive hemodynamic monitoring.210

The basis for most recommendations remains case series and expert opinions.37

Clearly, the assessment and management of patients unresponsive to initial fluid

resuscitation and those who require therapy with vasoactive medications can be

managed with increased accuracy by the use of the pulmonary artery catheter.

Patients who progress to multiple organ dysfunction syndrome (MODS) fre-

quently develop acute respiratory failure and adult respiratory distress syndrome

(ARDS).211 Treatment of ARDS is facilitated by measurement of pulmonary artery

and pulmonary capillary wedge pressure and cardiac output.212 Precise monitor-

ing of intravascular volume is also helpful in avoiding potentially harmful hyper-

volemia, pulmonary congestion and hypoxemia.213 Modern pulmonary artery

catheter systems provide the additional advantage of multiple ports for venous

access and infusion of blood, fluids and medications. In the patient with DIC,

the risk of hemorrhage at the insertion site is significant and placement must

be performed with every attempt to avoid multiple punctures of the required

large vein.

As the early phases of resuscitation frequently require the use of vasopressors to

maintain the mean blood pressure above 80 before adequate volume replacement

is achieved, intraarterial pressure monitoring is a necessary component of hemo-

dynamic monitoring. Peripheral blood pressure monitoring frequently under-

estimates the true arterial pressure, due to peripheral vasoconstriction and

reduced pulse pressure.206 Vasopressors are potentially extremely hazardous and

must be used with precise monitoring of intraarterial pressure. In addition, the

presence of an arterial catheter allows access for the frequent determination of the

arterial blood gas and other laboratory studies.206

During torrential hemorrhage, a highly efficient laboratory is required for

timely measurement of Hgb, Hct, platelet count, fibrinogen, PT, PTT, D-dimer,

arterial blood gases, electrolytes and other studies. An important aspect of the

initial steps in overall approach to the care of patients with PPH, is to promptly

notify the medical diagnostic laboratory of the acuity of the patient’s condition

and alert the laboratory personnel to the need for close cooperation to facilitate

rapid turnaround times with critical laboratory studies. Similarly, the blood bank

407 PPH: Prevention, diagnosis, and management



must be advised of the need for potentially large volumes of blood and blood

components over a short period of time, and the need for assistance to maintain a

ready supply of the needed units.

Determination of the etiology of post partum hemorrhage

A simple mnemonic of ‘‘4 Ts’’ may be easily remembered as a guide to rapid

bedside assessment of the hemorrhaging patient: (1) Tone – uterine atony;

(2) Tissue – retained placental tissue; (3) Trauma – genital tract trauma;

(4) Thrombin – coagulopathies.17 The etiology of PPH may be readily apparent

from simple inspection of the episiotomy site, lower birth canal or incision after

cesarean section. Abdominal examination may reveal findings of uterine atony and

suggest uterine origin. A firm uterus with active vaginal hemorrhage suggests a

laceration of the birth canal.41 Examination under anesthesia may be required to

identify and allow repair of cervical and vaginal lacerations.5 Inner myometrial

lacerations are a recently described cause of uterine hemorrhage appearing from

excessive stress on the uterine cervix resulting from excessively strong uterine

contractions at the time of delivery.214 When bleeding is suspected to originate

from the uterus, tamponade techniques may allow both control of hemorrhage

and confirmation of the origin. Uterine or hepatic rupture with intraperitoneal

bleeding may be suspected by the observation of abdominal swelling without overt

vaginal hemorrhage. Delayed postoperative retroperitoneal hemorrhage may pre-

sent with unexplained hemodynamic collapse. These intraperitoneal and retro-

peritoneal sources of PPH may be difficult to detect as the peritoneal cavity my

hold up to 3,000 ml of blood with minimal change in abdominal girth.215 Uterine

and incisional blood loss may not explain the severity of bleeding if hemorrhagic

DIC develops, as bleeding may then be from multiple sites, some of which are

clinically occult. Diagnosing DIC and other hemorrhagic diatheses requires

laboratory assessment.

Interventional radiology

Although successful transcatheter treatment of vascular hemorrhage was first

described over 30 years ago,216 application for uncontrolled PPH was not reported

until 1979.217 Additional reports have confirmed the importance of transcatheter

techniques for the treatment of post partum bleeding.218–222 A major benefit with

transcatheter embolization is the avoidance of a laparotomy in a patient who may

have hemodynamic instability and a severe coagulopathy.

In the past 30 years advances in technique have made transcatheter management

of vascular hemorrhage highly safe and efficacious. These advances include:
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(1) development of preshaped catheters, (2) miniaturization of catheters (micro-

catheters), used coaxially, (3) new embolic agents, and (4) the use of modern

image intensification (fluoroscopy). Advances in embolization materials (poly-

vinyl chloride particles called Ivalon1) have enabled safe and precise emboliza-

tion, without clogging of the catheter lumen.

The vascular supply to the uterus (as well as other pelvic viscera) is from the

internal iliac arteries, specifically, the uterine artery, a branch of the visceral trunk

of the internal iliac artery. All pelvic organs have a dual vascular supply, namely

bilateral branches (left and right), supplying each side of the organ. Typically,

embolization is of an ipso-lateral arterial branch, and the contra-lateral vascular

supply will preclude tissue necrosis. Proximal embolization (similar to the surgical

ligation of the vessel) may result in reduced risk of tissue necrosis, due to devel-

opment of collateral vessels into the distal circulation. However, proximal embo-

lization may be less desired because with collateral vessel development, re-bleeding

may occur. In addition, proximal embolization (like surgical ligation) precludes

re-catheterization if re-bleeding occurs. Distal embolization increases the like-

lihood of tissue necrosis, especially if small embolization particles are used.

However, distal embolization may be preferable, as collateral vessels are less likely

to develop, reducing the risk of re-bleeding. Also, distal embolization will not

prevent re-catheterization of the vessel if re-bleeding recurs.

Modern embolization materials include polyvinylchloride particles (Ivalon1

particles), which are used for distal embolization techniques. Ivalon1 particles are

manufactured in various diameters from very small (100-micron diameters), up to

relatively large (1,000 micron) diameters. Materials used for proximal emboliza-

tion include gelfoam and vascular coils. Gelfoam is more often used for elective

embolization (pre-surgical embolization) as a technique to temporarily reduce

bleeding at the operative site. Gelfoam particles are generally larger than PVC

(Ivalon1) particles and are known to be only temporary, with vessel recanalization

known to occur in days to weeks. In contradistinction, Ivalon1 particles are

resistant to arterial recanalization. Vascular coils vary in diameter from very

large coils (30 mm), to very small micro-coils designed for interacranial aneurysm

embolization. Coils are designed for proximal embolization and often are used as

an adjunct to Ivalon1 particles (proximal and distal embolization). Transcatheter

balloons have also been utilized in massive PPH to temporarily occlude the

hypogastric arteries, successfully reducing pulse pressure and allowing correction

of hemodynamic instability and coagulopathy.223

The technique of transcatheter embolization is straightforward, provided that a

qualified practitioner combined with a modern interventional laboratory is avail-

able. The common femoral artery is catheterized using a sterile technique, with

placement of a standard angiographic, 5 French catheter with an angled tip. The
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catheter is directed over the distal abdominal aortic bifurcation, distally into the

contralateral internal iliac artery (usually the left internal iliac, if the initial vascular

puncture was from the right groin approach). The 5 French catheter is directed

into the origin of the internal iliac artery and an initial angiogram is performed. If

bleeding is brisk, active extravasation will be seen. Angiography may readily

identify the source of hemorrhage, including such unanticipated findings as

hemorrhage from a false aneurysm of the uterine pedicle,224 deep vaginal lacera-

tion,225 arteriovenous fistulae, and a uterine artery aneurysm.226

Once the 5 French catheter is in place (guiding catheter) in the proximal aspect

of the internal iliac artery, a 3 French micro-catheter is advanced through the

lumen of the guiding catheter (co-axial technique) into the uterine artery branch.

Use of the microcatheter is important because the relatively small diameter of the

microcatheter will prevent vasospasm that a larger catheter will often induce.

Vasospasm is to be avoided during an embolization procedure, as this will often

impede or prevent a successful embolization. Ivalon1 particles are then injected

through the micro-catheter, thus supra-selectively occluding only the lumen of the

uterine artery. Following this, a post-embolization arteriogram is performed to

confirm placement. With observation, hemodynamic and clinical stabilization

usually follow promptly. If bleeding continues, the ipso-lateral uterine artery is

also embolized. This can be accomplished either with recatheterization from the

opposite groin or the same groin by looping the initial 5 French catheter (Waltman

loop) then pulling the tip of the catheter down into the ipso-lateral internal iliac

artery. If rebleeding occurs, embolization can be repeated.226

The use of transcatheter embolization for the treatment of post partum hemor-

rhage has been studied extensively as an alternative to surgery in women with

PPH.225–231 Outcomes are excellent, without reported complications.226,227 Post

partum hemorrhage is controlled in from 91.9%230 to 94.9%229 of cases, including

96% of patients with PPH due to uterine artery arteriovenous malformations and

100% of cases with abdominal and cervical pregnancies.229 As a primary goal of

using transcatheter embolization is preservation of uterine function and fertility,

long-term outcomes have been studied. Results are excellent, with many reported

cases of subsequent successful pregnancy.232,233 With subsequent pregnancy, recur-

rence of severe post partum hemorrhage has been reported,232 as has a single case of

intrauterine growth restriction.234 When modern interventional radiology is avail-

able, transcatheter embolization is recommended as the procedure of choice for

control of obstetrical hemorrhage.231 In comparing the choice of bilateral hypogas-

tric artery ligation versus interventional radiologic therapy, transcatheter emboliza-

tion is preferred in hemodynamically stable patients with birth canal trauma or

uterine atony and bilateral hypogastric artery ligation is indicated when PPH occurs

after cesarean section, when the patient is hemodynamically unstable.235

410 William F. Baker, Joseph Mansour and Arthur Fontaine



Surgical management of post partum hemorrhage

Surgical treatment of PPH is indicated when there is evidence of an anatomical

cause (uterine rupture, severe cervical or birth canal laceration), when pharmaco-

logical medical treatment fails, or when interventional radiology techniques fail or

are unavailable. A variety of surgical procedures are available. The choice of

procedure depends upon the clinical setting and response to treatment. Options

range from uterine packing and uterine artery ligation to hysterectomy

(Table 12.22).

Tamponade

Uterine tamponade is a somewhat controversial technique that has been typically

achieved by uterine packing with gauze. Newer tamponade techniques include the

use of Foley,236 Sengstaken-Blakemore237 and Rusch238 balloon catheters. The

‘‘tamponade test’’ using the Sengstaken-Blakemore tube has emerged as a highly

useful technique both for control of hemorrhage and for diagnosis.239 Vaginal

tamponade of severe vaginal hematoma has been achieved with gauze packing

and a sterile glove covered blood pressure cuff.240 Tamponade is indicated with

confirmed, active, vaginal or uterine bleeding. Local therapy is emergent and

accompanies aggressive resuscitation. Unless other sites of hemorrhage or DIC are

present, effective tamponade results in prompt correction of hypotension. Extrinsic

compression has also, in effect, been achieved with the use of a pneumatic

Table 12.22 Surgical treatments of PPH.

Uterine tamponade/packing

Gauze packing

Foley catheter

Sengstaken–Blakemore catheter

Rusch catheter

Large-volume balloon

Repair birth canal injuries

Uterine artery ligation

Control uterine hemorrhage

Internal iliac artery ligation

Hemostatic sutures

B-Lynch suture

Modified B-Lynch suture

Multiple square suture

Hysterectomy
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anti-shock garment. In a limited study, application of the anti-shock garment

combined with volume resuscitation was highly successful at stabilizing vital signs

and controlling PPH in women with refractory hemorrhagic shock.241 Candidates

for any tamponade procedure must be chosen carefully as more effective therapy

may be potentially delayed.

Vaginal tamponade

Vaginal tamponade with gauze packing has been the treatment of choice to control

bleeding after evacuation of a vaginal hematoma associated with active vaginal

bleeding.5 Covering a blood pressure cuff with a sterile glove and inserting this into

the vaginal vault has controlled refractory hemorrhage. The cuff is slowly inflated

to about 120 mm Hg, 10 mm Hg above systolic pressure. Beginning 8 hours later,

the cuff is gradually deflated until removal after 32 hours. Excellent control of

hemorrhage, without recurrence or sequelae is reported in 2 cases.240

Uterine packing

Uterine packing is a method of controlling uterine hemorrhage, which fell into

disfavor in the 1950s primarily due to difficulty monitoring the amount of blood

loss and concern regarding infection.5 A subsequent study demonstrated that with

meticulous attention to technique, involving side-to-side packing, avoiding dead

space, packing is simple, safe and effective. The indications are confirmed uterine

bleeding due to atony, placenta accreta and placenta previa.242 However, uterine

packing is seldom used because it is believed to delay treatment.

Foley catheter

Refractory uterine hemorrhage following spontaneous vaginal delivery has been

controlled with the use of a Foley catheter. The technique involves the insertion of

a Foley catheter into the uterus, followed by inflation of the balloon with 110 ml of

air. The catheter is left in place for 8 hours. While success at controlling bleeding

has been achieved, it has also been noted that the volume of the inflated balloon is

far less than adequate to fill the large atonic uterus. Continued hemorrhage may

occur above the level of the inflated balloon, thereby providing the misleading

impression that bleeding has stopped when no additional blood is observed to exit

the vagina.236 It is essential that precise monitoring of vital signs, urine output,

fundal height and vaginal blood loss continue. Infusion of oxytocin and prophy-

lactic antibiotics are also indicated.5

Sengstaken–Blakemore catheter

The Sengstaken–Blakemore catheter has been used for the control of hemorrhagic

esophageal varices. For use as a device to control uterine hemorrhage, the catheter
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has been modified by cutting off the gastric end of the tube and sterilization.237 The

catheter is carefully inserted with sponge forceps grasping the cervix and the catheter

is inserted into the uterus and inflated with 75–300 ml of saline. The distended

balloon should then be just visible at the cervical canal and palpable in the uterine

fundus. Gentle traction is then applied to verify firm fixation in the uterus. With

careful observation it is then noted whether blood continues to drain from the

uterine opening or the cervical os.243 The ‘‘tamponade test’’ is either successful

(positive), if blood does not exit the tube or the cervix and unsuccessful (negative)

if blood exits either. If the test is negative laparotomy has been advocated.239,243

Upper vaginal packing may be applied to keep the catheter in place. Patients who

stabilize with the Sengstaken–Blakemore tube are carefully monitored in the inten-

sive care unit and oxytocin infusion (40 U/500 ml) is continued for at least 8 hours.

Prophylactic antibiotics are administered for at least 24 hours. After approximately

24 hours, and when the patient is hemodynamically stable and disordered coagula-

tion is corrected, half of the inflation volume is removed. If there is no evidence of

re-bleeding, the catheter is removed over the subsequent few hours.243 In a study of

the ‘‘tamponade test’’, 87.5% of patients had a positive test associated with the

control of hemorrhage and only 12.5% had a negative test, requiring laparotomy.243

Rusch catheter

The Rusch catheter, similar to the Foley catheter, is a urologic catheter utilized in

the setting of PPH, following spontaneous vaginal delivery. The primary advantage

over the Foley catheter is that it can be inflated with as much as 400 to 500 ml of

saline.238 The primary indication is refractory PPH following manual removal of a

morbidly adherent placenta or a succentruate lobe.5 There are reports of success

after failure to control hemorrhage with the Sengstaken–Blakemore tube and

angiographic uterine artery embolization. This technique is rarely used. Upon

controlling the hemorrhage, the catheter is removed after 24 hours. Close moni-

toring and continued aggressive medical management are required. The technique

may be associated with a lower incidence of infection.238

Large-volume balloon

A uniquely designed large-volume tamponade balloon, specifically for use in PPH

originating from the implantation site of low-lying placenta/placenta previa has

proven successful at controlling persistent hemorrhage. The balloon has a thera-

peutic filling capacity of 500 ml and is used much as other balloon tamponade

devices. Drainage ports above the balloon allow careful monitoring for continued

bleeding.244 Application has included use at the time of cesarean section. The large-

volume balloon catheter is placed either through the uterus and the distal end

pulled through the cervix into the vagina or transvaginally after vaginal delivery.
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The primary indication is persistent hemorrhage from the lower uterine segment

after repeat cesarean section associated with low lying/placenta previa. Cases did

not exhibit features of uterine atony. The primary advantages appear to be ease of

application and avoidance of ‘‘traumatic friction ‘‘ at the time of removal.245

Laparotomy

Arterial ligation

The objective of ligation of pelvic arteries is to diminish arterial pulse pressure to a

degree sufficient to allow control of hemorrhage, without compromising the

viability of uterine tissue. Prompt control of hemorrhage with preservation of

fertility is the ultimate goal of this and other techniques. The collateral nature of

uterine blood flow limits the effectiveness of unilateral procedures.

Uterine artery ligation (O’Leary stitch)

First reported in 1952,246 ligation of bilateral uterine arteries (O’Leary stitch) is

effective at controlling PPH in 40 to 95% of cases.5,10 It has become the first line

procedure for controlling uterine bleeding at laparotomy. It is a more attractive

option than internal iliac artery ligation because it is easier, faster and more

successful. Figure 12.3 illustrates this procedure. The ascending branches of both

uterine arteries are localized and ligated at the level of the vesicouterine reflection.247

A suture on a large curved needle is passed through the lateral aspect of the uterine

segment close to the cervix, then back through the broad ligament just lateral to

the uterine vessels. If this step is not successful to control bleeding, the vessels of

the utero-ovarian arcade are ligated on both sides by passing a suture through the

myometrium just medial to the vessels. The technique requires inclusion of 2–3 cm

of myometrium to occlude intramyometrial branches and avoid uterine vessel

injury.49 Limitations of the technique include retained placental fragments, cervical

and birth canal lacerations and myometrial pathology such as fibroids.247

A variation of the original technique has been developed offering the potential for

more precise and effective control of uterine bleeding. In a five-step process, the

arterial blood supply of the uterus and ovaries is occluded.248 One vessel is occluded

at a time, observing for bleeding after each. First, the unilateral uterine artery is

ligated on the side felt most responsible for hemorrhage. Second, the contralateral

uterine artery is ligated. Third, the low uterine arteries are ligated after mobilization

of the bladder. Fourth, the unilateral ovarian and fifth, the opposite ovarian artery

are ligated.248 In the initial case series of 103 patients, 100% effectiveness was

reported with no patient progressing to hysterectomy.10 There is no adverse effect

in future pregnancies and the risk of uretral injury is small.
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Internal iliac (hypogastric) artery ligation

The technique of hypogastric artery ligation significantly reduces pelvic arterial

pulse pressure, in effect, converting pelvic circulation to a venous system. Arterial

pressure is reduced 14% by contralateral, 77% by homolateral, and 85% by

bilateral hypogastric artery ligation.249 Hypogastric artery ligation is technically

more difficult and, if fails, requires hysterectomy. Morbidity and mortality is

increased with emergency hysterectomy in this setting and a success rate of only

about 42% has been reported.250 For this reason, the procedure is only indicated in

women who are hemodynamically stable and desire future pregnancy.49 Report of

subsequent fertility and pregnancy in 68 patients who underwent bilateral hypo-

gastric artery ligation revealed no evidence of infertility or adverse pregnancy

outcomes, except for 3 minor episodes of PPH, treated successfully with medical

therapy.251

Hemostatic sutures

In order to control uterine hemorrhage with the hope of preserving fertility, a

variety of hemostatic suturing techniques have been developed. Consideration of

Utero-ovarian
ligament

Branch of ovarian
artery

Ligature

Ligature

Hypogastric
artery

Uterine
artery

Uterine artery ligation. Sutures are placed to ligate the ascending uterine
artery and the anastomotic branch of the ovarian artery. The procedure should
be performed on each side.

Figure 12.3 Uterine artery ligation (O’Leary stitch).292
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the use of hemostatic suturing is indicated when the primary source of blood loss is

uterine and when pharmacologic therapy, transfusion and factor replacement

therapy, tamponade techniques, angiographic arterial embolization (if available)

and arterial ligation fail to control bleeding. Success is only likely if bimanual

compression of the uterus significantly decreases blood loss.49,252,253

B-Lynch suture

The B-Lynch suture is a simplified brace suture designed to control atonic uterine

hemorrhage (Figure 12.4). Subsequent to laparotomy the uterus is bimanually

compressed and the anterior and posterior wall of the uterus are brought

into apposition. If bleeding is controlled by direct compression, the suture is

placed.252 As originally described, a number 2’0 chromic suture on a 75 mm

Fallopian
tube
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Anterior uterine wall with B–Lynch suture in place and an enlarged 

drawing (box) of lower uterine segment with B–Lynch suture in 

place. Adapted from Obstetrics & Gynecology Case Reports &
Reviews, Vol. 95, Num. 6, June 2000.

Figure 12.4 B-lynch suture.293
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heavy, round-bodied needle is passed through a lower uterine segment hyste-

rotomy from the lower uterine segment over the fundus and returned posteriorly.

The suture is continued on the alternate side. Upon completion, the uterus is

collapsed into an accordion-like shape.253 In the initial case series, the technique

was 100% effective.252 Subsequent reports have also indicated good results.254,255

The primary limitation concerns the need for a hysterotomy and the limited

number of reported cases.49

Modified B-Lynch suture

Multiple hemostatic simple brace sutures, including an isthmo-cervical stitch are

placed in the modified B-Lynch technique. Developed primarily for bleeding at the

time of a cesarean section in order to control a morbidly adherent placenta, the

modified brace is used to control bleeding from the body of the uterus.239 A 2’0

Dexon suture on a straight needle is passed through the anterior uterine wall above

the bladder reflection, through the uterine cavity and the posterior uterine wall.

From another entry 1 cm medial to the initial suture exit point, the needle is passed

through the posterior uterine wall, uterine cavity and anterior wall. Both sutures

are repeated on the other side. Closed artery forceps are placed between the medial

margins of the two sutures to ensure patency of the cervical canal after the

apposition sutures are tightened. In addition, a number 2’0 chromic suture on a

straight needle is passed through the uterus slightly rostral to the lower horizontal

apposition suture from the anterior to the posterior uterine wall and is tied over

the fundus, 3–4 cm medial to the cornu. The procedure is repeated on the opposite

side. Manual compression is applied and prostaglandin F2 alpha (Hemabate1)

250 mcg is injected intramyometrial.239 The nature of the procedure and asso-

ciated operative risk require careful inspection of the bowel, bladder and ureter

before closure. A major advantage over the classical B-Lynch is the lack of need for

hysterotomy.5,239

Multiple square suturing

Another approach to control of PPH at the time of cesarean section is the

technique of placing multiple square sutures through the entire uterine wall. The

objective is control of bleeding with only the required area of uterine compression.

This may be particularly advantageous for patients with a localized site of uterine

hemorrhage such as that arising from placenta accreta. Square suturing begins

with a suture at the apparent site of bleeding. If bleeding persists, another square

suture is placed adjacent to the first. Additional squares are placed until hemor-

rhage is controlled. Number 1 atraumatic chromic suture on a number 7 or 8

straight surgical needle is used. Sutures are placed by passing the needle from the

anterior wall, through the uterine cavity and then the posterior wall. The needle is
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then passed posterior to anterior from an arbitrary point 2–3 cm lateral. Another

suture is placed above or below the first suture point. Once again, lateral, above or

below the 2nd suture point, another suture is placed. Sutures are placed such that

the points form a small square of about 3 cm on a side. The knot is tied as tightly as

possible. The first suture is placed in the area appearing to be the primary site of

hemorrhage and additional sutures are placed in other areas, as needed to control

bleeding. In cases of uterine atony, 4–5 squares, placed evenly throughout the

uterus are required. Success at achieving hemostasis has been 100% and hyster-

ectomy avoided. Women so treated have been confirmed to later have a normal

uterine cavity and achieve pregnancy.256

Hysterectomy

In developed countries, the incidence of hysterectomy varies from 0.3 to 1.6/1,000

deliveries, and may be higher in tertiary centers257 and in developing countries.258

The typical indications are persistent or recurrent bleeding after aggressive medical

and transfusion management and conservative surgical intervention.49,239 In a

study of 70 emergency post partum hysterectomies (60 following cesarean section

and 10 following vaginal delivery), operated patients included those with uterine

atony (43%), placenta accreta (30%), uterine rupture (13%), extension of a low

transverse incision (10%), and leiomyomata preventing uterine closure and

hemostasis (4%).259 Subtotal (supracervical) hysterectomy is faster and a safer

procedure, associated with a lower risk of intra and postoperative complications

and reduced need for transfusion.260 Active lower uterine segment bleeding is

more likely to require total hysterectomy.5,239 High maternal morbidity is asso-

ciated with hysterectomy for PPH, regardless of the procedure.261 Comprehensive

monitoring in the intensive care unit with continued attention to manage blood

and coagulation factor defects, prophylactic antibiotics and thromboprophylaxis

are all required to optimize post-hysterectomy outcome.239

Disseminated intravascular coagulation

Disseminated intravascular coagulation (DIC) is a pathological response to a

variety of clinical events, which trigger systemic microvascular thrombosis. Any

disorder which is associated with the systemic release of thromboplastin or with

widespread endothelial injury (as occurs in hemorrhagic shock or any etiology

of the systemic inflammatory response syndrome (SIRS)) may trigger

DIC.28,29,173,175,262 During pregnancy and the puerperium a variety of pathological

processes may release thromboplastin or by other mechanisms trigger DIC

(Table 12.23).172 Post partum hemorrhage of any etiology, resulting in hemor-

rhagic shock may trigger DIC.28,263 Systemic hypoperfusion, acidosis and hypoxia
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Figure 12.5 Pathogenetic mechanisms of DIC. IL-6¼ interleukin-6; TNF�¼ tumor necrosis factor;

TF-VIIa¼ tissue factor VIIa; PC¼protein C, PS¼protein S; AT¼ antithrombin

PAI-1¼plasminogen activator inhibitor 1.

provoke the systemic release of cytokines, which activate coagulation and inhibit

anticoagulant and fibrinolytic pathways (Figure 12.5). Pro-inflammatory cytokine

release initiates SIRS, which further stimulates DIC and results in multiple organ

dysfunction syndrome (MODS).27,28,31,264 The thrombotic stage of DIC is char-

acterized by multiple organ dysfunction due to systemic microvascular fibrin

deposition, with clinical evidence of organ failure such as hypoxemia and acute

respiratory failure, cardiac dysfunction, acute renal failure and hypoxic encepha-

lopathy or irreversible brain injury (Figure 12.6).27,28,34,172,173

Generalized microvascular thrombosis with factor consumption and the pro-

duction of fibrinogen degradation products may progress to a hemorrhagic phase

associated with severe bleeding (Figure 12.6).27,34,264–266 When PPH is triggered by

a cause associated with DIC or when acute hemorrhagic shock leads to DIC,

profuse vaginal bleeding is accompanied by hemorrhage from multiple sites,

including the abdominal wound in cesarean section, intravenous catheters, urin-

ary tract, gastrointestinal tract, respiratory tract and skin.34,173,175

Well-recognized obstetrical complications that trigger DIC include severe pre-

eclampsia and eclampsia,267,268 amniotic fluid embolism,116,117,124 placental
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abruption,269,270 intrauterine fetal demise, and retained products of conception

(Table 12.23).172,196,271 The syndrome of hemolysis, elevated liver enzymes and

low platelets (HELLP syndrome), mimics DIC but is now considered to represent a

distinct form of microangiopathy, more closely related to that seen in thrombotic

thrombocytopenic purpura and hemolytic uremic syndrome.27,272 When the

primary presentation in an obstetrical patient is that of acute cardiopulmonary

decompensation followed quickly by systemic hemorrhage, without another more

likely etiology, amniotic fluid embolism is to be strongly considered.116,117,124,273

Prevention of DIC

The prevention of DIC rests with the early identification and management of the

underlying potential causes and rapid, effective resuscitation from PPH. When

acute PPH occurs, avoidance of hemorrhagic shock prevents the additional insult
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of coagulation
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platelets, factors

Systemic 
fibrinolysis 
circulating 
FDP and 
platelet 
dysfunction
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deposition

Severe 
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Systemic 

hemorrhage

Figure 12.6 Clinical manifestations of DIC.
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of DIC. Since a major pathophysiologic trigger for DIC in hemorrhagic shock is

acidosis and tissue hypoxia, the maintenance of hemodynamic stability is critical

to successful therapy. While amniotic fluid embolism is an unpredictable, event;

placental abruption may be identified with proper evaluation of antenatal hemor-

rhage and DIC averted with evacuation of the uterus.270 Antenatal identification

and aggressive treatment for pre-eclampsia, prompt delivery of a dead fetus and

attention to identify and treat retained products of conception are other examples

of interventions designed to prevent the development of DIC.

Anticoagulants

Pharmacologic management of DIC may require the use of anticoagulants and

coagulation inhibitors to control systemic microvascular thrombosis. In the criti-

cally ill patient with PPH who exhibits the hemorrhagic phase of DIC, treatment

with anticoagulants and inhibitors must be accompanied by aggressive blood,

platelet, fibrinogen, and clotting factor replacement.172,173,196,274 Patients with

DIC and PPH, given the availability of blood and blood product transfusion, are

at greatest risk of morbidity and mortality from the consequences of systemic

microvascular thrombosis and multiple organ dysfunction syndrome

(MODS).27,28 The potential choices of anticoagulants include intravenous unfrac-

tionated heparin, subcutaneous low dose unfractionated heparin, full or prophy-

lactic dose low molecular weight heparin,172,196,274 and the direct thrombin

inhibitors argatroban275 and hirudin.196,276,277 The use of any form of heparin

requires adequate circulating antithrombin (�70% of normal human plasma,

functional level) to exert pharmacologic effect.278 The use of the coagulation

inhibitors antithrombin279–285 and recombinant activated protein C

(r-aPC)286–288 to inhibit the microvascular thrombosis associated with DIC has

Table 12.23 Obstetrical disorders associated with DIC.

Amniotic fluid embolism

Placental abruption

Placenta previa

Pre-eclampsia

Eclampsia

Retained fetus syndrome

Retained products of conception

Therapeutic abortion

Hemolysis, elevated liver enzymes and low platelet count syndrome

(HELLP) (a thrombotic microangiopathy, mimics DIC)
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Table 12.24123,271 Criteria for diagnosis of DIC.

Systemic thrombohemorrhagic disorder

Recognized clinical etiology

Laboratory evidence of

Procoagulant activation

Fibrinolytic activation

Inhibitor consumption

Biochemical evidence of end-organ damage or failure

Table 12.25 The management and treatment of DIC.

Management of DIC

Clinical intervention

Manage hemorrhage

Manage thrombosis

Balance benefit versus risk

Monitor response to therapy

Clinical intervention

Complete, accurate diagnosis

Treat the ‘‘triggering’’ illness/injury

Effectively manage end organ injury

Provide effective supportive care designed to avoid new complications

Management of deranged hemostasis

Hemorrhage

Local management – surgical

Blood replacement

Platelet transfusion

Factor replacement

FFP

Cryoprecipitate

Thrombosis

Maintain hemodynamic stability

Inhibit ‘‘common pathway’’

Antithrombin

Replace antithrombin deficiency (r-AT)

Enhance antithrombin activity (heparin)

Activated protein C

r-aPC (inhibit factor V ‘‘tenase complex’’)

Inhibit thrombin

Argatroban

Hirudin
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been examined in a number of small studies and appears promising. Although

published studies indicate efficacy at shortening the course and severity of DIC,

conclusive recommendations await additional large-scale trials.175,196 When uti-

lized, anticoagulation and/or inhibitor therapy should be guided by laboratory

evidence of improvement in the levels of platelets, clotting factors, fibrinogen,

antithrombin, organ dysfunction, and clinical evidence of improved tissue

perfusion.

Comprehensive management of DIC

Proper management of DIC requires early recognition and etiologic diagnosis,

followed by prompt and aggressive intervention. Determining the etiology of post

partum hemorrhage is essential to effective treatment. Interventional radiology

and/or surgical therapy may be required to remove the inciting cause (such as

placental abruption, retained products of conception, dead fetus, etc.) and control

localized uterine and pelvic hemorrhage. Pharmacologic agents such as ergot

derivatives, prostaglandin analogues, inotropic agents, and vasopressors, the

administration of blood and blood products, antithrombin and anticoagulants

may all be required to prevent or control systemic microvascular thrombosis and

control hemorrhage. Consistent clinical and laboratory features are required cri-

teria for diagnosis of DIC (Table 12.24). A plan for the comprehensive manage-

ment of severe DIC is presented in Table 12.25. The successful treatment of DIC

in the course of massive PPH is frequently difficult and requires an experienced

team of medical and surgical specialists, a well-equipped intensive care unit, well-

trained nursing staff, efficient medical laboratory, and blood bank. Disseminated

intravascular coagulation is thoroughly reviewed in Chapter 1 of this text.

Conclusion

All pregnant patients require a thorough history and physical examination and

basic laboratory studies as part of standard prenatal care. Investigation of abnor-

malities and proper planning for delivery are a cornerstone of preventing PPH.

Patients with antepartum hemorrhage require careful evaluation, including diag-

nostic imaging studies in search of placental abnormalities. Active management of

the third stage of labor offers perhaps the greatest opportunity to prevent PPH

resulting from uterine atony.

The diagnosis of PPH is based on bedside clinical evaluation and the assessment

of post partum laboratory studies. Once identified, successful treatment of PPH

must include prompt and aggressive resuscitation. Rapid achievement and main-

tenance of hemodynamic stability are essential to prevent progression to hemor-

rhagic shock, DIC, and MODS. Concomitant with effective resuscitation and
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control of deranged hemostasis, identification of the underlying source of hemor-

rhage and definitive therapy must proceed quickly. Definitive treatment depends

on the site of bleeding and may involve uterine tamponade, interventional radi-

ology or surgery.

In patients who develop hemorrhagic shock, DIC, and MODS, survival and the

avoidance of permanent organ injury is only possible with a comprehensive

approach to correct the underlying cause, maintain hemodynamic stability, cor-

rect the deficit in red cells, fibrinogen, clotting factors, and platelets, as well as

inhibition of microvascular thrombosis. All of the available medical resources will

be required to maintain organ perfusion and sustain life while MODS gradually

resolves. Figure 12.7 summarizes the approach to diagnosis and management.

In developing nations, the optimal approaches to prevention and treatment are

often unavailable. Efforts to provide education and resources for correction of

anemia and the active management of the third stage of labor offer, perhaps the

best opportunity for reduction in the incidence and mortality from PPH.2
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Introduction

All human hemoglobin is composed of two �-globin-like chains and two non-

�-globin chains that combine to form a tetramer. Normal adults have three hemo-

globin types, HbA (�2�2; �96%), HbF (�2�2; �1%), and HbA2 (�2�2; �3%).

The amino acid sequence, or primary structure of each globin chain differs;

dissimilarities between �- and non-�-globin chains are greater than the variations

among the globins of the �-like gene cluster, e.g. �-, �-, and �-globin. Despite these

differences among globins their similarities are even greater as all have alike

secondary and tertiary structure and function similarly. Human hemoglobin is

ideally suited for its tasks – primarily oxygen uptake in lungs and delivery in

tissues. A sigmoidal shaped curve, so critical for this oxygen transport, is a result of

the interactions among the individual globin subunits of the tetramer. As for

hemoglobin function, the sigmoidal shape of the oxygen dissociation curve of

hemoglobin shows that totally deoxygenated hemoglobin is slow to become

oxygenated, but as oxygenation proceeds, the reaction of heme with oxygen

accelerates; the reverse is also true. Hemoglobin has other functions in CO2

exchange and control of vascular tone by nitric oxide (NO) and can modulate

oxygen delivery by shifts in its oxygen-hemoglobin dissociation curve caused by

temperature, pH, and organic phosphates.

Different classes of mutations can alter the structure, function, and synthesis of

hemoglobin. More than 1,000 structurally abnormal hemoglobins have been

characterized and the number of thalassemia-causing mutations exceeds 200.

