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ABSTRACT:





Background and Objectives.  In more severe clinical stages ( CEAP clinical class: 4-6 ) of chronic venous insufficiency  ( CVI ), microcirculatory stasis determines extravasation of erythrocytes in the interstitium  with subsequent extravascular haemolysis. Such phenomenon leads to the characteristic dermal haemosiderin deposit with secondary local pigmentation . Hemosiderin is a result of dermal biligenesis-trasformation  of  erythrodiapedesis caused by the  alterations in the vessel wall  ( microangiopathy of stasis).


We assume that haemosiderin,  known as  marker of  intravascular haemolytic disease, could be present in the urine that is normally absent; moreover, it could be present  even  in such  models   of non anaemic extravascular haemolysis like  in  4-6 classes of CVI.








Design  and Methods. we selected 61 subjects that underwent clinical and duplex investigations:12 normal healthy patients in a  control-group; 24 patients affected by mild CVI ( clinical C1-C3); and 25 patients with severe CVI  ( clinical classes C4-C6 ) . The stage of CVI is usually defined according to the standardized Clinical, Ethiological, Anatomical, Pathophysiological ( CEAP) classification criteria. Haemosiderin urine test ( Haemosiderinuria) was evaluated in a 24-hour period   by the current methodology. The  simultaneous intravascular haemolytic disease, with or without  anaemic condition, was excluded by the negativity of the following blood tests: Haemachrome and Haematocrit, Haptoglobin, Coomb-test, Bilirubin,  Ferritin, Trasferrin and Sideraemia .





Results.  The analysis show that the Haemosiderinuria-test was negative in all the normal controls of the healthy subjects, whereas it was positive in 29% of the patients in CEAP class 1-3, and in 92% of those in CEAP classes 4-6 ( p<0.0001). In addition, it was always positive in the patients with active legs  ulcerations in clinical class 6 ( CEAP 6).





Interpretation and Conclusion:  Our findings support that the determination of the presence of haemosiderinuria – test is an innovative and  sensitive, non invasive, repeatable and  inexpensive marker which allows to detect the presence of a significant microcirculatory overload in CVI patients due to non anaemic extravascular-haemolytic conditions. 
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The Chronic Venous  Insufficiency ( CVI ) is the pathology which elevates morbility and increases with age;  the estimated prevalence  can vary worldwide from 10% to 50% (1). 


  In the severe chronic venous insufficiency, CEAP 4-6 classes, impaired venous drainage, determined microcirculatory overload, characterized by proliferation of blood vessels with cells trapped, haemorrheological modifications, fibrin cuffs with lipodermatosclerosis and ulceration of the lower limbs  ( 4- 6 ).


In addition the chronic venous stasis determines erythrodiapedesis with dermal haemosiderin overload , and as a result extravascular  biligenesis?  blood red cells ( 7-10 ).


It is well-known that haemosiderin can be identified in the urinary sediment in patients with intravascular haemolysis or iron overload disease like in idiopatic hemochromatosis; haemosiderinuria. In aggition it can occur in patients with paroxymal nocturnal haemoglobinuria, thalassemia major, sickle cell anemia , prosthetic valve  or  in transfusion-therapy ( 11-17 ).


Other  clinical conditions with large iron losses in the urine ( siderinuria ) can  occur in patients with  nephrotic syndrome and under therapy by chelating drugs ( 15-16 ) . We presume that haemosiderin, as it famously occurs in intravascular haemolytic disease, could be present in the urine even in such models of  extravascular haemolysis, particularly in chronic extravascular haemolysis. If this is true, since urine haemosiderin is nonexistent  in normal subjects, we should identify the innovative and sensitive, non invasive, repeatable and inexpensive markers of extravascular haemolysis  ( 13-18 ).








Design  and  Methods








We selected 61 subjects, both female and male, mean age 48 y.o., on the basis of both clinical and duplex scanning criteria (1): 12 medical students without any clinical and duplex evidence of CVI, represent the normal healthy control-group; 24 patients with both clinical and duplex evidence of mild CVI (clinical class C1-C3);  and 25 patients with severe CVI (clinical class C4-C6).


The stage of CVI is usually defined according to the standardized Clinical, Ethiological, Anatomical, Pathophysiological ( CEAP ) classification criteria. ( 1). The clinical stages of C, ranges from C0 to C6 ( C0 for normal  healthy subjects, C1 teleangiectatic vessel,C2 varicose veins, C3 varicose vein complicated by oedema, C4 lipodermatosclerosis and/or skin changes, C5  healed ulcers and C6  active ulcers (6-7).


