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Subcutaneous Blood Flow in Psoriasis 

PER KLEMP, M.D. 

Departments of Dermatology and Clinical Physiology, The Finsen l nstitu.te, Copenhagen, Denmark 

The simultaneously recorded disappearance rates of 
133Xe from subcutaneous adipose tissue in the crus were 
studied in 10 patients with psoriasis vulgaris using 
atraumatic labeling of the tissue in lesional skin (LS) 
areas and symmetrical, nonlesional skin (NLS) areas. 
Control experiments were performed bilaterally in 10 
younger, healthy subjects. 

The subcutaneous washout rate constant was signifi­
cantly higher in LS, 0. 79 ± 0.05 min-• -102 compared to 
the washout rate constant of NLS, 0.56 ± 0.07 min-• · 
102 (p < 0.05) , or the washout rate constant in the 
normal subjects, 0.4 6 ± 0.17 min-• -102 (p < 0.01). The 
mean washout rate constant in NLS was 25% higher 
than the mean washout rate constant in the normal 
subjects. The difference was, however, not statistically 
significant. 

Differences in the washout rate constants might be 
due to abnormal subcutaneous tissue-to-blood partition 
(A.) in the LS-and therefore not reflecting the real 
differences in the subcutaneous blood flow (SBF). The A. 
for "13Xe was therefore measured-using a double iso­
tope washout method (' 3 :JXe and [' 3 '

1l]antipyrine)-in 
symmetrical sites of the lateral crus in LS and NLS of 
10 patients with psoriasis vulgaris and in 10 legs of 
normal subjects. In LS the A. was 4.52 ± 1.67 mlfg , which 
was not statistically different from that of NLS, 5.25 ± 
2.19 ml/g (p < 0.05), nor from that of normal subcuta­
neous tissue, 4 .98 ± 1.04 ml/g (p < 0.05). 

Calculations of the SBF using the obtained A. values 
gave a significantly higher SBF in LS, 3.57 ± 0.23 ml/ 
100 g/min, compared to SBF in the NLS, 2.94 ± 0.37 
ml/100 g/min (p < 0.05). There was no statistically 
significant difference between SBF in NLS and SBF in 
the normal subjects. 

The increased SBF in LS of psoriatics might be a 
secondary phenomenon to an increased heat loss in the 
lesional skin. 

R ecently, we have shown t he cutaneous blood fl ow in lesional 

psoriatic s kin to be 10 t imes higher than in n orma l subjects. In 

uninvolved psoriatic skin, cu ta neous blood fl ow was approxi­

mately twice that of norma l subjects (1] . 
Obvious ly, a n inc rease of t his m agni t ude in cu ta neous blood 

f1 ow in p soriatics s hould influence t he systemic distribut ion of 
t he cardi ac ou tpu t s ignificantly in t hose with even moderate 

psoriatic involvem e n t of th e skin. The presen t study was ini­
tiated to determine whet her t his inc rease in cu taneous blood 

f1ow in patients wi t h p so rias is is an expression of a n overall 

high er pe riphe ral t issue blood fl ow o r t he highe r cutaneous 
blood f1ow is compensated by a lower subcutan eous blood flow 
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(SBF)_ The measurements of t he SBF were performed by the 
'~3Xe method. 

MATERIALS AND METHODS 

Patients 

Twenty patients wit h typically un t reated psoriasis involving 10-50% 
of the skin surface were examined after having given informed consent.; 
t hei r age and sex are shown in Tables I and II. Control experiments 
were performed in another 5 patients with psoriasis aged 40- 18 years 
(mean 30 ± 9 SD years) and in 10 normal healt hy subjects. Neither 
t he patients nor the normal subjects received any medication that could 
in te rfere with blood fl ow, and habitual smokers abstained from smoking 
at least 3 h before the experiments started since smoki ng might 
interfere with cutaneous a nd subcutaneous blood flow for approxi­
mate ly 1 h [2,3]. 