Most mutations within the globin genes are innocuous. When mutations involve

residues that form important contacts between the � and � chains, so that their
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movement relative to one another during oxygenation and deoxygenation is

altered, the oxygen affinity of the molecule can be changed. Most often, the

hemoglobin is ‘‘frozen’’ in its oxy conformation and therefore has high oxygen

affinity and a left-shifted oxygen-hemoglobin dissociation curve described by a

low P50 (partial pressure at which hemoglobin is half saturated with oxygen).

Since oxygen cannot be unloaded satisfactorily in tissues, hypoxia results. One

physiologic compensation for hypoxia is the enhanced production of red cells, so

that a characteristic of this type of abnormal hemoglobin is polycythemia, or too

many red cells. Mutations sometime involve the amino acid residues that sur-

round the heme-binding site. In these cases, heme can be oxidized. The heme

group can be lost from globin making the globin unstable, or the oxidized heme

fails to bind oxygen and the blood turns blue causing cyanosis. Unstable hemo-

globins precipitate, injure the cell membrane, and lead to premature removal of

the cell from the circulation. This is the cause of the anemia that is often seen with

unstable hemoglobins.

The most common hemoglobin variants are neither unstable nor have abnor-

mal oxygen affinity. These variants, HbS or sickle hemoglobin, HbC, and HbE,

have reached very high frequencies in some populations because heterozygotes

have a selective advantage in the presence of Falciparum malaria. In HbS and HbC

the mutations lie at the surface of the molecule, a location not usually associated

with abnormal features but, deoxygenated HbS has the almost unique property of

polymerizing within the cell, triggering many events that in homozygotes cause

severe disease. HbC and HbE, by virtue of their highly positive charge, interact

with the cell membrane and cause changes in the ion content of the cytoplasm and

in cell shape. Despite this phenomenon, alone, neither variant causes significant

disease.

Thalassemias are diseases of insufficient globin synthesis. Normally, nearly

equivalent amounts of� and non-� chain are normally produced. If this condition

is not met, then redundant globin chains of like type, incapable of forming stable

tetramers, precipitate intra-cellularly, injuring the cell. The types of mutations

causing thalassemia have been a virtual catalog of what can go wrong in a gene.

They include deletions of entire genes or portions of genes; single nucleotide base

substitutions in gene promoters that reduce transcription; substitutions of nucleo-

tides that are critical for the faithful excision of introns and re-ligation of exons

that impair translation; mutations that fool the normal splicing mechanisms by

activating cryptic splice sites; nonsense mutations that interrupt prematurely

translation; changes in the 30 untranslated region of the gene that impair the

stability and translatability of the mRNA.

As most hemoglobin variants are rare, problems of pregnancy are nearly always

restricted to sickle cell disorders and the thalassemias.
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Sickle cell disease

HbS, first of the known hemoglobin gene mutations, is caused by an adenine (A)

to thymidine (T) substitution in codon six of the �-globin gene (GAG!GTG),

that replaces the normal �6 glutamic acid residue by a valine. Sickle hemoglobin

(�2�2
S) polymerizes when it is deoxygenated, a property only of hemoglobin

variants that have the �6 glu!val substitution. When critical amounts of HbS

polymer accumulate within sickle erythrocytes, cellular injury results and a pheno-

type – notable for its heterogeneity – becomes apparent. Many reviews of the

history, pathophysiology, clinical features, and treatment of sickle cell disease have

been published.1–8 DeoxyHbS fibers coalesce to form crystals. When present in

sufficiently high concentration, masses of HbS polymer deform and injure the

sickle erythrocyte and initiate the pathophysiology of this disease.

Sickle erythrocytes vary in their density and deformability; in some dense cells the

mean corpuscular hemoglobin concentration reaches 50 g/dl (normal, 27–38 g/dl)

and HbS polymer is always present. Other cells, called irreversibly sickled cells (ISCs),

always appear deformed because of irreversible membrane damage even though their

HbS may not be polymerized. Hemolysis is greatest in individuals with the highest

numbers of ISCs and dense cells. Some intravascular destruction of sickle erythro-

cytes results from the dissolution of the most damaged cells by mechanical forces,

their increased sensitivity to complement-mediated lysis, and microvesiculation that

takes place as sickle polymers penetrate the cytoskeleton and is liberated into the

circulation as lipid-ensheathed buds. Most red cell destruction occurs by erythro-

phagocytosis. In blood, erythrophagocytosis takes place mainly in monocytes and to

a lesser degree, in neutrophils. Recent studies suggest that liberation of hemoglobin

into plasma during hemolysis reduces NO levels and may favor vasoconstriction.

Certain disease phenotypes appear to be linked to this intravascular hemolysis.

The vasculopathy of sickle cell disease makes this disorder unique among

hemolytic anemias. Vaso-occlusive events are likely to depend on features intrinsic

to the sickle erythrocyte – like polymer content and the degree of cellular damage –

interacting with factors in the cell’s environment – like endothelial injury, vascular

tone, and other cells.

The sickle erythrocyte manifests varying abnormalities ranging from puckering

of the red cell to abnormal cation homeostasis. These abnormalities result in

cellular dehydration, which further increase the concentration of sickle hemoglo-

bin in each cell and the interactions among HbS molecules. Besides these factors

there is also accompanying cellular interaction between the red cell membrane and

the vascular endothelial wall. The sickle erythrocyte displays receptors allowing it

to interact with endothelial cells and circulating blood cells. The exposure of

endothelial cell adhesion receptors and endothelial matrix proteins in the
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subendothelium make the red cell highly adherent to the vessel wall. This further

aggravates sludging and creates an impedance to blood flow in the microcircula-

tion. Sludging results in varying degrees of hypoxia in the end-arterioles which

result in micro-ischemic events in the end-organs. These micro-ischemic events

cause some clinical manifestations of the disease.

The placental circulation and sickle cell disease

The placental circulation, a high pressure circulation, provides a rich capillary bed

that specializes in carrying nutrients from the mother to the fetus. The fetus has

adapted to this oxygen-depleted environment by having a high level of HbF, which

has a high capacity for binding oxygen in the placenta because of its increased Bohr

effect (low P50) delivering it to the developing fetal tissues under hypoxic conditions.

As HbF predominates in the fetus and since HbS behaves normally in oxygen

transport and its polymerization is inhibited by HbF, HbS has little effect on oxygen

delivery to the fetus. Erythropoietin rises during pregnancy due to extra-renal

production of the hormone by the trophoblast cells of the human placenta, possibly

to compensate for the increased demand for oxygen delivery of both the fetus and

mother.9 This change, though physiologically important, has consequences for

sickle cell disease patients. An accompanying increase in the production of placental

growth factor (PLGF), a member of the VEGF family, activates monocytes and may

promote enhanced interactions of blood cells and the endothelium. Expression of

PLGF correlates with disease severity in patients with sickle cell disease.10 In sickle

cell disease, endothelial changes can affect the placenta and the umbilical cord.

Placenta and umbilical vein

The placenta of the sickle cell patient weighs less than that of comparable age-

matched controls,11 with histology showing villous sclerosis, intervillous fibrin

deposits, and placental infarction. Electron microscopy has shown differences

between sickle cell disease umbilical vein endothelial cells compared with normal

controls (Figures 13.1a and 13.1b).12 The morphologic features include irregularly

elongated and round, haphazardly elongated cells, both reminiscent of human

umbilical vein endothelial cells studied under hypoxic conditions,13 there also

appears to be abnormal proliferation of the smooth muscle cell, absence of an

inner elastic lamina in the tunica media and varying thickness of the basement

membrane. These changes are possibly related to the production and presence of

cytokines in the placenta and umbilical vein secondary to hypoxia.14

Pregnancy in sickle cell disease

There are few absolute contraindications to pregnancy in sickle cell disease (poor

cardiac reserve, severe pulmonary hypertension). Though patients with sickle cell
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a

Figure 13.1a Luminal surface of normal umbilical vein. (Scanning electron micrograph,

original magnification x2000.)

b

Figure 13.1bEndothelial surface of SCD umbilical vein showing irregularly elongated and rounded cells.

(Scanning electron micrograph, original magnification x2000.)
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anemia have a delay in sexual maturation,15 fertility is probably normal if the

likelihood that initial sexual encounters occur at a later age in patients compared

to controls are accounted for.16 The low birth rate may be explained in part by the

anemia and vasculopathy of sickle cell disease and perhaps poor access to health

care. One-hundred twenty-seven deliveries in women with sickle cell anemia and

HbSC disease (compound heterozygosity for HbS and HbC) that occurred

between 1980 and 1999 were compared with a control group of 129 deliveries by

African-American women with normal hemoglobin. Compared with controls,

deliveries among women with sickle cell disease were at increased risk for intra-

uterine growth restriction, antepartum hospital admission, and postpartum infec-

tion. They were also more likely to be complicated by low birth weight,

prematurity, and preterm labor or preterm premature rupture of membranes.

Perinatal deaths were similar and there were no maternal deaths.15,98

Pregnancy-related complications in sickle cell disease

Several factors affect the phenotype of sickle cell disease, for example HbF con-

centration, white blood cell count95 and pulmonary hypertension96 and the

presence of � thalassemia.17,18 There is a direct relationship between the severity

of sickle cell disease and the likely complication rate the patient will experience

while pregnant. Problems in pregnancy are most prevalent in sickle cell anemia

and HbS-�0 thalassemia (compound heterozygosity for HbS and the type of

� thalassemia where no normal �-globin is made) and less common in HbSC

disease and HbS-�+ thalassemia (compound heterozygosity for HbS and the type

of � thalassemia where some normal �-globin is made).

Antenatal care

Antenatal care is best provided by an experienced obstetrician familiar with the

care of sickle cell disease patients working with a hematologist. Prenatal visits serve

to collect background data, establish the hemoglobin phenotype and catalog the

existing complications of the disease. Pertinent is the number of previous preg-

nancies and their outcomes. Previous complications during pregnancy with

emphasis on spontaneous abortions, pre-eclampsia, low-birth weight infants and

complications from sickle cell disease like acute chest syndrome, stroke, congestive

heart failure, pulmonary hypertension and history of previous blood transfusions

including exchange blood transfusion and the presence of alloantibodies. As a

group, people with sickle cell anemia have relative hypertension as their blood

pressure is higher than expected when compared with a control group with

anemia. This is associated with increase risk of stroke. Since even ‘normal’ blood

pressure may be abnormal this should be carefully followed. Similarly, significant
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renal damage can be present with normal serum creatinine levels because of the

very high glomerular filtration rates in young patients with sickle cell anemia.

A medication profile with particular attention to hydroxyurea should be docu-

mented. Hydroxyurea is now approved for the treatment of adult sickle cell

anemia. A recent longitudinal study reveals a survival advantage in patients

maintained on hydroxyurea.97 An increasing number of patients have become

pregnant or fathered children while taking hydroxyurea or having taken hydroxy-

urea in the past. Hydroxyurea is a teratogen in animals and should not be used if

pregnancy is planned. Pregnancy has been reported in at least two-dozen indivi-

duals receiving hydroxyurea, usually for myeloproliferative disorders, but some-

times in sickle cell anemia.22 In this very small experience there have been no

adverse outcomes. Developmental defects have not been reported in pregnant

patients who took hydroxyurea for other diseases. Contraception should be

practiced by both women and men receiving hydroxyurea and the uncertain

outcome of unplanned pregnancy discussed frankly. If pregnancy occurs while

taking hydroxyurea there is little information besides the above on which to base a

decision for continuation or termination. So far, congenital defects have not been

described in pregnancies followed to term. This is no cause for complacency.

Hydroxyurea is very likely to be teratogenic in humans and should be avoided

when pregnancy is planned. Whether or not previous exposure to hydroxyurea

affects fertility and the results of pregnancy is unknown.

History, physical examination and laboratory testing provides some indication

of the severity of sickle cell disease and focuses attention on elements of the disease

that require scrutiny during pregnancy. Though pregnancy in sickle cell patients is

always high risk, some patients warrant even more intense observation and care.

These individuals include patients with frequent hospitalizations for complica-

tions from sickle cell disease, like acute chest syndrome, renal failure, hyperten-

sion, history of prior spontaneous abortions, frequent blood transfusion, and

pulmonary hypertension. Maternal steady-state hematology has little influence

on fetal outcome, with the exception that mothers with high HbF levels are less

prone to perinatal deaths.

Laboratory testing

A recommended antenatal testing scheme is summarized in Table 13.1. Hemoglobin

separation, preferably by HPLC (high-performance liquid chromatography), with

quantitation of HbF, is done to establish the hemoglobin phenotype. HPLC is

also the preferred method for measuring HbA and HbS concentration in patients

being transfused. Besides blood counts and serum chemistries including LDH, other

testing should include hepatitis A, B and C testing, HIV status, electrolytes, urinalysis,

urine culture, rubella antibody titer and iron status (including serum ferritin). All
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patients should have their red cell phenotype recorded (Kell, C, E, S, Fy and Jk) and

allo-antibodies identified. This is done so that if the need arises for blood transfusion,

phenotypically matched blood can be used. Ultrasound is used to assess fetal growth.

When antenatal diagnosis (see below) is to be done, the parental genotypes must

be determined by DNA-based methods because HPLC and other protein-based

techniques provide information on hemoglobin phenotype alone and cannot

establish a genotypic diagnosis.

Common medications during pregnancy

Folic acid is customarily taken by patients with sickle cell disease even when they

are not pregnant. It should be continued during pregnancy at a dose of 1 mg/day.

The need for iron supplementation is often questioned. The decision to place a

patient with sickle cell disease on iron supplementation during pregnancy depends

on the iron status of the patient. For patients already iron overloaded, as judged by

an elevated serum ferritin level and history of many transfusions, there is no

indication for supplemental iron. When iron stores are judged to be low or

marginal, especially in patients transfused infrequently, routine iron supplemen-

tation is advisable.16

Blood transfusion

Blood transfusion during pregnancy continues to be a debated issue and the practice

of transfusion varies according to locale and individual practice customs. A com-

mon, but questioned, practice is to place all patients on a transfusion regimen.

Available data so far has not shown any benefit resulting from this practice.23,24,25

The clinical situations where this is warranted are: preoperatively for caesarian

section; for acute chest syndrome, acute neurologic events and severe anemia.

Table 13.1 Antenatal testing in sickle cell disease.

Hemoglobin analysis (preferably by HPLC) with HbF quantitation

Parental hemoglobin analysis

CBC with differential cell count

Liver and renal function tests, including LDH.

Hepatitis profile (Hepatitis A, B, C)

HIV testing

Electrolytes, urinalysis (in particular, total protein in urine and urine culture)

Rubella antibody titer

Iron status (including serum ferritin)

RBC screening to identify allo-antibodies (Kell, C, E, S, Fy and Jk)

Echocardiography to detect pulmonary hypertension
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Otherwise, lacking a history of complicated pregnancies, prior miscarriage and

frequent difficult to manage vaso-occlusive events, like repetitive painful episodes,

most pregnancies can be successfully managed without regular transfusions.

Delivery

The mode of delivery of the patient with sickle cell disease depends on the clinical/

obstetric indication for delivery, like fetal distress or abruptio placentae and non-

obstetric emergencies. If there are definite surgical indications, two important

goals must be met:

1. Prophylactic transfusion to reduce the level of HbS to <30% of total hemoglo-

bin. When the hematocrit is <25%, simple transfusion may be used since

hyperviscosity is minimal with a hematocrit <30%. Simple transfusion also

decreases exposure to blood with its risks of exposure to infectious agents,

alloimmunization and iron accumulation. If the baseline hematocrit is higher

than 25%, exchange transfusion is preferable.

2. Short induction during anesthesia with adequate oxygenation throughout

surgery.

Termination

If pregnancy must be terminated some have advised against using hypertonic

saline because of the theoretical possibility of it inducing a vasoocclusive episode.

Little information on the choice of method for abortion is available.

Puerperium

During this period, the main concerns are pain control, adequate hydration and

the prevention of pulmonary complications, like acute chest syndrome that may

be favored by immobility and hypoventilation. Patients should be well hydrated

and provided with an incentive spirometer to help lung expansion and prevent

atelectasis.

Complications peculiar to sickle cell disease

Acute chest syndrome

This complication is defined as a new chest infiltrate on X-ray, cough, fever,

hypoxemia with declining oxygen saturation, and pleuritic chest pain.26 Its etiol-

ogy is multifactorial and includes viral and bacterial infection, bone marrow

embolization and in situ thrombosis. The mortality of acute chest syndrome, if

not properly managed, is close to 20%. When hypoxia and respiratory distress

exist, the goal of treatment is to reduce the HbS level to less than 30% of total

hemoglobin. This is accomplished by either a simple transfusion or an exchange

transfusion. If the choice of treatment is a simple transfusion; care must be taken to
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prevent hyperviscosity syndrome which occurs when the hematocrit approaches

35%. To document if this goal has been reached, a post exchange blood transfusion

sample is sent to the laboratory for hemoglobin separation and quantitation of

HbS level.

Painful episode

Appropriate analgesics, adequate hydration and treatment of the underlying con-

dition causing the clinical event, if one is detectable, are the mainstays of treat-

ment. Often, patients that present with multi-focal severe pain develop acute chest

syndrome because of bone marrow necrosis and fat embolism. For this cohort of

patients with severe bone pain crisis, besides adequate appropriate analgesic use

and hydration, transfusion may be advisable.26

CNS Events

Pregnancy poses a particular high risk period for sickle cell patients because of the

increase in metabolic demands, increases in prothrombotic coagulant factors and a

decrease in systemic fibrinolysis. Strokes and TIA are the second leading course of

morbidity and mortality in patients with sickle cell disease. The overall risk of stroke

varies depending on the hemoglobin genotype. Patients homozygous for the HbS

gene (sickle cell anemia) or with HbS-�0 thalassemia have the highest overall risk of

4.01%.27 Stroke is far less common in HbSC disease or with HbS-�þ thalassemia.

For patients presenting with new onset neurologic events (TIA, full stroke), it is

imperative to get appropriate brain imaging by MRI and MRA. Patients with

acute chest syndrome and moderate thrombocytopenia have been shown to have

a high incidence of stroke.26 The treatment of acute stroke entails exchange blood

transfusion to reduce the level of HbS to <30% followed by initiation of a

hypertransfusion regimen throughout pregnancy. Prompt neurological evaluation

besides requesting appropriate imaging of the brain is vital. The decision to begin

anticoagulant therapy, along with prompt exchange transfusion, should be made in

consultation with a neurologist.

Acute anemic episodes

Occasionally, patients with sickle cell disease develop severe acute anemia with a

drop in baseline hematocrit by 25–30%. This is a significant health risk for both the

mother and the developing fetus and must be managed aggressively with identi-

fication of the cause of the anemic episode and the correction of the anemia.

Transfusion is indicated when anemia is severe and circulation compromised.

Causes of these acute anemic episodes include:

1. Aplastic crisis characterized by reticulocytopenia, and a usually normal baseline

LDH. This is usually associated with Parvovirus type B19 infection.
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2. Acute splenic or hepatic sequestration. This usually manifests as an acute

increase in the size of the spleen or liver with accompanying pain at the site

of the enlarging of the organ.

3. Hyperhemolysis characterized by an increase in LDH and total bilirubin level.

This is a very rare event and may be associated with severe infection.

Parvovirus B19 infects the erythroid progenitors resulting in transient cessation

of erythropoiesis. Its effects are most obvious in patients with reduced red

cell survival like sickle cell disease and severe forms of thalassemia. The hallmark

of this infection is rapid worsening of anemia with reticulocytopenia. In

pregnancy, the B19 parvovirus may also cause fetal loss and hydrops fetalis.

In patients with Parvovirus type B19 infection in the general population, the

risk of fetal loss approximates 10% before 20 weeks while it falls to 1% after-

wards.28 The incidence and risk in pregnant sickle cell disease patients are

unknown. Though some have advocated intra-uterine blood transfusion in

these patients,29 its role in sickle cell patients is not clear; neither is the role

of IVIG.30

Small for gestational age

Sickle cell fetuses are especially prone to being small for gestational age. Twenty-

one percent of infants born to mothers with sickle cell anemia are small for

gestational age when compared with the general population;31 the incidence in

mothers with HbSC disease and HbS-� thalassemia is unknown but presumed to

be less. Small for gestational age fetuses are likely due to placental insufficiency.

Sickle cell patients with preeclampsia and acute anemic events are especially

prone to these complications.31

Pre-eclampsia

Sickle cell patients have an increased risk of developing pre-eclampsia. This

develops when hypertension coexists with edema and proteinuria after 20 weeks

of gestation. The pathophysiology of pre-eclampsia lies in utero-placental insuffi-

ciency which activates endothelial cells with release of oxygen free radials,

endothelial reactive substances and consumption of NO and prostacyclins.14

Other contributing factors include higher levels of TNF-�,32 G-CSF, beta subunit

HCG and free alpha HCG.33 –35 These cytokines may all contribute to the establish-

ment or progression of the preeclampsia.36 The treatment of pre-eclampsia

includes bed rest, attention to control of blood pressure and careful attention

to the growth of the developing fetus. If pre-eclampsia progresses, careful

thought should be given to delivery of the fetus depending on the gestational age

of the fetus.
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Eclampsia

Eclampsia is not an uncommon complication of pregnancy in developing coun-

tries. Its hallmark is development of seizures. The treatment of this grave compli-

cation includes careful control of blood pressure and immediate delivery of the

fetus. Treatment is beyond the scope of this chapter but should definitely include a

low threshold for exchange blood transfusion.

Counseling

Sickle cell patients should be adequately counseled about the risk each pregnancy

poses but not discouraged from becoming pregnant. The ideal would be for

each carrier of the HbS molecule and all sickle cell disease patients to be aware

of the risk of having a child with sickle cell disease with each pregnancy. This can

only be achieved by the healthcare provider giving adequate genetic counseling

before the patient becomes sexually active with constant reinforcement during

childbearing years.

Contraception

Any approved form of contraception is acceptable in sickle cell anemia. The

dangers and the consequences of unwanted pregnancies outweigh the very small

risks of contraceptive devices or drugs and the complications of these methods do

not seem to exceed those in the normal population.37

Antenatal diagnosis

Antenatal diagnosis is available and is highly accurate. Either chorionic villus

sampling or cultured amniotic fluid cells can be used to probe for the presence

of heterozygosity or homozygosity for the HbS mutation. Before antenatal diag-

nosis, the parental mutations must be ascertained and detailed genetic counseling

provided as to the risks of bearing an affected fetus, the complications of the

procedure and possible causes of error.

Sickle cell trait

Carriers of the HbS gene (sickle cell trait) have few complications of this trait and a

normal lifespan. Their blood counts are normal and they have about 40% HbS in

their cells, an insufficient amount to cause pathology under most normal circum-

stances. In Africa, fertility may be increased in women and perhaps men with sickle

cell trait.38 Selected complications of pregnancy may be more frequent in sickle cell

trait. The risks for bacteriuria, pyelonephritis, and urinary tract infection may be

increased as much as twofold.39,40 In a prospective study of 162 pregnancies with

sickle cell trait and 1,422 controls, the pre-eclampsia rate was doubled in sickle cell

trait also.41 Endometritis occurred more frequently in the sickle cell trait women,
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and gestational age and birth weights were reduced in their infants. The effect of

maternal age on pregnancy outcomes was studied in 157 women with sickle cell

trait who were compared with controls by age group. The pregnancy outcomes

were similar, but sickle cell trait mothers had offspring whose mean birth weight

was almost 200 grams less than that of the controls.42 Other studies found no

differences in mean birth weight, number of low birth-weight infants, five-minute

Apgar scores, gestational age, or incidence of delivery complications.43 Some

studies reported increased complications of many types, including prematurity

and premature rupture of membranes but they often lacked appropriate con-

trols.44 While sickle cell trait may be associated with increased risks of certain

complications of pregnancy, mainly urinary tract infections, conscientious pre-

natal care can minimize those risks. Contraception is safe for women with sickle

cell trait.

Summary

Obstetricians, working closely with knowledgeable hematologists, should establish

strong lines of communication so that care of the pregnant patient with sickle cell

disease can be coordinated. A reasonable plan in the primagravida would be to

observe the patient carefully and intervene with transfusions only if complications

like toxemia, severe anemia, or worsening symptoms of sickle cell disease ensue.45

Multigravidas have their experience with prior pregnancies to help guide the

clinician. Uncomplicated previous pregnancies might be managed like those in

primigravidae with transfusions reserved for complications. Individuals who have

lost previous pregnancies might benefit from the early use of transfusions aimed at

keeping the hemoglobin level above 9 g/dl. Sickle cell complications during preg-

nancy should be managed as they would be otherwise, with special attention to

avoid potentially teratogenic drugs during the first trimester.

Other hemoglobinopathies

Heterozygotes for HbC, HbE and rare structural hemoglobin variants without a

clinical phenotype should have no pregnancy-related complications due to the pre-

senceof the varianthemoglobin.HomozygousHbC andHbE disease, while associated

with characteristic erythrocyte abnormalities and mild anemia, are also unlikely

to have complications of pregnancy. In limited studies, fetal wastage did not appear

to be in increased. While the mean birthweight of newborns of HbE patients was

significantly lower than in HbA patients, the incidence of prematurity was not

increased. The incidence of postpartum hemorrhage, preeclampsia, and malaria are

not significantly increased in HbE patients but the incidence of abruptio placentae was

increased.46 HbE-� thalassemia should be managed like cases of � thalassemia (see

below).
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The outcome of pregnancy was recorded for carriers of three high oxygen

affinity hemoglobin variants with P50 values of 9.5, 9.1, and 12 mm Hg (normal

fetal P50, 23 mm Hg). Neither spontaneous abortions nor intrauterine growth

retardation was attributable to the presence of high hemoglobin oxygen affinity

in the mothers. It was estimated that neither maternal nor fetal polycythemia alone

was sufficient to perturb the normal situation and increased uterine and/or fetal

blood flow probably provided additional compensation.47 In other cases of high

oxygen affinity hemoglobin, oxygen unloading was reduced, but normal oxygen

loading was maintained in the fetus and neither placental abnormalities nor

intrauterine growth retardation was present.48

While few cases are reported, even when the hemoglobin variant has low oxygen

affinity, the outcome of pregnancy may be normal.47

Mothers whose hemoglobin is predominantly HbF due to globin gene muta-

tions that allow continued expression of the �-globin genes probably need no

special management during pregnancy despite the high oxygen affinity of HbF.49

Little data is available on the management of pregnancy in patients with rare

hemoglobinopathies that have a clinical phenotype. If anemia is a feature of these

conditions, they might be managed as other cases of anemia in pregnancy.

a thalassemia

Alpha thalassemia results from mutations of the �-globin genes which are present

on chromosome 16. Each chromosome 16 carries two �-globin genes that are

identical in terms of their amino acid coding regions. Most embryonic, and all

fetal and adult hemoglobins contain �-globin chains. Therefore, loss of all

�-globin genes usually result in hydrops fetalis due to severe fetal anemia and

the inability of that hemoglobin which is present to unload oxygen in the tissues.

In general there are two types of mutations that cause � thalassemia; deletional

and non-deletional.

Deletional mutations remove one of the two liked �-globin genes are most

common and cause either a rightward (-�3.7) or leftward (�4.2 ) misalignment of

chromosomes and the loss of a single �-globin gene. These mutations are found in

30% of African-Americans and are even more common in Saudi Arabia, Melanesia,

Papua New Guinea, Thailand and India.50,51 Less common deletions remove both

�-globin genes from the chromosome and are detailed below. Non-deletional

�-globin gene mutations are uncommon and result in mRNA and protein instabil-

ity and effects on gene transcription, and transcript processing.52 A major source of

diagnostic confusion is the distinction between � thalassemia and iron deficiency

anemia. Carriers of� thalassemia with one or two deleted genes (-�/�� and – /��)

have mild hypochromic anemia. Pregnancy is unaffected in heterozygotes for these
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mutations. A helpful distinction is the increase in the soluble transferin receptor

which is observed in iron deficiency but not �–thalassemia.

HbH disease

HbH disease (loss of three of four �-globin genes (–/-�) is common in the Middle

East, Southeastern Asia, and the Mediterranean. It is very rare in African-

Americans. A much smaller number of patients with the phenotype of HbH

disease have deletions removing two �-globin genes plus a non-deletional muta-

tion affecting a third �-globin gene (non-deletional HbH disease). This is a more

severe disease because the non-deletion mutation is associated with less �-globin

protein production. The hallmarks of HbH disease are moderate anemia, hypo-

chromia and marked microcytosis. The excess of �-globin chain in the red cell

accumulates as �4 tetramers (HbH) which damage the red cell membrane and

cause a reduction in red cell survival and ineffective erythropoiesis in the marrow

microenvironment. The technique of visualizing subnuclear aggregates using a

redox dye (brilliant cresyl blue) has been aided by newer diagnostic techniques

based on detection of z-globin chains utilizing the polymerase chain reaction or

immunocytological assays.53,54

Pregnancy

Particular attention should be paid to the pregnant individual with HbH disease with

frequent obstetric visits (monthly in the first trimester) and every two weeks there-

after. While there is limited data regarding this disease in pregnancy, the available data

show that most patients will have moderate to severe anemia and will require blood

transfusions to maintain a healthy placento-uterine circulation. There is a high level

of fetal wastage in some published reports indicating that 12% of pregnancies result in

miscarriage.55 Blood transfusion has been recommended for individuals with severe

symptomatic anemia or early evidence of fetal compromise by ultrasound.56

Hb Bart’s (g 4) hydrops fetalis

This clinical syndrome develops from complete absence of�-globin chain produc-

tion. In the developing fetus, it is characterized by generalized edema, hepatosple-

nomegaly, ascites, pleural and pericardial effusions. Fetal death usually ensues by

the 3rd trimester of pregnancy as Hb Portland (�2�2) levels start to decline. Severe

hypoxemia due to anemia and the extremely low P50 of Hb Bart’s and end-organ

failure are present.57 Chui et al. have reviewed the severe � thalassemias.58,59 The

�-globin gene cluster on the short arm of chromosome 16 contains one �-globin

gene besides two �-globin genes. The �-globin gene is the �-like component of Hb

Portland. For full expression of the �-globin genes a regulatory region found 40 kb

upstream of these genes and called the HS-40 region is required.60,61
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Common gene deletions causing � thalassemia hydrops fetalis are:

1. South East Asian mutation (– SEA) where both �-globin genes are deleted with

preservation of the �-globin gene.62 The homozygous state ( – SEA/– SEA) is the

most common cause of Hb Bart’s hydrops fetalis. In the United States, the

carrier state for this deletion has a frequency of 5.4% in people of Asian descent,

1% are carriers of the Filipino deletion (– FIL).63,64 Other deletions remove both

the �- and �-globin genes and include:65,66

2. Filipino deletion (– FIL)

3. Thai deletion (– THAI)

4. –HW deletion recently discovered in a Chinese family.

5. In the Mediterranean region, other deletions have been described and include

(– MED) and (�)20.5 67,68.

Hydrops fetalis due to � thalassemia has not been reported in Africans or from the

Indian subcontinent even though single and double �-globin gene deletions have

been described.50

Fetal and maternal complications

Fetal death is inevitable in Hb Bart’s hydrops due to intra-uterine severe hypox-

emia causing multi-organ failure. Anemia is due to ineffective erythropoiesis and

shortened red cell life survival.69 Massive hepatosplenomegaly is caused by extra-

medullary hematopoiesis and cardiomegaly is caused by high output cardiac

failure. As early as the 10th week of pregnancy, anomalies can be detected by

ultrasound and include placentomegaly, hydrocephaly, microcephaly, absence of

limbs.70,71,73

Common maternal complications associated with hydrops fetalis include

hypertension, pre-eclampsia, polyhydramnios and antepartum hemorrhage.72

Other complications include premature labor, disseminated intravascular coagu-

lation, renal failure and congestive heart failure.74 Because of non-viability of the

fetus and these complications, early termination is advisable. Nevertheless, more

than one dozen patients with � thalassemia hydrops fetalis survive because of

intrauterine transfusions and chronic post-natal transfusion. There is even an

example of postnatal ‘‘cure’’ by stem cell allotransplantation. The ethical issues

of this practice have yet to be fully explored.

Genetic counseling (for HbH and hydrops fetalis)

Genetic screening is desirable to detect couples at risk for having pregnancies with

hydrops fetalis or HbH disease and is imperative in individuals of reproductive age

found to have adult HbH disease. Screening for couples at risk includes combina-

tions of blood counts, looking for microcytosis, iron measurements, hemoglobin

separation and DNA analysis to detect thalassemia-causing mutations. Properly
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done in populations where the risk of � thalassemia is high, this approach should

allow early detection of hydropic fetuses and early pregnancy termination. It will

also identify fetuses with HbH disease. Table 13.2 stratifies the risk of having an

offspring with HbH disease; for example there is a 25% chance of having an

affected fetus if the partner is a carrier of a mutation affecting one �-globin gene

and a 50% risk with each pregnancy if the partner is homozygous or compound

heterozygous for the single �-globin gene.

The following should alert the physician to the risk of a couple having a baby

with HbH/hydrops fetalis:

1. A low MCV (<80 fl) on routine screening (iron deficiency and � thalassemia

should be excluded).

2. A normal or low Hb A2 is suggestive of an � thalassemia mutation but by no

means definitive. (elevated Hb A2 suggests � thalassemia).

3. A history of having had a fetus with HbH disease or hydrops fetalis in a family is

indicative of an � thalassemia deletion that should prompt thorough DNA

analysis in the individual at risk and family members.

4. The presence of HbH inclusion bodies in the red cell.

Prenatal diagnosis

Two options are available for antenatal diagnosis: chorionic villous sampling

between 10 and 11 weeks with a 1% risk of a miscarriage; amniocentesis has a

0.5% risk of miscarriage. The material obtained is used to probe for �-globin gene

deletions or point mutations, depending on the parental genotype. Recently a

novel technique has been described that uses maternal blood that contains fetal

nucleated RBCs in early pregnancy.75,76

In pregnancies that result in hydropic fetuses the high rate of maternal compli-

cations should be actively discussed and early termination advised. There is no

Table 13.2 Potential risks of fetuses with inherited a thalassemia syndromes.59

�-globin genotypes Potential risks of fetuses, %

One parent with

Hb H disease

�-globin genotype of

the other parent

Hb H disease (–/-�)

or (–/�Th�)

Homozygous

�0-thalassemia(–/–)

(–/-�) or (–/�Th�) (-�/��) or (�Th�/��) 25 Nil

(-�/-�) or (�Th�/-�)

or (�Th�/�Th�) 50 Nil

(–/��) 25 25

(–/-�) or (–/�Th�) 50 25
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reason to terminate pregnancy if the fetus has HbH disease. Patients with HbH

disease are usually transfusion-independent and while the spectrum of disease is

variable, life is nearly normal for most.

b thalassemia

Beta thalassemia results from a reduction in the production of the �-globin chains,

leaving �-globin in excess. The phenotype is very variable and depends partially on

the severity of the disease-causing mutation, although as in sickle cell disease,

genotype-phenotype correlations are imprecise. Comprising a wide range of disorders

with very varying phenotypes, anemia can range from minimal to transfusion-

dependent. � thalassemia has recently been reviewed.77 The management

objectives in pregnancy follow the same principles as with patients with sickle

cell anemia with certain distinctions. Vasoocclusive crisis is not a feature of

thalassemia. A major complication of patients with severe � thalassemia is iron

overload resulting from multiple transfusions and increased iron absorption from

the gastrointestinal tract. Transfusions are needed to sustain life because of

ineffective hematopoiesis and severe anemia. Transfusion-dependency does not

appear to hinder the gravid state in patients with � thalassemia as pregnancy can

occur, but iron overload affects fertilty.78,79 In a recent survey of patients with

severe thalassemia in North American,80 in 109 women age 18 years and older,

eight had nine term deliveries. None received desferroxamine (Desferal), the major

iron chelator, during their pregnancy. During pregnancy, the mean increase in

ferritin was 590 ng/ml. In a comparison with non-birthing controls from this same

patient group, statistically significant differences in ferritin, diabetes, and hormone

replacement treatment were not observed, but the sample size and method of

study precluded firm conclusions.

