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Reflex sympathetic dystrophy of the hand: 
an excessive inflammatory response?

Wim J.G. Oyen a Ivo E. Arntz h, Roland A.M.J. Claessens a, Jos W.M. Van der Meer c,
Frans H.M. Corstens a and R. Jan A. Goris h

Departments o f  “ Nuclear Medicine, h Surgery' and  ‘ Internal Medicine, University Hospital Nijmegen, Nijmegen (Netherlands)

(Rece ived  13 August  1992, revision received 18 March 1993, accep ted  16 April  1993)

Summary In 23 patients  with reflex sympathetic dystrophy (R SD ) of the hand, scintigraphy with indium-111
labeled hum an non-specific polyclonal immunoglobulin G ( I n - l l l - I g G )  was perform ed to investigate w hether  
inflammatory characteristics are present in RSD. Both blood flow and accumulation over 48 h were assessed. 
N ineteen  patients  had increased flow to the affected hand, and 3 had decreased  flow. O ne  patient had bilateral 
RSD. Exercise provoked aggravation of complaints and signs in all patients. The  a f fec ted /non -a f fec ted  hand ratio 
( target- to-background, T / B )  immediately before and after exercise did not change significantly. The  T / B  ratios 48 
h after  I n - l l l - I g G  injection were significantly higher in patients with RSD less than 5 months than in patients  with 
RSD existing 5 m onths  or longer. The  T / B  ratios 24 and 48 h after I n - l l l - I g G  injection were not correlated  with 
the flow T / B  ratios. In fact, 2 of the 3 patients  with a decreased  flow showed excess accumulation on the late 
images. Significantly more patients  with early RSD, existing less than 5 months, had a positive I n - l l l - I g G  
scintigraphy ( 14 of  17) than the patients  with late RSD ( 1 of 6 ). Increased vascular permeability for macromolecules, 
an important  characteristic  of inflammation, appears  to play a role in the development of RSD. This phenom enon  is 
not f low-dependent.

Key words: Reflex sympathetic  dystrophy; Indium-111 labeled immunoglobulin G; Radionuclide imaging;
Scintigraphy

Introduction

Reflex sympathetic dystrophy (R SD ) is a disabling 
complication that may occur after  extremity injury and 
in the course of myocardial infarction, neurologic and 
rheumatologic  diseases (Kozin et al. 1981; Greyson and 
T e p p e rm a n  1984; Procacci and Maresca 1987; Goris et 
al. 1990). R SD  can be induced by fracture, surgery or 
even minimal t raum a to an extremity, such as a sprain 
or a contusion. In some patients,  no cause can be 
identified. A lthough RSD may resolve without special 
t rea tm ent ,  therapy-resis tant  pain and severely limited 
function of the affected extremity may ensue.

* Corresponding author: Wim J.G.  Oyen,  M.D.,  D e p a r tm e n t  of 
N uclear  Medicine,Univers i ty  Hospi ta l  Nijmegen,  P.O. Box 9101, 
6500 HB Nijmegen,  N e ther lands .  Tel.: (31-80) 61-4510; FAX: 
(31-80) 54-0576.

In the literature, there  is no consensus on the p a th o 
physiologic mechanism of RSD. It has been postulated 
that RSD is a disorder of the sympathetic nervous 
system, a vascular tone abnormality or that it is of 
psychogenic origin (Kozin et al. 1976a; Poplawski et al. 
1983). Recently, Hannington-Kiff  (1991) hypothesized 
that failed natural  opioid modulation in regional sym
pathetic  ganglia may cause RSD. Sudeck’s (1942, 1900) 
original theory that RSD is an excessive inflammatory 
reaction found little support.  However, in the acute 
phase of RSD, all classical signs and symptoms of 
inflammation -  rubor, calor, dolor, tum or  and functio 
laesa of the affected extremity -  are p resen t  (Goris et 
al. 1987, 1990). This hypothesis is fu r the r  supported  by 
the therapeu tic  effect of corticosteroids in some p a 
tients (Christensen et al. 1982).

