Model of Microvascular Compromise

A Model of Microvascular Compromise Due to Net Increased Clotting and Fibrin Formation Leading to Reproductive Dysfunction.

An imbalance in net blood clotting creates a decrease in blood flow through the tiny vessels throughout the body.  This microvascular compromise interferes with the delivery of hormones and signals to the cells of target organs:

· Hypothalamus—decreased flow means lower levels of hormones, such as estrogen, that can alter pulsatility levels and result in an altered pituitary response. 

· Pituitary—FSH (follicle stimulating hormone) priming and release is a function of hypothalamic pulsatility. Alteration in pulsatility can alter the release of FSH from the pituitary.  

· Uterus—an increase in net clotting leads to spasms of the blood vessels and causes more contraction of the smooth muscle.  The uterus is a large collection of smooth muscle tissue that may contract harder than normal during menstruation leading to severe menstrual cramping (dysmenorrhea).  

· Pelvic vessels—these tortuous vessels have more turbulence and sheer effect on them and this can change with hormonal influence in the cycle.  Additionally, the vessels are large enough to have a vasa vasorum but small enough to have the flow through the vasorum be compromised.  Pelvic pain may be a function of pelvic vessel inflammation due to ischemic-reperfusion injury.  We have tested and known that many women will alter their clotting balance in their menstrual cycle, with the post menstrual phase to have the most normal clotting balance, and the post ovulatory and premenstrual phase to have markedly increased clotting.  Patients who have been given heparin or coumadin have achieved relief from various aspects of their chronic pelvic pain.  This model also applies to the bowel and bladder vascularization and the respective conditions such as IBS, and interstitial cystitis.

· Ovary—once FSH is released into the blood stream, it travels to the ovary and the developing follicles through small blood vessels. If there is a compromise in blood flow, the level of FSH that is perceived by the follicle is less and consequently the follicle will respond slower and less effectively.  This leads to longer development time for the follicle, infrequent ovulation (oligoovulation), or no ovulation at all (anovulation). Microvascular compromise may also partially or completely block LH (luteinizing hormone) from reaching the follicular environment resulting in a mature follicle that remains unruptured, anovulation, or a defective triggering mechanism that desynchronizes the luteal phase of the egg development from the secretory phase (maturation of the lining) of the endometrium. 

· Endometrium—estrogen that is produced by the ovary during the follicular phase is released into the blood stream to travel to the uterus and moves to the endometrium via smaller and smaller vessels.  Microvascular compromise may interfere with endometrial thickness resulting in a thin lining in the uterus.  These lower levels of estrogen to the endometrium may reduce the response of corticotropin releasing hormone (CRH) that induces the formation of FAS ligand in the endometrial cavity.  FAS ligand formation appears to regulate white blood cell (WBC) apotosis (death) and may be one of several mechanisms that make the uterine cavity an immuno-privileged site for implantation of a fertilized egg.  

· Cervix—estrogen that is produced by the ovary in the follicular phase is released into the blood stream and travels to the cervix and cervical glands.  Microvascular compromise due to net increased clotting and fibrin deposition may interfere with mucus gland formation resulting in less cervical mucus production. 

Clinical signs of microvascular compromise include a mottled appearance of the skin (livido reticularis), extreme redness from a scratch (dermatographia), and/or cool or cold fingers and toes.  Insulin resistance is associated with elevated PAI-1, a fibrinolytic defect.  Clinical signs of this would be acanthosis nigricans, a darkening and coarsening of the skin over pressure places, such as the armpits, waistband, inguinal folds, and knees.  Additionally the presence of skin tags is associated with elevated PAI-1.  Joint laxity or hypermobility is associated with increased clotting imbalance.

Clinical symptoms include menstrual cramps (primary dysmenorrhea), migraine headaches, irritable bowel syndrome (IBS), interstitial cystitis (IC), ovarian hyperstimulation syndrome (OHSS), pregnancy complications, and a family history of stroke or heart attack (MI).

Laboratory tests that help define a net positive clotting state are divided in to thrombophillic and fibrinolytic disorders:  

Thrombophillic disorders 

· factor II mutation 

· factor V mutation 

· MTHFR mutation (hyperhomocysteinemia)

· protein C or S deficiency or decreased activity, acquired.

· antithrombin deficiency

· dysfibrinogenemia

Fibrinolytic disorders 

· elevated PAI-1  (plasminogen activator inhibitor-1)

· Lipoprotein a 

Fibrinolytic disorders are less well defined.  Lipoprotein a is understood to block thrombomodulin at the endothelium level. This interferes with plasminogen activation, thus causing a decrease in fibrin digestion (fibrinolysis).  There is an association with insulin resistance (IR) and increased plasminogen activator inhibitor-1, although this association is not 100%.  In women with polycystic ovary syndrome, serum insulin levels may be normal but PAI-1 is elevated.  Treatment with metformin appears to reduce the PAI-1 levels in most cases and reverses the endocrinopathy associated with PCOS.  As a result, these women begin to have spontaneous resumption of ovulation with spontaneous menstrual periods or they become more sensitive to the effects of FSH.