Careful consideration should be given to undertaking pregnancy in patients

with severe forms of � thalassemia. It is important to note whether underlying

end-organ damage exists prior to conception (or at conception) as this helps with

decision to become pregnant and what complications might arise during the

course of the pregnancy. Pregnancy in the severe � thalassemias is very high risk

because of anemia, iron overload, and iron-induced heart disease.

In the transfusion-dependent individual with � thalassemia, subtle clues to

cardiac involvement secondary to iron deposition must be looked for and these

may be extraordinarily difficult to detect before the onset of serious arrhythmia

and heart failure. Diastolic or systolic dysfunction should be sought by 2-D ECHO

cardiography and be part of the initial baseline investigations as the demands of

pregnancy have been shown to impair cardiac function.81 The magnetic relaxation
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parameter, T2*, measured by magnetic resonance imaging can be a better

measure of iron loading in the heart than liver iron content, serum ferritin

or transfusion burden. But, its predictive value for heart failure is unknown.82

During pregnancy, transfusion support should be continued; the decision to

continue iron chelation therapy should be weighed against its potential effect on

the developing fetus as some animal studies have shown skeletal anomalies. In a

study of seven women with � thalassemia major who became pregnant while

taking Desferal, all had normal babies.83,84 If the decision is made to continue

chelation during pregnancy, the physician should be alert to the risk of infection

with yersinia spp. This presents typically with fever, abdominal pain, and diar-

rhea.85 Broad spectrum antibiotics should be promptly instituted while iron

chelation should be withheld. Stool samples should be sent for yersinia spp.

culture.

Successful bone marrow transplantation can ‘‘cure’’ � thalassemia but presents

another set of problems that affect pregnancy and the ability to conceive.

Appropriate sources should be consulted for their management.

Screening and genetic counseling for b thalassemia

Screening and counseling has been shown to decrease the birth of infants with

severe � thalassemia when it is carefully applied. The mainstay of this approach

relies on the involvement of a willing public, carrier detection, and counseling of

individuals who have the disease. Most screening and genetic counseling is

based on the Mediterranean model that combines involvement of religious

establishments, health-care givers and the state.86 Screening of populations at

risk by combinations of blood counts, HbA2 measurement and further studies of

suspected carriers allows nearly all � thalassemia heterozygotes to be identified.

Tables 13.3 and 13.4 are simplified flow charts for � thalassemia carrier detection.

Molecular diagnostic techniques have become prevalent in detecting mutations

involving the globin genes. Table 13.5 represents commonly employed techniques

for the detection of � thalassemia.

b thalassemia heterozygotes

Because of a higher risk of neural tube defects, thalassemia heterozygotes should be

given supplemental folic acid. Otherwise, pregnancy in these individuals who are

not anemic and do not have clinical phenotype should be uneventful.

Prenatal diagnosis

Couples at risk of bearing affected offspring can be identified by heterozygote

screening programs and antenatal diagnosis is available using means similar to
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those outlined previously. As � thalassemia is usually due to point mutations in

the �-globin gene, antenatal diagnosis centers should know those mutations extant

in the population at risk. DNA-based tests then are used to determine the

hemoglobin genotype of the fetus.

Conclusions

Hemoglobinopathies and thalassemias are the world’s most common genetic

disorders. HbS, HbC, HbE and the thalassemias are found in very high frequency

in areas of the world where malaria remains and is endemic. Very often, these

disorders are found in many combinations so that genetic mixtures of sickle cell

disease, � thalassemia, � thalassemia and other inherited erythrocyte disorders

occur. Pregnancy in heterozygotes for any of these conditions is usually not

Table 13.3 Flow chart for b thalassemia carrier screening.86

Screen for common
mutations by DNA analysis

Characterization of
undefined mutations by
DGGE and direct
sequencing

A + F(0.1 – 7%) + A2 > 3.5%

Normal

MCV

MCH pg

Hb pattern

>78

>27

<78

<27

A + A2 < 3%

Possible β thalassemia
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accompanied by complications. When the phenotype of sickle cell disease pre-

dominates, its vasoocclusive complications must be attended to and transfusion

used judiciously. Well conceived screening programs should alert the physician to

the possibilities of fetuses with HbH disease Hb Bart’s hydrops fetalis and severe

� thalassemia so that antenatal diagnosis can be done.

Table 13.4 Flow chart for b thalassemia carrier screening.86

<78
≤ 78

<27

A + A2 < 3.5% A + F 2–16% + A2 < 3%

Iron deficiency Globin chain
synthesis or 
α -globin gene
analysis

≤ 27

HbF quantitation α /β ratio
DNA analysis

α  thalassemia δ and β gene analysis

δβ thalassemia

γδβ thalassemia

Normal HbA2 β  
thalassemia

ZnPP and /or iron studies

δ + β thal

HPFH

≤ 78

A + F 2–16% + A2 < 3%

≤ 27

HbF quantitation α /β ratio
DNA analysis

≤78

A + F 2–16% + A2 < 3%

≤27

HbF quantitation α /β ratio
DNA analysis
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The purpose of this chapter is to discuss genetic counseling and prenatal diagnosis

as it pertains to hematological complications in obstetrics and gynecology. The

reader should be aware that, as with any text in a rapidly advancing field, some

issues discussed might be outdated or new testing may have become available by

the time of publication.

Many of the hematological conditions discussed in this book are hereditary

(Table 14.1) and the specific nature of each disorder is discussed in the relevant

chapter. It is the responsibility of the practitioner to explain to his or her patient,

when applicable, the genetic nature of their condition. The practitioner should

point out the increased risk for family members to be similarly affected, and

encourage the patient to share this information. In many instances, this can be

accomplished in the office of the treating physician. However, when patients have

additional questions or concerns or difficulty comprehending or dealing with the

genetic information, or there is a question regarding genetic testing, referral to a

professional genetic counselor is appropriate.

In this chapter, we will first discuss genetic counseling and prenatal diagnosis in

general. This will be followed by a discussion about the specific management of the

following conditions:

1. Thrombophilia

2. Hemophilia

3. Hemoglobinopathies

4. Von Willebrand disease

5. Rh isoimmunization
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Cambridge University Press. # Cambridge University Press 2006.



Genetic counselors and genetic counseling

The National Society of Genetic Counselors has about 2,000 members, as of 2003.

A directory of genetic counselors is available at the website, www.nsgc.org. Genetic

counselors are Masters-level, board certified, health professionals trained in med-

ical genetics and counseling. Some states have licensing requirements for genetic

counselors. Construction of the pedigree, using a standardized format,1 is the

cornerstone of the genetic evaluation. Using this information, genetic counselors

analyze the inheritance pattern of a particular condition in a family, establish

which relatives are at increased risk, discuss the condition and its inheritance with

the patient and members of her family, explain the benefits and limitations of

genetic testing, coordinate testing with appropriate laboratories and explain the

results of such testing. Genetic counselors also provide supportive counseling to

families, and make referrals to community support services.

The American Society of Human Genetics has defined genetic counseling as

‘‘a communication process which deals with the human problems associated with

the occurrence, or the risk of occurrence, of a genetic disorder in the family. This

Table 14.1 A sampling of hematologic diseases and their causative genes.

Disease Gene

Chromosomal

location Inheritance

Clinical DNA

testing*

Thrombophilia Antithrombin III 1q AD/multi No

Factor V 1q AD/multi Yes

Prothrombin 11p AD/multi Yes

Protein C 2q AD/ multi No

Protein S 3p AD/multi Yes

MTHFR 1p AD/multi Yes

Hemophilia Factor VIII Xq XLR Yes

Factor IX Xq XLR Yes

Hgb S/C �-globin 11p AR Yes

� thalassemia �-globin 11p minor-AD Yes

major-AR Yes

� thalassemia �-globin 16p AD Yes

Hgb Bart’s-AR Yes

Von Willebrand VW factor 12p AD/AR/XLR Yes

Abbreviations: AD¼ autosomal dominant; AR¼ autosomal recessive; XLR¼X-linked

recessive; multi¼multifactorial.

*Clinical DNA testing may be available only for certain mutations or limited to linkage analysis.

An updated listing of available DNA tests is maintained at genetests.org.
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process involves an attempt by one or more appropriately trained persons to help

the individual or family to (1) comprehend the medical facts, including the

diagnosis, probable course of the disorder, and the available management;

(2) appreciate the way heredity contributes to the disorder, and the risk of

recurrence in specified relatives; (3) understand the alternatives for dealing with

the risk of occurrence; (4) choose the course of action which seems to them

appropriate in view of their risk, their family goals, and their ethical and religious

standards, to act in accordance with that decision; and (5) to make the best

possible adjustment to the disorder in an affected family member and/or the risk

of recurrence of that disorder.’’2

We can review each component of the above process in the context of hemato-

logical complications in obstetrics and gynecology:

(1) ‘‘comprehend the medical facts’’

Genetic counselors educate patients about their diagnosis and review treatment

plans and prognosis. Education of the patient at her educational level will contri-

bute to patient satisfaction and ensure better compliance with treatment protocols.

(2) ‘‘appreciate the way heredity contributes to the disorder, and the risk

of recurrence in specified relatives’’

The crux of genetic counseling involves determining the inheritance pattern of the

particular condition, and based on this predicting the recurrence risk for various

relatives. Essential to this process is knowledge of the underlying disorder in the

patient. For example, Factor VIII and Factor IX deficiencies are inherited as

X-linked traits. However, von Willebrand disease, usually autosomal dominant,

can also be autosomal recessive or X-linked. The inheritance pattern for all known

genetic disorders is referenced in Victor McKusick’s Mendelian Inheritance in

Man3 and the online version is referred to as Online Mendelian Inheritance in Man

(OMIM), found at http://www.ncbi.nlm.nih.gov/omim.4 When different inheri-

tance mechanisms are possible, the pedigree may provide a clue about the likely

pattern in that particular family. In some cases, DNA analysis might confirm the

type of inheritance, by demonstrating the presence of either one or two mutated

genes, on an autosome or on the X-chromosome.

Affected siblings with unaffected parents suggest autosomal recessive inherit-

ance (Figure 14.1a). This would be suspected particularly if the parents were

consanguineous. Autosomal recessive inheritance can be confirmed by demonstrat-

ing that the affected individual inherited a mutation from one unaffected parent

and the same or a different mutation in the corresponding gene from the other

unaffected parent. Each sibling of the affected individual would have a 25% chance

of also inheriting that disorder. However, children of the affected individual could
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only be affected if their other parent carried a mutation in the same gene. This

would be more likely if the couple is related, if there is a family history of the same

condition or if the mutation for the condition is particularly common. If both

parents are affected by the same disorder, all offspring would also be affected. The

various hemoglobinopathies are examples of autosomal recessive conditions.

A condition occurring in successive generations of a pedigree is likely to be

autosomal dominant (Figure 14.1b). However, variable expression (that is, a

spectrum of disease state from mild to severe) between relatives is typical of

autosomal dominant conditions, making pedigree analysis sometimes unreliable.

Autosomal dominant inheritance can be confirmed by documenting the presence

of a single mutation passed from affected parent to affected child. Each first-degree

(a)

(b)

(c)

Figure 14.1 Typical pedigrees for (a) autosomal recessive, (b) autosomal dominant, and (c) X-linked

recessive conditions.
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relative (parent, sibling or child) of a patient would have a 50% chance of being

affected with the condition in question. However, as discussed above, the severity

may be unpredictable. When an individual is truly the first person in the family

affected with an autosomal dominant condition, the condition is the result of a

new mutation.

Affected males related through unaffected (or mildly affected) females would

suggest X-linked inheritance (Figure 14.1c), although a new mutation can result

in the presence of a single affected male in the family. Since a father never passes his

X chromosome to his sons, observation of male-to-male transmission of a condi-

tion would exclude X-linked inheritance. Molecular confirmation of X-linked

inheritance involves demonstrating a mutation in a gene on the X chromosome.

If the mother of the affected male is determined to be a carrier (based on either the

pedigree or testing), then 50% of her sons will be predicted to be affected. Each

daughter will have a 50% chance of being a carrier. All daughters of affected males

would be ‘‘obligate carriers’’, but the condition could not be passed from father to

son. Hemophilia A and B are examples of X-linked conditions.

(3) ‘‘understand the alternatives for dealing with the risk of occurrence’’

This component of genetic counseling refers to the education of patients regarding

options for testing (themselves, their pregnancies, or their children). The benefit of

a diagnosis, especially prenatal diagnosis, may be uncertain so patients need to be

encouraged to analyze their reasons for pursuing such testing. Invasive prenatal

diagnosis is not without risk to the pregnancy so there should be sufficient benefit

to outweigh the risk. In some instances, prenatal diagnosis may provide assurance

that the fetus is unaffected, and no further evaluation or treatment is needed. In

other instances, a prenatal diagnosis may permit prenatal or early neonatal treat-

ment, psychological preparation by the family of an affected fetus, expectant

management of a pregnancy or the option for pregnancy termination. When a

couple is determined to be at increased risk for having a child with a serious genetic

disorder, genetic counseling should include an exploration of various reproductive

options. These may encompass pregnancy avoidance, adoption, sperm or oocyte

donation, fetal testing, preimplantation genetic diagnosis and pregnancy termina-

tion. Ideally, genetic counseling should take place prior to initiation of pregnancy,

so that the full range of options can be made available.

(4) ‘‘choose the course of action which seems to them appropriate …’’

Patients may be faced with a variety of difficult choices. Decisions about genetic

testing, and particularly prenatal testing, are personal and many individuals

have strong feelings either for or against testing. In many cases, individuals have

not thought through the ramifications of obtaining genetic information.
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In assisting a patient to choose the option suitable for them, patient autonomy

must be respected and personal factors such as religion and culture should be

considered. On the other hand, it may be tempting to make assumptions about the

likely choice one would expect from a patient with a particular cultural back-

ground. Ideally, genetic counseling should be ‘‘non-directive’’; the information

presented should be balanced, and the counselee should be encouraged to make an

autonomous decision without imposition of the counselor’s values.5,6,7

(5) ‘‘to make the best possible adjustment …’’

Supportive counseling and referral to community resources are an integral part of

the genetic counseling process. This enables patients to cope with the presence of

or risk of genetic conditions.

Prenatal diagnosis

In order to make prenatal diagnosis and other reproductive options available

to patients with heritable conditions, they should be referred for genetic counsel-

ing prior to pregnancy. Before offering prenatal diagnosis, the impact of a

particular condition on a fetus and the availability of prenatal testing must be

decided. Making these determinations takes time. In order to offer the widest

possible range of options, the process is best undertaken without the time con-

straints an ongoing pregnancy presents. Most states in this country limit legal

termination of pregnancy to the first 24 weeks of gestation. Thus, for patients to

have the option of pregnancy termination in the event of diagnosis of a disease

with significant morbidity or mortality, final test results must be available prior to

this gestational age.

Chromosome analysis of prenatal samples can typically be accomplished in one

to two weeks, but DNA testing may depend on a particular technology in which

results are not available for several weeks. In addition, DNA testing often requires

cells cultured from amniotic fluid or chorionic villi; this will add about 7–14 days

to the length of time the test requires.

Prenatal diagnosis is usually considered when the following five tenets can be

met (Table 14.2):

1. There is significant risk for the condition in question to occur in the offspring.

‘‘Significant’’ is often defined as greater than 0.5% (the approximate risk of

pregnancy loss secondary to a midtrimester amniocentesis). However, the

patient must make the decision about whether the risk is significant enough

to warrant invasive testing, because the two endpoints (an affected child or a

pregnancy loss) may not be equivalent in her mind. Thus, personal factors will

influence her decision.
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2. The condition in question has significant morbidity or mortality. Here too, a

judgment is made on the part of the patient. The decision is particularly

difficult for conditions of adult onset, since treatment advances cannot be

predicted decades in advance. There are ethical imperatives against genetic

testing of children unless there is immediate benefit to the child.8,9

3. A test is available for the condition in question, and is reproducible on the type

of tissue or cells obtained.

4. The test in question has sufficient predictive power; the degree of mortality or

morbidity can be predicted by the test result. Some mutations have reduced

penetrance, making prenatal predictions impossible. Type 1 Gaucher disease

and hemochromatosis are two examples where an individual with two mutated

genes may never develop symptoms of the disease.10,11,12 Performing prenatal

diagnosis under these circumstances is of limited benefit.

5. Knowledge of the fetal status is beneficial to the patient or physicians caring for

the patient or neonate. The patient may choose to terminate a pregnancy

affected with a serious disorder or she may benefit from preparing for the

birth of an affected child. There may also be an opportunity for optimal

management of the pregnancy, delivery or neonatal care, as in the case of a

fetus affected with severe hemophilia at risk for intracranial hemorrhage.

The most commonly utilized procedures of prenatal diagnosis are amniocentesis,

followed by chorionic villus sampling and percutaneous umbilical blood sampling.

Preimplantation genetic diagnosis (PGD) is also available for a number of

conditions.

Amniocentesis is the most widely used technique for prenatal diagnosis. Under

real-time ultrasound visualization, a needle is passed through the maternal

abdominal wall, uterine wall and amniotic membranes, and amniotic fluid is

aspirated. The volume of amniotic fluid removed is dependent on what testing is

performed. Various biochemical tests can be performed on the amniotic fluid

supernatant. Cells from the fluid, overwhelmingly fetal epithelial cells, can be

examined directly or cultured, and used for karyotype analysis as well as DNA

testing. Risks of infection or maternal hemorrhage are minimal; the primary risk is

Table 14.2 Prerequisites for prenatal diagnosis.

1. There is significant risk for the condition to occur.

2. The condition has significant morbidity or mortality, particularly

during childhood.

3. A suitable assay is available.

4. The test has predictive power.

5. Prenatal knowledge of the diagnosis is beneficial.
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for loss of the pregnancy, or early delivery in the case of a later procedure. The risk

for procedure-related loss is generally quoted as about 0.3–0.5% when the pro-

cedure is performed beyond 15 weeks of pregnancy. The procedure has been

performed as early as 11 weeks’ gestation, but the rates of pregnancy loss and

fetal complications are higher, the sample volume must be smaller, and the cells are

less likely to grow in culture.

Chorionic villus sampling (CVS) is performed early in pregnancy (generally

around 11–12 weeks), but as there are fewer practitioners skilled in the procedure,

it is not as widely available as amniocentesis. Under the guidance of real-time

ultrasound, 5–20 mg of chorionic villi are aspirated, depending on the testing

required. The procedure can be performed either transabdominally using a needle

(similar to amniocentesis) or transcervically with a catheter. The method

employed will depend on the position of the placenta and the preference of the

clinician. Fetal loss rate following CVS is generally felt to be somewhat higher than

that for amniocentesis, in the range of 0.5–1%. Chorionic villus sampling also has a

higher rate of maternal cell contamination. Ambiguous cytogenetic findings, such

as mosaicism limited to the placenta, may also be problematic.13 Table 14.3

summarizes the primary differences between CVS and amniocentesis. Most

DNA tests can be performed on either amniocytes or chorionic villi, so the choice

of procedure will usually depend on its availability and the preference of the

patient. Some patients prefer the earlier diagnosis afforded by CVS, despite the

higher procedure-related risk, while other patients would prefer to wait for an

amniocentesis after 15 weeks of gestation.

Percutaneous umbilical blood sampling (PUBS) or cordocentesis may be

employed as a means of prenatal diagnosis when a fetal blood sample is needed

for analysis. The technique is similar to amniocentesis, but technically more

challenging as the needle must enter an umbilical vessel to obtain a sample of

fetal blood. Percutaneous umbilical blood sampling may be used if a rapid

karyotype is needed or occasionally to confirm an amniocentesis finding.

Percutaneous umbilical blood sampling is also used in the management of fetal

hemolytic disease, secondary to maternal isoimmunization. In addition, PUBS

may be used if no DNA test is available but fetal blood testing would be diagnostic,

for example in some forms of severe von Willebrand disease.14,15

Preimplantation genetic diagnosis (PGD) involves in vitro fertilization, test-

ing the embryo for a particular condition, and then attempting pregnancy with

only unaffected embryos. The test involved needs to be reproducible as a one-cell

assay. Preimplantation genetic diagnosis can be accomplished by sampling the

maternal first and second polar bodies (providing indirect evidence of the genetic

make-up of the oocyte) or by biopsy of the blastomere. Blastomere biopsy is

achieved by removing one or two cells from the 8–10 cell embryo, about 3 days
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post-fertilization. The cell can be tested for the disease in question or gender

determination can be accomplished using fluorescence in situ hybridization

(FISH) for the sex chromosomes. Knowledge of the fetal sex may be especially

useful in the presence of an X-linked condition. After testing, only unaffected

embryos or embryos of a certain gender are selected for implantation.

Preimplantation genetic diagnosis will almost double the cost of the IVF proce-

dure and is not widely available. Rates of successful pregnancy appear to be

similar to that for IVF without PGD.

Application to specific disorders

1. Thrombophilia

Thrombophilia is a broad term describing a myriad of conditions that predispose

an individual to thrombosis. Numerous genetic and environmental factors have

been implicated. As discussed in a previous chapter, mutations in various genes

have been associated with thrombophilia. These include Factor V, prothrombin,

Table 14.3 Comparison between chorionic villus sampling (CVS) and amniocentesis.

Chorionic villus sampling (CVS) Amniocentesis

1. Usually performed 10–12 wks after

last menstrual period

Usually performed 15–18 weeks

after last menstrual period

2. Transcervical and transabdominal

methods

Transabdominal method

3. Sample removed from

chorionic villi

Sample of amniotic fluid removed

4. Chromosome analysis, DNA and

biochemical tests possible

Chromosome analysis, DNA and

biochemical tests possible

5. No detection of neural tube defects 90–98% detection of open neural tube defects

6. First trimester ultrasound provides

limited anatomical information

Mid-trimester ultrasound provides

screen for anatomical anomalies

7. 1 in 100 to 1 in 200 miscarriage risk 1 in 200 to 1 in 300 miscarriage risk

8. Risk for limb defects may be slightly

increased, especially if performed

before 9 weeks

Risk for limb defects not increased

when performed after 15 weeks

9. Repeat CVS or amniocentesis may

be needed because of ambiguous

chromosome results

Ambiguous results less likely

10. Procedure is technically more

difficult and not widely available

More physicians are trained to

perform amniocentesis
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antithrombin III, protein C, protein S and methylenetetrahydrofolate reductase

(MTHFR) (Table 14.1). Undoubtedly mutations in other factors will be discov-

ered. Each of these mutations is considered to be a risk factor for venous throm-

boembolism. The presence of additional mutations or environmental conditions is

generally required to provoke disease symptoms. As such, thrombophilia is under-

stood to be a multifactorial condition.

The appropriate work-up of individuals suspected of having inherited throm-

bophilia is also discussed in a previous chapter. Patients are usually tested for

several traits, as the risk for thrombosis is compounded by the presence of multiple

factors. Special attention should be paid to the pedigree.16 A positive family history

of thrombosis, bleeding or pregnancy loss suggests a possible genetic basis for a

thrombotic event in a patient. The pedigree also identifies relatives who may be at

risk for similar mutations. Although thrombophilia has a multifactorial basis, the

deficiency of each protein is inherited in an autosomal dominant fashion.

Therefore, each of the patient’s first-degree relatives (parents, siblings or children)

would be at 50% risk for carrying the same trait. The patient should be advised to

notify her relatives, who may consider genetic testing for the relevant mutation if

this information would benefit their medical care. A patient undergoing testing

should understand that a positive test result in itself may not affect her health, but

it may alter therapeutic approaches, (for example, the use of antithrombotic

prophylaxis in high risk situations) as well as lead to further testing for other

potential risk factors.17 The appropriateness of testing (that is, whether the results

will impact the medical management of the individual) should be considered.16

Particularly in the case of an asymptomatic individual considering testing, the

possibility of insurance and/or job discrimination should be discussed. However

concerns about discrimination appear to be largely theoretical at this time18 and

legal protections are being created.19,20

The benefit of testing children for these mutations is not clear at present. The

American College of Medical Genetics and the National Society of Genetic

Counselors have recommended against genetic testing of minors, unless there is

medical benefit to the child during childhood.8,9 However, the above mutations

have been associated with pediatric thrombosis,21 so a family history of thrombo-

embolic events in children may warrant testing of related children. Because

thrombophilias have a multifactorial etiology, predictions of disease severity

from prenatal diagnosis would be problematic. Thus, prenatal diagnosis is usually

not indicated for these mutations.22

2. Hemophilia

Factors VIII and IX are produced by two different genes, both on the X chromo-

some. Hemophilia A (deficiency of Factor VIII) and hemophilia B (deficiency of

478 Karen Heller and Robyn Horsager



Factor IX) are therefore inherited in an X-linked fashion (Table 14.1). While it is rare

for them to be affected, women frequently present with a family history of hemo-

philia. A woman whose father is affected will be an ‘‘obligate’’ carrier. A woman with

a maternal family history of hemophilia is at risk of being a carrier; this risk can be

calculated based on the pedigree and the patient’s relationship to the affected

individual(s). When the pedigree includes only one case of hemophilia, the affected

individual may represent a new mutation or there may be members of the family

who are undiagnosed carriers. Bayesian analysis23 is frequently employed in calcu-

lating carrier risks, since this method takes into consideration prior risk and

conditional risks. Figure 14.2 provides a typical example of a woman at risk to be

a carrier of hemophilia (III-2) because she has an affected maternal uncle (II-3). The

woman’s chance of being a carrier is about 10%. The calculation of this number is

detailed in the Appendix at the end of this chapter and takes into consideration the

chance that the affected uncle represents a new mutation, as well as the fact that the

woman has an unaffected brother. Thus, without performing any testing, we can say

that each of this woman’s sons will have a 1/10� 1/2¼ 1/20 or 5% chance of having

hemophilia. Even if no testing is pursued, prenatal ultrasound can be performed in

the second trimester of pregnancy to determine the gender of the baby. If it is male,

the patient and delivery staff can be prepared for the possibility of an affected child.

DNA testing can provide more definitive information. Factor levels may be

unreliable, particularly during pregnancy, so carrier testing should depend on

DNA analysis. This is performed either by direct analysis of the gene in question, or

if a mutation in the gene cannot be identified in the family, by linkage analysis.

Online resources are available to determine whether clinical testing is available for

particular gene mutations.24 At this time, the vast majority of clinical laboratories

offering DNA testing for factor VIII test for a specific inversion within the gene.

I
1 2

II
1 2 3

III
1 2 3

Figure 14.2 Pedigree of consultand (III-2) with a family history of an isolated case

of hemophilia (II-3). See text and Appendix for details.
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This inversion accounts for about half of all mutations in severe cases of hemo-

philia A (Factor VIII activity less than 1%). Sequencing of the factor VIII gene,

available on only a limited basis and with great cost, would be required to detect

the other half of the mutations. Once a specific mutation has been identified in an

affected male within the family, it is relatively simple to test female relatives and

their fetuses (by means of CVS or amniocentesis). In families without a detectable

mutation, a linkage study is performed by obtaining blood for DNA samples from

various relatives and tracking the mutation indirectly. This is performed by testing

DNA markers, which are easily identifiable sequences in and around the gene in

question. Using information about which relatives inherited which markers, one

can deduce who is likely to have inherited the mutation. As an indirect method,

linkage analysis can never be 100% accurate, but depending on the available

markers, the structure of the family and the willingness of family members to

cooperate, accuracy can approach 95–99%. An informative linkage study will

determine whether a woman has a very high or a very low risk of being a carrier.

In the case of a high risk, CVS or amniocentesis can be offered and the same linkage

study performed on a male fetus to determine if he is likely to be affected. If the

fetus is determined to be female, either by ultrasound or by chromosome analysis,

a decision to pursue carrier testing can be considered.

Direct mutation analysis of the Factor IX gene currently depends on sequencing,

an expensive procedure performed by few labs. Therefore DNA testing for hemo-

philia B usually consists of linkage analysis.

Because it is time-consuming to obtain blood from family members and per-

form linkage, patients desiring evaluation for a family history of hemophilia

should be referred for genetic counseling prior to initiation of pregnancy.

3. Hemoglobinopathies

Normal adult hemoglobin (Hgb A) is formed from the combination of 2 �- and

2 �-globin peptide chains. Mutations in the genes that control synthesis of �- and

�-globin cause abnormal globin formation or decreased production of specific

globin chains. The diagnosis and management of the woman with a hemoglobino-

pathy is discussed in a separate chapter. Because of the heritable nature of these

conditions and the significant risk to offspring, once a hemoglobinopathy has been

diagnosed a woman should receive genetic counseling. The exact risk to her

offspring will depend on the genotype of her partner; the initial step in the

evaluation of a woman with a known or suspected hemoglobinopathy is evalua-

tion of the partner’s complete red blood count with red cell indices and hemoglo-

bin fractionation. Optimally this would occur prior to pregnancy and in

conjunction with genetic counseling. This approach allows a discussion of com-

plete reproductive options; preimplantation genetic diagnosis has been performed
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successfully for sickle cell disease and other hemoglobinopathies.25,26 Figure 14.3

demonstrates the evaluation of a couple when the woman has a variant hemoglo-

bin, � thalassemia or � thalassemia.

Sickle cell disease is caused by a mutation in the gene encoding �-globin

production on the short arm of chromosome 11. The mutation causes valine to

replace glutamic acid in the 6th amino acid position of �-globin. The resulting

abnormal hemoglobin chains (Hgb S) cause ‘‘sickle’’ shaped red blood cells. About

8% of African-Americans carry this mutation. A woman who carries one copy of

the mutation will produce both Hgb A and Hgb S and remain relatively asympto-

matic (sickle cell ‘‘trait’’ or carrier). On average, half of her children will inherit the

mutation. A woman with sickle cell disease carries this mutation in both her

�-globin genes, so all her children will inherit at least one copy of the abnormal

gene. If the fetus also inherits a mutation in its paternal copy of the �-globin gene,

there is a possibility for a hemoglobinopathy in the fetus. A complete blood count

and hemoglobin fractionation of the partner can demonstrate the presence of

Hgb S, Hgb C, another hemoglobin variant or thalassemia. If the woman is a sickle

cell carrier, and the partner is a carrier of one of the hemoglobin variants or

� thalassemia, there is a 25% chance for the fetus to have Hgb SS, Hgb SC,

sickle-� thalassemia disease or another combination. If the woman has sickle cell

disease and the partner is a carrier, the risk to the fetus is 50%. The effect of various

combinations of hemoglobin genotypes can be found in other resources.27,28

When the risk to the fetus is for disease with significant morbidity, prenatal

diagnosis is usually possible. Chorionic villi or amniocytes can be used for DNA

analysis, or direct evaluation of fetal hemoglobin can be performed on fetal blood

obtained through PUBS.

Other mutations in the �-globin gene may result in beta thalassemia, in which

there is a reduction in the number of �-globin chains produced. A carrier of a

mutation in one copy of the �-globin gene has beta thalassemia minor. As in the

case of sickle cell disease, the status of the partner should be evaluated with a

complete blood count and hemoglobin fractionation (Figure 14.3(b)). DNA

analysis for � thalassemia is available from specialized molecular laboratories24

and can confirm the presence of a mutation. If both parents carry a � thalassemia

mutation, prenatal diagnosis of � thalassemia major (Cooley’s anemia) is possible

by amniocentesis, CVS or PUBS.

Alpha-globin production is regulated by two pairs of genes located on the short

arm of chromosome 16. A normal individual therefore has a total of four �-globin

genes. The spectrum of alpha thalassemias corresponds directly with the number

of deletions an individual carries (Figure 14.4). Persons from South and Southeast

Asia as well as the Mediterranean area are at high risk for being a carrier of one or

more gene deletions.
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(a) Patient with variant Hgb (S/C/other)

CBC, Hgb fractionation on partner

β-globin variant (S/C/other) Low red cell
indices

High Hgb A2

Low red cell indices
Normal fractionation

Normal

Probable β thalassemia

Probable α thalassemia

Refer to genetic
counseling Refer to genetic counseling

Fetal risk unlikely

DNA analysis for β thalassemia (partner)

Mutation in partner confirmed

Offer prenatal diagnosis

(b) Patient with β thalassemia

CBC, Hgb fractionation on partner

β -globin variant
(S/C/other)

Low red cell indices
High Hgb A2

Low red cell indices
Normal fractionation

Normal

Probable β thalassemia Probable α thalassemia

Refer to genetic
counseling Refer to genetic counseling Fetal risk unlikely

DNA analysis for β
thalassemia

(patient)

DNA analysis for β thalassemia
(patient and partner)

Mutation confirmed
in patient

Mutations confirmed in both

Offer prenatal diagnosis

Figure 14.3 Flowchart for evaluation of a couple when the woman has a hemoglobinopathy.



The absence of one �-globin gene, –�/��, is not associated with clinical signs of

� thalassemia. When two gene deletions are present they may be arranged on the

same chromosome, – –/�� (‘‘cis’’), or on opposite chromosomes, –�/–� (‘‘trans’’).

Hemoglobin H disease results when only one �-globin gene is functional.

The paramount concern for pregnancy occurs when both parents carry at least

(c) Patient with α thalassemia

CBC, Hgb fractionation on partner

β-globin variant
(S/C/other)

Low red cell indices
High Hgb A2

Low red cell indices
Normal fractionation

Normal

Probable β thalassemia Probable α thalassemia

Fetal risk unlikely Refer to genetic counseling

DNA analysis for α thalassemia
(patient and partner)

Mutations confirmed in both

Offer prenatal diagnosis

Figure 14.3 (cont.)

Normal (2 genes on each chromosome): αα /αα

− α /αα

− α / − α

− −  / − α

− −  / − −

− − / αα

Alpha thalassemia trait caused by deletion of one gene:

Alpha thalassemia trait caused by deletion of two genes:

OR

Hemoglobin H disease caused by deletion of 3 genes:

Hemoglobin Bart’s hydrops fetalis (no genes present):

Figure 14.4 Deletional mutations in the a-globin gene complex. The number of a-globin genes

present on each chromosome is depicted in a normal individual, as well as in individuals

with a thalassemia trait, Hgb H disease, and Hgb Bart’s hydrops fetalis.
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two�-globin gene deletions; in this situation there is a possibility that the fetus will

not inherit any functional �-globin genes, – –/– –. Hemoglobin Bart’s is then

formed as a tetramer of �-globin genes and has a high affinity for oxygen. Hgb

Bart’s disease presents with fetal hydrops, and in utero or neonatal death. DNA

testing for �-globin deletions is available through specialized molecular labora-

tories.24 Once the deletions have been identified in the patient and her partner, the

couple can be offered definitive prenatal diagnosis. Figure 14.5 describes three

possible scenarios for offspring between a woman with Hgb H disease and a

partner with varying numbers of deletions.

4. Von Willebrand disease

The diagnosis and management of von Willebrand disease are discussed in a

separate chapter. The von Willebrand factor gene is near the tip of the short arm

of chromosome 12. The von Willebrand factor has a complex multimeric structure

and various mutations in the gene cause absent to decreased levels of the factor or

aberrant structure of the factor. The disease is divided into 3 broad types: Type 1,

the most common, is autosomal dominant and involves reduced levels of the

factor. Type 2, also autosomal dominant, occurs due to qualitative changes in the

structure of the factor and is further classified into several subtypes. Type 3, more

(a) Partner with deletion of 1 α -globin: X

Possible offspring:

25% trait 25% trait 25% trait 25% Hgb H

(b) Partner with deletion of 2 α -globin in cis (on same chromosome):

X

Possible offspring:

25% trait 25% Hgb H 25% trait 25% Hgb Bart’s

(c) Partner with deletion of 2 α -globin in trans (on different chromosomes):

X

Possible offspring:

50% trait 50% Hgb H

Figure 14.5 Possible outcomes for offspring of a woman with Hgb H disease and a partner with

a thalassemia trait.
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severe, is autosomal recessive and results from absent factor. A rare, X-linked form

has also been reported.4 DNA testing for von Willebrand disease is complex, due to

the variety of different mutations and the various types and subtypes. In general,

one can determine the inheritance pattern from the pedigree and counsel the

family about recurrence risk. Autosomal dominant forms result in affected indi-

viduals in consecutive generations, although, as with other autosomal dominant

conditions, the severity may vary. Autosomal recessive forms tend to be more

severe and affect siblings; parents are usually asymptomatic.