Only patients with unilateral psoriatic plaques more t han 10 em in 
diameter on the crus and symmetrically normal skin were selected for 
this study. All measurements were performed with the patients in the 
supine position a nd at constant room temperature, 20- 21 · c . 

Measurement of Su.bcu.ta.neou.s Blood Flow 

The SBF was measured by Lhe 1 ~3Xe washout method [4]. A t raumatic 
epicutaneous labeling technique was used as recent ly described [1]. 
After a labeling period of 3-3'12 min , 2 Nal scin ti llat ion detectors were 
placed 15 em above t he radioactive fields and connected to a 2-channel 
printing gamma-spect.romeLer. The accumulated activ ity was prin ted 
out simultaneously from both sites at in tervals of 20 s and fo llowed for 
at least 70- 90 min in the psoriatics and 90- 120 min in t he normal 
controls. A lead shield was placed between t he legs in order to ensure 
t hat only one measuring field was seen by one detector. 

T he washout curve fo llowing epicutaneous labeling bends sponta­
neously in a semilogari t hmic plot due to washouL of t he t racer from 
t he cutaneous t issue and to accumulation of the tracer in subcutaneous 
adipose tissue. '""Xe is highly soluble in lip id and t he rate of removal 
from the subcutaneous fat is therefore slow. A monoexponential wash­
out curve was identified afte r approximately 15- 20 min in the psoriatics 
and afte r approximate ly 30- 40 min in the normal subjects. This mon ­
oexponent ial washout represents the washout of t he t racer from the 
subcutaneous t issue. The washout rate constant (k) was computed from 
the monoexponent ial washout plot 40- 60 min after labeling and after 
correcting for background activ ity using the equation: 

In 2 . _
1 k,.,"" = -- (m m ) 

T,;z 
(l) 

where T 112 is t he t ime in minutes for t he decay of the monoexponential 
washout to half the initial value. 

Control experiments were performed in 5 paLients in whom 100 J.JCi 
"

13Xe dissolved in 0.03-0.06 ml isotonic saline was injected simultane­
ously on symmetrical sites in to the subcutaneous tissue of les iona l skin 
(LS) and nonlesional skin (NLS). The washouL rate constant was t hen 
calculated from t he monoexponent ial washout 60- 70 min afte r the 
injection, since the injection t rauma, which induces hyperem ia, might 
last fo r 30-40 min in subcutaneous t issue [5]. 

The SBF can then be calculated from the Kety equation: 

SBF = k,.,,,... >-.,.,""·lOO(ml / 100g/ min) (2) 

where >-.,""" denotes the t issue-to-blood partition coefficient for 133Xe in 
subcutaneous t issue. 

However, since there are no reported data on the partition coefficient 
betwee n subcutaneous t issue and blood in psoriatics and since substan­
t ial variation from the conventionally used >-.,uJx- = 10 mlfg was recently 
reported in other patients [6], it was necessary to measure the tissue­
to-b lood partition coefficient in subcutaneous adipose tissue of the crus 
of both normal subjects and psoriat.ics. 
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Measurement of A,,1,., by a Double Isotope Washout Method 

A mi xture of '""Xe (1 00 1-'Ci) a nd ['"'IJ antipyrine (30- 50 1-'Ci) was 
injected s.c. late rally on the calf. The -y emission of m x e a nd '"' I was 
detected simul ta neously wi th 2 Nal sc intillation detectors connected 
to a 2-channel ga mma-spectrometer wit h one window set a round the 
photopeak of "' I and t he other arou nd the photopeak of 133Xe. Prior 
to the exper iments t he "cross ta lk " (i.e. , the -y em ission from t he 13 11 
detected by the ""'Xe channel and the -y emission from the "'3Xe 
detected by the " 'I cha nnel) was determined a nd the obta ined coun t 
rates from a measuring period of 10- l .S min start ing 4.5- 60 min afte r 
the injection was t hen corrected for background activity a nd the "cross 
ta lk." 

