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Summary 

Human plasminogen (MW 90'000) is cleaved by elastase into several fragments, including one 

with a molecular weight of 38'000 (mini-plasminogen or neoplasminogen). This fragment retail s 

sufficiently preserved fibrin binding sites but tacks the affinity for o^-antiplasmin. Therefore 

radiolabelled miniplasmin, obtained by activation of radiolabeled miniplasminogen by urokinase 

was tested in 21 patients with suspected deep venous thrombosis, in 5 patients with lymphedema 

and in 5 healthy controls for its potential use as fast marker of deep venous thrombosis. 250 u€i 

of Iodine-123 miniplasmin was given i.v. after previous activation with 3000 IU urokinase. The 

tracer distribution was measured 15, 30 and 60 minutes after injection at 10 points over each leg. 

The mean left/right ratio obtained in the 5 volunteers was 1.04 (range 0.89 - 1.12). In the patients 

the test was considered positive when the left/right ratio was greater than 1.15 or smaller than 

0.85 at two adjacent locations and in two consecutive measuring times. All patients were con

trolled by phlebography after the miniplasmintest. In the 21 patients studied both tests gave con

current results in 19, while in one patient with a positive and in one patient with a negative 

phlebography the miniplasmintest gave opposite results. 

In 4 of the 5 patients with edema and no thrombosis the miniplasmintest was negative. Most posi

tive tests were conclusive as early as 15 minutes after injection of miniplasmin. The sensitivity 

was calculated to be 90 % and the specificity 85 %. Therefore lodine-123 miniplasmin has been 

estimated as a fast, non invasive marker for the diagnosis of deep venous thrombosis and prelimi

nary clinical studies with scintigraphy have been performed on over 50 patients (Annex I). The 

results were somehow ambiguous. Evaluation gave a sensitivity between 40 % and 86 % and a 

specificity between 62 % and 100 %, depending upon the clinics. Therefore no definite conclu

sion can be drawn on this limited number of cases. Nevertheless the clinical studies have not been 

continued for a different reason. Since 1-123 miniplasmin is not available around the clock, it 

can't be used in emergency diagnosis. Because of this serious drawback evaluation will only be 

continued when a Tc-kit of miniplasmin is available. 
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Iodine-123 miniplasmin for the Detection of Deep Venous-Thrombosis 

1. Introduction 

Many efforts have been made in the recent years to develop a noninvasive test for the rapid 

diagnosis of deep venous thrombosis (DVT). Most of the newly developed hematologic blood 

tests such as adioimmunoassays for fibrinogen/fibrin degradation products, fibrinopeptide A, and 

betathromboglobulin do not reveal a high enough specificity (1-3). Tests to localize DVT such as 

the Doppler ultrasound or occlusion-phlethysmography which have a good detection rate for DVT 

above the kneelevel, lack of high sensitivity (4). Ascending phlebography with its high sensitivity 

and specificity is the method of reference (5). Unfortunately it may be painful and uncomfortable 

for the patient with acute thrombosis, and in rare cases adverse-effects when a conventional 

contrast medium is used have been described (6). 

Therefore efforts have been made to develop alternative methods to phlebography. Among these 

radiolabelled fibrinogen (Iodine-125 fibrinogen) has been widely used in the last 20 years for the 

localization of thrombosis (7). However the clinical application of Iodine- 125-fibrinogen remains 

restricted by the fact that the diagnosis of DVT can generally only be established 24 to 48 if not 

72 hours after the injection of radiolabelled fibrinogen (8). 

Among the different radiolabelled cells which have been tested in the last few years, Indium-111 

platelet scintigraphy has been quite successfully used for the diagnosis of acute deep venous 

thrombosis (9, and references 16, 18 and 22 therein). 

Among the radiolabelled biomolecules, plasminogen aiid/or plasmin have been studied quite 

extensively with the goal to obtain a rapid and precise diagnostic method for thrombosis, however 

without clear success (10, 11). Tc-99m-plasmin especially has been widely tested as a diagnostic 

tool, but the results were disappointing as far as the specificity is concerned (12 - 16). 

Incubation of human plasminogen with porcine elastase results in its degradation into discrete 

proteolytic fragments (17). One of them - miniplasminogen or neo-plasminogen - with a mole

cular weight of 38'000 can still be activated by streptokinase or urokinase to a fully active 

enzyme (18), but it does not contain anymore the binding sites for a2-antiplasmin (19). Although 

some of the important fibrin binding sites are lost, secondary fibrin binding sites have been shown 

to remain intact, giving the miniplasminogen an almost comparable affinity to fibrin as Lys-plas-

minogen (20). 