In previous studies, it has been  repor ted  tha t  in- 
d ium - 1 1 1  labeled hum an non-specific polyclonal im-



152

munoglobulin  G ( In -1 11-IgG) accumulates  in infectious 
and inflammatory lesions (Fischman et al. 1988; La- 
Muraglia ct al. 1989; Rubin et al. 1989; Oyen et- al. 
1990, 1991, 1992a,b). Accumulation of I n - l l l - I g G  has 
been shown to result from increased vascular p e rm e 
ability in these foci (Morrel et al. 1989; Oyen et al. 
1992c). In RSD, it has been suggested that toxic oxygen 
radicals cause an inflammatory reaction (Goris et al. 
1987). The  aim of this study was to evaluate such a 
possible inflammatory com ponent  in RSD in patients 
with clinical evidence of early RSD of the upper  limb 
using this new scintigraphic technique ra the r  than to 
establish the diagnostic value of this method.

Patients and methods

Clinical assessment
Since there  is no clear  definit ion for the clinical assessment  of  

RSD. pa t ien ts  were  scored for signs and symptoms indicative for 
RSD. O f  the following 6 symptoms,  at least 5 should  be present  in an 
a rea  larger  than  the primary' injury: unexpla ined  diffuse pain,  a b n o r 
mal skin t e m p e ra tu re ,  abnorm al  skin color,  diffuse edem a ,  unex
plained limitation o f  the range o f  motion,  and  increase of  these signs 
and  symptoms af te r  exercise (H a n n a  and Peat  1989; Atkins  et al. 
1990; Goris  el al. 1990).

The  dura t ion  o f  R S D  was classified according  to the h em ody
namic phases  identif ied by D e m an g e a t  et al. (1988); stage 1, 0 - 5  
m onths  af ter  onset;  s tage 11, 5 - 1 4  m onths  after  onset ;  s tage III, 
pa t ien ts  (dura t ion:  > 14 m onths )  were  not s tudied  in this series.

Patients
Tw enty- th ree  pa t ien ts  were  s tud ied  (7 male,  16 female;  m ean  age: 

46.9 years; range: 20-71 years). In 5 patients ,  R SD  was the conse 
quence  o f  a Col les’ f racture,  in 5 of  a f racture  of  one  or  more  of the 
metacarpals ,  in 6 of  f inger tendon  or  carpal  tunnel  surgery, and in 5 
o f  dis torsion or  contus ion  of  the hand.  In 2 pat ients ,  no cause for the 
deve lopm ent  of R S D  could be identif ied.  O n e  of them suffered  from 
bilateral R S D  of  unknown origin. None  o f  the pa t ien ts  received 
t r e a tm e n t  for R S D  prior  to scintigraphy.

T h e  mean  du ra t ion  o f  R S D  when I n - l l l - I g G  scint igraphy was 
pe r fo rm ed  was 2.6 m on ths  (range: 0 .5 - 6  months).  Seventeen  pat ients  
were  classified as s tage I and  6  as stage II.

Ra d iopl i a nn a ceuti ca I
H u m a n  non-specific polyclonal immunoglobul in  G (Sandoglobu-  

lin, Sandoz  AG,  N urenberg ,  G e rm an y )  was con jugated  to die thylene-  
t r iam inepen taace t ic  bicyclic anhydr ide  (bicyclic D T P A )  according  to 
the m e thod  descr ibed by H na tow ich  et al. (1983) and labeled with 
In-111 ( indium chloride,  A m e rs h a m  In te rna t iona l  Ltd., Bucking
hamshire ,  UK). Label ing efficiency was always higher  than 95%. A 
dose o f  approximate ly  1 mg of  IgG labeled with 75 MBq I n - 1 11 was 
adm in is te red  intravenously as a bolus injection in the cubital  vein of 
the non-affec ted  arm.

Imaging protocol
Both hands  were  placed with the palms down on the gam m a 

cam era  (S iemens  O rb i te r  connec ted  to a Scintiview image processor,  
S iemens  Inc., Hoffm an  Esta te ,  IL, USA),  eq u ip p ed  with a medium- 
energy  coll imator.  A f te r  in t ravenous  adminis t ra t ion  of I n - l l l - I g G ,  
dynamic  images were  ob ta ined  (12 images, 5 s e c / im a g e ) .  T h e rea f te r ,  
static images of  the hands  were made  5 and  20 min, and 4, 24 and 48

h af te r  injection. T h e  images 5 min postinjection were  acquired  for a 
preset  t ime of  5 min, all o th e r  images for a preset  t ime of 10 min.