S ince t he perfusion rates are equa l for the washout of both isotopes 
injected in the same a rea 

AXe· kxc = AJ .untipyri nc · kl -nntipy rinc (3) 

a nd assuming A1.,. ,";"'"""' is 1.0 ml/g [6]. the '""Xe for subcuta neous t issue 
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F1r. 1. Principles of t issue-to-blood part it ion coefficient measure­
ments in subcutaneous t issue using double isotope washout technique. 
""Xe and ['" IJ ant ipy rine washout curves (corrected for background 
act ivity a nd "cross ta lk") from the subcutaneous depots. The t issue-to­
blood part it ion coeffi cient fo r '3"Xe in the subcutaneous t issue was 
calculated by dividin g the washout ra te constant for [" '!] ant ipyrine by 
the washout rate fo r ""Xe (pat ient no. L, T able 1) . 
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can be calculated 

)\ _ AJ .unt.ipy rinc · kJ .nnt.ipyrinc 

Xc- kx(' (4 ) 

The principles of the double isotope washout method for determination 
of t he t issue- to-blood part ition coeffi cient are seen in Fig 1. The method 
has recent ly been described [6). T o block thyroid iodine upta ke, potas­
sium iodide was given for 5 days. 

Statistics 

Linear correlation by t he least squares method and Wilcoxon rank 
sum test for paired and unpaired samples were used to a na lyze the 
data. A p < 0.05 was chosen as t he limi t of significance. The washout 
rate constant, k, was expressed as k · 10' min- 1

• The coefficient of 
va riation, C.V., was calculated from the SD of the washout rate con­
stants of kx, a nd kl ·nnL;pydn• using the formula 

C.Y. = 
(:;() kJ .nnt ipyrinc) 2 ('5° k :xcf.! 

(k l-nntlpyrine)
2 + (k xe) 2 

(5) 

RESULTS 

S ubcutaneous Tissue-to- Blood Partition Coefficient for X e 

Three experiments in the psoriat ics fa iled due to technical 
reasons (too low radioactivi t ies). The mean t issue-to-b lood 
partit ion coefficient in LS was '-• ubc . psm = 4.52 ± 1.66 ml /g and 
in NLS A suhc . unp•" ' = 5.25 ± 2.19 ml/g. There was no statistical 
difference between A ,.,bc. 1'"" ' and '-•ul>e ,un''""" p > 0.05. 

In the group of younge r, healthy subjects the subcutaneous 
tissue-to-blood partition coefficient was '-•ubc = 4.98 ± 1.04 ml/ 
g, which was not statistically different from either " """"·"'"' (p 
> 0.05) or '- •ubc, unpso' ( P > 0.05). In 3 of the normal subjects who 
were measured on symmetrical areas, t he mean side-to-side 
C.V. was 35% (range, 0.2-66%). The results are shown in T able 
l. 

S ubcutaneous Blood Flow 

In 9 of 10 measurements the subcutaneous washout rate 
constant in LS was higher than the washout rate constant in 
symmetrical NLS (Table I). The mean washout rate constant 
in LS was 0.79 ± 0.15 min- • and in symmetrical NLS was 0.56 
± 0.21 min- 1

• The difference was statistically significant, p < 
0.05. In the group of 10 younge r normal subjects the mean 
was hout rate constant was 0.46 ± 0.19 min- • on the righ t side 
of the crus and simultaneously symmetrical measurement of 
the left side gave 0.46 ± 0.17 min- •. There was no stat istically 
significant diffe rence between t he two sides (p > 0.05) although 

TABLE l. Subcutaneous tissue-to -blood partition. coefficient (or '""Xe (A,,~>c ±C. V. ml/g) in psoriatic lesional skin (LS), in nonlesional skin (NLS) 
and in normal shin (NS) of normal subjects- simultaneous measurements in symmetrical sites using double isotope washout method ( 133Xe and 

[ '"' /jantipyrine) 