DNA testing may be useful to confirm a diagnosis in a relative. At this time,

clinical DNA testing is usually available by linkage; direct mutation analysis is

limited to a few of the Type II subtypes.24 Ideally, the family mutation should be

documented, but linkage analysis can be employed for families where the mutation

has not been identified. In families with severe disease, prenatal diagnosis may be

desired. This can often be accomplished by DNA linkage analysis on amniocytes or

chorionic villi, or by testing factor levels in fetal blood obtained by PUBS.14,15

5. Rh isoimmunization

The Rhesus blood group system consists of 5 main antigens that are found on the

cell membrane of erythrocytes. While the Rh-D antigen receives the most attention

and is the most investigated, C, c, E, and e antigens are also clinically significant in

pregnancy. There is no d antigen; the absence of D antigen is equivalent to Rh-D

negative status. Two genes encode the Rh blood group system and are found on the

short arm of chromosome one. The first is responsible for the production of the Cc

and Ee polypeptides while the second encodes D antigen production.

Exposure of an Rh-D negative woman to Rh-D positive blood cells may occur

with a transfusion of unmatched blood or during pregnancy. Rh-D positive fetal

erythrocytes may gain entrance to the maternal circulation during pregnancy

termination, trauma, delivery or invasive prenatal testing. Asymptomatic trans-

placental passage may also occur in the absence of these events. After the initial

exposure to Rh-D positive cells, the woman’s immune system produces IgM

antibodies that are large and do not cross the maternal–fetal interface; subsequent

exposures prompt IgG antibody formation. These antibodies are smaller and

readily cross the placenta and gain access to the fetal circulation. Once present in

the fetus, the IgG antibodies bind to the fetal erythrocytes and cause hemolysis.

All pregnant women should have a blood type and indirect Coombs’ test

performed at the first prenatal visit. If a woman has a ‘‘positive’’ antibody screen

reported, further investigation into the nature of the antibody and the titer of the

antibody is mandatory. Anti-D antibodies rarely cause fetal compromise at titers

less than 1:16. If the first titer is 1:8 or less, it is reasonable to measure titers on a

monthly basis. However, if the titer is greater than or equal to 1:16, further
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evaluation is warranted. The first step is determination of the paternal Rh-D

status. In most Caucasians, the incidence of Rh-D negativity is about 15%; it is

lower for other groups. If the partner is Rh-D negative, the fetal erythrocytes will

not have D antigen present on the cell membrane and therefore not be adversely

affected by the presence of the antibodies. An Rh-D positive partner will be

heterozygous for the D antigen about 55% of the time and homozygous about

45% of the time.29 If he is homozygous, then all of his offspring will be Rh-D

positive. If he is a heterozygote, then 50% of his offspring (with a partner who is

Rh-D negative) will be Rh-D positive and 50% will be Rh-D negative. With

currently available molecular technology, it is not possible to distinguish between

homozygous and heterozygous Rh-D positive individuals, although the produc-

tion of an Rh-D negative child would confirm a partner in the above scenario to be

heterozygous. Because certain combinations of antigens are more prevalent than

others, determination of the partner’s C/c and E/e type would suggest whether he

is likely to be hetero- or homozygous for D.29

If the possibility exists that the fetus is Rh-D positive, determination of the fetal

Rh-D status should be made by means of amniocentesis or chorionic villus

sampling. DNA analysis, utilizing polymerase chain reaction testing, can be per-

formed on chorionic villi or amniocytes and is available at many commercial

molecular laboratories in the United States.24 At the same time, a fetal karyotype is

usually obtained to rule out common chromosomal anomalies. As stated earlier, a

fetus that is Rh-D negative is not vulnerable to attack by maternal anti-D IgG

antibodies, so no further treatment is necessary with this result. However, the

Rh-D positive fetus is at significant risk for hemolysis, anemia and hydrops fetalis.

The management of affected pregnancies in this situation is discussed in a previous

chapter.

In the 1960s, it was reported that injecting anti-D immune globin blocked the

formation of anti-D antibodies in persons exposed to Rh-D positive cells. Rh

immune globulin is now administered to all Rh-D negative women at 28 weeks of

gestation and after delivery of an Rh-D positive infant, in an attempt to prevent

sensitization due to asymptomatic exposure to fetal Rh-D positive red blood cells.

If a woman experiences vaginal bleeding, undergoes invasive testing, or terminates

a pregnancy, Rh immune globulin is also prescribed. This has led to a marked

reduction in anti-D isoimmunization and a relative rise in the importance of

atypical red blood cell antigens in isoimmunization and hemolytic disease of the

newborn.

The most important atypical antigen is the Kell antigen. The Kell gene, located

on chromosome 7, has been demonstrated to have 24 different polymorphisms,

producing 24 serologically distinct Kell antigens.4 Fortunately, approximately 90%

of the general population is Kell antigen negative and therefore partners of Kell
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isoimmunized women are very likely to be Kell negative, placing their offspring at

no risk. The maternal Kell antibody titer does not correlate well with the risk of

hemolysis and fetal anemia. Therefore if the father of the baby is Kell antigen

positive and the maternal titer is greater than 1:4, determination of the fetal Kell

status is recommended. As with Rh isoimmunization, this can be accomplished by

chorionic villus sampling or amniocentesis, and DNA testing.

Antigens such as Rh-C, Rh-c, Rh-E, Rh-e, Duffy, Kidd and MNS are some of the

other more frequently seen atypical antigens that can cause hemolytic disease in

the fetus. A complete listing of atypical antigens and their risk for hemolytic

disease in the fetus is useful in the evaluation of abnormal antibody screens in

pregnancy.30

Conclusion

In summary, the approach to genetic counseling and testing depends on the

specific disease and its inheritance pattern, and relies on the determination of

whether molecular testing is clinically available and useful for the patient. The

availability of testing for a particular disease in a particular family must be

established, preferably prior to initiation of pregnancy. For diseases that are

treatable, patients will benefit from diagnostic work-up. For the majority of

genetic conditions where there is potential for significant morbidity or mortality

in affected offspring, prenatal diagnosis may be desired. For diseases that have

adult onset, particularly if they are treatable, prenatal diagnosis is generally not

considered. In cases where invasive prenatal testing may lead to altered manage-

ment of the mother or fetus, as in the case of a fetus with Hgb Bart’s disease or

severe isoimmunization, counseling may be more directive.
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APPENDIX: CALCULATION OF HEMOPHILIA CARRIER RISKS IN FIGURE 14.2

USING BAYESIAN ANALYSIS

Figure 14.2 provides an example of a woman at risk to be a carrier of hemophilia (III-2) because

she has an affected maternal uncle (II-3). The affected relative is the only known case in the family;

it is assumed that there is approximately a 1/3 chance that he represents a new mutation and a 2/3

chance that his mother (I-2) is a carrier. (This is the assumption made for an X-linked, genetically

lethal condition.) The a priori risk therefore that the consultand’s mother, II-2, is a carrier is

1/2� 2/3, or one-half the risk that her mother is a carrier. Since II-2 has an unaffected son,

(III-3), Bayes’ Theorem must be applied to properly reduce her carrier risk. Only then can

her daughter’s risk be calculated. The Bayesian analysis is as follows:

Thus, the fact that II-2 has an unaffected son reduces her chance of being a carrier from 1/3 to 1/5.

Using this, we can calculate the consultand’s chance of being a carrier, which would be half that of

her mother, that is, 1/2� 1/5 or 1/10. In other words, the consultand has a 1/10 or 10% chance of

being a carrier, and she can be advised that each of her sons would have a 1/10� 1/2¼ 1/20 or 5%

chance of having hemophilia.

Probability that II-2: Inherited the mutation Did not inherit the mutation

Prior probability: 1/2� 2/3¼ 1/3 1�1/3¼ 2/3

Conditional probability: 1/2 1

(the chance of having an

unaffected son)

Joint probability: 1/3� 1/2¼ 1/6 2/3� 1¼ 2/3

Posterior probability: 1=6

1=6 þ 2=3
¼ 1=5

2=3

1=6 þ 2=3
¼ 4=5
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Thrombocytopenia is a common hematological disorder that has classically been

evaluated in an orderly clinical and laboratory approach. When thrombocytopenia

is identified in the patient who is pregnant, important clinical differences and

therapeutic implications exist when compared to the non-pregnant patient. These

relate to the safety of the mother during pregnancy, viability of the fetus, the

proper approach to parturition, and post-delivery care of the mother and the baby.

The recognition of thrombocytopenia is quite common in pregnancy, occurring

in nearly 10% of patients.1–3 An unusual aspect of most of these events is that the

majority are physiological. Thus the term ‘‘gestational thrombocytopenia’’ has

been applied to this group of patients. This physiologic event must be differen-

tiated from the less common, but clinically significant occurrence of a pathological

mechanism for the thrombocytopenia. Such pathologic events are commonly

associated with an evident clinical presentation and are potentially serious issues

in the maintenance of the pregnancy and the health of the mother. In some

circumstances, the thrombocytopenia is actually part of a more complex clini-

cal disorder. The causes of thrombocytopenia in pregnancy are delineated in

Table 15.1.

Gestational or physiological thrombocytopenia

Clearly, the most common cause of thrombocytopenia in pregnancy is a physio-

logical event, since it is seen in 5 to 7% of all pregnancies, and actually accounts for

more than 75% of all cases of thrombocytopenia during pregnancy.4–6 The decrease

in platelet count occurs predominantly in the third trimester of pregnancy;4,5 and,

the degree of platelet reduction is mild and is not associated with a hemorrhagic

diathesis. In general, platelet counts are only slightly reduced to a range of
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100–150,000/ml with a normal mean platelet volume. Clinically, platelet counts

above 70,000/ml, with no other explanation in an otherwise healthy pregnant

woman can be considered physiological.3 However, if the platelet count is

below 70,000/ml, a pathological cause of thrombocytopenia should be sought. The

exact mechanism of gestational thrombocytopenia is not known, but it has been

postulated to be related to expansion of blood volume and thus related to a

dilutional effect.2,7 Additional theories are an increased clearance of platelets

(both immune and non-immune).2 Neither proposed mechanism appears to

cogently explain the finding, its incidence or clinical pattern. Gestational thrombo-

cytopenia does not have pathophysiologic sequalae, and there is no increased risk of

bleeding. The platelet count should be compared with pre-pregnancy level(s)

and followed carefully during pregnancy, especially if counts fall below 100,000/ml.

Fetal outcome is not affected and neonatal thrombocytopenia generally does not

occur.

Pathological thrombocytopenia

Of the mechanisms of thrombocytopenia that are disease-related, some are parti-

cularly related to pregnancy, and these will be reviewed herein.

Table 15.1 Causes of thrombocytopenia during pregnancy.

A. Physiological: gestational

B. Decreased production:

1. Aplastic anemia

2. Myelodysplasia

3. Severe megaloblastic anemia

C. Destruction:

1. ITP

2. Drug-induced thrombocytopenia

a. Heparin-induced thrombocytopenia

D. Consumption:

1. Pregnancy related

a. HELLP syndrome

b. Preeclampsia

c. Acute fatty liver

2. Non-pregnancy related

a. TTP-microangiopathic hemolysis

b. HUS-microangiopathic hemolysis

c. DIC
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Immune thrombocytopenia

Of the various pathophysiologic mechanisms and diseases producing thrombocy-

topenia during pregnancy, immune/idiopathic thrombocytopenic purpura (ITP)

is the most common, although the projected incidence is less than 0.1% of all

pregnancies. Its usual occurrence is during the first trimester,2,8,9 thereby pro-

ducing a clinical issue of significance throughout the pregnancy, with implications

relative to the management of parturition and the potential of neonatal thrombo-

cytopenia in the infant.

The clinical presentation can be explosive with evidence of mucous membrane,

vaginal, or gastrointestinal bleeding, ecchymosis and/or hematuria. More com-

monly, it is recognized because of unexplained mucosal bleeding that is mild but

persistent. Virtually all of the symptoms are the result of bleeding. No constitu-

tional symptoms or evidence of underlying systemic disease is present. There may

be a past history of ITP, which then provides aid in the diagnosis and the manage-

ment of the current pregnancy.

Laboratory findings include the presence of a low platelet count often under

20,000/ml and an increased mean platelet volume (MPV). The latter finding

provides evidence of increased platelet production and turnover, which is con-

sistent with immune destruction of platelets. The remainder of the laboratory

findings are normal. If anemia is present, it relates only to the identified amount of

blood loss. Since ITP can be associated with systemic lupus erythematosus, con-

firmatory relevant laboratory studies should be done.

Idiopathic thrombocytopenic purpura results from the formation of IgG

autoantibodies against platelet glycoprotein (GP) receptors GPIIb/IIIa and

GPIb/V/IX.10–13 These antibodies coat platelets, which results in their removal

by the reticuloendothelial system (RES), especially the spleen.

Idiopathic thrombocytopenic purpura is still a diagnosis of exclusion even

though the etiology is known. Applicable tests to identify platelet GP autoantibo-

dies are not yet accurate or reliable and continue to be available only in selected

research laboratories.11,12 Similarly, testing for increased platelet-bound IgG is

non-specific because platelet associated IgG is known to be increased in a variety of

clinical conditions associated with thrombocytopenia.14 Since platelet counts are

usually noted to be reduced in ITP in the first half of the pregnancy and are

commonly less than 50,000/ml with an elevated MPV, it can be differentiated from

gestational thrombocytopenia which is usually noted in the second half of the

pregnancy with only slight reductions in platelet numbers (i.e. generally above

70,000/ml). In addition, the platelet counts in ITP generally decline as the preg-

nancy progresses, whereas they are stable in gestational thrombocytopenia.15,16

Idiopathic thrombocytopenic purpura affects not only the mother but

also the fetus as well, due to the transplacental passage of IgG anti-platelet
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antibodies; therefore, the management of ITP becomes very critical during the

third trimester.2 Most of the neonates born to ITP mothers have mild to moderate

thrombocytopenia,17 however, significant neonatal thrombocytopenia <50,000/ml

is seen in 10–25% newborns, and severe thrombocytopenia <20,000/ml is seen in

approximately 5% neonates.18,19 The greatest concern in neonates at the time of

delivery is bleeding, which is seen in 25–50% neonates with severe thrombocyto-

penia.18,19 Therefore, there is a serious concern about head trauma resulting in

intracranial bleeding during vaginal delivery in neonates with severe thrombocy-

topenia. Unfortunately, the severity of maternal thrombocytopenia or platelet

associated IgG does not clearly correlate with the presence or degree of the

neonatal thrombocytopenia.2,9 This is well documented in the case of dizygotic

twins where the platelet counts were widely different in each of the two new-

borns.20 However, one reliable indicator of neonatal thrombocytopenia would be

a history of thrombocytopenia in previous pregnancy and women who had

splenectomy prior to pregnancy.19,21,22

Since the fetal platelet count does not correlate with either the clinical or

laboratory features in the mother,2,9 a percutaneous umbilical cord sampling

(PUBS) may be performed before labor to define the severity of fetal thrombocy-

topenia; since recognition of a platelet count <50,000/ml heralds the decision for a

cesarean section as the desirable mode of delivery.23,24 In part, this is based on the

complication rate of PUBS, which is similar to (or slightly higher than) the

incidence of intracranial hemorrhage encountered in neonates born to a mother

with severe thrombocytopenia.24 Therefore, clearly the role of PUBS is controver-

sial and many neonatologists oppose its use.25 An older approach, that of fetal

scalp blood sampling early in the delivery (i.e., at early presentation), is no longer

used because of the difficulty in achieving an accurate and reliable platelet count.

The cord blood platelet count should be immediately performed on all neonates

born to mothers with ITP. Since platelet counts may continue to fall after birth due

to persistent maternal (passive) antibody, daily platelet counts must be performed

until stable normal values occur, generally by day 4.26,27,28 When severe thrombo-

cytopenia with active bleeding is identified, platelets should be transfused

(10–15 cm3/kg). Other treatments include IVIg and steroid.

The management of ITP in pregnancy is based on the severity of thrombocyto-

penia and the previous or present history of bleeding.29 In general, if the platelet

count is above 30,000/ml and active bleeding is not present; there is no need to

institute therapy.3 The treatment of ITP during pregnancy is not different from the

approach in non-pregnant patients. The goal of therapy is to eliminate bleeding

and maintain platelet counts greater than 30,000/ml.9,27,30 Although a variety of

newer therapeutic approaches exist for ITP, corticosteroid treatment is effective,

less expensive, and more predictable. Thus corticosteroids continue as the first line
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of therapy in most cases.2,27,30 However, they may induce or worsen gestational

diabetes and hypertension and/or induce osteoporosis and weight gain.3 These

risks must be considered when selecting treatment. Glucocorticoids are given

at 1–2 mg/kg/day for 2–3 weeks.15,27 A response is usually seen in 3–7 days, and

a maximum effect is reached in 2–3 weeks. If the platelet counts reach >50,000/ml,

the steroids can be tapered by 10–20% per week to an approximately 10 mg/day

maintenance dose.30 If this treatment fails, then high dose intravenous gamma

globulin (IVIg) therapy is the next choice (1–2 g/kg).9,15 The response rate

is 60–70% and the effect is commonly seen within a few days. Its major draw-

backs are expense and transient efficacy usually necessitating multiple courses.

The side effects of IVIg are usually mild but are common and include head-

ache, chills, nausea, back-pain, liver dysfunction and flushing. Two rare complica-

tions include (1) alloimmune hemolytic anemias due to passive transfer of high

titer red cell antibody from a donor; and, (2) anaphylaxis in patients with IgA

deficiency.31

An important alternative to IVIg therapy is now available and has largely

replaced it. It is intravenous anti-D IgG (WinRho). It is highly effective, and at a

dosage of 50–75/(mg kg), the platelet count usually increases within 24–48

hours.32–34 The response rate is approximately 75%.33 A durable response status

may require a second dose after 4–6 weeks. It merits important emphasis that

anti-D therapy is to be given only to patients whose red cells are Rh positive. The

anti-D antibodies bind to the D antigen on red cells and appear to result in

alteration (engage/blockade) of the reticuloendothelial system.32 The result is

that the platelets coated with anti-platelet antibodies are not cleared.

Currently anti-D is not used in patients with significant anemia (hemoglobin

<10 g/dl), because occasionally severe hemolysis occurs and the hemoglobin

may decrease by 4–6 g/dl. In the uncommon event of occurrence of acute hemo-

lysis, ABO compatible Rh-positive (not Rh negative) red cells should be transfused.

Either IVIg or anti-D treatment is particularly useful when a rapid rise in platelet

count is required. This is particularly relevant before delivery and surgery.

Presently, anti-D therapy is clearly the preferred approach because of ease of

administration, rapid response, and relatively low cost. In refractory patients a

combination of corticosteroids and anti-D or IVIg may be required. Patients

refractory to these treatments may be offered splenectomy, which has approxi-

mately 70–80% success rate,35 though the long-term durability of response is

uncertain. Splenectomy is safest during the second trimester36 because, when

performed during the first trimester, there is an increased risk of spontaneous

abortion. When performed during the third trimester, the surgical field is

obstructed by the large, gravid uterus. In addition, splenectomy during the third

trimester is confounded by an increased risk of spontaneous labor.2 Laparoscopic
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splenectomies have been performed successfully during pregnancy.37,38 Although

a variety of other treatment approaches have been used in non-pregnant patients

(vincristine, danazol and azathioprine), these should be avoided in pregnancy due

to their toxicity and potential untoward effects on fetuses.27 Platelet transfusion

may be required if the platelet count is <30,000/ml. Platelets should be transfused

just before surgery is scheduled because anti-platelet antibodies destroy transfused

platelets very rapidly. The complex picture of a pregnant woman with ITP requires

that team approach to her management between the obstetrician, hematologist

and transfusion medicine specialist.

Finally, the recent association of ITP with Helicobacter pylori infection has been

identified.39 Although the present data are insufficient to prove this hypothesis

correct,40 eradication of H. pylori infection has been reported to be associated with

cure of ITP. Since this is a simple and expedient approach, H. pylori should be

ruled out when the initial diagnosis of ITP is made.

Preeclampsia and eclampsia

Preeclampsia is encountered in 4–6% of all pregnancies, usually during the third

trimester.2 It is seen most often in nulliparous women or multiparous women with

a change in partners.2,12 The diagnostic criteria include new onset of hypertension

and proteinuria (>300 mg/24 hours) after the 20th week of gestation. The exact

etiology is unknown, but a genetic predisposition and association with the pre-

sence of thrombophilia (tendency to clot) has been proposed.41,42 Central to the

pathogenesis is generalized endothelial cell activation likely due to enhanced

lipid peroxidation,43 vascular endothelial growth factor release,44 expression of

adhesion molecules,45 or activation of metalloproteases.46 This endothelial cell

‘‘alteration’’ then leads to activation of platelets and coagulation cascade.

About 50% of patients with preeclampsia have thrombocytopenia and other

markers that define disseminated intravascular coagulation (DIC) such as elevated

d-dimers, thrombin-anti-thrombin complex levels, and often altered tests of

coagulation (prothrombin time, partial Thromboplastin time and thrombin

time).2,12,47 All of these abnormalities and the related clinical symptoms revert

to normal immediately after the delivery of the fetus. Therefore, patients with mild

to moderate preeclampsia are managed conservatively.47 However, patients with

severe eclampsia who have moderate to severe thrombocytopenia and evidence of

DIC commonly require aggressive management, especially before cesarean sec-

tion. This requires correction of the coagulopathy by transfusing platelets to

maintain platelet counts >50,000/ml, fresh frozen plasma (FFP, 10 cm3/kg) to

provide clotting factors and cryoprecipitate (10–15 units) to maintain fibrinogen

>100 mg/dl. Commonly, cryoprecipitate infusion is forgotten or not used until
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continued or excessive bleeding is seen. Since hypofibrinogenemia will not be

corrected by FFP alone, cryoprecipitate is paramount in the prevention of bleeding

in these patients.

HELLP syndrome (hemolysis, elevated liver function tests, low platelets)

This syndrome occurs in approximately 10% of patients with severe preeclamp-

sia.12 It is usually seen in the third trimester in multiparous white women. It merits

emphasis that HELLP can occur in patients who do not have hypertension

and proteinuria thereby resulting in the failure to recognize the correct diagno-

sis.48 HELLP can worsen in the immediate postpartum period or even present for

the first time within 48 hours after delivery. The presenting symptoms include

nausea, malaise, and epigastric or right upper quadrant abdominal pain and

edema. It is important to have historical data, since it recurs in approximately

3% of subsequent pregnancies.49 The diagnostic criteria include (a) microangio-

pathic hemolytic anemia (MAHA), which is characterized by the presence of

fragmented RBCs and elevated lactate dehydrogenase; (b) elevated transaminases

(AST, SGOT> 70 U/l); and (c) thrombocytopenia (<100,000/ml). The central

nervous system and renal involvement are generally not seen in HELLP, and this

is in sharp contrast to thrombotic thrombocytopenic purpura (TTP) or hemolytic

uremic syndrome (HUS) (described later). Disseminated intravascular coagula-

tion is encountered in approximately 20% of HELLP patients and abruption in

16%.50 The neonatal mortality with HELLP is 10–20%,12 and is usually due to

placental ischemia, abruption, prematurity, and asphyxia. The maternal mortality

is less than 1%.

The pathophysiology of HELLP is well understood. There is evidence for

generalized damage/alteration of endothelium that results in microthromboses.

However, since the exact etiology of this syndrome is unknown, the management

presently is empirical. In general, patients with severe disease and evidence of DIC

require (a) platelet transfusion to maintain counts >50,000/ml, (b) FFP to correct

clotting factor deficiencies, and (c) cryoprecipitate transfusion to correct the

hypofibrinogenemia. The coagulopathy worsens as the degree of liver damage

increases. Steroids given, both in ante- and post-partum period, have been shown

to be helpful.51,52 Since the syndrome reverts to normal after delivery, prompt

delivery is the treatment of choice. Following delivery most patients have a

complete recovery within 24–48 hours. For those rare patients who have a persis-

tent or worsening of the syndrome beyond 48–72 hours plasma exchange therapy

should be instituted.53,54 This is accomplished by an exchange of 1 to 1.5 volume of

plasma replaced with FFP daily for 2–4 days.
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Acute fatty liver of pregnancy (AFLP)

This is a rare condition affecting one in 10,000 pregnancies. It is almost always seen

during the third trimester of pregnancy. Acute fatty liver of pregnancy is char-

acterized by malaise, nausea, epigastric and right upper quadrant pain, dyspnea,

and sometimes changes in mental status. Laboratory studies show moderate to

severe abnormal liver function tests, hypoglycemia that can be severe, and electro-

lyte imbalance. Coagulopathy ensues due to depressed clotting factor synthesis.

The associated liver damage leads to release of tissue factor that initiates acute DIC.

During acute DIC, there is a major consumption of clotting factors, especially

fibrinogen and antithrombin. Although thrombocytopenia is present, there is

virtually no associated microangiopathic hemolytic anemia (MAHA). The exact

etiology is unknown; however, fetal deficiency of long-chain 3-hydroxy-acyl CoA

dehydrogenase or mitochondrial enzymes involved in fatty acid oxidation have

been associated with AFLP.55,56

Although the diagnosis of AFLP can be made clinically, confirmation can be

achieved by a liver biopsy stained with oil red O showing fat in hepatocytes.57,58

Management of AFLP involves correcting hypoglycemia and electrolyte imbal-

ance. Disseminated intravascular coagulation is corrected after the delivery of the

fetus. Rarely, it may persist in the postpartum period. The appropriate treatment

of DIC includes (a) FFP infusion (10 cm3/kg) to correct clotting factor deficien-

cies; (b) cryoprecipitate (10–15 units) to replace fibrinogen (not present in

sufficient quantity in FFP); and (c) platelets. Fresh frozen plasma should be given

in a timely manner to prevent bleeding or fetal demise. The fetal mortality in AFLP

is approximately 15%, and the maternal mortality is less than 5%.59

Thrombotic thrombocytopenic purpura (TTP)

TTP is a rare disease that is characterized by a triad of MAHA (fragmented RBCs

on blood smear and elevated LDH), thrombocytopenia, and neurological symp-

toms that can vary from headaches to serious paresis and even coma.60,61

Sometimes renal dysfunction or fever may also be present; this constellation was

previously termed the pentad of TTP. Presently, a ‘‘triad’’ is diagnostic, because the

disease is generally very far advanced if one waits for all five findings.61

The etiology of TTP has been identified recently to be due to a severe deficiency

of von Willebrand factor cleaving protease (VWF-CP), now known as

ADAMTS13.62–67 Two clinical forms have been described. The most common is

due to an acquired deficiency of this enzyme, resulting from an autoantibody or

drug-induced antibody.67,68 Less common is congenital deficiency, which is due to

a rare genetic defect.69–71 Deficiency of ADAMTS13, regardless of the mechanism,
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leads to persistence of ultra large sized multimers of VWF, which undergo unfold-

ing under high shear rate that occurs in the microcirculation (arteriole and

capillaries). These unfolded ultra large VWF multimers are capable of interacting

with the platelet receptors GPIb and GPIIb/IIIa resulting in platelet–VWF rich

microthrombi in many organs, especially the brain, kidney and heart. These

microthrombi cause MAHA and thrombocytopenia.72,73 The incidence of TTP

was thought to be higher in pregnancy than in the general population. However,

recent study and personal experience does not support this hypothesis.74–76 The

basis for this increased incidence is uncertain but a decrease in VWF-CP during

late pregnancy has been reported.77 This has been thought to be due to increased

FWF during an acute phase reaction that then consumes VWF-CP. The apparent

higher incidence of TTP in pregnancy appears to be due an overlap of a TTP-like

syndrome with the hemolytic uremic syndrome (HUS), HELLP and severe pre-

eclampsia that share some clinical and laboratory features. In HUS, there is

predominant renal involvement and VWF-CP is normal.78 Actually, the differen-

tial diagnosis of TTP with HUS, HELLP and severe preeclampsia can be very

difficult at times (Table 15.2).

Table 15.2 Consumptive thrombocytopenia syndromes.

Characteristics Preeclampsia HELLP syndrome Acute fatty liver

Thrombotic

thrombocytopenic

purpura

Hemolytic

uremic

syndrome

Onset 3rd TM 3rd TM 3rd TM Anytime/postpartum Usually

postpartum

Hypertension þþþþ þ� þ� � �
MAHA þ� þþ þ þþþþ þþ
Thrombocytopenia þ þþþ þþþ þþþþ þþ
Coagulopathy (DIC) þ� þþ þþþþ � þ�
Liver involvement � þþþ þþþþ � �
CNS involvement þ � � þþþþ þ�
Renal involvement þþ þ � þ� þþþ
Etiology Unknown Unknown Unknown Deficiency of

ADAMTS13

Unknown

Management Delivery of

the fetus

Delivery of

the fetus

Delivery of

the fetus

Plasma

exchange

Supportive

Transfusion therapy � FFP, CRYO,

platelets

FFP, CRYO,

platelets

Platelet

transfusion

absolute

contraindication

�

Fetal mortality Good Good Approximately 15%
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Although diagnostic specificity may be difficult, good clinical judgment sup-

ports urgent plasma exchange (PE) therapy. Daily PE is performed by replacing

1–1.5 plasma volume by fresh frozen plasma until the platelet count becomes

normal for at least two days and LDH returns to near normal.61,79,80 During PE,

there is removal of ADAMTS13 antibody from the patient’s plasma and replace-

ment of the deficient enzyme by the FFP. On an average 9–11 treatments are

necessary to achieve a clinical remission, however, some patients may require up to

85 treatments. About 25–30% patients have recurrences of the disease requiring

further PE.79 Because of the autoimmune nature of the disease steroids and other

immunosuppression therapy has been used in conjunction with PE. By contrast,

IVIg is not effective. Recently rituximab has been used successfully in the manage-

ment of TTP.81,82 Rituximab is a humanized monoclonal mouse antibody against

the CD20 molecule on B-cells. By destroying B-cells, the antibody producing cells

are eliminated. It is given as a 375 mg/(m week dose).

Recurrent TTP can be precipitated in patients with previous disease when they

become pregnant. This is especially true in congenital TTP.76 Congenital TTP is

treated by the infusion of FFP rather than PE,83 because patients with congenital

TTP do not have an antibody inhibitor to the ADAMTS13. Plasma infusions are

given every 3–4 weeks because the enzyme has a long half life.84,85

Platelet transfusions are absolutely contraindicated in TTP. Platelet transfusions

are well known to be associated with either the appearance or worsening of CNS

symptoms in patients with TTP.86,87 This is likened to ‘‘adding fuel to the fire’’,

since the microthrombi in TTP are composed of platelets. Even though TPE

requires a central line insertion, it can be placed safely in the femoral vein with

platelet counts as low as 5,000/ml. Similarly, because a unit of packed RBCs

contains an abundance of platelets and platelet microparticles, red cell transfu-

sions are also ‘‘relatively’’ contraindicated. Red cells should be transfused only to

treat clinically symptomatic anemia.

Hemolytic uremic syndrome (HUS)

Hemolytic uremic syndrome is characterized by MAHA, thrombocytopenia and

renal involvement. Childhood HUS is generally associated with E. coli (H7:O157)

infection where shiga-like toxin is responsible for renal damage.88 The micro-

thrombi in HUS are composed of fibrin-platelet clots and little or no von

Willebrand factor-like DIC lesions.78,89 Childhood HUS resolves with conservative

management.79 Adult onset and pregnancy associated HUS has poorer outcome.

The response to plasma exchange is poor, probably because the deficiency of

ADAMTS13 seen in TTP does not occur in HUS.78 However, a trial of PE should

be considered, because some success has been reported.90 The reports of HUS
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responsive to PE are thought to be due to the ‘‘removal of an unknown toxin.’’

During a 1.0–1.5 volume plasma exchange, the replacement fluid used is FFP.

It is interesting that HUS has been known to recur in subsequent pregnancies.91

The long-term prognosis of HUS is not good and many patients develop hyper-

tension and chronic renal failure.74

The prognosis for the fetus in TTP, HUS and preeclampsia is poor due to extensive

placental ischemia that results from the thrombotic microangiopathy.92 In addition,

premature parturition commonly further adds to fetal morbidity and mortality.92
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Introduction

Platelets first appear in the fetal circulation at approximately 5–6 weeks of gestational

age. By the end of the first trimester, the mean fetal platelet count is greater than

150� 109/l1 and this is maintained for the remainder of the gestation.2,3 Thus, at

birth full term infants have normal platelet counts.

Thrombocytopenia in the full term, healthy neonate is defined as a platelet

count of less than 150� 109/l.4 The frequency of neonatal thrombocytopenia has

been estimated at 1–4%.5,6 Approximately 1–2% of term infants born to mothers

with normal platelet counts are thrombocytopenic at birth.7,8 There are numerous

causes of neonatal thrombocytopenia, and a severe form of the disorder may result

from increased consumption or destruction, deficient production, or abnormal

splenic sequestration of platelets.9,10

The major causes of neonatal thrombocytopenia are non-immune and related

to infection, sepsis etc. Immune mediated platelet destruction resulting from

transplacental passage of maternal antibodies remains an important cause of

thrombocytopenia at birth. Up to 15% of neonatal thrombocytopenias that

occur at birth result from maternal auto- or alloantibodies directed against fetal

platelet antigens.11 Neonatal thrombocytopenia can be a devastating clinical con-

dition and requires systematic evaluation of the cause and its management. It is

also important to address the possibility of recurrence of thrombocytopenia in

subsequent pregnancies. This chapter focuses on immune mediated thrombo-

cytopenia in the fetus and neonate.
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Neonatal alloimmune thrombocytopenia (NAITP)

Overview

NAITP is defined as thrombocytopenia (platelet count< 150� 109/l) due to trans-

placentally acquired maternal platelet alloantibodies. First described in 1957,12

NAITP results from the development of maternal IgG antibodies directed against

fetal platelet antigens inherited from the father but that are absent on platelets in the

mother. Fetal platelets and platelet microparticles that cross the placental barrier are

recognized as foreign by the maternal immune system and then stimulate formation

of maternal IgG anti-platelet antibodies directed against the fetal platelet antigens.

Transplacental passage of the IgG antibody results in fetal platelet destruction.13–15

NAITP caused by human platelet antigens

Incidence

The incidence of NAITP varies between different ethnic/racial populations.16–20

Neonatal alloimmune thrombocytopenia21,22 occurs in approximately 1 per 1,000

live births in a Caucasian population with greater than 75% of cases due to

fetomaternal incompatibility for the human platelet antigen (HPA), HPA-1a

(P1A1, Zwa). Incompatibility for the HPA-523 antigen is the next most frequent

cause. In the Asian population HPA-1a incompatibility rarely causes NAITP and

other alloantigens such as HPA-4 and HPA-3a are implicated.24–27 Platelet allo-

antibody specificities in frequently transfused patients (predominantly anti-HPA-5b

and -1b, with antigen frequencies <30% among Caucasians) differ significantly

from those observed in patients with NAITP or post transfusion purpura, where

anti-HPA-1a (antigen frequency >95%) is the most prevalent specificity.28

HPA polymorphisms

Development of maternal antibodies to fetal antigens is directly related to the

frequency of different platelet antigens in a given population and to the

presence of certain polymorphisms in the HPA DNA. Polymorphisms are

stable DNA sequence variations in which two or more alleles for a given

locus each occur in greater than 1% of the population. Platelet antigen

names were initially derived from the names of patients in whom the antigen

was first described. To standardize the nomenclature, in 1990 the HPA system

was developed29,30 in which each platelet antigen is determined by anti-sera

designed to identify the target antigen. To date, 24 platelet-specific antigens

have been characterized; 12 are grouped into six bi-allelic systems (HPA-1, -2,

-3, -4, -5, -15) and the molecular basis of 22 has been determined.31 The HPA
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polymorphisms32 relevant to NAITP are discussed below and organized by the

HPA system in which the polymorphism occurs.