We present here the results of in vitro experiments with Iodine-123 miniplasmin showing a good 

binding to fibrin with molecular intactness after radiolabelling and a clinical trial with Iodine-123 

miniplasmin performed on 21 patients admitted to the hospital with suspected DVT of the lower 

limb. As reference method phlebography was performed in all patients. 
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2. Methods 

2.1 Isolation of mini; Lisminogen 

Plasminogen was *oi„ted from fresh human plasma by i!"r:nity chromatography according to the 

method of Rickli and Cuendet (21), using lysine coupled \<r Rio-Gel P-300 (Bio-Rad Laboratories. 

Richmond, Ca.). 

Plasminogen was then digested by porcine pancreatic Jas: ;c (Sigma, St. Louis, Mo.) essentially 

according to t.'ie method of Sottrup-Jensen et al. (17) by incubating 100 mg plasminogen with 

5 mgof elastase in trie presence of 7'000 IU soyabean trypsin inhibitor (Serva, Heidelberg, FRG) 

for i h at 37 °C. Miniplasminogen. which does not bind ;rymore to Lysine-Bio-Gel P-300, was 

separated from the other plasminogen fragments by affinity '>romatography on that gel in 0.15 M 

phosphate b-ufer, pH 7.4. Miniplasminogen was eluted as a single peak in the void volume. The 

purity as checked by SDS-polyacrylanude gel electrophf vsis was 95 % and more. The molecular 

weigl. t was estimated 36'00O - 38'000 as compared to standard proteins. 

2.2 Iodii.ation of miniplasminogen 

3 - 5 m p m tniniplasminogen were iodinated by the iodogen technique (22). 1 mg of iodogen 

(Pierce Charge; I CO, Rockgort, 111.) was dissolved in 1 ml of chloroform. 0.2 ml of this solution 

was added to:, 5 ml glass flask and the chloroform was gontly evaporated with nitrogen in order 

to obtain a thin I, c* of iodogen on the surface. 1 - 2 mg of miniplasminogcn in i ml of 0.3 M 

phosphate bUTsi i>T 7. was added to the reaction vial, and iodination with 3 - 5 mCi 1-123 was 

allowed to proceed f-t 10 C for 15 minutes. Thereafter the reaction was stopped by adding 2.5 ml 

0.15 M phospha e buffer, pH 7.3 and the mixture was immediately filtered through a Millex GV. 

0.22 u ster '..*• >", •* (Millipore, Bedford, Ma.) and transferred immediately to another tube. 

The radio!;.ixkd irvnipiasminogen was checked for its content of free iodide by thin layer 

chromatograf V,•. s»v! for contaminating proteins oi degradation products due to iodination by 

SDS-polyac:\-\x n'r'.r ?el electrophoresis before activation as well as after activation to mini-

plzsmir. by w>.\uv,;-r. )'ne eiwyme aciivity of the radiolabe'led miniplasmin, obtained by uro

kinase trtivatiort. v.<: compared to unlabelled miniplasmin wuh the chromogenic substrate H-D-

Val-Leu-Lys-pNitn-'fti: n (S-2.'.51, Kabi Vitrum, Stockholm, Sweden). 
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2.3 In vitro binding of miniplasmin(ogen) to fibrin 

The binding of Iodine-123 miniplasmin(ogen) to fibrin way tested in two different sets of experi

ments. 

In one set Iodine-123 miniplasmin or miniplasminogen was added to a fibrinogen solution 

(2 mg/ml) before clotting the fibrinogen by the addition of 5 IU thrombin. The clot formation was 

allowed to proceed for 1 h at 37 °C. Thereafter the clot was washed extensively with physiologic 

saline. The radioactivity incorporated into the clot was determined and calculated as percentage of 

the total activity added to the solution. 

In the other set of experiments the Iodine-123 miniplasmin or miniplasminogen was added to 

preformed fibrin clot and incubated for 30 min. at 37 °C. Again the cloi was extensively washed 

and the distribution of the radioactivity was determined as described above. 

2.4 Activation of Iodine-123 miniplasminogen for the miniplasmintest 

Fifteen minutes before injection into the volunteers or the patients a total of 200 ul urokinase 

(Choay, Paris, France) containing 3'000 IU were added to 250 - 300 uCi Iodine-123 

miniplasminogen (representing 0.2 - 0.7 mg protein) dissolved in 1 ml saline. The activation was 

performed at room temperature. 