Psoriotric patients No rmal subjects 

Palicnt 
:Sex Age LS no. NLS Sex Age NS 

----
I F .59 5. 15 ± 0.06 5.00 ± 0.09 M 26 3.81 ± 0.03 
2 F 78 5.84 ± 0.13 5.82 ± 0.24 M 27 6.03 ± 0.02 ! s . . 
3 F 26 4.89 ± 0.19 M 27 4_00 ± 0_03 ymmetnc s1tes 

4 F 60 3.40 ± 0.09 9.17 ± 0. 10 F 27 5.21 ± 0.10 s . . 
5 F .so 6.75 ± 0.09 F 27 5_22 ± 0_31 ymmetnc s1tes 

6 F 35 6.69 ± 0.09 7.38 ± 0.20 F 26 5. 17 ± 0.04 
7 M 27 2.07 ± 0.07 2.67 ± 0.15 M 29 5.80 ± 0.06 
8 M 29 3.02 ± 0.18 3.00 ± 0.06 M 24 6.21 ± 0.11 } s . . 
9 F 64 3.96 ± 0.28 4.07 ± 0.1 3 M 24 3_04 ± 0_02 ymmetn c Sites 

10 M 63 3.79 ± 0.08 M 23 5.34 ± 0.07 

Mea n 49 4.!)2 5.25 26 4.98 
±1 SD 19 1.66 2.19 2 1.04 

p 
L_ NS IL NS __ I 

L_ NS 
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TABLE II. Simultaneous measu rements of m X e washout rate constants (h -102 ± I SD min- 1
) from symmetric sites of the crus in lesion.a / 

psoriatic shin. (LS) and n.onlesional shin. (N LS) compared to measurements in. younger. normal subjects-subctu.an.eous blood 
flow (SBF ± I SD ml/ JOOg/ml:n.) 

Psoriatic patient s Normal subjects 
------

Patient 
Sex Age 

L S N L S 
Sex Age 

Right Left 
no. (k ± 1 SO) (k ± 1 SO) (k ± 1 SO) (k ± 1 SO) 

--- ---
1 M 25 0.68 ± 0.02 0.46 ± 0.01 F 20 0.26 ± 0.01 0.45 ± O.Ql 
2 F 15 0.95 ± 0.02 0.39 ± 0.01 M 26 0.55 ± 0.06 0.52 ± 0.01 
3 M 18 0.67 ± 0.06 1.00 ± 0.03 M 27 0.56 ± 0.02 0.62 ± 0.01 
4 F 16 0.88 ± 0.04 0.50 ± 0.03 F 27 0.77 ± 0.02 0.43 ± 0.01 
5 F 43 0.58 ± 0.02 0.48 ± 0.02 F 26 0.56 ± 0.01 0.37 ± 0.01 
6 F 26 0.81 ± 0.02 0.25 ± 0.05 M 29 0.58 ± 0.01 0.83 ± 0.01 
7 F 82 0.74±0.12 0.51 ± 0.03 F 22 0.25 ± 0.01 0.26 ± 0.01 
8 F 37 1.06 ± 0.03 0.56 ± 0.02 F 25 0.20 ± 0.01 0.25 ± O.Ql 
9 F 23 0.68 ± 0.01 0.61 ± 0.01 M 24 0.53 ± 0.01 0.39 ± O.Ql 

10 F 60 0.87 ± 0.01 0.82 ± 0.01 M 23 0.33 ± 0.01 0.44 ± O.Ql 

Mean 35 0.79 0.56 25 0.46 0.46 
± 1 SD 22 0.15 0.21 3 0.19 0.17 

<0.05 

p NS 
< 0.01 

SBF ml / 100g/min 3.57 2.94 2.36 
±lSD 0.68 1.94 0.87 

t he side-to-side coeffi cient varied from 3.9- 56.7% (mean 
28.8%). There was no statistica ll y significant difference be­
tween the washout rate constant in normal subjects and t he 
washout rate constant in NLS in the psoriatic patients (p > 
0.05). Using t he obtained A values, t he mean SBF was 3.57 ± 
0.68 ml/1 00 g/min in LS, and in symmetrica l NLS areas 2.94 
± 1.94 ml / 100 g/min . In the group of normals t he mean SBF 
was 2.36 ± 0.87 ml/ 100 g/min . The resul ts a re summarized in 
T able II . 