HPA-1 system: HPA-1a (PlA1) and HPA-1b (PlA2) polymorphism

The polymorphism affecting the HPA-1a (PlA1) antigen33 is the most frequent

cause of NAITP in the Caucasian population.34 The prevalence of HPA-1a and

HPA-1b varies by ethnic background and geography35 with a gene frequency of

HPA-1a of 0.84–0.89 and HPA-1b of 0.11–0.15 in the Caucasian population.36–39

Maternal alloimmunization to HPA-1a has been reported in <1%40–11.4%41–44

of HPA-1a-negative women. HPA-1 antigen polymorphisms result in the most

severe form of the reported cases of alloimmune thrombocytopenia.25

HPA-3 system: HPA-3a (Baka, Leka) and HPA-3b (Bakb) polymorphism

Antibodies directed against HPA-3a45 and HPA-3b have been described in NAITP.

Anti-HPA-3a generally causes mild to moderate thrombocytopenia in affected

neonates but may rarely induce NAITP46,47 with severe thrombocytopenia at birth

(platelet count< 20� 109/l)48 similar in severity to disease caused by anti-HPA-1a.

HPA-5 system: HPA-5a (Bra) and HPA-5b (Brb) polymorphism

HPA-5a (Bra) and HPA-5b (Brb) reside on the platelet GP Ia/IIa complex.

Incompatibility for HPA-5 is the second most frequent cause of NAITP in the

Caucasian population; HPA-5 frequencies have been studied in other popula-

tions.49 HPA-5 polymorphisms correlate with the number of GPIa molecules on

the platelet surface.50,51 Anti-HPA-5b is common among pregnant women, but it

does not usually cause severe fetal-neonatal alloimmune thrombocytopenia in the

majority of affected infants. In one study anti-HPA-5b was titrated in specimens

obtained at the third trimester and antibody-positive women and their neonates

were HPA-5 genotyped.51 It suggested that a high titer (>/¼ 64) of anti-HPA-5b

was associated with an increased risk of neonatal thrombocytopenia, though

severe thrombocytopenia rarely occurred.

Clinical presentation/natural history41

While often considered the platelet equivalent of hemolytic disease of the newborn

(HDN), NAITP differs from the erythrocyte induced Rh(D) HDN in that about 50%

of NAITP cases occur in the first pregnancy with a recurrence rate in subsequent

pregnancies of 75 to 85%, with a tendency toward increasing disease severity.52

Hemolytic disease of the newborn does not occur in the first pregnancy unless

patient made red cell alloantibodies following blood transfusion. Rarely, HDN and

NAITP have been reported in the same patient.53 Not all pregnancies in which a

mother has formed HPA alloantibodies will result in the delivery of a thrombocytopenic
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infant. Serial antibody titers may vary considerably during the evolution of the

antibody response during the course of the pregnancy.25 In some patients, antibodies

present early in the pregnancy and then later become undetectable only to appear

again in the postnatal period. Neither antibody titer nor its subclass composition is

predictive of the occurrence of thrombocytopenia in a newborn whose mother is

alloimmunized against HPA,54–56 though some assert that the level of maternal

anti-HPA-1a antibodies is predictive for fetal thrombocytopenia and may be used

in decisions related to time and mode of delivery.57 The maternal platelet count is

normal but the fetus may suffer from severe thrombocytopenia.

Maternal history

Prior pregnancy complicated by fetal hydrocephalus, unexplained fetal thrombo-

cytopenia, or recurrent miscarriages may suggest NAITP; multiparous women

with a history of giving birth to at least one alloimmune thrombocytopenic infant

should be carefully monitored in subsequent pregnancies.44,58 Maternal history

should be reviewed to rule out the effect of drugs taken during pregnancy,

maternal autoimmune thrombocytopenia (ITP), and for familial causes of

thrombocytopenia.

Diagnosis

The diagnosis is typically suspected either at the time of delivery of the neonate

with petechiae, purpura, and large cephalhematoma or in utero if intracranial

hemorrhage (ICH) occurs. The neonate has thrombocytopenia and the mother

has a normal platelet count. Diagnostic testing is implemented after a woman

has had an affected pregnancy or in a woman known to have anti-HPA antibodies

and a previously affected fetus or neonate (see below).59 The diagnosis is made

by 1) detection and identification of platelet-specific maternal IgG antibody and

by 2) identification of the implicated platelet antigen by performing platelet

genotyping of the mother and/or father and fetus/neonate.60

Maternal antibody detection

Serologic tests to detect platelet specific IgG maternal antibodies include the

enzyme-linked immunosorbent assay (ELISA), the platelet suspension immuno-

fluorescence test (PSIFT), the mixed red cell adherence assay (solid-phase red cell

assay (SPRCA)), and the monoclonal antibody specific immobilization of platelet

antigens assay (MAIPA).61 Detection is usually performed using an antigen capture

ELISA methodology, where maternal serum is incubated with sensitized platelets

or platelet-specific antigen bound to specific antibody (double capture or sandwich),

followed by addition of an enzyme linked antiglobulin reagent, which is used

to detect bound IgG.62 In PSIFT platelets are treated with paraformaldehyde,
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incubated with the maternal serum, washed and then incubated with antiglobulin

serum labeled with a fluorescent dye, washed again and then viewed under a

fluorescent microscope;29 this methodology has been modified for flow cytometry

analysis. In SPRCA donor platelets are fixed to microtiter plate wells that have been

coated with monoclonal anti-platelet antibody and maternal serum is added to

the well, incubated and washed, then followed by addition of anti-IgG coated

erythrocytes. If a platelet antibody is present in the maternal serum, the indicator

red cells will cover the plate as an even monolayer; if no antibody is present, the

erythrocytes will collect in a small circle in the center of the plate. In MAIPA donor

platelets are incubated with maternal serum, washed, incubated with platelet

specific murine monoclonal antibodies and then placed in microtiter plates coated

with polyclonal anti-murine IgG capture antibody, which fixes the donor platelet

with the bound maternal antibody to the well. Alkaline phosphatase labeled anti-

human IgG is added to detect bound maternal antibody to the donor platelet. The

second-generation platelet serological assays, PSIFT and SPRCA may demonstrate

only the presence of HLA class-I antibodies of limited specificities and not detect

platelet-specific antibodies, while the use of a third generation assay (MAIPA) has

detected the additional presence of anti-HPA-5b.63 In one study, antibodies were

detected in the majority of the cases by the platelet suspension immunofluorescence

test (PSIFT) and the monoclonal antibody immobilization of platelet antigens

(MAIPA) assay; in approximately 20% cases, antibodies were detectable by

MAIPA only; in approximately 11% of cases, no antibodies were detectable.64

Thus, the negative result of a maternal antibody test does not necessarily exclude

NAITP. In such cases genotyping of maternal, paternal, and fetal/neonatal platelet

antigens may allow for identification of NAITP. Antibodies detected in early

gestation may require confirmation with a later specimen, because early antibodies

may be transient and/or of no clinical significance.

Platelet antigen genotyping65

Identification of the locations of HPA antigens on the platelet membrane, cloning

of the platelet glycoproteins gene, and the discovery that most of the human

platelet-specific alloantigen systems are based on a single nucleotide polymorphism

in the DNA sequence led to development of polymerase chain reaction- (PCR)

based techniques for platelet antigen genotyping.66 PCR with sequence-specific

primers (PCR-SSP) is used to genotype single nucleotide polymorphisms (SNPs)

in both routine diagnosis and medical research. HPAs represent SNPs in platelet-

specific glycoproteins. Conventional PCR techniques for HPA antigen genotyping

rely on SSPs and detection by gel electrophoresis; new PCR technology measures

the match of a hybridization probe with its target thereby allowing simultaneous

detection of both alleles for genotyping of the HPA systems.67 These techniques may
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be used to genotype platelets from an affected fetus, the mother, or the father.68

Genotyping studies may be more accurate for platelet alloantigen determination

than conventional serologic methods.69 Genotyping methods also include restric-

tion fragment length polymorphism (RFLP) and Dot-Blot hybridization.70

Prenatal fetal HPA genotyping is often limited by the restricted amounts of fetal

DNA that are obtainable. Modified PCR-SSP technique enables the identification

of fetal HPA genotypes using only 0.5 ml amniotic fluid (from week 16 of ges-

tation) and from a maternal plasma sample (from week 38 of gestation).71

Management of pregnancy in alloimmunized mother

Management of prenatally diagnosed NAITP is both controversial and challenging

and continues to be debated.72 The optimal treatment of NAITP remains to be

elucidated. Treatment approaches have included intrauterine platelet transfusions,

some in combination with intravenous gamma globulin (IVIG) to the mother and

others in combination with IVIG and prednisone.73 For the moment, the treatment

of choice is a combination of maternal IVIG and/or glucocorticosteroids with

intrauterine platelet transfusions in severely affected cases. The results obtained

by American and European investigators vary, and at this time no randomized

large clinical trials have been conducted. Consequently, there are no definitive

recommendations in the literature.

Prenatal screening

While routine screening procedures do not exist at this time to detect NAITP, the

value of such programs to detect ‘at risk’ alloimmunized women during pregnancy

continues to be debated.74 Limited understanding of the relationship between the

presence of alloantibodies and clinical disease, lack of reliable platelet typing and

antibody detection assays, lack of predictors as to which cases will have a severe

outcome, and controversy as to the optimal antenatal therapy have limited the

implementation of screening programs.75 Also, the incidence is not well predicted

on the basis of antigen screening tests. Once a woman has had an affected fetus her

risk of having a subsequent affected pregnancy will range from 50–100% depending

on the heterozygosity or homozygosity of the father for the allele. Hence, prenatal

diagnosis and management are now available only for subsequent siblings follow-

ing diagnosis of a previously affected infant. Because severe fetal alloimmune

thrombocytopenia does not always occur in subsequent fetuses either fetal antigen

status or platelet counts or both are necessary to determine whether treatment is

needed.76

Paternal platelet genotyping is recommended to assist in risk counseling following

an affected pregnancy.52 Affected families should be counseled and considered for
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antenatal therapy. It is suggested that in cases of paternal heterozygosity for the

HPA-1a allele, amniocentesis be performed to allow platelet-antigen genotyping of

the fetus. If the fetus lacks the incompatible antigen then NAITP will not occur.

However, if the incompatible antigen is present on the fetal platelets then percu-

taneous umbilical vein sampling (PUBS) (see below) at 20 to 24 weeks may be

considered with transfusion of antigen negative platelets during the procedure to

minimize the risk of fetal hemorrhage.

Prenatal therapeutic strategies are aimed at elevating the fetal platelet count in

affected pregnancies in order to prevent hemorrhagic sequelae. A major challenge

is the prenatal management of pregnant women alloimmunized to HPA-1a who

have a history of a previously affected infant with severe thrombocytopenia and/or

ICH. The risk of in utero ICH in such women is high enough to merit intervention;

however, the optimal treatment is yet to be determined.

Intravenous gamma globulin (IVIG)

There have been encouraging results reported on the use of maternal IVIG.77 IVIG

has been used to treat thrombocytopenia in the fetus via administration to the

mother78,79 as well as in the newborn to treat NAITP.77,80 Treatment with IVIG has

significantly decreased the risk of fetal and neonatal neurological events. Similarly,

treatment with only antenatal complementary platelet transfusions increased the

likelihood of a neurologically normal outcome.81 However, some authors assert

that maternal IVIG treatment does not always prevent ICH and that the treatment

of choice for severely affected cases is serial fetal blood sampling combined with

transfusion of compatible platelets.82 Although IVIG appears to reduce the risk of

ICH, the dosage and timing of IVIG treatment is varied.83 In North America either

weekly infusion of high-dose IVIG (1 g/kg) with or without corticosteroids is given

to the mother. For some patients who have not responded to IVIG alone, dexa-

methasone has been used (4 mg/day). In some European hospitals the preferred

treatment approach is a repeated in utero fetal platelet transfusion.84

Fetus and neonate

Clinical presentation

The clinical presentation of the fetus and neonate may reflect the presence and

degree of thrombocytopenia. The full term neonate may range from being

asymptomatic with thrombocytopenia discovered as an incidental finding to

exhibiting widespread purpura to having ICH in severe cases. Generalized pet-

echiae may appear minutes to hours after delivery. Typically, though, other than
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such sequelae the NAITP full term infant is healthy; gastrointestinal bleeding or

hematuria is less commonly observed.10 Thrombopoietin plasma concentrations

in fetuses with alloimmune thrombocytopenia are normal or slightly elevated.85

Thrombocytopenia may increase in the first 2 days of life and may last for several

weeks after birth.

Intracranial hemorrhage (ICH)

The most serious complication of NAITP is ICH,86–88 which occurs in 10%–20%

of severely affected neonates with 25%–50% of ICH occurring in utero.25,52,89

Intracranial hemorrhage may lead to severe hydrocephalus,90 hydrops fetalis,91

and fetal death. These infants have elevated risk of neurological complications,

including cerebral palsy, hypotonia, developmental delay, seizures,92 and psycho-

motor retardation.93 ICH may occur at birth or for as long as the newborn remains

thrombocytopenic. Antenatal or early postnatal neuroradiologic imaging showing

hemispheric porencephaly and lateral ventriculomegaly has been suggested as a

recognizable pattern of cerebral injury suggestive of the diagnosis of NAITP.94 The

majority of hemorrhages are either intraventricular or intraparenchymal; a rare

case of fourth ventricle hemorrhage with extension into the spinal column down

the spinal cord has been reported.95 Infants with ICH should be monitored in the

first years of life for persistent neurological damage.

Management of fetus with NAITP in utero

Prenatal management of alloimmune thrombocytopenia of the fetus is by no

means standardized and some argue that there is currently less consensus of

opinion concerning its management than 10 years ago.96 If a fetus is at risk of

NAITP (i.e. maternal history of NAITP in previous pregnancy) the obstetrician

may elect to measure and/or follow the fetal platelet count and/or administer IVIG

with or without corticosteroids to the mother. Of these treatment modalities the

one that carries the greatest risk is measuring the fetal platelet count.

Determination of fetal platelet count

Confirmation of the severity of NAITP in the fetus requires fetal blood sampling

during pregnancy or cord blood samples after birth.42 Performing a fetal blood

sampling carries with it certain risks such as fetal distress, bradycardia, hemor-

rhage, and death. Diagnostic fetal blood sampling has resulted in fetal mortality

due to severe fetal thrombocytopenia where platelets were not transfused during

the procedure. If the procedure is performed by an experienced, trained practi-

tioner, the risks may be minimized. If the fetal blood sampling was performed
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within 5 days of delivery, there was a correlation at birth of fetal platelet count with

neonatal platelet count.97,98

Fetal scalp sampling removes blood using a heparinized capillary tube from a

small scalp laceration. Platelet counts obtained with this method may be inaccurate

due to platelet clumping, and/or contamination with maternal blood or amniotic

fluid. This procedure also has the risk of scalp hematoma.

Percutaneous umbilical blood sampling (PUBS) cordocentesis provides a more accurate plate-

let count and requires an experienced, technically skilled physician to minimize

the risk of bleeding which may necessitate emergency C-section and may cause

fetal death in 1%.99 If the fetal platelet count is less than 100,000/ml then maternal

treatment with IVIG at a dose of 1 g/kg/week may be initiated and continued

throughout the pregnancy.83 Repeat PUBS may be performed 3–6 weeks after

starting IVIG to document improvement in platelet count. If the platelet count

remains low, high-dose prednisone (60 mg/day) or dexamethasone (4 mg/day)

along with weekly IVIG may increase the platelet count. Percutaneous umbilical

blood sampling should then be repeated to determine the fetal platelet count.

During PUBS, antigen negative platelets should be kept on hand for transfusion if

counts are less than 75,000/ml. It is important to communicate with the blood bank

prior to performing PUBS regarding the need for platelets in order to allow for the

time required to obtain and prepare platelets.100

Intrauterine platelet transfusion (IUPT)

The number of transfusions should be limited because of the high cumulative risk

associated with repeated procedures. IUPT may be associated with prolonged fetal

bradycardia after the transfusion. Transfusion may need to be repeated each week

because of the short half-life of the transfused platelets. The dose of platelets in

intrauterine transfusion in NAITP is not standardized but rather is based on the

gestational age, estimated fetal weight, total blood volume, and the platelet num-

bers in each platelet concentrate; a dose of 5–10 cm3/kg may be used. Other

equations used to calculate the volume of platelets for IUPT include:

(1) volume¼ [desired platelet increment/platelet count of concentrate]� estimated

fetal blood volume

(2) volume¼ [VSF (C3-C1)]/C2

Where VSF¼ estimated fetal blood volume according to fetal weight estimation;

C1¼ fetal platelet concentration before transfusion; C2¼ platelet concentration in

component preparation; and C3¼ fetal platelet concentration to be obtained.101

Platelets should be gamma irradiated to avoid graft-versus-host-disease

(GVHD) in the fetus. Platelets should be selected from CMV-negative donors or

should be leukocyte reduced to decrease the risk of CMV transmission to the fetus.
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Platelets must be negative for the implicated antigen. For intrauterine transfusion,

platelets are generally concentrated to provide more platelets in a smaller volume.

This also reduces the amount of anti-A and/or anti-B antibodies in plasma, though

ABO matching is generally not an issue as A and B blood group antigens are not

well developed on fetal red cells. However, a recent case report suggests that

transfused platelets should be ABO compatible though it may be very difficult to

get ABO and HPA matched platelets.101

A recent study of 56 fetuses that all had a sibling affected by NAITP due to

anti-HPA-1a found that cases with a sibling history of antenatal ICH or severe

thrombocytopenia (platelet counts< 20� 109/l) had significantly lower pretreatment

platelet counts than cases whose siblings had less severe thrombocytopenia or

postnatal ICH.99 None of the fetuses managed by serial platelet IUPT suffered ICH

following treatment but serious complications arose with fetal blood sampling.

The results of this study suggest that a sibling history of NAITP may be used to

stratify treatment in future pregnancy.

Management of the neonate

Transfusion therapy

To prevent or to treat hemorrhagic complications from NAITP, the treatment of

choice is platelet transfusion. Transfusion therapy in the neonate affected by

NAITP consists of selecting platelets that lack the platelet antigen against which

the mother has an antibody.102,103 Hence, postpartum management of severely

affected infants focuses on obtaining antigen-negative platelets for transfusion for

the neonate. Platelets may be collected from a phenotyped allogeneic donor or

from the affected infant’s mother for transfusion. Transfusion management in

these patients requires close collaboration between the obstetrician, hematologist,

and transfusion medicine specialist and the blood center/supplier.

Because of the high frequency of the HPA-1a antigen in the Caucasian popu-

lation, platelets that lack HPA-1a may be difficult to find. One study found

approximately 2.5% of 557 units to be HPA-1a negative.104 A screening program

of over 60,000 blood donations, found only 45 HPA-1a-negative donors with

no antibodies to HPA, HLA, RBC antigens, granulocytes or lymphocytes, and

with low titer anti-A and/or -B.105 To facilitate management of NAITP, some

blood collection agencies create a panel of platelet donors, to provide timely

transfusion support for fetal and neonatal therapy, who are fully genotyped for

HPA-1, -2, -3 and -5.

Sometimes, a mother may also have HLA alloantibodies that cross placenta

and cause a poor response to platelet transfusion in the fetus due to immune

destruction of transfused platelets. In such a scenario an improved transfusion
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response is seen when HLA compatible HPA-1a negative platelets are transfused.106

Cross-matching platelets with patient serum may be needed to circumvent platelet-

specific antibodies of unknown specificity.107

While the optimal approach to postnatal management is to transfuse compatible

platelets promptly, lack of awareness of the potential seriousness of the condition

among clinical staff, and non-availability of HPA-1a negative platelets may

complicate effective management of these patients.108,109 Since antigen-negative

platelets are not always available for transfusion, one should transfuse whatever

platelets are available in the blood bank, i.e. HPA-1a positive platelets.110

Use of maternal platelets for transfusion

By definition maternal platelets lack the antigen and would be appropriate to

transfuse to the neonate provided certain conditions are met. The mother should

be healthy, afebrile, and fulfill all allogeneic blood donor criteria other than being

pregnant/post-partum. Coordination between the obstetrical service, blood col-

lection facility and transfusion service is critical in orchestrating the collection,

processing and administration of maternal platelets. Administration of high-dose

IVIG may interfere with the immunoassays used for infectious disease testing and

may result in false positive immunoassays for the routine infectious disease tests

performed on the mother. Thus, it is preferable to perform the infectious disease

tests on the mother prior to administration of IVIG. Maternal platelets are

collected by apheresis technology and before transfusion to the neonate should

be washed to remove plasma that contains platelet alloantibodies. Maternal platelets

must be irradiated to eliminate the risk of GVHD and should be leukocyte

reduced.

Other treatment modalities

In an emergency, whole blood exchange has been tried to remove passive

antibodies; however its efficacy is somewhat limited as it removes primarily

IgM antibodies and not IgG antibodies that cause NAITP.111 The neonate can

be given IVIG therapy but its effect is delayed for up to 18 hours after the

administration.112

NAITP caused by human leukocyte antigens (HLA) antibody

Overview

HLA antigens are cell-surface glycoproteins encoded by a series of linked genes on

chromosome 6. Platelets express MHC (major histocompatibility) Class I but not

Class II antigens. The highly polymorphic Class I antigens are further classified
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into A, B, or C antigens. On platelets there is at least ten times greater expression of

the HLA-A or HLA-B antigen as compared to the HLA-C antigen.

Diagnosis

The presence of HLA antibodies in NAITP can be determined by reactions of the

maternal sera with lymphocytes and beads from an HLA antibody screening test as

well as adsorption and elution tests with paternal cells.113

Anti-HLA antibodies

The role of HLA antibodies in NAITP has not yet been clearly delineated.114 The

role of maternal anti-human leukocyte antigen (HLA) antibodies in NAITP is not

yet firmly established though neonatal thrombocytopenia induced by maternal

IgG anti-HLA antibody has been documented.115 Neither titers nor IgG subclass

could explain the occurrence of NAITP. The factors that contribute to NAITP

induced by maternal anti-HLA antibodies remain to be identified. Anti-HLA

antibodies reportedly exist in 31% of pregnant women; however cases of NAITP

caused by anti-HLA are relatively rare.116

Neonatal thrombocytopenia due to HLA alloantibodies is generally mild

to moderate and does not pose clinical problems in the neonate. Anti-HLA

antibodies have often been seen in conjunction with anti-HPA-3a (Baka) anti-

bodies in NAITP cases. While the majority of reported anti-HPA-3a antibodies

have co-existing anti-HLA antibodies, anti-HPA-3a is most likely the cause of

thrombocytopenia.

Immune thrombocytopenic purpura (ITP)

Clinical presentation

Immune thrombocytopenic purpura is a common autoimmune disorder that

often affects women in the child-bearing years but is an uncommon cause of

thrombocytopenia during pregnancy.117 It typically presents as a chronic condition

characterized by easy bruisability and with a low platelet count.

Pathophysiology

Maternal antibodies directed against platelets are IgG and cross the placenta, but

the binding of antibodies to fetal platelets varies, resulting in a wide range of

platelet counts in the affected fetus. Severity of maternal thrombocytopenia does

not correlate with that of the fetus. Interventions to raise maternal platelet count

may not necessarily increase the fetal platelet count.
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Differential diagnosis

Thrombocytopenia is the most common hemostatic abnormality identified in

pregnancy118 and it presents difficult diagnostic and management problems. ITP

is a diagnosis of exclusion and must be distinguished from other causes of

thrombocytopenia in pregnancy such as infection (HIV), thrombotic thrombo-

cytopenic purpura,119,120 hemolytic uremic syndrome, preeclampsia, hemolysis

elevated liver enzymes low platelets (HELLP) syndrome,121 and especially the

much more common gestational thrombocytopenia (see Chapter 15).122

History

A clinical history of thrombocytopenia or bleeding with petechiae and epistaxis

prior to conception suggests the diagnosis of ITP. To differentiate between ITP

and gestational thrombocytopenia, it is important to review the patient’s record

for evidence of thrombocytopenia before pregnancy. If previous maternal platelet

counts are not available, then the distinction rests upon the timing and severity of

thrombocytopenia with more severe thrombocytopenia that occurs earlier in

pregnancy more likely to be ITP.

Laboratory values

In the absence of a hypertensive disorder, a moderate asymptomatic thrombo-

cytopenia with platelet count from 50,000/ml–75,000/ml in the first trimester is

most likely to be ITP.123 A patient with thrombocytopenia due to ITP would likely

have normal blood pressure, liver enzymes, white and red blood cell indices, no

splenomegaly, no drug exposures, and negative HIV testing. Platelet counts less

than 50,000/ml are more commonly found secondary to ITP. Patients may be

identified before pregnancy or early on using routine complete blood counts. Anti-

platelet antibody testing is not recommended because assays have high false

positive and false negative rates.

Management

ITP in pregnancy requires the management of two patients, the mother and her

fetus. Thus, collaboration between hematologist, obstetrician, anesthesiologist,

and neonatologist is critical.124 American Society of Hematology practice guidelines

on the management of ITP include recommendations for the care of the pregnant

patient and her newborn infant.125 Intravenous anti-D (WinRho SDF; Nabi, Boca

Raton, FL) has been used to treat ITP in the pediatric126 and non-pregnant Rh (D)

positive adult patient;127–130 its role in the pregnant patient has yet to be de-

lineated.131 Management strategies during pregnancy may include IVIG and/or

glucocorticoids.98,132–137 For a detailed discussion see Chapter 15.
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Neonate

Incidence and degree of thrombocytopenia

While maternal autoantibodies may occur in 2 of every 1000 pregnant women,

neonatal thrombocytopenia occurs in only about 10% of neonates born to such

mothers and serious hemorrhage occurs in only up to 1%. Large prospective

studies show that among infants born to women with ITP, 8.9–14.7% have platelet

counts less than 50,000/ml 6 with ICH occurring in 0–1.5% of infants.138 Only 4%

have counts less than 20,000/ml and are therefore at risk for hemorrhage at birth.

Infants born to mothers with ITP may have further decrements in platelet count in

the first week postpartum. At this time the strongest predictor of severe neonatal

thrombocytopenia in a pregnant woman with ITP is a previous pregnancy with a

severely thrombocytopenic neonate.

Management

A neonate born to a mother with ITP should have a cord blood platelet count

performed at birth and repeated at 24 hours. If thrombocytopenia is severe, IVIG

is recommended with platelet transfusion support in cases of active bleeding.

The ITP antibody has broad-spectrum reactivity against platelets with shortened

survival of all sources of platelets. Thus, in a bleeding or at risk neonate any source

of ABO compatible platelets can be transfused. In severe cases exchange trans-

fusion may be considered to remove the circulating anti-platelet antibodies.
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Introduction

Hemorrhagic complications in obstetrical practice are frequently encountered that

require specific blood component therapy. This chapter presents an overview of

the rational use of blood components in pregnancy, for obstetrical bleeding

complications, and in general gynecology practice. Section I discusses blood

collection, transfusion risk, and pretransfusion compatibility testing. Section II

describes the preparation, contents, storage, and indications for blood and its

components. Section III focuses on the use of new pharmacological therapeutic

agents in lieu of blood and component therapy in specific patient populations.

Section IV reviews transfusion of blood components in clinical situations invol-

ving the obstetrical patient.

I Blood collection, transfusion risk, and pretransfusion testing

Blood collection

Each year in the United States over 12 million units of whole blood are collected.1

Blood donors are qualified for donation based on an initial history and physical

examination using eligibility criteria established by the Food and Drug Administration

(FDA). Blood donation is performed using two different methods: (1) whole blood

donation where a single unit of whole blood (WB) is collected into a plastic bag

and then separated at a later time into components, or (2) apheresis donation via

an automated technology where the donor is connected to an instrument which

selectively collects either red blood cells (RBCs), platelets or plasma. The blood

components are RBCs, plasma, cryoprecipitate, and platelets. The donor is tested for
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infectious diseases (see Table 17.1), ABO blood group, Rh(D) type, and red cell allo-

antibodies. Whole blood and its components are stored in a variety of different

anticoagulant-preservative solutions that may include dextrose for ATP generation

by the glycolytic pathway, adenine to serve as substrate for ATP synthesis, citrate

as anticoagulant, and sodium diphosphate to maintain pH.

Risks of transfusion therapy

The blood supply has never been safer in its history than it is today.2–10 Transfusion

risks may be infectious (see Table 17.1) or non-infectious (see Table 17.2).

Infectious risks

Blood collecting agencies, the Food and Drug Administration (FDA), physicians,

and scientists have tiers of protective layers to interdict transfusion-transmitted

diseases (TTD).11–13 Before any blood component unit is released, pre-donation

screening of the donor and post-donation infectious disease testing has occurred.

Nevertheless, each transfusion carries with it a slight risk of transmitting a known

infectious agent for which testing is performed if the infection is in an undetectable

phase known as the window period. Also, there is an additional risk of an unknown

or an emerging infection for which testing is not performed.14 The recent discovery

that West Nile virus is transmissible by transfusion is the latest reminder that

the blood supply continues to be vulnerable to emerging pathogens.15–20 Another

example involves transmissible spongiform encephalopathy [Creutzfeldt-Jakob

Disease (CJD) and new variant CJD (nCJD) or mad cow disease], which have

theoretical but unproven transmission of their infectious prion particles.21,22 At

present, there is no test to detect the infectious prion particle in blood donors, nor

do current viral inactivation methods definitively eliminate the abnormal prion

Table 17.1 Current infectious disease testing of allogeneic blood donors.

Agent Tests performed on donor blood Estimated risk

Viral HIV anti-HIV-1 and HIV-2 �1:2,000,000

HBV anti-HBc, HBSAg �1:200,000

HVC anti-HCV; NAT for HCV RNA �1:1,900,000

HTLV-I/II anti HTLV-I; anti-HTLV-II �1:2,990,000

Bacterial Syphilis Serologic test Extremely rare

Key: HIV¼Human immunodeficiency virus; NAT¼ nucleic acid testing; HBV¼ hepatitis B

virus; anti-HBc¼ anti-hepatitis B core; HBSAg¼ hepatitis B surface antigen; HCV¼ hepatitis C

virus; HTLV-I/II¼Human T-cell lymphocytotrophic virus-I/II.
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protein. Those involved in Transfusion Medicine are constantly monitoring new

pathogens and developing strategies to keep the blood supply as safe as possible.

Non-infectious risks

The current, single greatest transfusion threat of immediate mortality from a non-

infectious cause is the administration of ABO incompatible blood to a patient.23–25

Patient identification and/or clerical errors may be made at the time of initial

sample collection, during laboratory testing, or at the bedside at the time of

transfusion.26 Other noninfectious risks of blood and component therapy27

include mild urticarial to severe allergic28 reactions such as anaphylaxis to plasma

proteins, febrile nonhemolytic transfusion reactions due to cytokines, acute and

delayed hemolytic transfusion reactions due to red cell alloantibodies, volume

overload, transfusion related acute lung injury29,30 and alloimmunization against

erythrocyte, leukocyte or platelet antigens.31 Large volumes of plasma infusions,32

as seen in massive transfusion, may have complications of citrate reaction (from

tingling numbness to parasthesias), hypothermia and metabolic acidosis.

Transfusion associated graft-versus-host disease (GVHD) is a rare complication

seen in immunocompromised patients, and in immunocompetent patients who

are getting transfusions from first-degree relatives.33–35

Pretransfusion compatibility testing

When a blood product or component is requested, a series of immunohematology

tests are performed on a patient’s blood in order to provide compatible blood. This

Table 17.2 Noninfectious risks of transfusion.

Transfusion reactions

Hemolytic

Immediate or delayed

Allergic

Moderate to severe – anaphylactic, bronchospasm, etc.

Mild – urticarial, itching

Febrile nonhemolytic

Volume overload

Transfusion-related acute lung injury

Citrate reactions

Alloimmunization

Transfusion-associated graft vs. host disease

Post-transfusion purpura
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pretransfusion testing is performed to prevent immune mediated hemolytic

transfusion reactions.36 Hemolytic transfusion reactions may have serious seque-

lae including hemoglobinemia, disseminated intravascular coagulation (DIC),

renal failure, and death.

Before transfusion, ABO blood group and Rh(D) type are determined on the

patient’s blood. If within the preceding 3 months the patient has been transfused

with blood, has been pregnant, or if the history is unknown, it is necessary to

obtain a sample from the patient within 3 days of the scheduled transfusion with

the day of the draw considered Day 0 (zero).37 Additionally, an antibody screen is

performed on the patient’s plasma or serum to determine if any antibody is

present. If the antibody screen is positive, antibody identification is performed

in order to determine the specificity of the antibody, after which RBC donor units

are selected that lack the antigen(s) to which the antibody is directed. ABO/Rh(D)

type is also determined for each individual unit of RBCs destined for transfusion.

Both ABO Group and Rh(D) type must be compatible between the recipient and

donor. This is accomplished by (1) a clerical check of all the records as well as (2) a

cross-match where the donor RBCs and patient serum or plasma are mixed

together and upon examination if RBC agglutination or hemolysis is absent,

compatibility of donor RBC with patient serum or plasma is indicated.

II Blood and its components: Preparation, contents, storage, volume,

indications, and administration

The following section reviews the preparation, contents, storage, and indications

of Whole Blood (WB) and its components; thereafter, some practical aspects of

blood administration are presented. Whole blood and its components are listed in

parallel to how they are produced in actuality (see Table 17.3).

Whole blood

Preparation and storage

Whole blood (450 ml� 10%) is collected into a closed system consisting of a

phlebotomy needle, tubing, and attached polyvinyl resin bags. Each of the bags

contains approximately 63 ml–70 ml of a citrate-based anticoagulant. Whole

blood is stored at 1–6 8C and the expiration date depends upon the composition

of the anticoagulant used. Additive solutions cannot be added to whole blood to

increase the storage time. After 24 hours of storage, WB essentially becomes red

cells suspended (38% hematocrit) in a protein solution equivalent to liquid

plasma. This is due to significant loss of labile coagulation factors (FV and VIII),

and platelets that become dysfunctional.38

531 The rational use of blood and its components in bleeding complications



Table 17.3 Blood and its components: Preparation, contents, storage, volume, indications, and administration.

Blood/blood

component

Approximate

volume/unit

Storage

conditions

Composition/

constituents

in each unit

Expiration of unit

and storage media

Major indications

(see chapter for

detailed description) Other considerations

Rate of infusion of

blood/component

Whole blood 500 ml 1 8C–6 8C Red blood cells,

plasma,

(hematocrit�40%).

Functional

platelets are virtually

absent

ACD/CPD/CP2D

21 days

CPDA-1

35 days

Massive hemorrhage Must be ABO

identical

For massive

hemorrhage as

rapidly as tolerated.

Must be within

4 hours

Packed red blood

cells (PRBCs)

250–330 ml 1 8C–6 8C RBCs suspended

mostly in

anticoagulant and

very small

amount of plasma

CPD/CP2D

21 days

CPDA-1

35 days

(250 ml with

Hct �80%)

Additive solution 42

days

(�330 ml with

Hct 52–60%)

Symptomatic anemia Must be ABO

compatible

Must be within

4 hours

Platelets, random

donor

50 ml 20 8C–24 8C

with continuous

agitation/rotation

Greater than

5.5� 1010 platelets

5 days after collection Hemorrhage

secondary to

thrombocytopenia

or platelet

dysfunction

For adults 4–6 units

pooled for a single

dose

Must be within

4 hours

Platelets,

apheresis/

single donor

platelets (SDP)

200–300 ml 20 8C–24 8C

with continuous

agitation/rotation

Greater than 3� 1011

platelets/unit

5 days after collection See platelets, RDP For children it can

be divided into

smaller doses

Less than 4 hours

Fresh frozen

plasma

(FFP)

�200 ml <�18 8C Plasma proteins

All of the coagulation

factors

�18 8C

12 months

�65 8C

7 years

Deficiency of plasma

coagulation factors

Must be frozen within

8 hours if collected

in CPD, CP2D,

CPDA-1. Must be

frozen within

6 hours if collected

in ACD. Must be

ABO-compatible

Must be within

4 hours

FFP thawed See FFP 1 8C–6 8C See FFP 24 hours See FFP Less than 4 hours

Thawed plasma See FFP 1 8C–6 8C Reduced levels of

Factor VIII

and Factor V

5 days See FFP Less than 4 hours

Cryoprecipitate

(CRYO)

15 ml <�18 8C Fibrinogen,

Factor VIII,

von Willebrand

factor, FXIII,

fibronectin

12 months Replacement of

fibrinogen,

Factor XIII

Thaw at 30 8C–37 8C

and 5–20 units

pooled

Within 4 hours

Key: Anticoagulant storage solution abbreviations: ACD¼ adenine citrate dextrose; CPD¼ citrate phosphate dextrose; CP2D¼ citrate phosphate 2 dextrose;

CDPA-1 citrate phosphate dextrose adenine-1.