2.5 Volunteers and patients 
Five healthy volunteers and 21 patients admitted to the emergency unit of the University Hospital 

of Bern (Inscispitai) becaujic of suspected DVT of the lower limb were admitted to the study. The 

5 volunteers underwent only the miniplasmintest, whereas all patients underwent both the 

miniplasmintest and phlebography within 48 hours after admission, the phlebography being 

performed always within 24 hours after the miniplasmintest. 

All volunteers and patients were informed on the protocol of the miniplasmintest and gave their 

formal consent. 
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2.6 Miniplasmintest 

All volunteers and patients received at least 2 hours before the test potassium iodide (Lugol solu

tion, 2 %, 5 drops). A total of 250 u.Ci Iodine-123 miniplasmin were injected into a cubital vein. 

In the studies where Iodine-131 human serum albumin was used, 100 u€i were simultaneously 

given with the miniplasmin. Ten | oints were marked equally distributed on each leg. During the 

measurements, the patient was in supine position with the legs elevated 45 degrees. Fifteen, 30 

and 60 minutes after injection of Iodine-123 miniplasmin the radioactivity over each point was 

measured starting from the left groin and subsequently alternating between left and right leg in 

distal direction using a transportable isotope localization monitor, calibrated for Iodine-123 and 

Iodine-131 (Pitman Ltd, Weybridge, England). 

The distribution of the radioactivity was plotted for each leg, the ratios between left and right leg 

were calculated for each of the ten pairs of measuring points without any correction. 

3. Results 

3.1 In vitro data 

3.1.1 Iodination results 

The iodination performed with iodogen was checked for its quality in 23 subsequent iodination 

procedures. The iodide content, the presence of any iodinated fragments either present in the 

miniplasminogen preparation used for iodination or fragments produced by the iodination reac

tion, and the enzyme activity after iodination, expressed as percentage of the original activity 

before iodination, are presented in table 1. 

Table 1: Quality control of I-123-miniplasmin(ogen) 

Iodide Protein Enzymatic 

fragments activity 

(1) (2) (3) 

I-123-miniplasminogen 3.2 ± 17 5.8 ±2.7 82 ±15 

(1.0-6.6) (2.3-9.3) (60-98) 

All values are expressed as mean percentages ± SD, n = 23. The range is given in brackets. 
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(1) Cht nked by thin layer chromatography 

(2) Radiolabeled protein material other than miniplasminogen as checked by polyacrylamide 

gel electrophoresis 

(3) Measured with the chromogenic substrate S-2251 (Kabi Vitrum, Stockholm, Sweden). 

In all 23 iodinations very similar iodination efficiencies were obtained. Since the molar ratio 

between iodide and miniplasminogen was fixed to 0.8 the iodination reaction could be run to 

completeness. This made the separation of free iodide from the labelled protein not necessary 

anymore. The percentage of fragments due to radiodamage was always less than 5 %. With the 

exception of two iodinations where the enzyme activity was only around 60 % after iodination, 

the enzyme activity was generally well preserved after iodination and was higher than 80 %. The 

specific activity was i - 2 mCi/mg miniplasminogen. 

3.1.2 Fibrin binding of labelled miniplasmin(ogen) 

The binding of miniplasmin obtained by activation of miniplasminogen by urokinase was evalua

ted in two different ways. The results of both sets of experiments are summarized in table 2. 

Table 2: Fibrin binding of I-123-miniplasmin or I-123-miniplasminogen 

% Binding 

A B 

Miniplasmin 36.8 ± 6.8 * 

Miniplasminogen 45.3 ± 5.2 48.4 ± 6.2 

A Fibrinogen (2 mg/ml) was clotted with 5 IU thrombin/ml for 1 h at 37 °C, then miniplasmin 

or miniphsminogen was added and the incubation was carried on for 30 min at 37 °C (n = 5). 

B Miniplasmin or miniplasminogen was added to the fibrinogen solution (2 mg/ml), thereafter 

thrombin (5 IU/ml) was added to clot the fibrinogen and the incubation was carried on at 

37 °C for 1 h (n = 4). 

* The clot was dissolved while it was formed, therefore no binding could be determined. 
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The experiments where miniplasmin was mixed with the fibrinogen solution before the addition 

of thrombin did not result in any clot formation. Therefore the binding of miniplasmin in this 

experiment could not be determined. A replacing experiment whereby the enzyme activity was 

first blocked by D-Phe-Pro-Arg-chloromethylketone (PPACK) showed that miniplasmin was 

bound to the forming clot in almost equal amounts as in experiment A. 

