TESTING FOR COAGULATION DISORDERS
There are three components:

1.  Blood Vessels

2.  Platelets 

3.  Coagulation Factors

BLOOD VESSELS

BLEEDING TIME TEST

This is a screening test for interactions between platelets and blood vessels.

Put blood pressure cuff on patient; use a device to make a small cut on their forearm, at a controlled length and depth.  Put filter blotting paper on cut and time how long it takes for bleeding to stop.  Normal is 10 mins or less.

PLATELETS

PLATELET COUNT

The simplest test is a platelet count by machine or by hand.

Normal is 200,000-400,000

Lack of platelets = thrombocytopenia

Excess platelets = thrombocytosis or thrombosis

Hand Count: use a different diluting fluid than you use for WBCs.  Use one of the supravital stains after lysing the RBCs.

PLATELET ADHESION

Use a syringe with a column of glass beads.  Draw a heparinized blood sample into it, put in the machine, which pushes the blood out in alloquates at a regulated speed.  Collect the alloquates and do a platelet count on each one.

Normal = decreased platelet count because the platelets are back in the syringe, stuck on the beads.
PLATELET AGGREGATION: 

Heparinize blood, centrifuge, and discard RBCs.  Put the remaining plasma with platelets in a small tube with a stirring rod in it.  Place on heating pad with spinning magnet so the platelets are warmed and remain suspended.  Add collagen or some other factor that stimulates coagulation.  Machine sends a beam of light through the tube, and records the percent transmission of the light.  The platelets should aggregate, allowing more light to pass through the vacated areas of the tube.  Therefore, the transmission should be increased and the absorption should be decreased.  Prints out on a graph that should show an ascending curve, indicating increased transmission.
COAGULATION FACTORS

An agent is used to stimulate factors in the plasma to form fibrin.  The time is recorded for how fast the fibrin forms.

PROTHROMBIN TIME (PT)
(Normal =12 seconds)

This is a one-stage test for factors in the extrinsic pathway (VII) and common pathway.
These are affected by oral anti-coagulants (Coumadin)

Put the warmed plasma and reagents into the reaction cup.

Add one reagent =thromboplasmin (from mashed rabbit brains; lots of lipids there for good activation of factors).  This reagent is added to patient’s plasma (either 1/10 ml or 2/10 ml).  There are electrodes in the machine, and the fibrin strand forms from one electrode to the other.  When the strand is complete, it breaks the transmission of electricity, and the timer will stop, measuring the amount of time it took to form.

This procedure measures the tissue factor and factor 7, as well as all the activation factors that follow factor 7 in the coagulation cascade.

PARTIAL PROTHROMBIN TIME (PTT)

(Normal = 35 seconds)

This is a two-stage test for factors of the intrinsic pathway (8, 9, 11, 12) and common pathway.
It is affected by heparin.

It requires two reagents and the patient’s plasma.
The procedure is the same as above, but it activates factor 12 and all the factors that follow it (8, 9, 11).

The modern machine for these tests uses electricity instead of mechanical means to detect a change in transmission due to a blockage of the coagulation pathway.  The plasma and reagents are put in a tube with a stirring rod, and the bottom of the tube is clear so the light can pass through.  As fibrin forms, it blocks the light transmission and the time is recorded.

CLINICAL APPLICATIONS

Surgery patients should be pre-screened with PT and PTT.

Those on anti-coagulation therapies should also be monitored with these tests.

When someone has a heart attack, they are placed on heparin therapy (IV or IM) until they go home, when they are placed on an oral med, usually Coumarin.  Therefore, they need to be monitored periodically with these tests.

To monitor heparin = PTT
To monitor Coumarin = PT

If PT is normal and PTT is high (45-50 seconds), the problem is from factor 12, 11, 9, or 8.

To differentiate which factor, mix patient’s plasma with a known plasma deficient sample (such as missing factor 8), and repeat PTT.  If normal, it means that something other than factor 8 is the problem.  Repeat this with known samples missing factors 9, 11, and 12.  Once you get a mixture (such as factor 9) where the PTT test remains abnormal, you have located the problem factor.