Since exercise is known to tr igger or  aggravate  the signs and 
symptoms of  RSD. the pa t ien ts  were  asked to inflate a blood 
pressure  m a n o m e te r  10 times to 200 mm Hg af ter  the 5 min pos t in 
jection image was ob ta ined .  T he  affected hand  was s tressed first, 
followed by the normal  hand.  W hen  maximal exert ion could not bew

achieved with the affected hand,  pa t ien ts  were  encou raged  to stress 
the hand  as much as possible.

Image interpretation
Quant i ta t ive  analysis o f  the images was pe r fo rm ed  using the 

regions of  interest  ( R O D  technique .  ROI were d rawn over the 
affected and  the normal  hand.  On the dynamic images,  a ROI  was 
drawn over o f  both the affected and  the non-affec ted  hand.  T he  rat io 
o f  activity up take  o f  the affected and  the normal  hand  ( target  to 
background  = T / B )  ratio was calcula ted  for the ar ter ia l  phase  ( 0 - 2 0  
sec postinjection)  and the venous  phase  (2 0 -6 0  sec post inject ion)

For the static images,  a ROI  was d rawn on the 48 h image over 
the a rea  with increased up take  in the affected hand  and over the 
co r re spond ing  a rea  in the con t ra la te ra l  hand.  This  region was then 
projected  on the static images ob ta ined  at ear l ie r  t ime points.  T / B  
ratios were  calcula ted  for each  time point.  T h e  image ob ta ined  5 min 
post injection was cons idered  to be the “baseline for the T / B  ratios. 
An I n - l l l - I g G  scintigraphy was in te rp re ted  as positive, if on the 
static images accumula t ion  o f  activity in the affected hand  increased 
with time, c o m p are d  to the non-affec ted  hand  (Oyen et al. 1990). 
W h e n  no increasing activity over  time was noted  on the static images, 
the I n - l l l - I g G  scintigraphy was cons idered  to be negative.  For  the 
pa t ien t  with bilateral  RSD, of  course,  T / B  ratios could not be 
calcula ted.

Four  pa t terns ,  describing the evolut ion of  T / B  ratios over  time in 
individual patients ,  could be dis t inguished: (pa t te rn  A): increased 
activity in the How phase,  a slightly e levated  T / B  ratio at the early 
static images, followed by a s teady increase of  the T / B  ratio up to 48 
h; (pa t te rn  B): increased activity in the How phase ,  a slightly e levated 
T / B  rat io  at the early static images,  not  followed by an increase of  
the T / B  ratio at the la ter  images; (pa t te rn  C): dec reased  activity in 
the flow phase,  followed by a s teady increase to a maximum T / B  
ratio at 48 h; (pa t te rn  D): dec reased  activity in the How phase,  
followed by symmetr ical  up take  on the static images.

Statistical analysiswr

All mean  values are expressed  ±  S.D. T he  results of  sc int igraphy 
were analyzed using the \ 2 test, S p e a rm a n ' s  rank corre la t ion  test, 
S tu d e n t ’s t test and Wilcoxon’s signed rank test.

Results

Table I presents  the clinical da ta  of the patients. 
A lthough all patients  meet the designated  clinical cri
teria for RSD, a clinically significant difference b e 
tween stages I and II is the degree of a trophy and 
dystrofy of the affected hand, being more explicit in 
stage II. In Table  II, the T / B  ratios of the individual 
patients  are given.

Dynamic images
N ineteen  patients  showed an increased flow in the 

affected hand (mean T / B  ratio: 1.64 ± 0 .6 3 ) .  In 3 
patients,  the flow was decreased  (mean T / B  ratio: 
0.70 ±  0.10). For the patients  with a decreased  arterial
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flow, the T / B  in the venous phase was 0.79 ± 0.14, for 
the o ther  patients  1.23 ±  0.16.