In all 5 cont rol patients in whom SBF was measured after 
s.c. injection of "'aXe the SBF was higher in t he LS compared 
to t he symmetrica l NLS, 3.75 ± 0.41 ml/ 100 g/min and 3.05 ± 
0.21 ml/100 g/min , respectively. 

DISCUSS IO N 

Selective measurements of SBF in psoriatics have not pre­
viously been published. Venous occlusion plethysmographic 
measurements might give rough selective quant ita tive estima­
t ions of the SBF. This method demands complicated subt rac­
t ion procedures to co rrect for t he cutaneous and the muscle 
blood f1ow. However, the conclusions from previous plethys­
mographic investigations in psori atics [7,8) did not account fo r 
a possible subcutaneous pathologic involvement in psoriat ic 
peripheral blood fl ow. The t racer washout technique seems 
today t he most precise method for selective quan t itative meas­
urements of local t issue blood now. ""1Xe being an inert gas, it 
is freely diffusible in t issue and t he washout fro m the t issue is 
t herefore ent irely perfusion limited. The ""1Xe washout method 
can be used if (1) t he t issue is homogenous in structure, and 
(2) homogenously perfused. Both these assumpt ions seem a 
priori reasonably fulfill ed for t he subcutaneous tissue. The 
possibility of local, small area variations in subcutaneous t issue 
blood now does exist . Using a relatively large labeling area-as 
in this study (10 cm ~ ) -should t heoretically minimize t his 
effect. Assuming t hat no recirculation of t he t racer takes place, 
t he decay in t racer concent ration wi t h t ime [c(t ) where Co is 
t he ini t ial concent ratio n] is desc ribed by an equation of mon­
oexponent ial washout 

(6) 

where t he rate constant is t he perfusion coeffi cient divided by 
t he parti tion coeffi cient for 1a'1Xe between the subcutaneous 
t issue and blood [see equation (2)] . The xenon washout method 
has, however, its own limitat ions. First, ge nerally it is an 

empirica l findin g t hat t he washout rate constan t from subcu­
taneous t issue is not ideally constant but tends to diminish 
with ti me (less t han a few percent per hour) , t hus indicating 
t hat t he best perfused parts of the labeled t issue have a more 
rapid washout . Fo r practical purposes t his facto r is of minor 
importa nce. 

Second, and of much more importa nce fo r t he inte rpretation 
of the resul ts, is t he fa ct that a precise quant itative estimation 
of the SBF demands t he knowledge of t he t issue-to-blood 
partit ion coeffi cient for all t he t racer-marked subcuta neous 
t issue. The solubility coefficients fo r xenon are highest. in lipids 
and hemoglobin , and the content of t hese substances in t he 
t issue and blood will be t he major determinants of t he part it ion 
coefficient . The t issue contents of proteins and water as well 
as di fferences in t he t issue temperature will be of minor impor­
tance in nonedematous subjects at rest. Biochemical analyses 
of human adipose t issue have shown that t he lipid contents 
may vary considerably in different anatomic regions and pos­
sibly also in symmetrical sites [9- 11]. 133Xe washout rates from 
symmetrical sites in t he individual subjects might t herefore 
solely renect differences in washout rates and not real di ffe r­
ences in t he SBF. 