3.2 Clinical data 

3.2.1 Results in normal controls and normal range 

A total of 150 measurements were collected from the 5 normal controls at 3 different measuring 

times over all 10 locations. The right/left ratio was 1.04 ± 0.08 (mean ± SD) with a range of 0.89 -

1.12. 

From the results obtained in normal controls the test was arbitrarily considered positive when the 

right/left ratio calculated for two adjacent points during two subsequent measurements (15 and 30, 

or 30 and 60 minutes) was < 0.85 or >1.15. 

3.2.2 Clearance of Iodine-123 miniplasmin 

The plasma clearance was measured in 3 normal controls by measuring the radioactivity in the 

blood 10,20,30, 60,180 and 300 minutes after injection of the miniplasmin. All three volunteers 

showed a very similar clearance of the Iodine-123 miniplasmin (Fig. 1). 

From the mean values of these results it was calculated that more than 50 % of the miiiiplrsmin 

was cleared from blood with a half-time of 167 min., thus demonstrating a reasonable, but slightly 

faster clearance rate than radiolabeled plasmin (23). The rapid disappearance (half-time 13 min) 

of part of the radioactivity is most likely due to equilibration with an extravascular compartment. 
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Vco 

0.54 T / 2 = 167min 
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Clearance of Iodine-123 miniplasmin 

mm 

The plasma clearance was measured in 3 normal controls. From the biexponen-

tial curve two different half-times (t/2) could be calculated. The values of the 

half-times are indicated. The fast elimination curve is likely to be due to equili

bration with third spaces. 

3,2.3 Results in patients 

In all 21 patients who were admitted to the hospital because of suspected deep venous thrombosis 

the miniplasmin'2st was performed on the day of admittance, the day after or in two cases two and 

three days latei. Phlebography was always performed after the miniplasmintest. The phlebo-

graphic results were evaluated by the radiology department of our hospital independently. 

The miniplasmintesi was positive in 12 out of 13 patients with a positive DVT finding in the 

phlebography. Conversely the miniplasmintest was negative in 7 of 8 patients where phlebo

graphy did not show any DVT. Out of the 12 patients who were positive in both tests, the throm

bus age was estimated 1 to 4 days. Ten of these patients were already anticoagulated for several 

hours up to three days with i.v. heparin doses of 20'000 to 24'000 IU/24 h. Five patients had a 

thrombosis of the right or left calf without extension to the thigh, while 7 patients presented larger 

thrombosis extending from the calf to the V. poplitea, V. femoralis up the V.iliaca (compare Fig. 

2B). 
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The one patient who was positive in the miniplasmintest, but negative in the phlebography, 

showed a very diffuse concentration of miniplasmin almost along the entire course of the leg 

veins, this for unknown reasons. 

In the miniplasmintest of positive patients the ratios between the radioactivities measured at the 

different leg points varied between low values of 1.18, 0.82 respectively, and high values of 2.25 

and 0.58 respectively. At this point the sensitivity of the miniplasmintest was calculated to be 

92 % and the specificity 85 % (table 3). 

Table 3: Comparison of the I-123-miniplasmintest and phlebography 

in 21 patients with clinically suspected DVT 

I-123-miniplasmin 

Phlebography 

12 
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The representative tracer distribution profiles of two different patients are represented in Fig. 2. 

B 

ilium 
9 10 

Eg2± Radioactivity distribution profiles of Iodine-123 miniplasmin in two patients 

with phlebographically documented DVT 

The measured radioactivities (net counts) are given on the ordinate, while on the 

abscissa the 10 measuring points are indicated. For each point the uptake values 

obtained 15, 30, 60 and 120 min after injection are depicted from left to right, 

the diseased leg always with blank bars followed by the healthy leg in black 

bars. 

A A 46 year old woman with a phlebographically documented thrombus in the 

calf veins, extending to the V.poplitea of the left leg. 

B A 44 ye; r old man presenting a small thrombus (only diagnosed by the 

phlebography) in the right calf and a large extended thrombus of the V.iliaca 

to the V.cuva inferior. 
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Patient A had a phlebographically documented thrombosis of the lower limb, while patient B had 

a large thrombus in the femoral vein. As can be seen from these profiles the test was already 

conclusive 15 minutes after injection of Iodine-123 miniplasmin. This was the case for more than 

90 % of the positive patients. 