Static images
Fig. 1 is a typical example of the static In-111-lgG 

images obta ined  in a patient  with RSD.
Visually, 8 patients  had a negative I n - l l l - I g G  

scintigraphy. In these patients,  T / B  ratios after 48 h 
were 1 . 2 0  or less with no or only minimal relative 
increase over time. In 14 patients,  a focal and with 
time increasing accumulation was noted in the affected 
hand (positive I n - l l l - I g G  scintigraphy). These  14 pa 
tients had a T / B  ratio after 48 h ranging from 1.28 to 
1.87. On the static images, no patient had an activity 
up take  that decreased  with time. The  patient  with

T A B L E  1

E T I O L O G Y  A N D  D U R A T I O N  O F  R S D  A N D  C L I N I C A L  A S 
S E S S M E N T  O F  T H E  I N D I V I D U A L  P A T I E N T S

M F  = frac ture  o f  metacarpal(s) ;  C F  =  Colles* fracture;  TS =  tendon  
surgery: CTS =  carpal  tunnel  surgery; D / C  =  distorsion or  c o n tu 
sion; ? =  no cause  identified.

Patient
no.

Etio- D ura t ion  
logy (months)

Symptoms of  R S D  1
2

Pain T em p .  Color E d e m a RoM  Exerc.

1 TS 0.5 + Î B + ! T
2 C F  1 ± T B ± N î
3 D / C  1 + T B + 1 T
4 M F  I - 1 B ± 1 Î
5 D / C  1 + 1 B + 1 T

6 C F  1 ± Î B + 1 T
7 C F  1 + T B + 1 T
8 M F  2 ± T R ± 1 Î
9 C F  2 ± Î R + 1 Î

10 D / C  2 + Î R + N T

11 M F  2 ± 1 R + 1 Î
I2L ? 2 + Î R + i  Î
12R ? 2 + Î R + 1 Î
13 C F  2 + 1 B + i T
14 CTS 3 + Î R + 1 N
15 TS 3 + 1 B ----- 1 T

16 CTS 3 + Î R + 1 T
17 TS 4 ± I R + 1 Î
18 M F  5 + Î N ± i  T
19 CTS 5 + Î R + 1 T
20 ? 5 + Î R + 1 Î

21 M F  5 ± i B + 1 Î
22 D / C  5 + Î R ± i  Î
23 D / C  6 ± i B — 1 Î

1 Pain: + ,  severe; ± ,  m ode ra te ;  - ,  none;  Temp. :  skin t e m p e ra tu re  
(N, normal;  decreased .  Î ,  increased);  E dem a:  +  , clearly p r e 
sent;  ± ,  mild edem a;  - ,  absent ;  Color: skin color  (N, normal;  B, 
blue discolorat ion;  R, red discoloration);  RoM: range of motion 
(N, normal ;  limited); and Exerc.: effect of  exercise (N, no effect; 
Î ,  increase o f  signs and  symptoms).

: All pa t ien ts  also had m o d e ra te  or  severe hyperalgesia  as well as 
allodynia in the affected area.

T A B L E  II

R A T I O S  O F  I n - l l l - I g G  U P T A K E  IN T H E  A B N O R M A L  A N D  
N O R M A L  H A N D S  IN T H E  I N D I V I D U A L  P A T I E N T S  A T  T H E  
V A R I O U S  T I M E  P O IN T S

inc. =  increased,  no exact da ta  available; n.d., not done.

Pat ien t  no. Time post inject ion

0 - 2 0 2 0 - 6 0 5 20 4 24 48
sec sec min min h h h

Stage I
1 0.79 0.95 1.12 1.09 1.24 1.26 1.35
2 1.13 1.14 1.34 1.35 1.41 1.50 1.59
3 inc. inc. 1.00 0.93 1.03 1.04 1.04
4 0.59 0.71 1.23 1.23 1.32 1.66 1.73
5 n.d. n.d. n.d. n.d. 1.21 1.44 1.44

6 1.34 1.33 1.26 1.28 1.50 1.60 1.71
7 1.54 1.29 1.27 1.23 1.25 1.63 1.70
8 2 . 0 0 1.25 1.12 1.15 1.07 1.25 1.28
9 3.26 1.61 1.46 1.42 1.50 1.79 1.82