Indications

While WB was the first product transfused in the United States, the development

of centrifugation technology and storage bags allowed for its breakdown into

multiple specific components. Today whole blood is rarely used in clinical practice

in the United States. Whole blood has limited efficacy and use in clinical practice.

Its limitations include (1) circulatory/volume overload in patients who require

only the oxygen-carrying capacity of RBCs, (2) loss of platelet function, (3) loss of

labile coagulation factors, and (4) the requirement that whole blood must be ABO

identical to the patient’s ABO type. Some physicians elect to transfuse whole

blood in cardiovascular surgery. Whole blood is indicated for patients with

massive hemorrhage (active bleeding and loss of >25% of their total blood

volume – see Section IV) and for patients undergoing an exchange transfusion.39

One unit of whole blood will increase hemoglobin by 1 g/dl or the hematocrit

by 3%. In one study of patients undergoing liver transplantation, the use of WB

provided effective therapy for blood loss comparable to the use of components,

while allowing fewer donor exposures.40 In cases of massive hemorrhage, WB

transfusion may be more expeditious as compared to packed red cells and fresh

frozen plasma, which require time to be thawed.

Packed red blood cells (PRBC)

Preparation and storage

PRBCs are units of whole blood with most of the plasma removed. WB is collected

and centrifuged at a slow spin; RBCs settle at the bottom of the bag and platelet

rich plasma (PRP) is expressed off into a satellite bag. Additive solution (AS-1,

AS-3, AS-5) may be added to the PRBCs to extend the shelf life by providing

additional nutrients. PRBCs collected via apheresis are similar in efficacy to PRBCs

prepared from a WB donation.41 A PRBC unit contains a small volume of plasma

(�15 cc) and mostly anticoagulant solution. Each PRBC unit raises the adult

patient’s hemoglobin concentration by 1 g/dl or the hematocrit by 3%. PRBCs

are stored at 1–6 8C with the storage time based on the anticoagulant and additive

solution used. The volume of one PRBC unit is between 220–350 ml with a

hematocrit of �80%. In those units which contain an additive solution, the

hematocrit decreases to �55% in a volume of about 300–400 ml.

Indications

PRBC transfusion is indicated when tissue oxygenation is compromised by either

acute or chronic blood loss or anemia. RBC transfusion is commonly used to increase

oxygen-carrying capacity for patients who are anemic or undergoing chemotherapy

534 Katharine A. Downes and Ravindra Sarode



or radiation therapy, trauma victims, surgical patients, end-stage renal disease

patients, premature infants, or patients with sickle cell disease.42 Adequate oxygena-

tion can be maintained with a hemoglobin content of 7 g/dl in the normovolemic

patient without cardiac disease; however, co-morbid factors often necessitate trans-

fusion at a higher threshold. Blood and its components must only be transfused when

clinically indicated. The physician should document on each patient’s chart the clinical

necessity for transfusion. The decision to transfuse a patient should not be based

solely on a numerical value but rather on (1) patient’s age as related to her health,

(2) severity of anemia, (3) etiology of anemia, (4) duration of anemia, (5) estimated

blood loss, and (6) vital signs. RBCs should not be transfused to treat anemia(s) that

might be corrected with medications such as iron, vitamin B12, or folic acid, nor

should they be used as volume expanders or to increase oncotic pressure.

Platelets

Random donor platelets (RDPs)

Preparation

RDPs are obtained from PRP (collected during PRBC preparation) as described

above. PRP is centrifuged at high speed at room temperature, which creates a

platelet pellet; platelet poor plasma (PPP) is then siphoned off to another bag. The

platelet pellet is re-suspended and constitutes one random donor platelet unit. For

transfusion in adults, 4–6 RDP units are pooled together in a single large bag. It is

important to note that once pooled, the unit must be transfused within 4 hours.

After 4 hours, the unit is considered expired (due to increased risk of bacterial

growth because pooling is done in an open system) and it must be discarded. One

unit of RDP contains at least 5.5� 1010 platelets in�50 cm3 of plasma. Depending

on the collection technique, platelet units may contain numerous leukocytes.

Some RBCs are present in each unit, which may result in a pink tinge/coloration

if the concentration of RBC exceeds 1 cm3 in the pool of six RDPs.

Single donor platelets (SDPs)

Preparation

SDPs, also known as apheresis platelets, are collected by apheresis machine during

an approximately two-hour donor session. SDP contain at least 3� 1011 platelets

in 200–300 cm3 a unit, which includes a small amount of anticoagulant solution.

This number of platelets is equivalent to a pool of 4–6 RDP units. The apheresis

techniques used generally produce leukocyte reduced SDPs whereas RDPs can be
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leukoreduced by leukoreduction filters either at the collection facility or in the

hospital blood bank.

Storage

RDP and SDP are stored at 20–24 8C with gentle agitation and expire 5 days from

the day of the collection.

Indications and dose

The objective of platelet transfusion is to provide an adequate number of functioning

platelets to prevent and/or stop hemorrhage.43 Therefore, platelet transfusion is

indicated for the management of patients with quantitative and qualitative platelet

disorders. Thrombocytopenia may be due to increased consumption or decreased

production.44 With normal platelet function, a platelet count of 10,000/ml is hemo-

static in an otherwise stable patient. One adult dose of platelet (1 SDP or 4–6 pooled

RDP) increases the platelet count by 25–50,000/ml. For large adults (>80 kg) the

dose is usually 1 RDP per 10 kg of body weight. Because of the platelet’s short life

span, frequent (2–3 days) platelet transfusion may be required to maintain an

adequate platelet count. Inadequate increment at 60 minutes post transfusion may

suggest refractoriness to platelet transfusion due to HLA alloantibodies. Other causes

of platelet refractoriness include alloantibodies against platelet specific antigens, DIC,

idiopathic thrombocytopenic purpura (ITP), drugs, hypersplenism, fever and sepsis.

Other considerations

The A and B blood group antigens are weakly expressed on platelets. Therefore,

ABO compatibility of platelets generally is not an issue unless the patient seems to

be refractory to platelet transfusion in which case ABO identical transfusion

should be tried. When platelets need to be transfused to infants or for large volume

transfusion in an adult, donor plasma in the platelets should be ABO compatible

with the recipient’s red cells. Care should be taken in transfusing O platelets

(which can have extremely high titer anti-A antibodies) to a Group A patient.

While the Rh(D) antigen is not expressed on platelets, contaminating Rh(D)

positive RBCs (6-pooled RDP may have up to 0.5–1 cc and SDP up to 0.5 cc) may

stimulate an immune response in a patient who is Rh(D) negative. Thus, there is a

potential for development of anti-D in an Rh(D)-negative woman of childbearing

age or in a young female who receives platelets from an Rh(D) positive donor.45

Therefore, when Rh(D) positive platelets are given to an Rh(D) negative female the

use of intravenous Rh(D) immune globulin (300mg single dose; WinRho SDF1

Nabi Biopharmaceuticals Boca Raton, FL) is recommended, since the intramuscular

route (i.e. RhoGAM1, Ortho-Clinical Diagnostics Inc, Raritan, New Jersey) is

contraindicated in thrombocytopenic patients. Administration of RhIg is a
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conservative therapy with little risk to the patient. Efficacy lasts for 4–6 weeks, thus

allowing for platelet transfusion with Rh(D)-positive platelets.46

Fresh frozen plasma

Preparation and storage

Supernatant plasma, separated during RDP preparation and frozen within 8 hours

of whole blood collection at –18 8C, is known as fresh frozen plasma (FFP).47 The

volume of one unit of FFP varies depending on the method used to collect and

prepare the unit and may range from 200–250 ml if WB derived and 400–600 ml

if collected by apheresis technique. FFP is stored at or below 18 8C for one year.

Since plasma must be ABO compatible with the patient’s RBCs, the ABO blood

group must be known. FFP must be thawed in a water bath at 30 8C–37 8C and

transfused within 4 hours if kept at room temperature or within 24 hours if stored

at 4 8C. If it is not used within 24 hours it is relabeled as thawed plasma and must

be refrigerated at 4 8C and it may be used for up to 5 days. Thawing 2–4 units of

plasma may take 15–30 minutes. FFP contains all of the coagulation proteins

including the heat labile coagulation factors V and VIII, which degrade over time if

stored unfrozen. With the exception of Factor VIII, levels of clotting factor activity

are stable for up to 5 days in thawed plasma.48 One international unit (IU) of each

coagulation factor is present in each ml of undiluted plasma.

Indications and dose

Liver Disease: In liver disease decreased production of clotting factors and anti-

plasmin, increased levels of tissue plasminogen activator (TPA) and abnormal or

decreased fibrinogen production may lead to bleeding.49,50 If a liver disease patient

with coagulopathy (prothrombin time>5 seconds above normal) requires surgery

or is bleeding, 10–15 cm3/kg FFP should be given. Factor VII has a half-life of

about 6 hours; consequently, a patient may require FFP every 6–8 hours to correct

coagulopathy or stop bleeding.

Reversal of warfarin effect

Fresh frozen plasma is used for the reversal of warfarin effect before surgery or to

treat warfarin overdose when the patient is bleeding or is at a greater risk of

bleeding. Warfarin decreases the vitamin K-dependent clotting factors (FII, VII,

IX, and X) that are present in FFP. It is given as a 10–15 cm3/kg dose that may need

to be repeated after 6–8 hours.

Replacement of isolated coagulation factor deficiencies:51–53 FFP is indicated for

the replacement of isolated deficiencies of Factors II, V, X and XI for which
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purified concentrates are not available. These factors have long half-lives of

24–72 hours and hence need to be treated at 24–48 hour intervals after a loading

dose of 10–15 cm3/kg. Factor VII deficiency can be treated with either FFP or

recombinant FVIIa, which is generally used for the treatment of patients with

acquired hemophilia or congenital hemophilia, who have developed inhibitors.

Acquired deficiencies of these factors, having a wide range in the severity of

bleeding, are seen in a variety of conditions ranging from autoimmune disorders

to malignancy. Diagnosis depends on demonstration of decreased factor

activity.54

Massive transfusion

FFP is used in the setting of massive blood transfusion55–57 or major blood loss to

replace depleted clotting factors that are not present in PRBCs. Generally in the

setting of massive transfusion, one unit of FFP is given for each 5 PRBC units

transfused, but the dose may vary with the clinical situation.

Disseminated intravascular coagulation (DIC)

The management of DIC includes treating the primary cause; however, FFP should

be given to patients with acute DIC who are bleeding in order to replace consumed

clotting factors along with cryoprecipitate and platelets. If the patient is not

bleeding, then FFP should not be transfused simply to correct laboratory values;

in such a case adding FFP would be like adding fuel to the fire and can worsen micro-

vascular thromboses. FFP should not be used when a coagulopathy might be

corrected more effectively with a specific therapy (i.e. vitamin K, cryoprecipitate)

nor should it be used solely as a volume expander.

Other indications of FFP include plasma exchange therapy for thrombotic

thrombocytopenic purpura and HELLP syndrome.

Cryoprecipitate (CRYO)

Preparation and storage

CRYO is prepared by thawing FFP at 1 8C–6 8C, a procedure which produces

an insoluble precipitate. After centrifugation at 4 8C this precipitate is separated

from cryosupernatant and then re-frozen within 1 hour. The volume of CRYO

is 15–20 cm3 in each unit. For transfusion, the CRYO units are thawed at

30 8C–37 8C, and 5–15 units are pooled, based upon the patient’s weight and the

substance that is being replaced. After pooling, CRYO must be transfused within 4

hours. In adults CRYO units are not necessarily ABO compatible due to very small

volume of plasma; however, the ABO group is honored in a neonate.
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CRYO contains fibrinogen, von Willebrand factor (VWF), FVIII, FXIII, and

fibronectin. Each unit of CRYO should contain at least�80 IU Factor VIII: C units

and at least �150 mg of fibrinogen. CRYO is stored at or <�18 8C for up to

12 months from the date of collection. CRYO must be transfused within 6 hours of

thawing and pooling.

Indications and dose

Fibrinogen replacement: The hemostatic level of fibrinogen is�100 mg/dl. A single

unit of CRYO will increase the fibrinogen level by�5–10 mg/dl in an adult who is

not bleeding. In a patient who is bleeding, the target fibrinogen level is>150 mg/dl.

CRYO is indicated for congenital afibrinogenemia,58,59 congenital or acquired

hypofibrinogenemia,60 and dysfibrinogenemia. FXIII and fibrinogen play an essen-

tial role in placental implantation and maintenance of pregnancy. Maternal fibrin-

ogen maintains hemostatic balance during pregnancy and may play a role in

stabilizing uteroplacental attachment at the fetal–maternal junction.61 Congenital

low fibrinogen levels may be associated with placental abruption.62 Deficiencies of

FXIII and/or of fibrinogen are the only coagulation deficiencies associated with

pregnancy loss.63 Acquired hypofibrinogenemia is encountered in acute DIC, liver

disease or massive transfusion. Generally, CRYO is given as a pool of 10–15 bags for

hypofibrinogenemia. In the steady state, the half-life of fibrinogen is 3–5 days.

Dosing schedules of CRYO infusions of every 3 days for patients with congenital

a/hypofibroginemia is appropriate during hemostatic challenge. The patients

receiving cryoprecipitate as fibrinogen replacement in conditions with rapid fibri-

nogen turnover should be monitored with fibrinogen assays.

Von Willebrand disease (VWD): CRYO contains von Willebrand factor (VWF)

(>80 units/bag) and is used to treat VWD; however, it is a second line therapy for

VWD because of availability of a safer, purified product, Humate-P1 (Aventis-

Behring, Marburg, Germany). The loading dose of CRYO is 20–30 units (depending

on the weight of the patient) followed by half of that every 12 hours (t/2 is 12 hours).

Factor XIII replacement: FXIII catalyzes cross-linking between fibrin monomers,

which increases the strength of the fibrin clot.64–66 Since FXIII may play a critical role

in uterine hemostasis and maintenance of the placenta during gestation,67 a defici-

ency of FXIII would result in a weakened fibrin clot with hemostatic abnormalities.

FXIII level required to maintain hemostasis is very small (>1–2%) and it has a very

long half-life (�96 hours), therefore CRYO is given for treatment of FXIII deficiency

at a dose of 10–15 units every 2–3 weeks.68,69

Uremia

CRYO is given at a dose of 10–15 units every 12–24 hours to treat the coagulopathy

associated with uremia.70,71 The precise mechanism leading to the benefit is

539 The rational use of blood and its components in bleeding complications



unknown; however, abnormality of VWF is postulated. Its use should be restricted

to patients who do not respond to non-transfusion therapy (DDAVP, desmopres-

sin) or have shown tachyphylaxis to DDAVP.

Modifications to whole blood and its components

Leukocyte reduction, irradiation and/or washing of blood components are per-

formed to prevent adverse effects of transfusion. Leukocyte reduction removes

leukocytes that may carry CMV or induce febrile non-hemolytic transfusion

reactions or alloimmunization to HLA antigens.72,73 RBC, SDP and RDP units

may be leukocyte-reduced at the time of or immediately after collection at the

collection centers or in the blood bank before sending the unit to the floor for

transfusion. Pre-storage leukocyte reduction at blood centers is preferred because

this results in less cytokine release from the lymphocytes in platelets that are stored

at room temperature.74 Irradiation is indicated for the prevention of transfusion-

associated graft-versus-host disease in immunocompromised patients such as

neonates, intrauterine transfusion, congenital immunodeficiency syndromes,

and blood transfusions from first-degree blood relatives (directed donation) in

immunocompetent patients.

Plasma proteins, which may cause severe allergic reactions, can be removed

from cellular blood components by washing; this is especially indicated to prevent

anaphylaxis in a patient with absolute IgA deficiency or occasional intractable

severe allergic reactions not responding to antihistamines and steroids.

Blood administration

The unit of blood or blood component may only be administered to the patient

after both recipient and blood/component have been properly identified. All blood

components must be transfused through a filter designed to remove small clots

and microaggregates (170–260 micron filter). With the exception of a 0.9%

sodium chloride injection (USP), no medications or solutions may be added to

or infused through the same tubing with blood or components unless such a

solution has specific approval from the FDA for this use. Avoid infusing solutions

containing calcium (i.e., Lactated Ringer’s, Injection ISP) through the same tubing

used for the transfused blood; the addition of calcium may reverse the anti-

coagulant effect of citrate and cause clotting in the tubing. Except in cases of

massive hemorrhage, the infusion rate should be slow, e.g. 2 cc/minute (one unit

in �2 hours). The patient must be monitored carefully and vital signs must be

recorded. In the event of a transfusion reaction as described in Table 17.2 the

transfusion should be stopped. Transfusion should not be restarted until the
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transfusion service has evaluated the patient. The only exception is mild allergic

reactions like rash and/or urticaria, where a transfusion can be stopped, and

re-started once antihistamine/steroids have controlled the reaction.

III Use of new pharmacological agents in lieu of blood

and component therapy

Red blood cell substitutes

The development of a blood substitute would be invaluable for patients requiring

emergent transfusion or patients unwilling to receive transfusions. There is a persistent

search for a red blood cell substitute with the oxygen carrying capacity of hemoglobin.

The two classes of red blood cell substitutes are hemoglobin-containing fluids and

Perfluoro compound emulsions. Inherent difficulties with these hemoglobin-based

products include high oxygen affinity, a short plasma half-life, and auto-oxidation.75

The Perfluoro compounds are water insoluble. More studies are needed to determine

the efficacy of these compounds and the side-effect profile for pregnancy.76–78

Erythropoietin (EPO)

Erythropoietin regulates red cell production and is secreted by renal peritubular

cells in adult and fetal hepatocytes. EPO increases erythrocyte survival and causes

maturation and proliferation of erythroid progenitor cells. In normal pregnancy

maternal EPO levels may increase 2–4� of normal79–83 EPOGEN1 (rHuEPO;

Epoetin Alfa) is a recombinant EPO that stimulates RBC production. It was

initially used in the treatment of anemia associated with chronic renal failure

(50–100 units/kg) for patients on dialysis. Its uses have expanded to treat anemias

due to other causes, as well as perioperative surgical patients (300 units/kg/day for

10 days preoperatively), and autologous blood donors.84 EPO has been used to

treat iron deficiency anemia during pregnancy85 as well as anemic women in the

puerperium (20,000 units in one time single dose).86 EPO has been used with some

success in pregnant women with renal failure87 and renal transplantation (50–150

units/kg/week).88,89 For a detailed discussion of the role of EPO in the manage-

ment of anemia in pregnancy, see Chapter 9.

A novel erythropoiesis-stimulating factor (NESP, Darbepoetin Alfa (Aranesp)

Amgen Inc, Thousand Oak, CA)90–92 has been synthesized. When compared with

rHuEPO, NESP has a higher carbohydrate content (52% vs. 40%), a longer plasma

half-life93,94 and has been reported to maintain hemoglobin levels just as effectively

in patients with chronic renal failure as rHuEPO but at less frequent dosing.95

It has not yet been studied in pregnant women and its effects on the fetus are

unknown.
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Although EPO has been used in some patients, many Jehovah’s Witness patients

refuse EPO because it contains albumin, which some consider to be a prohibited

blood product.

Recombinant Factor VIIa (Novoseven)

Recombinant activated FVII (NovoSeven, Novo Nordisk, Princeton NJ; rFVIIa) is

a hemostatic agent that complexes in vivo with tissue factor to activate Factor X,

thereby initiating the clotting cascade by bypassing requirements for Factors VIII

and IX. It has been used as a universal hemostatic agent because of its potent

thrombin generating power in patients with trauma.

rVIIa is used to treat patients with hemophilia A or hemophilia B who have

inhibitors to Factor VIII or Factor IX.96,97 There are no well-controlled studies of

rVIIa in pregnant women; rVIIa should be used in pregnancy only when the

potential benefits justify the potential risk to the fetus. It has been successfully

used in pregnant patients with congenital FVII deficiency (an off-label use).98

Because of its universal hemostatic effect and recombinant preparation, it may be

used in obstetric patients with trauma or severe hemorrhage who are Jehovah’s

Witnesses. Glanzmann’s Thrombasthenia is a rare, autosomal recessive bleeding

disorder resulting from a deficiency of the platelet glycoprotein IIb-IIIa complex.99

rFVIIa has been used in the management of two pregnant women with Glanzmann’s

Thrombasthenia.100 rFVIIa has also been used to treat severe obstetric hemorrhage

due to placental accreta, uterine rupture, and preeclampsia with HELLP.101

Individuals who are Jehovah’s Witnesses pose a unique challenge for the

obstetrician in the management of labor and delivery and their potential compli-

cations.102,103 A pregnant Jehovah’s Witness patient requires a thoughtful multi-

disciplinary approach that unites obstetricians, transfusion medicine specialists,

anesthesiologists, and interventional radiologists in proactive and preventive

management. Women who are Jehovah’s Witnesses may refuse transfusions,

even when the transfusion is life saving for them. Maternal deaths have occurred

in cases related to refusal of blood transfusion.104 One retrospective cohort study

found that in 391 deliveries by 332 Jehovah’s Witness women, there was a 6%

obstetric hemorrhage rate resulting in two maternal deaths.105 This translates into

a rate of 512 maternal deaths per 100,000 live births versus 12 maternal deaths per

100,000 live births in the non-Jehovah’s Witness population, leading to a conclu-

sion that women who are Jehovah’s Witnesses may be at a 44-fold increased risk of

maternal death from obstetric hemorrhage. Each institution should have clearly

defined consent procedures and documentation regarding the transfusion wishes

of such a patient. Many adult Jehovah’s Witnesses carry a wallet-sized advance

directive card stating that they refuse blood;106 however, the patient’s decision

with regards to receipt of blood and its components should be reviewed with her at
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the time of admission. Limiting the amount and frequency of phlebotomy during a

hospital stay may help to minimize blood loss in these patients.107 Intra-operative

blood salvage with cell savers and auto-transfusion may be used in these patients;

collection devices can be modified to ensure a continuous closed connection with

the patient’s own circulation. Jehovah’s Witnesses may accept synthetic blood

substitutes but may refuse hemoglobin-based substitutes composed of animal or

human protein. For anemic patients EPO is an option to increase hemoglobin

values before delivery, and, if there is massive hemorrhage, then rFVIIa can be used

at 70mg/kg dose (4800 mg/vial dose).

IV Special clinical conditions encountered in obstetrics

and use of blood components

Overview

Hemorrhagic disorders during pregnancy and the puerperium create a challenge

for the obstetrician in management of both mother and fetus. Hemorrhagic

disorders may be inherited,108 acquired, or related to the physiology of pregnancy.

Anemia

Anemia is the most common hematologic complication of pregnancy and is

associated with increased rates of premature birth, low birth weight and perinatal

mortality. Detection of anemia beyond the physiologic anemia of pregnancy is

important because anemia at the time of delivery may increase the need for a blood

transfusion. Hemoglobin should be maintained >7–8 g/dl.

Etiologies

Iron deficiency is the most common cause of anemia, and iron supplementation

will both prevent and treat iron deficiency anemia. Most pregnant women benefit

from daily elemental iron supplementation of 30 to 60 mg.109

Obstetric hemorrhage

Common hemorrhagic complications of pregnancy remain among the leading

causes of maternal mortality, e.g., abruptio placenta, DIC, placenta previa, uterine

rupture, and postpartum hemorrhage.110–112 While maternal hemorrhage is a

primary cause of maternal mortality world-wide,113–118 the mortality rate from

major hemorrhage is lower in developed countries and has been reported from 1.4

to 2.0 pregnancy-related-deaths due to hemorrhage per 100,000 live births in the
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United States.119,120 The risk of death from obstetric hemorrhage has been mini-

mized by the availability of blood products for transfusion. A recent study found

an overall maternal mortality rate of 9.5 per 100,000 live births in Japan, with

hemorrhage the most common cause of death.121

Transfusion management

Guidelines

Each obstetric unit should have protocols and guidelines to manage intra or

postpartum hemorrhage.122,123 Such guidelines should encompass the manage-

ment of patients who agree to transfusion as well as those patients who object to

blood transfusions.124

Transfusion therapy

The degree of hypotension is the first guide to the degree of blood loss, except in

abruptio placentae. Delays in correcting hypovolemia, diagnosing and treating

coagulopathy, and surgical correction of bleeding are potentially avoidable. Rapid,

immediate correction of hypovolemia with crystalloids and red cells is then

followed by blood component therapy guided by hematocrit, PT, APTT, fibrin-

ogen, platelet count and clinical features. The management of massive hemorrhage

is described below.

Massive transfusion

Definition and pathophysiology

Massive transfusion is defined as the replacement of one or more blood volumes

within 24 hours due to hemorrhage. The blood volume of a 70 kg adult is approxi-

mately 5,000 ml, which is the equivalent of 10 units of whole blood. Rapid

hemorrhage initiates complex interrelated physiologic responses or hemorrhagic

shock, which complicates the management of acute hemorrhage. Hypotension,

tachycardia, oliguria, pallor, cyanosis, decreased hematocrit and central venous

pressure are characteristic signs and symptoms of shock. Severe hemorrhage

affects electrolyte balance and oxygen transport.

Laboratory investigation

In a patient with massive hemorrhage laboratory studies should be drawn as STAT

and include coagulation studies (PT, APTT, fibrinogen and platelet count), blood

type and Screen, blood gases or pulse-oximetry, as well as a biochemical profile.
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Samples should be collected at the earliest opportunity, as results may be affected

by colloid infusion.

Treatment

Successful treatment requires immediate action and excellent communication

between the obstetrical service, the transfusion medicine service and the blood

bank. The objectives of treatment of massive hemorrhage are to restore blood

volume and to maintain tissue perfusion and oxygenation, as well as to achieve

hemostasis by correcting coagulopathy by the rational use of blood component

therapy. The most important goal in treating acute hemorrhage is to prevent or

correct hypovolemic shock. Adequate fluid volume should be infused to maintain

adequate blood flow and blood pressure for tissue oxygenation. Immediate

volume restoration with crystalloid or colloid solutions is recommended through

wide-bore peripheral cannulae (14 gauge or larger). The use of albumin versus

crystalloids for volume replacement has been debated; further trials are needed

before definitive recommendations may be made.125,126 The clinician should aim to

maintain a normal blood pressure and a urine output of greater than 30 ml/hour.

The patient’s hematocrit, vital signs, and clinical situation determine the require-

ment and urgency for transfusion of red blood cells.

Transfusion considerations

Emergency release, uncrossmatched RBCs

Acute hemorrhage often does not permit the time needed to perform a Type and

Screen and therefore necessitates the transfusion of uncrossmatched, ‘‘emergency

release’’: Group O Rh(D) negative red blood cells. Similarly, if the patient’s ABO

blood type is not current, then Group O Rh(D) negative RBCs and or Group AB

plasma must be transfused. In an emergency platelets of any blood type can be

transfused.

Whole blood

In a situation of massive hemorrhage, a physician may select WB, if available,

for transfusion to restore simultaneously both red cell mass and blood volume.

To transfuse Whole Blood, the patient’s ABO type must be known. Typically,

however, PRBCs are administered with a crystalloid solution to restore oxygen

carrying capacity and blood volume. If the patient has a known alloantibody to

RBC antigen(s) and if time permits, PRBC or WB units should be antigen

negative for the specificity of the antibody. In cases where time does not permit

identification of the antigen negative donor unit, potentially incompatible

blood might be transfused after weighing the risk of hemolysis versus patient
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exsanguinating. As WB does not require thawing, it is prepared more quickly

than FFP.

Platelets

The clinician should allow time for platelet preparation (i.e., pooling) and

delivery from the blood bank (15–30 minutes). After a 2-volume blood replacement,

dilutional thrombocytopenia should be anticipated and hence after every 10 units

of PRBC, a dose of platelets should be given. Target platelet counts are

>100� 109/l for CNS trauma, and >50� 109/l for other situations.

FFP

An ABO Type is needed to transfuse. During massive transfusion 1–2 units FFP is

given for each 5 units of PRBCs. Allow least 15–30 minutes for thawing of FFP.

CRYO

During massive transfusion therapy, generally CRYO is ignored till bleeding

is uncontrolled due to hypofibrinogenemia! FFP does not contain enough fibrino-

gen to correct hypofibrinogenemia due to dilution or consumption during mas-

sive hemorrhage and has to be supplemented by CRYO. After every 10–15 PRBCs,

10 units of CRYO should be given to achieve good hemostasis. Again, allow �30

minutes to thaw and pool the component.

Complications

Transfusion of a large volume of stored blood over a short time interval may result

in adverse metabolic effects including citrate toxicity, hypothermia, and coagula-

tion abnormalities resulting in microvascular bleeding. Citrate toxicity results

from a decrease in ionized calcium from the effect of anticoagulant in blood

products. Often rapid infusion of blood and its components may cause hypo-

thermia in the recipient; using high-flow blood warmers may prevent this

complication.

Disseminated intravascular coagulation (DIC)

Etiology

Obstetric conditions that may induce DIC include abruptio placentae127,128 pla-

centa previa, retained dead fetus syndrome, amniotic fluid embolism,129 uterine

atony, therapeutic abortion, and toxemia of pregnancy. Tissue factor (TF) and

tissue factor pathway inhibitor (TFPI) are present in amniotic fluid. The level of

TF has been found to be almost 45 times higher than in blood plasma. Amniotic
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fluid present in the circulation may influence the plasmatic TFPI-TF equilibrium

resulting in intravascular blood coagulation.130

Management and transfusion therapy

To treat DIC the underlying cause of the DIC must be treated. A patient may

present in labor with massive bleeding and clinical and laboratory findings con-

sistent with DIC. The appropriate treatment is to evacuate the uterus. The

diagnosis of DIC is clinopathological based on signs and symptoms and abnorm-

alities of coagulation laboratory tests. If the patient is bleeding, then transfusion

therapy should be considered. If however she is not bleeding, then it may be

prudent to observe and hold off on transfusion of platelets, FFP and CRYO to

prevent adding ‘‘fuel to the fire’’ effect where these products may aggravate intra-

vascular micro or macrovascular thromboses.

Intra-uterine transfusion

For a discussion of this topic, see Chapter 4.

Pregnancy in a patient with sickle cell disease

Transfusion therapy is used to prevent and treat the complications of sickle cell

disease (SCD). PRBCs are the preferred blood component. Transfusion risks

unique to the SCD patient are iron overload and the hyperhemolytic transfusion

syndrome. Additionally, SCD patients are sensitive to increased blood viscosity

and blood pressure; thus, a transfusion might potentially trigger a sickle cell

complication such as stroke and pulmonary complication.131 Delayed hemolytic

transfusion reactions, which are often seen in SCD patients and have been reported

in a pregnant woman with SCD,132,133 occur via an anamnestic immune response

in patients previously alloimmunized by certain RBC antigens. Pretransfusion

compatibility testing does not detect certain antibodies that cause these reactions

because the antibody may be present in low concentrations, or its corresponding

indicator rare antigen may be absent from the tested RBCs.

Red blood cell exchange (RBCx) is used to reduce the percentage of cells

containing sickle hemoglobin while decreasing volume overload and minimizing

hyperviscosity that may occur with RBC transfusion.134 RBCx is indicated on an

emergent basis for acute complications of SCD, e.g., stroke or acute chest syn-

drome. Approximately 2–4 hours are required to arrange for this procedure since

it requires 5–8 units of fresh RBCs (<7 days old) that are partial phenotype-

matched (see below).
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Some authors assert that prophylactic red cell transfusions reduce maternal

morbidity and perinatal mortality appreciably, although perinatal morbidity

is not eliminated; transfusion therapy is justifiably started early in pregnancy for

women with hemoglobin SS disease but may be withheld until the end of the

second trimester for women with hemoglobin SC or sickle cell-beta-thalassemia

disease.135

Antigen-matched RBCs: Alloimmunization to red cell antigens is a significant

risk in chronically transfused SCD patients. Providing RBC units that are matched

for erythrocyte antigens may prevent the development of RBC alloantibodies. To

provide an erythrocyte antigen-matched RBC unit, the laboratory first must

determine the SCD patient’s erythrocyte antigen phenotype. Secondly, in order

to prevent alloimmunization, RBC donor units are selected that are negative for

the antigens that the patient lacks. In one study, none (0%) of the 40 sickle cell

disease patients who received antigen-matched transfusions showed any evidence

of alloimmunization, while 16 (34.8%) of the 46 patients who received both

antigen-matched and non-antigen-matched transfusions developed clinically sig-

nificant alloantibodies.136 Therefore, chronically transfused sickle cell anemia

patients should get antigen-matched units to prevent alloimmunization. Limited

matching for at least Rh and Kell group antigens is sufficient to prevent allo-

immunization for those antigens.

Atypical, life-threatening hyperhemolysis in patients with SCD has been well

described in the literature. Continuing transfusion may be fatal, as it can further

exacerbate hemolysis in these patients where both autologous and transfused cells

may be hemolyzed.137 Holding transfusion and giving steroids (1–2 mg/kg/day) is

helpful.
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Heparin is the most commonly used pharmacologic intervention to prevent or

treat thrombosis in pregnancy. Both unfractionated heparin and low molecular

weight heparins have been used successfully for therapeutic and prophylactic

anticoagulation during gestation. Conversely, the use of coumadin in pregnancy

is not advised as the drug crosses transplacentally and has been associated with a

risk of fetal embryopathy and hemorrhage.1 The use of heparin, however, can have

adverse clinical side effects for the pregnant female that include heparin-associated

osteoporosis, eosinophilia, allergic reactions, ski rashes, and alopecia.2,3 However,

the most significant and potentially devastating consequence is the development of

heparin-induced thrombocytopenia.2,3 This is particularly true when the throm-

bocytopenia is paradoxically associated with either a venous or arterial throm-

bosis. Although heparin and low-molecular-weight (LMW) heparins are generally

considered safe during pregnancy, a recent adverse reaction MedWatch report has

been issued regarding the use of enoxaparin in pregnancy. This MedWatch report,

issued January 9 2002 states the following: PRECAUTIONS:

Pregnancy

Teratogenic effects

There have been reports of congenital anomalies in infants born to women who received enoxaparin

during pregnancy including cerebral anomalies, limb anomalies, hypospadias, peripheral vascular

malformation, fibrotic dysplasia, and cardiac defect. A cause and effect relationship has not been

established nor has the incidence been shown to be higher than in the general population.
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Non-teratogenic effects

There have been post-marketing reports of fetal death when pregnant women received Lovenox

Injection. Causality for these cases has not been determined. Pregnant women receiving anti-

coagulants, including enoxaparin, are at increased risk for bleeding. Hemorrhage can occur at

any site and may lead to death of mother and/or fetus. Pregnant women receiving enoxaparin

should be carefully monitored. Pregnant women and women of child-bearing potential should

be apprised of the potential hazard to the fetus and the mother if enoxaparin is administered

during pregnancy.

In a clinical study of pregnant women with prosthetic heart valves given enoxaparin

(1 mg/kg bid) to reduce the risk of thromboembolism, 2 of 7 women developed clots resulting

in blockage of the valve and leading to maternal and fetal death. There are postmarketing reports

of prosthetic valve thrombosis in pregnant women with prosthetic heart valves while receiving

enoxaparin for thromboprophylaxis. These events resulted in maternal death or surgical inter-

ventions. The use of Lovenox Injection is not recommended for thromboprophylaxis in

pregnant women with prosthetic heart valves.

Adverse reactions

Ongoing Safety Surveillance: Since 1993, there have been over 80 reports of

epidural or spinal hematoma formation with concurrent use of Lovenox

Injection and spinal/epidural anesthesia or spinal puncture.4

The syndrome of heparin-induced thrombocytopenia

Two clinical syndromes of heparin-induced thrombocytopenia (HIT) are seen,

each with different pathophysiologic mechanisms and distinct clinical events

and potential sequelae. One termed Type I HIT (with features highlighted in

Table 18.1) is a non-immunologic event occurring early within hours to a few

days after heparin exposure.3

The degree of thrombocytopenia is mild, usually a 10 to 30% decrease of

platelets from baseline counts. There are no accompanying clinical manifestations.