In order to further substantiate that the concentration of Iodine-123 mini-plasmin in the 

thrombotic region is specific and not only due to stasis or local blood pooling two additional tests 

were performed. To eleven unselected patients of the above group I-131-human serum albumin 

was injected simultaneously with Iodine-123 miniplasmin. Among these 11 patients the phlebo

graphy control gave 8 positive and 3 negative findings. All the 8 patients with a positive phlebo

graphy had also a positive miniplasmintest whereas with I-131-human serum albumin, using the 

same criteria for a positive result as for the miniplasmintest, only in 4 out of 8 patients a positive 

test was recorded (table 4). 

Table 4: Specificity of I-123-miniplasmintest vs. I-131 -albumin for the detection of DVT in 11 

out of the 21 patients 

I-123-minipIasmin I-131-albumin 

Phlebography 

+ 

8 

0 

0 

+ 

4 

0 

The parallel measurement of the circumference of the calf in each of these patients indicated that 

albumin was mostly concentrated due to blood pooling, since the 4 patients with a positive 

albumin test were definitely the ones with a greater circumference of the upper or lower calf as 

compared to the healthy leg. 

In a second group of 6 additional patients with chronic lymphedema in the upper arm due to 

earlier theupeutical irradiation of breast cancers the miniplasmintest was performed in order to 

exclude unspecific concentration of Iodine-123 miniplasmin either due to abnormal permeability 

or pooling. The results are summarized in table 5. 
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Table 5: Comparison of the I-123-miniplasmintest with phlebography in 6 patients with chronic 

lymphedema secondary to therapeutical irradiation of breast cancer 

I-123-miniplasmin 

+ 

+ 

1* 0 

1 4 

* represents one patient with thrombosis in the upper arm, phlebo-

graphically documented. 

In two out of these 6 patients a positive miniplasmintest was recorded. One of these two patients 

was then documented to have a thrombosis in the upper arm by phlebography. 

Since according to our earlier experience Tc-99m-plasmin had been concentrated to a 

considerable degree (50 % and more) quite rapidly in the liver, the uptake values for Iodine-123 

miniplasmin into the liver were measured in 8 patients. Maximal uptake values were close to 30 

%. The mean of all 8 patients was 24 + 5 % expressed as percentage of total body dose. The 

maximal uptake values were recorded around 10 min after injection. 

4. Discussion 

Our first experiences with radiodiagnostic tests for the detection of dee:> venous thrombosis were 

with commercially available Tc-99m-plasmin, which was described as a fast and sensitive test by 

different groups (12 - 16,23, 24). As far as the specificity is concerned discording results made us 

aware of possible problems with this test. 

A small group of patients studied by us with Tc-99m-plasmin (commercial source) showed a very 

high liver uptake. This has also been reported by others (25). The observation is indeed not 

surprising, since Tc-complex labelling is a highly non-physiologic procedure, so that damage to 

the protein has to be expected. This may eventually lead to the formation of large complexes 

which are then easily trapped by the spleen and the liver. 

We had therefore very early made the decision that a scintigraphic marker has to be iodinated, 

unless better methods for the incorporation of technetium are fully developed. Promising results 
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Chapter 2 

Concepts Related to Rewetting 

2.1 Introduction 

The models which describe the rewetting phenomena are based on concepts drawn 
from different fields of physics such as heat conduction, thermodynamics, hydrody
namics, ..., these different concepts are presented here in view of their application 
to the rewetting phenomena. After describing the main situations in which iewet-
ting is encountered, a presentation is made of the way to compute the temperature 
upon contact when a liquid suddenly touches a hot surface, as occurs when the 
insulating vapor film suddenly breaks and liquid rushes towards the hot surface. 
The liquid to vapor phase transition which occurs after this contact is of a special 
kind since the liquid may be superheated above its saturation temperature. A 
section presents in some detail the general theories for the liquid to vapor phase 
transition with a special emphasis on the treatement of superheated liquid j . Since 
the present work describes the effect of molecular forces between liquid and solid 
on this phase transition, we present a short review of the classical concepts in 
the study of liquid-solid interfaces. Since the review in Chapter 3 includes some 
important rewetting models based on the Taylor hydrodynamic instability, a brief 
summary of the principal characteristics of this instability is also made at the end 
of the present Chapter. 

2.2 Rewetting Situations 

Rewetting may occur in very different situations; a classification of the most fre
quent ones has been made by Groeneveld (1984), Figure (2.1). To this classifica
tion, one can add the cases of rewetting of a horizontal tube, Chan and Banerjee 
(1981); quenching of spheres, Subramanian and Witte (1987); and quenching of a 
tube at high flooding rates, Lubbesmeyer (1989). 