10 1.67 1.22 1.06 1.07 1.05 1.13 1.20

11 1.83 1.43 1.37 1.40 1.48 1.78 1.87
12 Bilateral  abnormal i t ies
13 1.11 1.09 1.37 1.31 1.44 1.80 1.77
14 1.24 1.14 1.07 1.07 1.24 1.31 1.37
15 2.60 1.18 1.09 1.06 0.97 1.12 1.12

16 1.14 1.11 1.19 1.16 1.15 1.26 1.35
17 2.47 1.53 1.24 1.29 1.43 1.64 1.76

Stage II
18 1.11 1.05 1.00 0.95 1.05 1.07 1.11

19 1.33 1.13 1.10 1.09 1.14 1.13 1.12

20 1.68 1.25 1.05 1.05 1.08 1.08 1.06
21 1.24 1.15 1.11 1.12 1.19 1.24 1.26
22 1.10 1.03 1.00 0.97 0.99 1.02 1.06
23 0.73 0.71 0.92 0 .8 6 0.96 0.95 0.99

bilateral RSD showed an elevated, over time increasing 
activity in both hands on the scintigraphic images. Two 
of the 3 patients  with diminished activity in the flow 
phases had a positive I n - l l l - I g G  scintigraphy ( T / B  
ratios after 48 h 1.35 and 1.73, respectively), the o ther  
patient  showed symmetrical activity uptake after 48 h.

Although exercise provoked aggravation of symp
toms in all patients, the T / B  ratios did not change 
from the 5 min image to the 20 min image (Wilcoxon's 
signed rank test, P >  0 . 1 0 ).

The T / B  ratios after 24 and 48 h were not signifi
cantly corre la ted  with the arterial and venous phase 
T / B  ratios (S p e a rm a n ’s rank correlation test, P >  0.10).

T / B  patterns
In 11 stage I patients  and 1 stage II patient,  pa t te rn  

A was observed. T h ree  stage I patients  and 4 stage II 
patients  showed pa t te rn  B. In only 3 patients,  the flow 
to affected hand was relatively lower than the flow to 
normal hand. O f  these 3 patients,  2 patients  (both 
stage I) showed pa t te rn  C and 1 patien t  (stage II) 
showed pa t te rn  D.



20 min. 4 h. 24 h. 48 h.
Fig. I. I n - l l l - I g G  scint igraphy o f  a 34-year-old female pa t ien t  (no. 11 in the table),  who sus ta ined  f rac tures  of m e taca rpa ls  11 — IV of  the right 
hand  2 m onths  pr ior  to scintigraphy. She developed  a painful ,  swollen right hand  with loss of function. Maximal exercise o f  the right hand:  5 
t imes inflation of  the m a n o m e te r  to 150 mm Hg. From left to right: images and  T / B  ratios a f te r  20 min, 4, 24, and 48 h. Note  the relative

increase o f  activity over t ime in the affected right hand.

Correlation with duration o f  RSD
T he  arterial and venous phase T / B  ratios were not 

significantly different for stage 1 and II RSD. The 
arterial phase T / B  ratios were 1.61 ± 0 .7 5  (range: 
0 .59-3.26) and 1.20 ± 0 .31  (range: 0.73-1.68), respec
tively (S tu d en t ’s t test, P >  0.05). T he  venous phase 
T / B  ratios were 1.22 ± 0 .2 4  (range: 0 .71-1.61) and 
1.05 ±  0.19 (range: 0.71-1.25), respectively (S tudent 's  t 
test, P > 0.05).

The  T / B  ratios after  48 h for stage I RSD were

significantly higher com pared  to those of stage II RSD: 
1.51 ± 0 .2 6  and 1.09 ± 0 .0 9  for stages I and stage II, 
respectively (S tu d en t ’s / test, P <  0.05). Fig. 2 r e p re 
sents the T / B  ratio after  48 h corre la ted  with the 
dura t ion  of RSD.