Though uncertain, the mechanism is thought secondary to a heparin-platelet

Table 18.1 Heparin-induced thrombocytopenia Type I.

* Non immune

* Thrombocytopenia occurs early after heparin exposure

* Thrombocytopenia mild: 10–30% decrease in platelet numbers

* No clinical manifestation

* Mechanism – heparin-induced platelet aggregation

* Therapy – none; episode transient and counts normalize even if heparin continued
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interaction leading to platelet activation, aggregation, sequestration and consumption.

The episode is transient and the platelet count returns to normal even with

continued heparin exposure. Unfractionated (high molecular weight) heparin is

more likely to cause a Type I HIT as opposed to a low molecular weight heparin.

No specific therapy is required for this lesion, which usually goes clinically

unrecognized and is commonly diagnosed retrospectively.

By contrast, clinically significant HIT, commonly termed Type II HIT represents

a disease spectrum that is due to an immune mediated destruction of platelets

in response to heparin. To emphasize its clinical potential it has often been

further subdivided into HIT (heparin-induced thrombocytopenia) and HITT

(heparin-induced thrombocytopenia and thrombosis syndrome). Type II HIT/T

can have significant clinical sequelae with severe morbidity and mortality.5

Deep vein thrombosis, pulmonary embolism, arterial thrombosis, mesenteric

ischemia and cerebral and myocardial infarction are some of the potentially

devastating consequences of this lesion. Therefore it is important to recognize

the characteristics of a Type II HIT/T that distinguishes it from Type I HIT.

Table 18.2 lists the common clinical features of Type II HIT/T.6

These characteristics include a later onset, usually day 3 to 14 (median day 6),

after exposure to either an unfractionated or low molecular weight heparin.

However, the onset may be earlier (within hours) after a heparin infusion in the

patient who has had recent heparin exposure of any type. Since this lesion is

immunologically mediated, some have felt that the temporal relationship to the

exposure can be quantified, since antibody disappearance commonly occurs by

3 to 4 months following heparin exposure. Although this is commonly seen

(i.e. decreased risk after 100 days), episodes of rapid onset have been seen and

this 100 day rule appears relative.7 Type II nadir-platelet counts are in a much

lower-range than Type I HIT, usually 30,000 to 60,000 but can be<10,000.

Table 18.2 Clinical features of heparin-induced thrombocytopenia Type II.

* Usual onset day 3–14 (median day 6) – onset within hours if previous heparin exposure

* Nadir platelet count – usually 30,000–60,000 but can be<10,000

* Risk – heparin exposure of any type (subcutaneous, IV, heparin coated catheter)

Risk>with continuous infusion vs. subcutaneous dosing

Risk>with Unfractionated vs. LMW heparin

Risk: bovine> porcine> LMW

* Mechanism – immune mediated platelet destruction

* Clinical manifestation – spectrum including thrombosis (arterial and venous), DVT, PE,

CVA, MI, visceral infarction including mesenteric
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No individual platelet value mandates the diagnosis of Type II HIT/T. Although

no absolute number exists, a 50% decrease in the platelet count from initial

baseline should be considered diagnostic. Less than 50% drop in baseline counts

should arouse suspicion of HIT/T and prompt further investigation. A drop of

30% from baseline in any 24-hour period, unless otherwise explained, should be

considered strongly suspicious for HITT.5

HIT/T frequency

The overall frequency of Type II HIT/T has been estimated at 3 to 5% in a general

population exposed to unfractionated heparin.5 These are clearly estimates.

Nevertheless the incidence with low molecular weight heparin is clearly less than

that with unfractionated heparin. In pregnancy, heparin-induced thrombocytopenia

is much rarer and occurs less frequently than in the non-pregnant heparin exposed

woman. The basis for this reduced frequency is not certain. However, the explan-

ation for the decreased incidence of HIT/T in pregnancy may center on the altered

immune response of the pregnant female to the antigenic heparin platelet factor 4

(PF4) complex, presumably the most frequent basis for HIT.8

HIT/T pathophysiology

The most commonly defined mechanism to explain heparin-induced throm-

bocytopenia and thrombosis is based on the development of antibody to the

heparin platelet factor 4 complex (PF4). Platelet factor 4 (PF4) is a protein

released from platelet alpha granules. PF4 binds to heparin forming a complex

antigen that induces antibody formation. The Fab region of the antibody binds

to the heparin-PF4 complex; and, the Fc portion of the antibody binds to the

Fc�RIIA receptor on the platelets. Complexes of heparin-PF4-antibody accumu-

late on the platelet surface, activate the platelet which then releases more PF4

thereby perpetuating further platelet activation and aggregation in a positive

feedback cycle.9

The antibody is not heparin specific and reacts with other highly sulfated

materials such as dextran sulfate, pentosan sulfate and endothelial heparin.

Heparin itself can also bind to peptides, proteins and glycoproteins on platelet

and endothelial cell surfaces. PF4 can bind to heparan sulfate on the endothelial

cell surface, and this complex can be bound by the antibody causing endothelial

cell damage and localized platelet activation and tissue factor release. The damaged

endothelial cell serves as a nidus for the thrombotic cascade with tissue factor

release, monocyte recruitment, platelet microparticle release, further platelet

aggregation, thrombin generation and resultant thrombosis.

It is now recognized that heparin antibodies are heterogeneous in function. The

antibody generated against the heparin platelet factor 4 complex is most often an
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IgG2 isotype, but IgA and IgM antibodies have also been described. A complex

issue relative to HIT/T antibodies is that they may be functional or nonfunctional

in terms of platelet activation. Thus, the laboratory recognition of an antibody

does not absolutely define the existence of HIT, which presently is a clinical

diagnosis. In addition, they may be dependent or independent of heparin to

produce the actual platelet activation. For these reasons, the actual antibody titer

has a poor correlate with the clinical manifestations.10,11 Furthermore, the anti-

bodies are heterogeneous in specificity and affinity for the target epitope thereby

explaining the variability of clinical consequences noted in patients. Finally

heparin itself varies in amino acid and protein content and degree of sulfation

from different laboratories and manufacturers further contributing to the hetero-

geneity of the spectrum of HIT/T antibody induction.

Although antibodies generated against the heparin platelet factor 4 complex

account for the great majority of cases of HITT, there are two rarer forms which

are equally catastrophic. One is due to heparin induced antibodies against the

platelet membrane interleukin 8 (IL 8) site and the other is due to a heparin

induced antibody directed against the platelet membrane bound neutrophil

activating peptide 2 (NAP – 2).12,13 These rarer forms of HIT/T may not follow

the usual timeline pattern of 3–14 days and may lead to HITT either before or after

the usually expected occurrence of HIT/T; however, fortunately, these forms of

HIT/T are very rare.

Risk factors for the development of HIT/T

Heparin-induced thrombocytopenia can develop after exposure to any amount or

type of heparin administered by any route, although it is most common during the

continuous infusion of unfractionated heparin. However, HIT has been reported

even after a subcutaneous heparin dose, following heparin flushes of catheters, and

with heparin-coated catheters.14,15 A hierarchy of risk has been noted relative to

the frequency of HIT. Thus, bovine unfractionated heparins have a higher inci-

dence then those made from porcine; and regarding the source low molecular

heparin has a significantly lower risk than unfractionated heparin.16 Although

the low molecular weight heparins differ from one another, a clear hierarchy of

incidence for them is not yet known. For reasons that are uncertain an interesting

observation is that patients with the platelet Fc�RIIA receptor genotype appear to

have a slightly higher degree of risk of developing HIT.17

HIT-associated thrombosis

In the presence of a clinically defined episode of HIT there is an estimated

probability of 35% of developing a significant thrombosis. Thrombi can occur

in either the venous or arterial vessels.18 When these occur in the extremities
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the seriousness is emphasized by an estimated 20% risk of limb amputation.

Thromboembolism occurs in 10% of patients and other clinical consequences

include recurrent pulmonary embolism, stroke, myocardial infarction, and mesen-

teric ischemia. The mortality of HIT/T with a thromboembolic event in some

series has been 30%.19,20

Clinical management

Since the diagnosis of HIT predicts a high risk of developing thrombosis with

serious morbidity and mortality, patients on heparin require careful monitor-

ing of the platelet count. The most recent guidelines of the North American

Consensus Conference Committee (American College of Chest Physicians/

ACCP) recommend a daily or every other day platelet count while on heparin

therapy.21 However, although this recommendation is mandatory for short-term

intravenous or subcutaneous thrombotherapeutic heparin dosing use, this is

impractical for use of thromboprophylactic doses during gestation. One of the

authors (RLB) chooses to monitor weekly platelet counts for the first trimester

and monthly platelet counts during the second and third trimesters.22 If a

presumptive diagnosis of HIT/T is made, all heparin exposure must be stopped

immediately including subcutaneous and flush doses and heparin-coated

catheters should be removed. The patient should be assessed physically for

limb swelling, discoloration or pain. Dyspnea, chest pain, subtle neurologic

symptoms, and abdomen discomfort, unexplained acidosis (due to ischemia)

or elevated white count must all be evaluated.

Differential diagnosis

Development of thrombocytopenia in a pregnant patient being treated with

heparin demands a prompt an immediate evaluation as to cause. Aspects of the

differential diagnosis relative to the thrombocytopenia are delineated in Table 18.3

and further reviewed by Sarode et al. in Chapter 15.

Table 18.3 Thrombocytopenia in pregnancy – differential diagnosis.

DIC Drugs

AIDS Autoimmune (lupus, RA, etc.)

HIT Malignancy

ITP Hemorrhage

Gestational thrombocytopenia Preeclampsia

Septicemia
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The diagnosis of HIT is a clinical one which utilizes commonly accepted

diagnostic criteria that include:

* Thrombocytopenia – platelet count<100,000 or a 50% decrease from baseline

(initial) pre-heparin count. HIT/T should be strongly suspected if the platelet

count drops>30% in any 24 hour period.

* Exclusion of other causes of thrombocytopenia.

* Confirmation by a heparin-associated antibody assay.

* Restoration of a normal platelet count with cessation of heparin.3

It cannot be emphasized too strongly that the diagnosis of HIT is a clinical one and

that the physician should not await extensive laboratory testing before proceeding

with appropriate management. Indeed, no single laboratory assay for the relevant

antibodies identifies all cases, which have the classical clinical characteristics. The

present availability of excellent agents to manage a thrombotic or prothrombotic

state allows the clinician to make an immediate discontinuation of the heparin and

an abrupt change to one of these newer agents.

Clinical testing

Specific antibody assays are not routinely available in most laboratories. Delays of

therapy waiting confirmatory testing can be catastrophic to the patient. Both

functional and quantitative antibody tests have been developed, but no single

highly sensitive and specific assay exists. In clinical practice functional platelet

aggregation assays or quantitative antibody testing are available for diagnostic

confirmation.

Functional tests These include the platelet aggregation assay and the serotonin

release assay (SRA). The platelet aggregation assay uses a mixture of reactive

normal donor platelets, patient serum, and heparin to evaluate platelet aggrega-

tion. A lumi aggregometer can be used to measure platelet activation with aggre-

gation. The platelet aggregation assay has a high false negative rate and a sensitivity

of about 40%.23,24

The serotonin release assay (SRA) measures platelet activation. Normal donor

platelets pre-incubated with radio labeled serotonin are mixed with patient serum

and heparin. Platelet activation is a function of the released radiolabeled serotonin.

The SRA has a higher sensitivity (60% to 80%) but requires greater technical

expertise in the lab for handling of the radioisotope. It has long been considered

the ‘‘gold standard’’ of diagnosis.25

Quantitative tests These tests measure antibodies to the heparin PF4 complex.

Several Elisa assays have been developed.26 Unfortunately, heparin can induce

measurable antibody that does not induce thrombocytopenia; and, conversely
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patients with a clear clinical picture of HIT do not always have measurable anti-

body. Thus, the antibody titer may not correlate with clinical manifestations. The

most important issue is that a patient with the classical clinical picture of HIT may

have a negative test in all of the assays. Therefore the clinical diagnosis must take

precedence over any laboratory test in the decision to treat.

Clinical treatment of HIT/T

The treatment of HIT/T in pregnancy can be complex and some controversy as to

approach exists. Once the diagnosis is suspected, the prompt discontinuation of

heparin is mandatory. However, simply stopping heparin does not reduce the

thrombotic event rate. Indeed, the risk may persist as long as 3 weeks following the

discontinuation of heparin. For patients who have experienced an actual throm-

bus, no question exists relative to the need for further anticoagulation. For patients

with HIT and no clinically recognized thrombus, prophylactic anticoagulation is

appropriate until the platelet count increases to normal and the antibody titer

declines because these patients are at high risk for developing thrombotic compli-

cations for at least 3 weeks.18,27

There are various alternative anticoagulant drugs available. Many of these are of

limited value. The current state of the art treatment for the therapy of HIT/T is the

use of a direct thrombin inhibitor as these drugs are rapid acting and do not cross

react with the HIT antibody.

Alternative anticoagulants

Low molecular weight heparins These drugs have high rates of cross reactivity with

heparin dependent antibodies (80–100%) and have absolutely no significant role

in treating HIT/T!28

Anacrod (Arvin; Knoll) – This is a defibrinating enzyme derived from snake

venom. It has an indirect action against fibrin and high risks of bleeding.

Prolonged use is associated with tachyphylaxis and thrombosis. The safety profile

for use in pregnancy is unknown and is therefore considered contra-indicated for

use in pregnancy.

Coumadin This drug, even if started immediately after the diagnoses of HIT/T

requires 48–120 hours to achieve full anticoagulant effect. This requirement means

that the patient is without protection for a prolonged period. In addition, large

loading doses are contra-indicated as they inhibit Protein C and may result in

a prothrombotic state and tissue necrosis. Finally, Coumadin also crosses the

placenta and carries a risk of malformation or fetal hemorrhage. Indeed, it is this

observation that lead to the standard utilization of heparin in the management of

thrombotic or prothrombotic states in pregnancy.
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Danaparoid (Organon) This drug is a heparinoid, a mixture of heparin sulfate,

dermatan sulfate, chondroitin sulfate and LMW heparin. It differs in sulfation and

molecular weight from unfractionated and LMW heparins. It has at least a 20%

cross-reactivity with heparin dependent antibodies. Although there are reports of its

successful use to treat HIT/T in pregnancy it has largely been replaced by other

agents.29,30 Because of this cross-reactivity, the absence of an antagonist to reverse its

action, and a long half-life there is a significant risk of bleeding with it. Danaparoid

(Organon1) is not available in the USA, but is available in Canada and Europe.

Direct thrombin inhibitors These are the most effective drugs presently available

for the prophylactic and therapeutic treatment of HIT/T. These agents are

direct inhibitors of thrombin. They are rapid acting, have a short half-life, and

have no immunologic similarity to heparin and do not cross react with heparin

antibodies.30 Their level of anticoagulation can be conveniently monitored with

the activated partial thromboplastin time (aPTT). The FDA has approved

hirudin (Lepirudin, Refludan1) and argatroban (Argatroban1) for treating

HIT-associated thrombosis. Argatroban has also been FDA approved for pro-

phylactic treatment of HIT-associated thrombosis.

Hirudin (Lepirudin, Refludan1) This drug is a protein naturally derived from

leech saliva but now produced by recombinant technology. Hirudin irreversibly

binds to thrombin and has a long terminal half-life (80 min.). Its protein structure

induces antibodies that can either enhance or diminish its anticoagulant activity.

The dosing recommendation is 0.4 mg/kg bolus followed by a continuous IV of

0.15 mg/kg/hr. The dose must be adjusted for renal failure:

* Decrease by 50% for Creatinine 1.6–2.0

* By 70% for Creatinine 2.1–3.0

* By 85% for Creatinine 3.0–6.0

Monitoring is by the aPTT adjusted to keep the aPTT 1.5 to 2.5 of control.

Unfortunately no antidote is available for episodes of bleeding.31,32 Hirudin has

also been used clinically at doses of 10 to 20 mg s.c. every 12 hours in patients

requiring prophylactic therapy with heparin but who have a prior or current

history of HIT/HITT.33 Hirudin is designated Pregnancy Category B. By definition

this indicates that: no evidence of risk in humans: adequate, well controlled studies

in pregnant women have not shown increased risk of fetal abnormalities despite

adverse findings in animals, or, in the absence of adequate human studies, animal

studies show no fetal risk. The chance of fetal harm is remote, but remains a

possibility. It is not known if hirudin crosses the placenta or is excreted into breast

milk. Clinical studies34 have included one prospective and three historically

controlled trials in combination including 1,700 HITT patients. These studies
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have demonstrated that Refludan was associated with a relative risk reduction

(RR) of 62.9%, p¼ 0.00535,36 and the combined clinical endpoint of death, limb

amputation, and recurrent thrombosis was associated with a 55.4% risk reduction

p¼ 0.004.37

Argatroban This drug is a synthetically derived, reversible, direct thrombin

inhibitor, with a rapid onset of action (30 minutes). Steady state plasma concentration

is achieved in 1 to 3 hours after initiating a continuous infusion. The terminal

half-life is 39–51 minutes. The argatroban dose is 2 micrograms/kg/min (not

to exceed 10 m/kg/min or aPTT of 100 seconds). It does not induce antibody

formation and is metabolized by the liver. Therefore, dose reduction is required

for hepatic dysfunction, but not for renal impairment. Monitoring is by the aPTT

with a therapeutic goal of 1.5 to 2.5 of control.29,38,39 Like Ref ludan, unfortunately

no antidote is available for episodes of bleeding with Argatroban. Argatroban is

also designated Pregnancy Category B with no clinical studies evaluating use in

pregnancy. It is unknown if it is excreted in human breast milk. One prospective

historically controlled study has evaluated the efficacy of Argatroban in 304 HITT

patients.40 For the composite endpoint of death, amputation, and new thrombo-

sis, argatroban significantly reduced the composite endpoints by a 34% relative

reduction (25.6% versus 38.8%, p¼ 0.014). However, when individual com-

ponents of the endpoints were assessed separately, the incidence of new thrombosis

was significantly reduced in the argatroban group versus controls (6.9% versus

15.0%, p¼ 0.027, RR¼ 54.0%), however the limb amputation rate was not sig-

nificantly different for argatroban (1.9%) versus controls (2.0%) nor was there a

significant difference in all-cause death (16.9% versus 21.8%).34,40

A comparison of the two drugs is shown in Table 18.4.

Bivalirudin A synthetic peptide with reversible thrombin inhibition, metabolized

by the liver. It is not FDA-approved for the treatment of HIT. There is no safety

data on use in pregnancy. It is currently used only in interventional cardiology

procedures.

Antiplatelet agents Since HIT/T involves both thrombin generation and platelet

activation, the use of anti-platelet agents are currently being evaluated. Traditional

anti-platelet agents like dextran or aspirin are not effective as single agents in

the acute treatment of HIT/T. Newer anti-platelet agents like the glycoprotein

11b/111a inhibitor (Abciximab, ReoPro1), or Tirofiban (Aggrastat1) and the

ADP platelet receptor inhibitor Clopidrogel (Plavix1) can inhibit platelet activa-

tion, aggregation, and microparticle formation in vitro using HIT serum and

heparin. However very limited clinical studies in HIT/T using combinations of
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thrombin inhibitors and newer anti-platelet agents are reported.41 Hence no dosing

regimen, clinical trial or safety data are available as a guideline for use in pregnancy.

A clinically relevant approach to the patient with suspected HIT or HIT/T can

be summarized as described:

Quick guideline for direct thrombin inhibitor use in HIT/T with pregnancy

1. Stop heparin immediately.

2. Start rapid onset antithrombotic therapy while assessing for evidence of occult

thrombosis.

a. Hirudin (Refludan/Lepirudin) @ 0.4 mg/kg bolus followed by 0.15 mg/kg/hr

constant infusion IV or subcutaneous dose.

b. Argatroban @ 2 micrograms/kg/min (not to exceed 10 micrograms/

kg/min).

3. For prophylaxis, continue Argatroban or Refludan until thrombocytopenia

resolves. Some would then add low-dose aspirin.

4. For therapeutic treatment of HIT/T, continue Argatroban or Refludan until the

platelet count rises. Begin Coumadin once the platelet count rises. Start

Coumadin at expected daily maintenance dose without use of a loading dose.

Taper off Argatroban or Refludan once stable INR is reached.

Table 18.4 Comparison of drug characteristics of Hirudin and Argatroban.

Drug characteristics Hirudin Argatroban

Thrombin binding Irreversible Reversible

Half-life 90 min 40 min

Antibody induction Yes No

Dosing

* Bolus

* Continuous infusion

0.4 mg/kg IV

0.15 mg/(kg hr)

No

2 micrograms/(kg min)

(do not exceed 10m/

(kg min) or PTT>100 s)

Dose-adjusted renal impairment Yes No

Hepatic impairment No Yes

Monitoring aPTT (1.5–2.5 � control) aPTT (1.5–2.5 � control)

FDA approved therapeutic use HIT/T Yes Yes

Prophylactic use HIT/T No Yes

FDA pregnancy designation Category B Category B

Placental crossage

Breast milk excretion

Unknown Unknown
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Menorrhagia

Introduction

Normal menstruation occurs every 21–35 days lasting on average 7 days. Normal

blood loss is between 25 and 69 ml per cycle.1 Menstrual abnormalities can be

characterized by their flow and regularity. Menorrhagia is defined as bleeding of

over 80 ml with menstruation. Menometrorrhagia is irregular heavy menstrua-

tions. Menstrual abnormalities can be caused by multiple etiologies. These include

gynecological abnormalities of the uterus, hormonal disorders, and systemic dis-

orders. Prior reports have identified causes for excessive bleeding in only 50% of

patients.2 The estimated prevalence of menorrhagia in healthy women is between

9% and 14%.3 Menorrhagia has been found to be a reliable predictor for coagula-

tion and platelet disorders.4 In the absence of a readily identifiable cause, all

adolescents with menorrhagia, especially those with anemia, should be examined

for an undiagnosed coagulation defect.

Quality of life evaluations were shown to be poorer in all areas in women who

had inherited bleeding disorders. As compared to controls, women with menor-

rhagia found that they accomplished less than they would like during menses, and

their heavy flow limited their activities and the kind of work they could do.5 Forty-

six percent of type 1 von Willebrand disease (VWD) patients reported losing on

average 4 days from work or school due to menorrhagia.6

The gynecologist has a unique role in being the primary care giver, who generally

is the first practitioner to whom the patient presents with menstrual bleeding

problems. Unfortunately, many patients do not get evaluated for coagulation defects

when other obvious causes of menorrhagia are not found. Often a patient’s coagulo-

pathy is first diagnosed when they are evaluated for excessive menstrual bleeding.

With proper assessment and diagnosis, appropriate treatment can begin.

Hematological Complications in Obstetrics, Pregnancy, and Gynecology, ed. R. L. Bick et al. Published by

Cambridge University Press. # Cambridge University Press 2006.



Mechanism of hemostasis with menstruation

Intuitively, women with coagulation defects would be expected to have menor-

rhagia. The mechanism of hemostasis with menstruation is complex. Initially, the

hemostatic response begins with constriction of endometrial arterioles and myo-

metrial arteries.7,8 Specific platelet membrane receptors at the site of vessel injury

cause platelet adherence. Von Willebrand factor (VWF) anchors the platelet to a

thrombogenic constituent of the vessel wall.9 This activates further platelet aggre-

gation by binding fibrinogen to glycoprotein forming a platelet plug. These plugs

have been demonstrated in the first 20 hours of menstruation.10

Hemostasis is further maintained by fibrin deposition at the platelet plug,

forming a stable clot. Involved in the fibrin deposition is the recruitment of

circulating clotting factors. After the fibrin clot has been formed, the fibrinolytic

system causes degradation of the clot. Balance between formation and lysis of the

clot ultimately determines if hemostasis will be further maintained.

Determining menorrhagia

The perception of heavy menstrual bleeding by the patient can be very subjective.

Unless specifically asked, patients may not realize that they are losing more than

80 ml of blood each cycle. Conversely, some patients complain of heavy bleeding

when their total blood loss is less than 80 ml. The patient’s bleeding perception is

biased by upbringing and misconceptions.11 Objective analysis of bleeding can be

done with quantitative analysis of blood collected on sanitary napkins, but in

practical clinical situations this is not feasible. An alternative method of determin-

ing if a patient is experiencing excessive bleeding is with a pictorial blood measure-

ment chart (PBMC). This easy method identified patients who have menorrhagia

with specificity and sensitivities of greater than 80%.12 The validity of this method

has recently come under question when a validation study using the PBMC failed to

show its ability to objectively make the diagnosis of menorrhagia.13 In a recent

prospective study, the PBMC was modified to be more accurate and renamed the

menstrual pictogram (Figure 19.1). This study found a high level of correlation

between blood loss estimated by the menstrual pictogram as compared to the

quantitative alkaline hematin method. The menstrual pictogram had a sensitivity

of 86% and specificity of 88% in diagnosing menorrhagia.14 Thus, using the mens-

trual pictogram will allow objective assessment of blood loss and should be used to

determine if menorrhagia is present prior to beginning the diagnostic work up.

Gynecologist under-appreciation of coagulation defects

Studies have shown a high prevalence of von Willebrand disease (VWD) and other

bleeding disorders among women with menorrhagia. Gynecologists tend to be the

first health practitioners who evaluate women with menorrhagia and do not
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routinely consider coagulation defects as a cause for this condition. In a survey of

Georgian obstetricians and gynecologists, only 4% considered VWD as a cause for

menorrhagia in reproductive aged women. Among girls near menarche, physicians

overwhelmingly felt that the likely diagnoses in those with menorrhagia was either

anovulatory bleeding or within normal limits. Only 16% would entertain a possible

diagnosis of VWD in this age group. In general, most respondents believed that

most menorrhagia is caused by anovulation or is within normal limits. On average,

these physicians believed that less than 1% of menorrhagia patients had an under-

lying inherited bleeding disorder. Multiple studies have shown that the prevalence of

coagulation defects in women with menorrhagia is significantly higher than 1%.

This discordance, between the physician practice and the role of bleeding disorders in

menorrhagia, may be related to the gynecologist’s under-appreciation of the import-

ance of the role of bleeding disorders in menorrhagia, the complexity of these

disorders, and the diagnostic criteria necessary to make a specific clinical diagnosis.15
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Work up of menorrhagia in the coagulation-defect patient

The possibility of a coagulation defect should be considered after a thorough

history and physical examination. The patient should be asked about a family

history of bleeding disorders and personal history of excessive bruising or bleed-

ing. Bleeding after tooth extraction, postoperative bleeding, and postpartum bleed-

ing are significantly associated with inherited bleeding disorders.16 The clinical

expression of inherited coagulopathy is variable, yet many inherited coagulation

disorders present at menarche and in adolescence.17 A menstrual history, asking

specifically how often and how much sanitary protection is required with each

cycle, will alert the physician to possible patients with coagulopathy. Using the

menstrual pictogram (Figure 19.1) can substantiate menorrhagia. Pelvic ultra-

sound will identify those patients with gynecologic disorders that can present with

menorrhagia. If all examinations are within normal limits, preliminary blood

studies looking for coagulation defects are indicated. As outlined in Table 19.1,

the initial studies should include a complete blood count with platelets, prothrom-

bin time (PT), partial thromboplastin time (PTT), and bleeding time (BT). The

phase of the menstrual cycle when these laboratory studies are obtained is critical

because VWF is variable during the menstrual cycle. Von Willebrand factor has its

lowest levels during the first 7 days of the menstrual cycle. Blood drawn during this

phase will improve the sensitivity of detecting VWD. If all initial studies are

Table 19.1 Initial tests for the investigation of coagulation defects.

Test Abnormal results Diagnosis

Platelet count Decreased (<150K) Thrombocytopenia – various causes

Prothrombin time Prolonged (>17 s) Clotting factor deficiency:

Factor VII, X, II, fibrinogen

Partial thromboplastin time Prolonged (>34 s) Clotting factor deficiency:

Factor XI, X, IX, VIII, V, II,

fibrinogen, von Willebrand factor

Bleeding time Prolonged (>9 min) Vessel wall abnormalities: Platelet

dysfunction (i.e. Glanzmann’s

thrombesthenia, von Willebrand

disease)

If all above are normal:

Platelet aggregation

studies – induction

with epinephrine and

ristocetin Decreased aggregation Platelet function defect disorders

Partially adapted from Ellis, M. H., Beyth, Y.17
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normal, evaluation for platelet aggregation disorders is in order. These specific

tests are discussed under platelet function disorders. If any of the initial laboratory

evaluations are abnormal, Table 19.2 outlines specific additional laboratory

studies that can help in making a clinical hematological diagnosis.

Typically, the initial presentation of a coagulation disorder is at menarche and

in adolescence. In women who had menorrhagia at menarche, 20% were found to

have some coagulation defect. Von Willebrand disease was most often seen.

Thrombocytopenia and other less common disorders were also found.7

Menorrhagia seen later in the reproductive years, after having had normal men-

strual flows, are less likely due to coagulation defects. Yet, consideration for

acquired VWD, thrombocytopenia, and platelet aggregation disorders is reason-

able after other more likely causes for menorrhagia are not found.

Specific coagulation defects and menstrual abnormalities

Von Willebrand disease

Pathophysiology and prevalence

Von Willebrand disease is the most commonly inherited hematological disorder.

Approximately 0.8% to 1.3% of the population has the disorder.18,19 With VWD,

VWF is diminished and hemostasis is affected. Von Willebrand factor binds plate-

lets to the subendothelial matrix and plays an essential role in facilitating platelet

adhesion and aggregation.20 Von Willebrand factor additionally localizes FVIII to

Table 19.2 Confirmatory tests for selected bleeding disorders.

Disease Test Result

Von Willebrand

disease

Von Willebrand

antigen level Decreased

Ristocetin cofactor activity Decreased

Factor VIII activity/

von Willebrand factor Decreased

von Willebrand factor

multimeric analysis

von Willebrand multimeric

pattern

Factor XI deficiency Factor XI activity assay Decreased

Glanzmann’s thrombasthenia Platelet aggregometry Decreased aggregation with

collagen, thrombin, ADP,

epinephrine; normal with

ristocetin

Partially adapted from Ellis, M. H., Beyth, Y.17
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the vessel injury site. Seventy-four percent of patients with VWD have menor-

rhagia.21 In type 2 and 3 VWD, menorrhagia occurs in 80% of women.3 Von

Willebrand disease, especially type 1, is often found at menarche. Patients with

VWD type 2 and 3 have frequently evidence of a bleeding diathesis prior to

menarche, necessitating an earlier evaluation and diagnosis.

Bleeding patterns of women with VWD are not always regular. Forty-four

percent of women reported irregular bleeding lasting on average 11.5 days.

Blood transfusion was required in 20% and the majority had been treated in the

past for heavy bleeding. As previously noted, almost all women remember the start

of menorrhagia at menarche.22

Figure 19.2 summarizes a review of studies that assessed the prevalence of VWD

in women who were identified with menorrhagia and evaluated for coagulation

defects. When the data from these individual studies was combined, the overall

prevalence of VWD in women with menorrhagia was 13%.23 There is a discrepancy

between the approximately 1% prevalence of VWD in the general population and

the prevalence of women having symptoms. This may be linked to many different

factors, including how study populations were recruited and how the diagnosis of

menorrhagia was made and objectively determined. Also, genetic factors, including

race and blood type, will cause variability in the prevalence of VWD. In those

studies that recruited women from the general population, VWD prevalence was

the lowest. To definitively determine why this discrepancy is seen, a multi-center

trial using similar inclusion criteria, objective analysis of blood loss, diagnostic
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Figure 19.2 Prevalence rates of von Willebrand disease with confidence intervals.

Shankar, M., et al. Copyright permission obtained from BJOG.23
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testing, and inclusion for diagnosis will need to be performed. Regardless of the

reasons for this difference, prevalence of VWD is increased in women with menor-

rhagia and should be considered when no obvious etiology for heavy bleeding is

found.

Diagnostic requirements for VWD

When in its mild form, establishing the diagnosis of VWD is difficult and complex.24

The levels of VWF and factor VIII c change within the individual’s menstrual

cycle.25 The least amount of variability among patients is during menstrual bleeding.

Testing for the diagnosis of VWD during the menses affords the best opportunity to

identify those with the condition.26 Most studies have shown variations within

the menstrual cycle with VWF, yet one study did not appreciate cyclic changes.27

Abnormal laboratory assessment of von Willebrand factor antigen, von Willebrand

factor functional activity assay (VWF:Ac) or plasma factor VIII will aid in the

diagnosis and classification of VWD. VWF:Ac is the single most sensitive test for

most forms of VWD.28 Additional tests for hypothyroidism when determining VWF

levels will identify a subgroup of patients whose low VWF levels are due to

hypothyroidism and not VWD.29,30

Treatment of menorrhagia and VWD

Desmopressin

Type 1 VWD responds to desmopressin (DDAVP).31 This occurs by increasing the

VWF synthesis and its release from its storage site in the endothelial cells.

Desmopressin is available as a nasal spray and can be given intravenously or

subcutaneously. Subcutaneous DDAVP was given to 14 women who had menor-

rhagia and VWD. Eighty-six percent of the women noted that the DDAVP was

either very effective or effective in improving menstrual flow.32

The dosage of DDAVP is dependent on the weight of the patient. In those over

50 kg, two intranasal sprays, each 150mg, one in each nostril is recommended.

Those under 50 kg, only one intranasal dose of 150mg is required. A decrease in

bleeding with a single dose is considered an excellent response. Treatment should

be limited to a maximum of 2 days during menstruation.33

Desmopressin is not generally recommended in type 2 and 3 VWD. In type 2 the

VWF is dysfunctional, hence additional release of the defective VWF will not

improve hemostasis. In type 3 VWD, there are inadequate stores of VWF so that

DDAVP does not improve VWF levels. There are rare exceptions when DDAVP

has efficacy in patients with type 2 and 3 VWD.34,35

Adverse reactions to DDAVP are common but mild. Tachycardia, headache,

and facial flushing are most frequently seen. Because of the antidiuretic effect of
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DDAVP, water intoxication and hyponatremia can rarely occur. There are insuffi-

cient studies looking at specifically menorrhagia and treatment with desmopres-

sin, yet initial treatment reports appear promising.

Oral contraceptives

In oral estrogen-progestin preparations (OCPs) with estrogen greater than 50mg

of ethynyl estradiol, VWF increases and may of itself improve bleeding in women

with VWD.36 An increase in factor VIII activity, VWF-ristocetin cofactor activity

has been reported with estrogens.37 The increase in clotting factors due to estrogen

is dose dependent, with smaller amounts of estrogen showing little or no increase

in clotting factors.38

If the mechanism of improved hemostasis with OCPs is due to increased VWF,

then menorrhagia should improve from its use. However, there is conflicting data

on efficacy of OCPs in treatment of menorrhagia and VWD. In women with type 2

and 3 VWD, who were unresponsive to DDAVP, 88% showed clinical improve-

ment with OCPs.39 However, a survey of women with type 1 VWD treated with

standard OCPs found OCPs to be only 24% effective at reducing blood loss. The

authors concede that this low efficacy rate was determined by a questionnaire

and not with objective analysis.6 This lack of response by OCPs is intuitively

contradictory, for patients with type 2 and 3 VWD have less circulating VWF

and presumably the increases in the VWF from the estrogen should have affected

bleeding in type 1 VWD patients also. The most likely mechanism of improved

hemostasis with OCPs is due to a combination of the change in VWF and OCPs

direct effect on menstrual blood flow by reducing the proliferation of endome-

trium. Irrespective of its action on clotting factors, use of OCPs is the most

recommended treatment for women with VWD who have menorrhagia. Further

investigations of the mechanisms by which OCPs have their effect on reducing

menstrual flow need to be completed to fully understand the mechanism of action.