Although all these cases are described under the general term of a rewetting, it 
is expected that the mechanisms involved and the importance of the different pa-
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Gamma-camera pictures definitely allowed the diagnosis and localization of the emboli. 

Preliminary clinical studies on about 50 patients by scintigraphic methods (Annex I) at four 

different nuclear medicine institutes led to no clear results. Two institutes did agree with the 

previous found specificity and sensitivity, whereas two didn't, and came up with much lower 

values. However starting a full scale multicenter study was nevertheless postponed. 1-123-mini-

plasmin has clearly a drawback - its limited availability. Therefore development of a Tc-99m-kit 

preparation of miniplasmin should be first considered, then a new extended multicentcr study 

could be worth the effort. 
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Annex I: 
Preliminary clinical studies by scintigraphic methods 

1.1 Introduction: 

Considering the promising results with external leg scanning (although on a very limited number 

of patients) we wanted to find out if the results could be confirmed with the more convenient 

scintigraphy method as it is used in nuclear medicine. A preliminary study of about 50 patients 

was considered appropriate to decide about a full scale multicenter study. The I-123-plasmin was 

therefore distributed to four interested nuclear medicine departments: 

• Prof. Dr. B. Delaloye und Frau PD Dr. Bischof-Delaloye, CHUV-1011 Lausanne (Group A) 

• Dr. Schaub, Kantonsspital Winterthur (Group B) 

• Prof. Dr. R. Dudzcak und Dr. P. Siostrzonek, I. Med. Univ. Klinik, A-1090 Wien (Group C) 

• Prof. Dr. G. Bullermann, Poliklinik rechts der Isar, 8000 Miinchen (Group D) 

The results of these four groups (A, B, C, D) are presented and discussed. 

1.2 Patients and Methods 

Patients: A: 20 (a = 63 ± 14, 10 male, 10 female) 

B: 8 (a = 62 ± 21, 3 male, 5 female) 

C: 27 (a = 58 ± 13, 13 male, 14 female) 

D: 5 (a = 61 ± 12, 1 male, 4 female) 

The patients have been referred to the scintigraphy for diagnosis of DVT. Consecutively most 

patients were investigated with a second diagnostic methud (phlebography or isotope phlebo

graphy or pletypmography or Doppler sonography). A few were judged by clinical diagnosis. As 

far as possible the second method has been performed after the scintigraphy. Group C followed 

the most stringent protocol and their methods and findings have been published in detail (30). 
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I-123-miniplasmin Scintigraphy: 

Thyroid has been blocked by group B, C, D with Sodium perchlorate at the day of scintigraphy, 

whereas in group A no blockage has been done. 

I-123-miniplasminogen (1 mg/ml Miniplasminogen, 1 mCi/ml activity in 0.1 m phosphate puffer, 

pH 7.8) has been activated with 3 - 5000 E urokinase 15 minutes prior to the investigation. Then 2 

- 3 mCi I-123-miniplasmin were injected intravenously. Scintigraphy was performed after 15 to 

120 minutes with Siemens (A, C) or Picker-camera (B, D) and low energy collimators. The 

countratc varied between 300'000 and 500'000 counts/image. The acquisition times were between 

2 and 10 minutes. 

Evaluation of the scintigraphy results: 

Evaluation was done either visually and/or quantitatively. The quantitative method was similar to 

the one described in chapter 3.2.1. for the external leg scanning. Instead of the points, six regions 

of interest ha'e been defined on both legs. As with leg scanning left/right quotient of < 0.85 or 

> 1.15 have been considered anormal. 

The visual evaluation of the images has been done without considering the data of the reference 

method. A distinct activity enrichment on one leg was considered minimal to decide for anorma-

lity. 

1.3 Results and Discussion: 

Group A: By visual examination of 19 patients 15 patients had true positive results. The images 

revealed clearly localized activity spots. Two patients were true negative and one was false 

negative. However the latter had phlebography 8 days before scintigraphy and in between got 

treatment. There was no confirmation after scintigraphy with a second method. Quantitative 

evaluation too has been done on the 15 true positive patients. In all cases the visual results could 

be confirmed. 

Group B: The 8 patients were diagnosed by visual examination. Three cases are true positive and 

two cases are true negative. One patient cannot be evaluated because the clinical examination 

gave no clear results. Two patients are false negative, both have been treated for four resp. eight 

days after isotope phlebography. 
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For further evaluation the results of A and B have been pooled: 

true positive = 18; false positive = 0; true negative = 4; false negative = 3; 

From these values a sensitivity of 86 7c and a specificity of 100 7c is calculated. 