O f  the 17 patients  with stage I RSD (including the 
patient  with bilateral RSD), 14 showed an over time 
increasing activity uptake in the affected hand, while 
only 1 of 6 patients  with stage II RSD had a positive 
In -111-IgG scintigraphy ( * : =  8.44, P < 0.005).

Stage I Stage II
Discussion

R
A
T
I
O

1.5

1

0.5

□

0

SP
□

□

□

1

□□□

□

□

□

cP
□
CP

□

Time after onset RSD (months)
Fig. 2. Cor re la t ion  be tw een  the T / B  ratio af ter  48 h and the

dura t ion  o f  RSD.

In this study, we have found evidence of extravasa
tion of I n - l l l - I g G  in early RSD. This extravasation 
increased with time. We and o thers  have dem ons tra ted  
previously that I n - l l l - I g G  accumulates  with time in 
infectious and non-infectious inflammatory foci (Fisch- 
man et al. 1988; LaM uraglia  et al. 1989; Rubin et al. 
1989; Oyen et al. 1990, 1991, 1992a,b). This accum ula
tion is most probably due to increased permeability for 
macromolecules  (Morrel  et al. 1989; Oyen et al. 1992c). 
The  steadily increasing activity of I n - l l l - I g G  over 48 h 
in 15 of our  patients  therefo re  strongly suggests an 
inflammatory reaction in early RSD. Increased vascu
lar permeabili ty  can not be fully explained by e i ther
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increased activity of the sympathetic nervous system, 
abnormalit ies  in vasomotor activity or psychogenic dis
orders.  An inflammatory process not only explains the 
objective .clinical findings such as edem a, swelling, ery
them a and impaired function, but may also be involved 
in developm ent of pain (tissue ischemia, increased tis
sue pressure etc.) However, an inflammatory com po
nent does not preclude a role of the sympathetic  n e r 
vous system as a factor involved in the whole array of 
abnormalit ies  in RSD. T he  nervous system is not only 
involved in modulation of processing of pain stimuli in 
the spinal cord (Wall and Melzack 1984), but also in 
the spread  of nociceptor excitation due to release of 
vasoactive substances (so-called neurogenic  inflamma
tion) (F o rem an  and Jo rdan  1984). The  latter  can be the 
cause, an aggrevating factor or a factor responsible for 
the fur ther  spread  of the inflammatory reaction in the 
affected extremity. This also might explain the success 
of sympathetic  blocks in some patients  by in terrupting  
the vicious circle between periphery and central  n e r 
vous system (Procacci and M aresca 1987). However, 
not all patients  with clear clinical symptoms respond 
well to this type of therapy. It has been reported  that 
aggrevation of pain may occur after regional guanethi-  
dine block in acute  RSD, indicating that local factors 
are involved (Driessen et al. 1983). Moreover, the 
identification of an inflammatory com ponen t  in RSD 
may prove relevant for therapeu t ic  interventions a im 
ing at ad equa te  cessation of pain and at limitation of 
persisting disablities: therapy target ted  at the harmful 
consequences  of inflammation, such as free radical 
production,  or at least limitation of its effects may 
prove to be adventagcous (Goris 1985; Goris  et al. 
1987; Langendijk et al. 1993).

Since the flow phase T / B  ratios -  when I n - l l l - I g G  
was in the intravascular space -  and the T / B  ratios 
after 24 and 48 h -  when a portion of the I n - l l l - I g G  
was in the extravascular space -  were not correlated,  it 
appears  that  2 separa te  p h en o m en a  are involved in 
RSD: firstly, an abnormality  in the blood flow to the 
affected hand and secondly, increased permeability for 
large proteins, such as I n - l l l - I g G .  The  presence of 2 
p h en o m en a  was fu r the r  exemplified by the 2 patients  
with a diminished flow that  clearly showed increasing 
activity in the affected hand on the late static images.