Antifibrinolytics: Tranexamic acid and Epsilon-aminocaproic acid

Tranexamic acid (TA) is a synthetic derivative of the amino acid lysine that exerts

its antifibrinolytic effect through competing for lysine binding sites on plasmino-

gen molecules, resulting in the inhibition of plasminogen activation to plasmin

and binding to fibrin. Fibrinolysis is increased during menstruation.40

Menorrhagia in VWD has been successfully treated with TA.41,42 There have

been reductions of 34 to 57.9% in mean menstrual blood loss with treatment with

TA therapy in women with menorrhagia.43 The optimal dosing regimen and

duration of treatment have not yet been determined. The medication has been

given as a single 3 g dose,44 1 g every 6 hours,45 1–1.5 g three times a day,46

and 4 g daily for 3–5 days.47 While the medication is generally well tolerated
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with only mild gastrointestinal side effects, thromboembolic potential can cause

serious complications.

Epsilon-aminocaproic acid (EACA), another antifibrinolytic amino acid that

functions by binding to plasminogen, has been used in patients with menorrhagia.

Five grams three times a day for 4 days resulted in a significant reduction in

menstrual flow. Serious side effects were not seen and only nausea, vomiting, and

giddiness were reported.48 EACA and TA are often sufficient to control bleeding or

can be used as an adjunct treatment with DDAVP.

Acquired von Willebrand syndrome

Acquired von Willebrand syndrome (aVWS) is a rare bleeding disorder with

laboratory findings similar to VWD. AVWS arises out of persons who previously

had no coagulation problems. Similar to VWD, patients will have a prolonged

bleeding time, decreased factor VIII procoagulant activity, low VWF ristocetin

cofactor activity, and low VWF antigen. Most present with bleeding from muco-

cutaneous sites, including menorrhagia.49 Acquired von Willebrand syndrome is

caused by a variety of systemic conditions, including lymphoproliferative (48%)

and myeloproliferative (15%) disorders. Other conditions that produce the

syndrome include malignancy, autoimmune disorders, and hypothyroidism.50

Primary treatment is directed at the underlying disorder. With acute bleeding,

the treatment for aVWS is the same as required for VWD.

Platelet dysfunction disorders

Pathophysiology and prevalence

Platelet function disorders is a general term for a variety of defects in which there is

an alteration in platelet adhesion, aggregation, secretion, or elaboration to pro-

coagulant activity. These disorders can be inherited or acquired. Acquired platelet

function disorders can occur from drugs, systemic disease, or hematological

disease. There is a broad range of clinical presentation, and mild conditions may

be easily unrecognized.51

Previously, studies of women with menorrhagia without an obvious etiology,

have determined that a significant percentage of these women have VWD. However,

a substantial number have heavy bleeding without explanation. Until recently, the

prevalence of platelet defects in women with menorrhagia has not been fully

investigated. Recent studies have carefully evaluated for platelet aggregation and

platelet ATP release defects and have found that this category of bleeding disorders

may indeed be a more frequent cause for menorrhagia than VWD.

In a recent study, the frequency of qualitative platelet function defects was

substantial among women with menorrhagia and was seen more often than

578 Albert J. Phillips



coagulation defects. Of 337 women with menorrhagia determined to have a

bleeding disorder, 16% had inherited defects and 84% had platelet function

defects. Among those with platelet function defects, 48% had isolated PF3 avail-

ability defects, 9% Glanzmann’s thrombasthenia, and 25% had an unclassified

platelet disorder.52 In another recent study evaluating platelet function, 47% of

women had decreased platelet aggregation with one or more agonist. The preva-

lence odds of platelet aggregation abnormalities were 4.2 fold higher among

women with menorrhagia than among control women.53

Glanzmann’s thrombasthenia is a condition characterized by abnormal platelet

aggregation because of a deficiency of platelet glycoprotein IIb/IIIa. The clinical

presentation is usually with mucocutaneous bleeding, and severe bleeding at

menorrhagia has been reported.54

Diagnostic studies to determine platelet dysfunction

Bleeding time, which has been used as a screening test for platelet function, did not

identify 57% of women with abnormal platelet aggregation studies. Therefore,

platelet aggregation studies are required to make the diagnosis. Platelet aggrega-

tion, induced by epinephrine and ristocetin agonists, show a reduced aggregation

response when a defect is present. Black women with menorrhagia had a greater

reduction with ristocetin-induced aggregation and epinephrine-induced aggrega-

tion than white women.53 Flow cytometry for identification of the genetic defect is

usually available in research facilities.51

Treatment

Desmopressin can be used for the treatment of platelet aggregation disorders.

Seventy-three percent of patients, with inherited disorders of platelets, showed

improvement in bleeding times, when given DDAVP.55 Plasmapheresis, dialysis,

transfusion of normal platelets, administration of cryoprecipitate, and adminis-

tration of corticosteroids are all acceptable alternative treatments, depending on

specific clinical situations.56

Thrombocytopenia

Hematological disorders causing thrombocytopenia are immune thrombocy-

topenia purpura, aplastic anemia, acute leukemia and hypersplenism. Often

these conditions will initially present with other manifestations of bleeding, yet

menorrhagia can be the predominant symptom. In adolescents, who presented

with menorrhagia, 13% had thrombocytopenia. The most common cause was

immune thrombocytopenia purpura, followed by myelosuppression caused by

chemotherapy.57 Another study looking at adolescents, with menorrhagia requir-

ing hospitalization, found that 43% had thrombocytopenia due to primary
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hematological disease or platelet suppression from chemotherapy.58 Determination

of the cause of the thrombocytopenia will dictate the appropriate therapy.

Menstrual cyclic thrombocytopenia is a rare condition in which platelet counts

reached their nadir at the onset of menses followed 5–14 days later with normal or

elevated platelet counts. This condition was associated with bruising, epistaxis and

menorrhagia. The authors propose that the mechanism for this condition is based

on estrogen changes during the menstrual cycle that alter receptor mediated

clearance of antibody coated platelets by macrophages, modulating platelet sur-

vival and causing thrombocytopenia.59

Hemophilia carriers

Women who are carriers for hemophilia A and B can have menorrhagia. There is

wide variation in clinical presentation and menorrhagia. In women with low levels

of factor VII, DDAVP will likely improve symptoms. In women with low levels for

factor IX, DDAVP will not likely help.

Factor XI deficiency

Factor XI is an autosomal disorder, with homozygous patients having very low

factor XI concentrations. This disorder occurs most commonly in Ashkenazi Jews,

with a gene frequency of 4.3%.58 The frequency of factor XI deficiency in women

with menorrhagia was 4%, with the estimated prevalence of 0.001% in the general

population.25 Women with either homozygous or heterozygous factor XI defi-

ciency are more likely to have menorrhagia than their unaffected relatives.60 The

PTT may be normal in heterozygous factor XI deficiency patients, and determin-

ing factor XI levels will be required to make the diagnosis.

TA has been recommended as treatment for menorrhagia in women with factor

XI deficiency.61 The only specific therapy is infusion of fresh frozen plasma (FFP)

that contains factor XI. FFP is impractical for recurring treatment, since adminis-

tration is costly and places the patient at risk of infection of enveloped viruses.

Treatment with TA and oral contraceptives is more practical and generally effective.

Other coagulation deficiencies

Rare clotting disorders, like factor V and factor VII deficiency, will usually present

in childhood, prior to menarche, with other bleeding tendencies. These include

epistaxis, gastrointestinal bleeding, hemarthrosis, or hematuria. Because of their

rarity, optimum management of menorrhagia with factor V deficiency and factor

VII deficiency is not known. Factor V deficiency has been reported with menor-

rhagia.62 Treatment with GnRH agonists has been successfully utilized.63 Factor

VII deficiency has been treated with recombinant VIIa, endometrial ablation,64

and thermal balloon endometrial ablation.65
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Warfarin

Clearly, iatrogenic coagulation defects secondary to heparin and oral anticoagulants,

have their own special ramifications, when they are associated with menorrhagia. In

a limited study of 11 women on warfarin, 5 were noted to have greater than 80 ml

menstrual flow. This data suggests that oral anticoagulants may increase menstrual

blood loss. The authors propose that definite clarification of the relationship

between oral anticoagulants and menstrual blood loss should come from studies

comparing flow prior to and after the instituting drug therapy.66

Alternative and surgical management of menorrhagia

Alternative treatments for menorrhagia

Alternative modalities can be used in the treatment of menorrhagia. These treat-

ments are designed to reduce endometrial proliferation and subsequently menstrual

flow. Danazol, an androgenic hormone, causes a hypoestrogenic environment

by suppression of luteinizing hormone (LH) and follicular stimulating hor-

mone (FSH). This leads to hypomenorrhea or amenorrhea. Many patients

will experience side effects related to prolonged excessive androgen therapy, mak-

ing long-term treatment unrealistic in patients with coagulation defects. Similarly,

gonadotropin releasing hormone (GnRH) agonists, suppress FSH and LH by

the reduction of GnRH secretion, causing hypoestrogenization and atrophy of

the endometrium. The medication should not be given for long-term treatment,

owing to osteoporosis that develops with its use. GnRH agonists are therefore

impractical for long-term use in patients with coagulation defects.

The hormone releasing intrauterine device (IUD) has been used in patients with

menorrhagia. IUDs containing progesterone and progestin are used for contra-

ception and will reduce bleeding. This occurs from decidualization and atrophy of

the endometrial glands. Blood loss is reduced by 40–50%. The literature has no

reports of its specific use in women with coagulation defects and menorrhagia. On

a theoretical basis, the progestin IUD should be efficacious.

Surgical treatment for menorrhagia

A surgical approach for control of menorrhagia in a patient with coagulopathy

should be the last option. Surgery is indicated when medical and alternative

management will not control menstrual bleeding and especially when excessive

bleeding produces anemia. The definitive surgical treatment in women with

menorrhagia is hysterectomy. Because hysterectomy will render the patient sterile,

temporizing measures should always be attempted until the patient has finished

her reproductive life. Hysterectomy was performed in 44% of type 2 and 3 VWD
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patients.39 In type 1 VWD patients, 16% underwent hysterectomy, some for

indications other than menorrhagia and others prior to diagnosis of VWD.6

Often, hysterectomy is performed when patients have completed their childbear-

ing and have either failed medical management or no longer want to continue

medical therapy. With superior surgical management and a good working knowl-

edge of the patient’s coagulation defect, surgical treatment with hysterectomy is

not an unreasonable choice for some patients.

With the advent of endometrial ablation, less invasive surgery is now available to

the gynecologist for patients whose bleeding is not controlled with medical therapy

and who are either not stable to undergo a hysterectomy or for those who prefer

not to have a major surgery. Endometrial ablation can be accomplished with

endometrial resection using both the laser and electrocautery. Endometrial abla-

tion is also accomplished with cryoablation and thermal ablation. Depending on

the technique and indications, successful reduction of flow or amenorrhea is seen

in the majority of patients. Severe menorrhagia caused by factor VII deficiency

has successfully been treated by thermal balloon ablation.65 Emergency endo-

metrial ablation was successfully performed in 3 patients with life-threatening

uterine bleeding due to a variety of coagulopathies.67

Surgical considerations when operating on patients with a coagulation defect

In patients with coagulopathy undergoing any gynecological operations, hemor-

rhage during surgery can be a major complication. Minor operations, including

dilatation and curettage, have also been associated with significant hemorrhage.21

A collaborative team approach to management with the hematologist and anes-

thesiologist is essential. A clear understanding of the patient’s coagulopathy is

critical for preoperative planning and intraoperative and postoperative manage-

ment. Levels of the appropriate clotting factors should be checked preoperatively.

Depending on the type of coagulation defect, the surgical team must assemble the

effective treatment modalities that will maintain hemostasis during and after

surgery.

The most senior and experienced surgeon should perform surgery. Good

surgical technique must be strictly adhered to, including suture ligation of sig-

nificant bleeding vessels instead of electrocautery and the placement of surgical

drains in operative fields for postoperative bleeding surveillance. If all clotting

factors are maintained and excessive postoperative bleeding is encountered, the

surgeon should also always consider that the bleeding is due to a surgical compli-

cation and not inadequate hemostasis.68

When operating on a VWD patient, the surgeon should make an assessment of

the patient’s response to DDAVP prior to surgery. In VWD patients undergoing

582 Albert J. Phillips



elective surgery, the hemostatic response to DDAVP was 91% in patients treated.69

Preoperative treatment with intravenous DDAVP is recommended. Postoperatively,

continued intravenous DDAVP is appropriate for major surgical cases and intra-

nasal DDAVP for minor surgery. Treatment should continue for at least 2 days in the

postoperative period or longer until complete healing has occurred. Postoperative

serum sodium levels should be followed so the physician can be alert to the

development of hyponatremia that is occasionally associated with DDAVP.70

Approximately 10% of VWD patients fail to achieve minimal therapeutic

response to DDAVP.70 Replacement of deficient clotting factors during surgery

is the mainstay of management of patients with VWD who do not respond to

DDAVP. Fresh frozen plasma contains both factor VIII and VWF, but in small

concentrations. Large amounts of FFP are needed to maintain hemostasis. When

necessary, cryoprecipitate can be given because it contains higher concentrations

of factor VIII and VWF, but is not preferable owing to the risk of occult virus

transmission. In a study of VWD patients who were unresponsive to DDAVP,

factor VIII concentrates and cryoprecipitate were given prophylactically to those

undergoing surgery. Surgical hemostasis was satisfactory to excellent in 75 of 76

cases. In this report, factor VIII concentrates were subjectively as efficacious as

cryoprecipitate.71 The introduction of virucidal methods used in factor VIII con-

centrates make this treatment preferable to cryoprecipitate.72 Replacement therapy

with highly purified, virus inactivated factor VIII/VWF concentrate was effective in

93% of VWD patients undergoing surgery.73 Humate-P and Alphanate are two

commercial concentrates that contain VWF and factor VIII. These concentrates

provided adequate hemostasis for invasive and surgical procedures.74 Dosing

recommendations are dependent on the procedure performed. Intraoperatively

and postoperatively, factor VIII activity should be monitored daily. Factor VIII is

a good predictor of surgical hemostasis.75 For major surgery, trough factor VIII

target levels should be>50% of normal levels. These should be maintained for 5–10

days, until healing is complete. For minor surgery, trough target levels should

remain at >30% of normal until healing is complete in 2–4 days. Very high factor

VIII levels should be avoided to prevent thromboembolic complications.76

Patients with platelet function disorders should be treated with DDAVP in the

immediate preoperative and postoperative period. If bleeding is encountered,

transfusion with normal platelets, cryoprecipitate and administration of cortico-

steroids are all acceptable treatment protocols in specific situations.56

To achieve acceptable surgical outcomes in patients with coagulation defects,

the surgeon and collaborating physicians must have a superior working knowledge

of the patient’s condition, a preoperative treatment plan for dealing with intra-

operative bleeding complications, and careful postoperative assessment of hemo-

stasis and observation for bleeding.
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flow protocol 61

management 63–6

outcomes 67

patient characteristics 62–3

treatment review 68–9

dalteparin see heparin treatment

danaparoid (Organon) 564

danazol, menorrhagia treatment 581

DDAVP (desmopressin)

factor VIII: C defect management 380–1

platelet aggregation disorder management 579

during surgery 583

von Willebrand disease management 89–90, 388

preoperative treatment 582–3
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deep vein thrombosis (DVT)

diagnosis in pregnancy 213–14
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prophylaxis in pregnancy 210–13

heparin dosage 211, 212, 215

with prosthetic heart valves 212

risk factors 202– 6, 210–11

age at delivery 205
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cesarean section 202–3

previous history 204, 210

risk of in pregnancy 122, 211

thrombophilia and 206–10

antiphospholipid syndrome 208–9
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see also thrombophilia in pregnancy; thrombosis;

venous thromboembolism (VTE)

Dego’s disease 159–60
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deep vein thrombosis management 215–16

post partum hemorrhage prevention 389– 92

with sickle cell disease 450
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disseminated intravascular coagulation (DIC) 1–3,

418–23, 546–7

associated disorders 2, 3, 4, 5, 421

clinical diagnosis 22–3, 33, 422
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etiology 3–18 , 419–20 , 546–7
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global coagulation tests 25 –9

molecular markers 29 –35

management 35–41 , 421–3 , 547

anticoagulants 421–3

fresh frozen plasma 538
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low-grade DIC 40–1

removal of triggering pathophysiology 36 –7

transfusion therapy 547

with post partum hemorrhage 402,

403–4

morphological findings 23–5

pathophysiological events 19–22

prevention 420–1

dysfibrinogenemia 139, 377

treatment 377, 539

eclampsia 13–15

disseminated intravascular coagulation

and 13–15

with sickle cell disease 453

see also preeclampsia

embolization, post partum hemorrhage

management 408–10

enaxta 355

endometrial ablation, menorrhagia treatment

582–3

endotoxin, disseminated intravascular coagulation

and 17–18

enoxaparin (Lovenox), safety issues in pregnancy

65–7, 125, 127, 556–7

adverse effects 67

non-teratogenic effects 66 –7

teratogenic effects 66

see also heparin treatment

enzyme-linked immunosorbent assay (ELISA) 509

eosinophilia, heparin therapy and 133
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disseminated intravascular coagulation
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disease 578

post partum hemorrhage management 403–4

ergotamine 391

erythroblastosis fetalis 105

erythropoietin (EPO) 541–2
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factor II defects 377–8

management 378–9

factor V defects 378–9
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management 135–6
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post partum hemorrhage management 402

recombinant (Novoseven) 542
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inheritance patterns 478– 80

management 380–2

von Willebrand disease comparison 388
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inhibition see acquired hemophilia

replacement therapy during surgery 583
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management 382–3
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coagulation 10, 17

deficiency 383–4

management 383–4
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deficiency 93, 384

management 384

menorrhagia and 580

elevation 210

factor XII deficiency (Hageman trait) 139

factor XIII deficiency 385–6, 539

management 386, 539

ferritin measurement 279–80

fetal hydrops see hydrops fetalis

fetal scalp sampling 514

fetal thrombotic vasculopathy 260

fetal wastage syndrome see recurrent miscarriage

syndrome

fibrin

in disseminated intravascular coagulation
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assays 27
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maternal floor infarction 255
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treatment 377, 539
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fibrinolytic system defects

disseminated intravascular coagulation 31 –2, 40

antifibrinolytic therapy 40
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thrombosis and 145–6
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fibromuscular sclerosis 260
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coagulation 27
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cancer and 294–5

breast cancer 295

colon cancer 295

deficiency

diagnosis 287–9

hematological sequelae 290–1

neural tube defects 292–3

treatment 295–6

food fortification 289– 90, 292–3

homocysteine interrelationship 285–6

in sickle cell disease 449

preeclampsia and 294

requirements during pregnancy 289–90

Foley catheter 412

fractures, heparin therapy association 129–32 , 350

fresh frozen plasma (FFP) 537–8, 546

indications 537–8

post partum hemorrhage management 400–1

preparation and storage 537
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genetic counseling 469, 470–4

� thalassemia 460

bleeding disorders 96

hemophilia 478– 80

von Willebrand disease 484–5
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choosing course of action 473–4
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risk 473
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471–3

understanding medical facts 471
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hemoglobinopathies 480–4

sickle cell disease 453

hydrops fetalis 457–8

thrombophilia 477–8

see also inheritance patterns

genetic counselors 470

Glanzmann’s thrombasthenia (GT) 92, 579
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gonadotropin releasing hormone (GnRH),

menorrhagia treatment 581

Hageman trait 139

Helicobacter pylori infection, thrombocytopenia

and 495

HELLP syndrome 14–16 , 420, 496

disseminated intravascular coagulation and 15–16

management 496

hemangiomas, umbilical 258–9

hemoglobin 442

function 442

Hb Bart’s hydrops fetalis 456–9, 483–4

fetal and maternal complications 457
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genetic counseling 457–8

Hb H disease 456, 458, 483–4

genetic counseling 457–8

pregnancy 456

prenatal diagnosis 458–9

levels 278–9
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hemorrhage 406

mutations 442–3, 454–5

inheritance patterns 480–4

see also anemia; iron deficiency; sickle cell disease;

thalassemias

hemolytic disease of the fetus and newborn (HDFN)

alloimmunized female management during

pregnancy 112

erythrocyte antigens implicated 105–11 , 486– 7

ABO blood group system 105–8

anti-Kell 110, 486–7

diagnosis 110

Rh (D) 108–10

see also ABO blood group; Rh

isoimmunization

fetus management 112–14

amniocentesis and Liley curves 112–13

intra-uterine transfusion (IUT) 113–14

neonate management 114

pathophysiology 103–5

effects on fetus 105

events leading to disease 103– 5

hydrops fetalis 105

prevention in Rh(D) negative, unsensitized
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protective effect of ABO-incompatibility 110

hemolytic uremic syndrome (HUS) 499– 500

hemophilia, acquired see acquired hemophilia

hemophilia A (factor VIII deficiency) 380–2

inheritance patterns 478–80

management 380–2

von Willebrand disease comparison 388

hemophilia B (factor IX deficiency) 382–3

inheritance patterns 478–80

management 382–3

hemophilia carriers, menorrhagia and 580

hemorrhage 543–4

antepartum hemorrhage 365–6, 367

antepartum hemorrhagic diatheses 373–7

management 376

screening 372, 373

gastrointestinal, iron deficiency and 274–5, 282

heparin therapy side effect 128–9

in disseminated intravascular coagulation 2, 20,

21, 22

management 39–40

see also disseminated intravascular coagulation

intracranial (ICH), with neonatal alloimmune

thrombocytopenia 513

physiologic parturition hemorrhage 362

placental 250

disturbances of fetal vascular integrity 260–2

disturbances of maternal vascular integrity

255–7

iatrogenic 261– 2

see also placenta

see also bleeding disorders; post partum

hemorrhage (PPH)

hemorrhagic endovasculitis 260

hemorrhagic shock 393–6

clinical manifestations 395

consequences 365

resuscitation 396–8

severity indices 394

see also post partum hemorrhage

hemostatic sutures 415–18

B-Lynch suture 416–17

modified 417

multiple square suturing 417–18

hemostatic system 75–7

antepartum hemorrhagic

diatheses 373–7

management 376
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clotting system during pregnancy 79

hemostasis mechanism with menstruation 571

hemostatic changes during pregnancy 202,
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hemostatic system (cont.)

primary hemostasis 75–7

laboratory evaluation 80–1

primary hemostatic defect 82– 92

secondary hemostasis 76 –7

laboratory evaluation 81–2

heparin cofactor II (HC-II) deficiency 142

heparin-induced thrombocytopenia (HIT) 354,

556, 557–66
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differential diagnosis 561–2
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HIT-associated thrombosis 560–1

management 561, 563–6

alternative anticoagulants 563

antiplatelet agents 565–6
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coumadin 563

danaparoid (Organon) 564

direct thrombin inhibitors 564, 566

hirudin 564–5 , 566

pathophysiology 559– 60

risk factors 560

type I 557–8

type II 558–9

heparin treatment 346, 350– 1, 556– 7

amniotic fluid embolism 13

disseminated intravascular coagulation

37–8

low-grade DIC 41

DVT management 214–16

at time of delivery 215–16

DVT prophylaxis 210, 211

dosage 211, 212, 215

with prosthetic heart valves 212

low molecular weight heparin (LMWH)

properties 344– 50

use in pregnancy 350–1

prophylaxis in cancer patients

during chemotherapy 326, 327

during surgery 315–19 , 331–2

with central venous catheters 331, 333

recurrent miscarriage management 63–6 ,

162–3 , 351

outcomes 67

treatment review 68–9

safety issues in pregnancy 65–7 , 125, 127, 212–13,

556–7

side effects 128–34, 213, 556

acute heparin reaction 129

alopecia 134

altered liver function 133

bleeding 128–9

eosinophilia 133

metabolic abnormalities 133

osteoporosis 129–32, 350

skin reactions 132–3

see also heparin-induced thrombocytopenia

(HIT)

thrombophilia 123, 124–34, 137

antiphospholipid syndromes 165– 6, 209, 351,

353, 354

bridging therapy 126– 7

factor V Leiden mutation 135–6

lupus anticoagulant thrombosis syndrome

155–6

protein C deficiency 142–4

protein S deficiency 144–5

treatment monitoring 127

venous thrombosis management guidelines in

pregnancy 352

at risk patients 352

patients already receiving

anticoagulation 353

patients at risk for pregnancy loss 353–5

patients with mechanical heart valves

353

see also antithrombotic therapy

hepatosplenomegaly, hemolytic disease of the fetus

and newborn 105

hirudin 564–5, 566

homocysteine 284–6

folate and vitamin B12 interrelationship

285–6

use in folate and vitamin B12 deficiency

diagnosis 288

homocyst(e)inemia 139–40

management 140

hyperhomocysteinemia 286–7

intrauterine growth retardation and 294

miscarriage and 293

preeclampsia and 294

treatment 296–7

homocystinuria 286

hormone releasing intrauterine device, menorrhagia

treatment 581

human leukocyte antigens (HLA) 516–17

anti-HLA antibodies 517
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human platelet antigen (HPA) polymorphisms

507–8

HPA-1 system 508

HPA-3 system 508

HPA-5 system 508

Humate-P 88–9 , 90–1, 388

hyaline microthrombi, disseminated intravascular

coagulation 24–5

hydrops fetalis 105, 112

genetic counseling 457–8

Hb Bart’s hydrops fetalis 456–9, 483–4

fetal and maternal complications 457
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hydroxyurea, sickle cell disease management 448

hyperbilirubinemia, in hemolytic disease of the fetus

and newborn 105, 114

exchange transfusion 114

hyperhomocysteinemia 286–7

intrauterine growth retardation and 294

miscarriage and 293

preeclampsia and 294

treatment 296–7

see also homocysteine

hyperkalemia, heparin therapy and 133

hypertrophic decidual vasculopathy 254

hypoaldosteronism, heparin therapy and 133

hypogastric artery ligation 415

hypovolemic shock see hemorrhagic shock

hysterectomy

menorrhagia management 581–2

post partum hemorrhage management 418

immune thrombocytopenic purpura (ITP) 492–5,

517–18

clinical presentation 492, 517

diagnosis 492

differential diagnosis 518

laboratory values 518

fetal assessment 493

history 518

management 492–5 , 518

neonatal 519

assessment 493

degree of thrombocytopenia 519

incidence 519

management 493, 519

pathophysiology 517

immunosuppressive therapy

acquired hemophilia 96

lupus anticoagulant thrombosis syndrome 154

impedence plethysmography (IPG)

implantation 253

superficial implantation 253

placental lesions 254

infarction, placental 255

maternal floor infarction 255

inheritance patterns 470

autosomal dominant inheritance 472–3

autosomal recessive inheritance 471– 2

genetic counseling 471–3

hemoglobinopathies 480–4

sickle cell disease 481

hemophilia 478–80 , 489

Rh blood group system 486

thrombophilia 477–8

von Willebrand disease 484–5

X-linked inheritance 473

interhemal membrane see placenta

internal iliac artery ligation 415

intrauterine growth retardation (IUGR)

homocysteine and 294

maternal underperfusion and 254

intrauterine transfusion (IUT), fetal hemolytic

disease management 113– 14

indications 113

red blood cells 113–14

intracranial hemorrhage (ICH), with neonatal

alloimmune thrombocytopenia 513

intravenous gamma globulin (IVIg) therapy,

thrombocytopenia 494

fetal thrombocytopenia treatment 512

iron deficiency 269, 270–84

causes 271, 274–5

clinical manifestations 276– 7

development of 272

diagnosis 277–80

history and physical examination 277–8

laboratory studies 278–80

diagnostic evaluation 281–2

pregnancy and 271, 273

prevalence 270– 1

screening 281

supplementation in sickle cell disease 449

treatment 282–4

see also anemia

iron homeostasis 271–5, 274

absorption from diet 272, 275–6

body iron distribution 272

during pregnancy 275–6

environmental influences 274–5
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iron homeostasis (cont.)

iron loss 273–4

during pregnancy 273

Ivalon1 particles 409

Jehovah’s Witnesses 542–3

kaolin clotting time (KCT) 153, 170

Kell antigen 110, 486–7

kinin system activation, disseminated intravascular

coagulation 21

kininogen deficiency 385

labor management, post partum hemorrhage

prevention 389–92

see also delivery

laparotomy, post partum hemorrhage treatment

414–18

arterial ligation 414–15

internal iliac (hypogastric) artery 415

uterine artery 414

hemostatic sutures 415–18

Lepirudin 564–5
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Liley curves 112– 13

liver disease 537

liver function, heparin therapy effects 133

livido reticularis 159, 161

Lovenox (enoxaparin), safety issues in pregnancy

65–7, 125, 127, 556–7

adverse reactions 67

non-teratogenic effects 66–7

teratogenic effects 66

see also heparin treatment

low molecular weight heparins (LMWHs) 344–50

clinical trials 349

dosages 347–8

heterogeneity 347–9

indications 348, 349

mechanism of action 347

preparation of 345– 6

use in pregnancy 350–1

see also heparin treatment

lupus anticoagulants (LA) 150–6, 208–9

anticardiolipin antibody correlation 153,

156–7 , 171

assays 152–3 , 169–71

thrombosis and 149, 150–1

management 154–6

mechanisms 153

subclassification 154

see also antiphospholipid syndromes (APLS)

magnetic resonance venography

malignancy 310–11

disseminated intravascular coagulation and 16–17

venous thrombosis prophylaxis 310– 11

during chemotherapy 326–7 , 332–3

during radiotherapy 320

during surgery 315– 19, 331–2

recommendations 331–3

with central venous catheters 328–31, 333

venous thrombosis risks 310, 311–14

age and 312–13 , 314–19

during cancer surgery 312–13, 314–19

during chemotherapy 320–7

during radiotherapy 319–20

influencing factors 311– 14

with central venous catheters 327–31

see also specific types of cancer

menorrhagia 570

alternative treatments 581

coagulation defects and 571– 2, 574–81

acquired von Willebrand syndrome 578

factor V deficiency 580

factor VII deficiency 580

factor XI deficiency 580

hemophilia carriers 580

platelet disorders 578–9

thrombocytopenia 579–80

von Willebrand disease 571–2, 574–8

warfarin 581

determination of 571

surgical treatment 581–2

considerations with coagulation defects 582–3

under-appreciation of coagulation defects 571–2

work up in coagulation defect patient 573–4

menstruation disorders 570

hemostasis mechanism 571

see also menorrhagia

methionine synthesis pathway 285–6
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C677T mutations 140, 286–7, 296–7

recurrent miscarriage association 60, 293, 353

methylmalonic acid (MMA) 288

miscarriage

homocysteine relationship 293

see also recurrent miscarriage syndrome (RMS)

misoprostol 391, 403
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intravascular coagulation 34

monoclonal antibody specific immobilization of

platelet antigens assay (MAIPA) 510

Montpellier Antiphospholipid (MAP) study 168

multiple organ dysfunction syndrome (MODS)

clinical manifestations 366

with post partum hemorrhage 364, 425

myocardial infarction, anticardiolipins and 158–9

neonatal alloimmune thrombocytopenia (NAITP)

507–17

caused by human leukocy te antigens (HLA) 516–17

anti-HLA antibodies 517

diagnosis 517

caused by human platelet antigens (HPA) 507–12

clinical presentation 508– 9

diagnosis 509–11
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prenatal screening 511

prenatal therapeutic strategies 512

clinical presentation 512–13

fetal management 513–15

fetal platelet count determination 513–14

intrauterine platelet infusion (IUPT) 514–15

intracranial hemorrhage (ICH) 513

neonate management 515–16

transfusion therapy 515–16

NESP (novel erythropoiesis-stimulating factor) 541

neural tube defects (NTDs) 292–3

folate deficiency relationship 292–3

vitamin B12 status and 293

non-steroidal anti-inflammatory drugs (NSAIDs),

platelet inhibition 82 –3

Novoseven (recombinant factor VIIa) 542

obesity, as risk factor for DVT 205–6

O’Leary stitch 414
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von Willebrand disease 577

Organon 564

osteoporosis, heparin-associated 129–32, 350
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venous thrombosis risks 310, 316

during chemotherapy 324–5

see also malignancy

ovarian hyperstimulation syndrome

oxytocin

role in uterine contractions 390

use as uterotonic agent 390–1, 403

packed red blood cells (PRBCs) 534–5

indications 534–5

post partum hemorrhage management

398–400

preparation and storage 534

parturition

hemorrhage 362

maternal physiology 371–2

parvovirus B19 infection 449–50, 452

Passovoy defect 385

pentasaccharide 355

percutaneous umbilical blood sampling (PUBS)

476

thrombocytopenia assessment 493, 514

pictorial blood measurement chart (PBMC) 571
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fetal perfusion 251–2

developmental lesions 258–9
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260–2
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maternal perfusion 250–1

developmental lesions 253–4

disturbances of maternal vascular integrity

253, 255–7
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sickle cell disease effects 445

thrombophilia and 259, 262–3

placental abruption 255–7, 389

chronic abruption 256

disseminated intravascular coagulation and 13
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plasma exchange (PE) therapy, thrombotic

thrombocytopenic purpura 499
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platelet count 80

disseminated intravascular coagulation 32

fetal 506

primary platelet disorders 91–2

platelet defects 91–2, 389

antiplatelet medication effects 82 –3
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menorrhagia and 578–9

diagnosis 579

prevalence 578–9

treatment 579

surgical considerations 583

see also thrombocytopenia
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platelet function tests

in disseminated intravascular coagulation 32

platelet aggregation studies 81, 562
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neonatal alloimmune thrombocytopenia

management 515–16
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single donor platelets (SDPs) 535–7

thrombocytopenia 495
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post partum hemorrhage (PPH) 361–2

antepartum hemorrhage as predictor 365–6

blood component therapy 398–402

autotransfusion 400
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platelets 401–2

causes 369, 370
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diagnosis 392–3

disseminated intravascular coagulation 418–23

management 421–3

prevention 420–1

factor VII therapy 402

incidence 362–3
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morbidity and mortality 362–3

pharmacologic therapy 403–6

antibiotics 405–6

antifibrinolytic agents 403–4
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vasopressors 404–5, 407
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alpha-2-antiplasmin deficiency 385
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labor management 389–92
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resuscitation 396–8

risk factors 367, 369
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tamponade 411–14

postthrombotic syndrome 212

preeclampsia 13–15, 495–6

acute atherosis and 254
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with sickle cell disease 452

pregnancy termination, with sickle cell disease 450

preimplantation genetic diagnosis (PGD) 476–7

prekallikrein deficiency 384
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� thalassemia 460–1, 481

bleeding disorders 96
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preimplantation genetic diagnosis (PGD)

476–7

prerequisites 474–5
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management 142–4
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management 144–5
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management 138–9
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venous thromboembolism (VTE)
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coagulation 13

Rh immunoglobulin (RhIG) administration

111–12, 486

Rh isoimmunization 108–10, 485–7

hemolytic disease of the fetus and newborn 107,
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alloimmunized female management during
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Plate 1 Fetal squamous cell in maternal pulmonary circulation.
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Plate 2 Diagrammatic representation of the mechanisms of thrombogenesis. Both the cellular and

humoral components of the vascular system contribute to the formation of thrombus.

Endothelial dysfunction and damage result in the formation of platelet thrombi which are

able to trigger activation of coagulation. Cellular adhesion molecules and other mediators

further augment this process. The composition of plasma proteins also play a key role in the

eventual clot formation.



Heparinase

Preparation of low molecular weight heparin

Plate 3 Heparin represents a polycomponent drug composed of high and low molecular weight

fractions. Heparin can be depolymerized to produce low molecular weight heparins.

Unfractionated heparin represents a molecular weight of 15,000 daltons, whereas the low

molecular weight heparins represent one-third the molecular weight of heparin. The

anticoagulant properties of low molecular weight heparin are weaker and these agents have

a better safety and efficacy index.



Anticoagulant and antithrombotic drugs
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Plate 4 A composite illustration for the newly developed anticoagulant and antithrombotic drugs.

These agents include a wide array of drugs with both the molecular and functional

heterogeneity. These include synthetic peptides and peptidomimetics, natural and

recombinant proteins, natural glycosaminoglycans and synthetic and biotechnology produced

glycomimetics. Most of the newer drugs are monotherapeutic agents and target a single site

such as thrombin or factor Xa. Heparins are the only drugs with polytherapeutic effects.