Group C: The results have been published in detail elsewhere (30). With the visual method a 

sensitivity of 56 % and a specificity of 50 % for the lower limb region has been reported; values 

for the higher limb region being lower. With the quantitative method sensitivities were 68 % 

(lower limb, n = 18), 62,5 % (higher limb, n = 16) and 40 % (pelvis, n = 6) and specificities 75 %, 

87,5 % and 62.5 % respectively. From this values weighted means have been calculated, for the 

sensitivity 59 % and for the specifity 74 7c. 

Group D: Different to group A to C, for group D I- 131-miniplasmin has been used in stead of the 

I-123-compound. Due to unfortunate circumstances (technical problems, delay time between 

production and application) and to a few cases these results cannot be evaluated. 

Comparison of the results of Group A + B (28 patients) with group C (27 patients) reveals some 

differences. The sensitivity and specificity of A + B are noticeably higher than the ones of C: 

86% versus 59 % and 100 % versus 74 % respectrly. Furthermore group C stated, that the 

quantitative method was superior to the visual one. This is not the case for group A, where both 

methods were considered equal. 

The group C-resulis of the I-123-miniplasmin test have been compared with the Tc-99m-plasmin 

test (30). It was found that, generally spoken, there is no great difference between the two 

methods. Some better results for the lower limb region by Tc-99m plasmin were compensated 

through better results for the higher limb region by the I-123-miniplasmin results. 

Due to the limited number of patients studied and the conflicting results, it is impossible to reach 

a final decision about the "value" of the I-123-minipiasmin test. 

In conclusion we thinl. that the I-123-miniplasmintest is as good or better than the Tc-99m-

plasmintest. But due to the round o' clock availability of Tc-99m-plasmin and its simpler applica

tion procedure it is at present the more useful method. A quite different conclusion may be drawn 

when miniplasmin too will be more easily available (e.g. as a Tc-kit). Then a full scale, clinical 

evaluation of miniplasmin should be considered. 
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entirely to metastable liquids by Skripov (1974). Avedisian (19S5) presents exper
imental results for the homogeneous nucleation limit of a wide range of liquids. 

The classical theory of nucleation has been developped mainly by Volmer and 
Weber (1926), Farkas (1927), Becker and Doering (1935) and Zel'Dovitch (1943). 
It is based on the computation of the minimum work required to create a nucleus 
of vapor from a uniform liquid. 

In order to create a vapor cavity one has to expand an amount of work 7 S to 
create the new vapor-liquid interface of area S. Part of this surface work is done 
by the n vapor molecules which have entered in the cavity during the process. 
The maximum possible work that these n molecules can provide would be that 
obtained along a reversible path. We assume that the entire process of creatinf the 
vapor cavity is done at constant system temperature TL, and thus the vaporisation 
of the n molecules must be done at the saturation pressure py of the metastable 
liquid surrounding the cavity in order to be reversible. If the cavity is created 
by vaporizing n molecules at a constant pressure py through a semipermeable 
membrane of constant area submerged in a medium at pressure pi and kept under 
an external counterforce per unit area of (py — pi), then the work W\ done by the 
vapor on the environment providing that counterforce is 

W1 = (Pv-pL)VG (2.21) 

where VG is the volume inside the membrane enclosing the n molecules a; pressure 
pv-

By changing now the vapor volume from VG to VG, while the number of 
molecules inside the cavity is kept constant, the maximum work W2 that can 
be done on the environment is given by 

W2= Jv?(p-PL)dV = 

= paVa-pvVa-pL{Va-VS)-^Vdp (2.22) 

where p is the pressure inside the region enclosed by the membrane during the 
process, and PG is the final pressure in the bubble. Using the thermodynamic 
relation Vdp = ndp and the fact that the chemical potential of the gas at pressure 
pv is equal to the chemical potential pL of the external liquid, we obtain 

W2 = pGV - pvVG - PL(VG - Vis) - n(pG ~ HL) (2-23) 

The maximum work obtainable from vaporizing the gas to a volume VG at a 
pressure pa is W\ + Wy, and the minimum work W which is required in order to 
create a vapor cavity is given by 

Wr = 7 E - ( W r
1 + W 2 ) (2.24) 
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Figure 2.10: Availability of a nucleus as a function of its radius 

The minimum work IV is equal to the availabilty A.4 of this cavity which will 
be used later in order to compute the occurence rate of such cavities from thermal 
fluctuations. This availability is thus given by 

±A = 7 S - ( W r i + tV2) = 

= ~/Z-(PG-PL)VG + n(nG~nL) (2.25) 