All patients  showed abnormalit ies  in the arterial or 
venous phase of the In -1 11-IgG scintigraphy. Increased 
flow has also been noted by o the r  authors,  who used 
the bone scanning agent technetium-99m (Tc-99m) 
d iphosphona te  (Kozin et al. 1976b; Kozin et al. 1981; 
M aure r  et al. 1983; Grcyson and T e p p e rm a n  1984; 
D em angea t  et al. 1988). This has been explained by 
a l tered  sympathetic  nervous activity, resulting in a b n o r 
malities of the vasomotor tone. Blockx and Driessens 
(1991) imaged patien ts  up to 20 min, using Tc-99m 
labeled hum an serum albumin (HSA). In the majority

of patients  with early RSD, an increased flow was 
found, followed by a decrease of T / B  ratios. This 
pa t tern  was very similar to the pa t te rn  observed for the 
flow phases and early images of I n - l l l - I g G :  increased 
flow, followed by a decrease of the T / B  ratios ( In -1 11- 
IgG pat te rns  A and B). Blockx et al. hypothesized that 
the relative decrease in the first 2 0  min was caused by 
a fall in vascular resistance due to opening of a r te r i 
ovenous shunts. They considered  the images after 10 
min to be a steady state. Unfortunately ,  they did not 
perform imaging beyond 2 0  min, so evidence of ex
travasation of T c -9 9 m -H S A  beyond these relatively 
early images was not available.

Greyson and T ep p e rm an  (1984) found in 8 of 21 
patients  with early RSD after  a cerebrovascular  acci
dent  decreased  flow with increased uptake on the late 
d iphosphona te  bone scan images. They speculated  that 
this was due to a decreased  flow to the soft tissues, 
while bone blood flow was relatively increased. The ir  
data  were confirmed by the results of D em angea t  et al. 
(1988) who found decreased  arterial flow in 8 % of 
their  cases. An inflammatory response could also ex
plain the scintigraphic findings after administra tion of 
a bone scanning agent in RSD patients. On top of 
increased uptake in bone due to increased flow, an 
even larger portion of  the T c -9 9 m -d ip h o sp h o n a te  dose 
would be available for binding to bone when vascular 
permeability is increased.

Despite persisting abnormalit ies  in the arterial and 
venous phase, 5 of 6 patients  with stage II R SD  had a 
negative I n - l l l - I g G  scintigraphy with regard to the 
static images. This indicates that the increased p e rm e 
ability for macromolecules  decreases  after approxi
mately 5 months. This suggests, that the inflammatory 
response subsides with time, when atrophy and dystro
phy become more apperan t .  D em angea t  et al. (1988) 
observed normalization of the bone scan pa t te rn  in 
stage II in 32% of their  patients.

The scarce histological findings in the l i terature are 
in agreem ent  with our  findings. Kozin et al. (1976a) 
noted inflammatory changes in 2  patients  with early 
RSD. Two o ther  patients,  who showed no histologic 
evidence of inflammation, had RSD for as long as 1 
year. Since 2 of 4 patients  had late RSD, the time point 
for dem onstra t ing  inflammation in RSD might have 
been less optimal in their  small group of patients. 
Therefore ,  one might question the validity of their  
conclusion that histologically no frank inflammation is 
involved in RSD. In skeletal muscle biopsies, taken 
from patients  with RSD, evidence of pathologic muscle 
a l terations due to oxidative stress was observed (Til- 
man et al. 1990). O u r  present  da ta  are also in ag ree 
m ent with previous clinical studies that  suggested the 
tissue dam age in R SD  was due to an inflammatory 
response,  caused by free oxygen radicals (Goris  et al. 
1987, 1990).
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In conclusion, the present  da ta  support  the hypothe
sis that a f low-independent,  inflammatory component 
is p resen t  in RSD. It can be observed especially in 
early RSD and may subside in the course of the 
disease. O ur  findings do not support  the current con
sensus that altered sympathetic activity and subsequent 
vasomotor tone changes are the sole somatic factors 
responsible for the development of RSD.

From a pathophysiologic point o f  view, a multi-phase 
In-i 1 1-IgG scintigraphy appears  to be be t te r  suited for 
the assessment of RSD than conventional 3-phase bone 
scintigraphy, since both How phenom ena  and late, 
f low-independent I n - l l l - I g G  accumulation can be 
evaluated. The evolution of the scintigraphic pattern  
after therapy and a possible correlation between 
scintigraphy and the outcom e of therapy will be the 
object of further studies.
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