The treatment of a clotting imbalance is a new arena of medical care.  Until recently, heparin, coumadin, and aspirin-like compounds were the only approaches that were used. Heparin is best used in the cases of a thrombophillic condition or familial thrombophillia.  Low dose heparin works by accelerating nitric oxide production that, in turn, has a dilating effect on small blood vessels.  Increased doses of heparin will begin to dampen clotting cascades via the activation of antithrombin (ATIII) and the PTT is noted to begin to increase through the normal range.  In women with fibrinolytic disorders, heparin is a poor treatment choice, as they tend to be heparin resistant.  We have given these patients heparin levels up to 60,000 units a day, and their PTT levels did not get higher than 32 seconds.  One patient with this situation was taken off her heparin in preparation for an elective C-section and she began to abrupt her placenta within 12 hours.  The infant was healthy.  

The literature has been slow to embrace the concept of clotting imbalance that leads to a net increase in fibrin deposition.  The prevailing concern in the literature has been related to thrombus formation such as venous thrombosis, or pulmonary embolism.  These are all significant and dangerous conditions, especially in a pregnant patient, but they are extremely infrequent in comparison with those women who have elevated fibrin and fibrin deposition.  

Fibrin deposition occurs in the presence of excess soluble fibrin in circulation. This fibrin will dimerize head to tail with another fibrin molecule and precipitate out of solution, onto the blood vessel endothelium. This causes the vessel to constrict, thus reducing flow.  The fibrin can continue to build up, like hair in the drain, blocking flow even more.  Blood cells that pass through this fibrin congested vessel are deformed and chopped up, and we can see this in the peripheral blood smears.  These blood cell fragments are called schistocytes and they are typically seen in very ill patients with organ failure or in disseminated intravascular coagulopathy (DIC).  

 Activation of the clotting cascades does not always lead to clot formation.  To make a clot, several conditions are needed.  For simplicity, a clot will need platelet activation, fibrin, red cells, and vasospasm and high enough level of thrombin to create a burst to initiate the clot formation. Without the thrombin burst, the clotting cascades will matriculate downstream to form the endproduct called soluble fibrin monomer (SFM).  It is this SFM that is used to make structural repairs via crosslinking with other fibrin, and this is incorporated into a scab, a scar or a blood clot. When fibrin is in a clot, it is used to strengthen the clot, much like rebar in concrete.  It also tightens the clot down to make it harder.  

Fibrin deposition on a blood vessel surface is not the effect of blood clotting since this fibrin would be incorporated into the clot. The fibrin deposition on the endothelial cell surface or at the maternal-fetal interface comes from lower level fibrin formation due to slow thrombophillic causes or fibrinolytic defects, and the fibrin precipitates out of solution and onto the blood vessel lumen.  When this happens, heparin is unable to remove the fibrin.  Heparin only slows down the clotting cascade via ATIII activation, and indirectly dilates small vessels via nitric oxide increases.  Fibrin removal or digestion is effected through plasminogen activation. Anything that interferes with or inhibits this activation will decrease fibrin removal or digestion.  This leads to fibrin build up and this is a bad thing, especially on capillaries, decidual interfaces and sinusoids of the liver.

Tissue plasminogen activator is used to digest clots in acute stroke and MI patients and reestablish blood flow.  Earlier fibrinolytic agents were urokinase and streptokinase.  They are extremely reactive, and can cause anaphylactic reactions, and they are very costly.  In the majority of patients, the chronic fibrin imbalance is insidious and does not require the punch of compounds like TPA.  Bromelain, a pineapple extract is known to enhance fibrinolysis, as are two other proteolytic enzymes called streptokinase and lumbrokinase.  These last two compounds are extracted from the silk worm and the earthworm respectively and when used orally, can enhance normal fibrinolysis.  Their use in reproduction is untested.

Another compound that is being used more commonly is metformin or glucophage.  This appears to lower elevated levels of PAI-1 in PCOS and AODM patients. The mechanism of action is uncertain, but it is felt it may have something to do with increasing cellular insulin receptor binding of insulin or insulin like growth factor one (IGF-1).  Metformin may not enhance fibrinolysis like the proteolytic enzymes noted above, but it appears to try to normalize fibrinolysis by reducing the inhibitor of plasminogen activation.    