Mechanical equilibrium between a spherical nucleus of radius r and its sur
rounding fluid is obtained when the Laplace equation of mechanical equilibrium is 
satisfied 

PG = PL + =1 (2.26) 
r 

Thermodynamical equilibrium with the surrounding fluid is obtained when the 
chemical potentials of gas and liquid are equal 

HG = fit (2.27) 

A nucleus which is in both thermodynamical and mechanical equilibrium is 
called a critical nucleus. The availability of a nucleus in thermodynamic equilib
rium as a function of the radius is depicted in Figure (2.10), showing that a nucleus 
slighter larger than the critical size will tend to grow spontaneously because a fur
ther increase of the size of the nucleus will result in a reduction of its availability. 
Similarly nuclei slightly smaller than the critical nucleus will tend to colapse. 

The critical availability <\A. is obtained by inserting Equations (2.26) and 
(2.27) into Equation (2.25) 

A/ i . = \*ri*i (2.28) 
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The pressure pv of the vapor inside a bubble in equilibrium with the surround
ing liquid is only slightly below the saturation pressure P , 0 ( ( ^ L ) of the liquid at 
temperature Ti. Blander and Katz (1975) present an equation relating piat{Ti) 
to the pressure pv inside the critical nucleus 

Pv - PL = (Psat(TL) - PL)S (2.29) 

with 

j = ! _ £ £ + ! ( £ £ ) ' (2.30) 
PL 2 pL 

where pi and pc correspond to the saturated densities pi — px,[p,«,i(2i,), 2L] and 
PG = PG[p»af(^L),Ti,]. This equation should be accurate for moderate pressures 
where PG/PL < 1 

Using Equations (2.29) - (2.26) it is possible to express the critical radius in 
terms of the parameters Ti and pi 

_ 2i 
r' =

 {PUTL)-PL)6
 ( 2 ' 3 1 ) 

In the case of homogeneous nucleation the nuclei are created by thermal fluc
tuation. The probability to have thermal fluctuation of availability AA is given 
by (Einstein, 1956) 

P ~ e x p ( ~ ) (2.32) 

Based on Equations (2.28) - (2.31) for the critical nucleus and the probabil
ity to have a thermal fluctuation of critical availabilty AA,, Equation (2.32), the 
expression for the homogeneous nucleation rate which is obtained from the clas
sical Becker and Doering theory has the usual form of that for thermal activated 
processes. In a general way, it is written as 

J = J 0 e x p ( - ^ ) (2.33) 

where Jo is a fundamental fluctuation rate and AA. the excess free energy of a 
critical nucleus. A derivation of this expression is made by Langer (1969), using a 
statistical mechanics generalization of the classical theory. 

Applying this general expression fo the specific case of bubble nucleation in liq
uids, Blander and Katz (1975) report the following expression for the homogeneous 
nucleation rate, valid for moderate pressures 

J = M - ^ ) ' / 2 e x P ( - y — ) (2.34) 
mnD 3fcT(p,at(TL) - pLyb2 
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Chapter 5 

Phase Transition Near the Wall 

5.1 Fluid State Close to the Wall 

Using the specific choice of potentials introduced in the preceding Chapter (Equa
tions 4.44 - 4.48), the local equation of state (4.30) becomes 

p(p,T;x) = Pha{p, T) - ^{x)p2 (5.1) 

<r>ix) = I " 2 e x P ( - x ) (5 l 2) 

The critical temperature and pressure, which are dependent on the distance 
from the wall x, are obtained from Equations (4.37) - (4.38). Using the reduced 
quantities with respect to the bulk critical parameters, defined in Equation (4.43), 
these local critical temperature and pressure are given by 

Te(x) = pc(x) = <p(x) (5.3) 

The critical density is constant 

Pc(x) = 1 (5.4) 

We have now a situation in which the thermodynamic properties such as Tc 

and pc, are dependent on the distance from the wall, as does the pressure p(x) in 
the fluid. This local pressure p(x) is obtained by solving the density profile p(x) 
as described in the preceding Chapter and introducing this density in the local 
equation of state (5.1). 

The local spinodal temperature at the distance x from the wall is obtained by 
considering that the fluid at x is under the local pressure p(x) and by computing 
the corresponding spinodal temperature T3pin{x) as given by Equations (4.39) and 
(4.40) for the local pressure po = pix)- An alternative way to compute the local 
spinodal temperature would have been to obtain it on the basis of the local density 
p(x) (instead of the local pressure p(x)) by introducing this local density p(x) 