An exact estimation of t he regiona l lipid, p rote in, and water 
content in t he individual experimenta l subject is, however, 
impossible for obvious practical reasons. In t his study t he A,ut>c 
was estimated in involved and uninvolved subcutaneous t issue 
in a group of younger normal subjects a well as in patients, 
using double isotope washout techniques. This method seems 
of great clinical importance since it is easy to practice and has 
a small t raumatizing effect on t he patient . The amount of free 
radioactive iodine might influence t he recorded washout rates 
for ["1al)ant ipyrine [12] since iodinated ant ipyrine is not stable 
in saline fo r more t han hours and in water for more t han days 
[13). However, t he amount of free iodine in t he phosphate 
buffer of pH = 7.0 was less t han 1% (according to t he manu­
factor) and t herefore of no s igni fica nce. Measurements in lead­
shielded, more distal areas of t he legs showed only background 
activity and recirculation of [1

'
11 I) ant ipyrine was t herefore of 

no importance fo r t he results. In t he calculatio ns of Axe a A fo r 
ant ipyrine was assumed to be equal to 1.00 ml/g. T his value 
might be slightly underestimated [6, 13). Furthermore, t he in­
ject ion volume of both isotopes should per se tend to dilute t he 
subcutaneous fat contents. The obta ined calculated figu res fo r 
Ax,. are t herefore minimum values. P reviously, a A"""' = 10.0 
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ml/g has been recommended, but as Sejrsen pointed out this 
was only a mean A value for all huma n subcutaneous tissue [4). 
The resu lts of this study show that measurements of the 
regional variations of the A va lues should be performed when 
using t he '":'Xe washout method for estimating absolute values 
of blood !low rates. 

S ince t here was no s ignificant difference between A1,o, A""''"o" 
a nd A""'"' of norma l subjects, it might therefore be concluded 
that the mean difference in the regional washout rate constants 
of a group of subjects reflects rea l differences in SBF in that 
region . The reason for t he increased SBF in involved psoriatic 
skin is not clear. Although ma ny reports during recent years 
have given much evidence of extracutaneous psoriatic manifes­
tations (as rev iewed in [14)), no abnormalities in the psoriatic 
subcuta neous microvasculature have been published. 

It must be assumed t hat t he blood supply to the subcutaneous 
tissue in psoriatics resembles t hat of normal subjects. Brief1y, 
t he blood supply to the ri ch capillary bed of subcutaneous 
adipose tissue originates chie f1y from the deep subcutaneous 
plexus (also called the fascial network) and from ascending 
arteries throughout the subcutaneous tissue . The upper part of 
t he subcuta neous tissue receives its blood supply from arterial 
branches of t he subderm al plexus. It is therefore generally 
accepted that subcuta neous tissue receives its blood supply 
indepe ndent ly of the cuta neous blood supply. 

The valve containing coll ecting veins at the cutaneous-sub­
cutaneous junction, as recently described by Braverman [15], 
strongly supports the assumption that the vascular beds of t he 
cuta neous and subcutaneous tissues functionally may act sep­
a rately. However, both these vascular beds are supposed to act 
physiologically as integral parts in the temperature hemostasis. 
The significantly increased SBF in psoriatic lesional skin areas 
might therefore be explained as a secondary phenomenon to an 
increased cuta neous temperature in the psoriatic skin due to 
t he raised cutaneous blood flow leading to a n increased subcu­
taneous temperature. The tendency to a sli ghtly increased SBF 
in uninvolved psoriatic skin areas is in accordance with a 
twofold ra ised cuta neous blood now in uninvolved psoriatic 
skin [1] . Another explanation might be that the observation of 
significantly increased SBF is new evidence of extracutaneous 
psoriatic manifestation of the disease. However, biochemical 
and hi stologic ev idence for such an assumption is lacking. 

Clinica lly t he results of this study should imply that the 
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absorption of s.c. injected drugs (i.e., insulin and morph ine) 
into lesional psoriatic skin areas might be significantly in­
creased, and unexpected effects might therefore occur. More­
over, even a moderate psoriatic involvement should be a further 
strain to psoriatics with heart failure due to the increased 
peripheral blood flow in both cutaneous and subcutaneous 
tissues. 
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