 The possibility of simultaneous intra-vascular haemolytic condition was excluded by the negativity of the following blood tests: Hemocrome and Hematocrit,  Haptoglobin, Coombs, Ferritin, Transferrin, Iron, Bilirubin (11).


We tested the presence of     haemosiderin    in   the   urine     by   the current methodology both in patients  and in the normal healthy control-group ( 14-16). 














Determination of urinary haemosiderin.





Urinary haemosiderin is determined on a 10 ml sample of the total daily urine which are centrifuged at 2000 rpm per 10 minutes to finally evaluate microscopic examination of urinary sediment. At the end of centrifugation the supernatant is poured off and the pellet is re-suspended in 5 ml of a haemosiderin staining reagent obtained by mixing identical volumes of 2% potassium ferrocyanide (w/v) and 2% hydrochloric acid, obtained by diluting 17.5-fold the commercial analytical grade reagent. The sediment is thoroughly mixed and allowed to stand for 10 minutes. Tubes are then centrifuged again, the supernatant is siphoned off and the stained pellet is re-suspended in the minimal volume of liquid wetting the tube walls and transferred to a microscopy slide. Observation is carried out after covering with a cover slide at 400  field enlargement and the test is considered positive by the detection of typical deeply blue stained granules ( Figure 1) (11, 15- 16). 


All the data were expressed as mean ± s.e. of the mean. Statistical assessment of the distribution of the results of the evaluated test among the clinical classes of the disease was performed using the Kruskal-Wallis test. 





 


Results


 


 The  urine haemosiderin - test was negative in all the normal healthy subjects, whereas was positive in 7 out of 24 patients ( 29%)  in the CEAP clinical classes 1-3 and in 23 of the 25 patients ( 92% ) with severe CVI  CEAP clinical classes 4-6, (p< 0.0001, Kruskall-Wallis test).


 In addition, it was always positive in patients with active ulcerations,  CEAP clinical class 6. The ability to  evaluate in the  testing the discriminating normal  healthy subjects from those affected by mild or severe CVI, respectively, was well apparent in the graphic of Figure 2. 





Discussion





It is known that the kidney  is fundamental  in  the metabolism of haemoglobin. It has been proven  that  hemoglobin is removed from the glomerular filtrate by tubular epithelium  and it is converted, secondly,  to hemosiderin and ferritin,  excreted  through the urine . In the urinary sediments cellular sloughing was present, both within and outside cells, in the excretion of at least some of the hemosiderin formed in tubular cells ( 15 ).


 The maximum transport of hemoglobin  in the kidney can be estimated that the renal tubules removed 194mg. of hemoglobin from glomerular filtrate during the first 12 hours after infusion of red cell hemolysate in normal healthy subjects. In conditions with predominantly extravascular destruction of red cells, the net result of increased absorption and excretion of iron is generally  normal or moderately increased ( 15 ).








The main finding of our study is that the positive urine haemosiderin- test is able to perfectly discriminate the normal from the  abnormal case, and this appears to be reliable, because in normal healthy subjects the test is negative, while in an identifiable group of patients the testing is positive (11-17). 


Moreover, the proposed test appears to be positive constantly in more severe cases of the disease, and from this we   can  presume that the positiveness of the test could proceed  years herewith the presence of visible dermal haemosiderin deposits and/or of skin changes. But this hypothesis should be demonstrated along a longitudinal  study. Furthermore can warrant further studies in this direction to clarify the systemic and local consequences of  dermal iron overload.  


  


 From an economic point of view, we would like to underline that the cost of  the urine haemosiderin test is less than 10 US dollars.


In conclusion, the present study shows that haemosiderinuria-test  represents  ulterior   markers of extravascular haemolysis and CVI,  CEAP classes  4-6, giving a  possible new model of chronic non anemic extravascular- haemolytic conditions .The haemosiderinuria-test is a very sensitive, non invasive, repeatable  and inexpensive marker of increasing stage of  chronic venous insufficiency      CEAP classes 4-6. 


A new application to an older haemosiderinuria-test   may represent  an ulterior support , united with  a clinical CEAP classification,  to enhance the staging of CVI patients; in particular , to predict  the risk  of trophic lesions of the skin of lower limbs and  markers of extravascular haemolityc  conditions. The latter could avoid in clinical haematological practice misinterpretation of the urine hemosiderin test performed in patients with contemporaneous severe CVI  
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Figure 1; positive urine hemosiderin test
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Figure 2: distribution of positive urine hemosiderin test among CEAP clinical classes
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