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CHAPTER 1
GENERAL INTRODUCTION

ISCHEMIA IN THE UPPER EXTREMITIES
Although in the last years numerous studies have been published

concerning

vascular diseases, publications devoted to ischemia of the upper extremities
are by far less frequent

One of the reasons for this apparent lack of inter-

est in the upper extremities is the relatively low incidence of ischemia of
the upper extremities compared to that seen in the cerebrovertebral area or
that m

the lower extremities (29,41)

On the other hand some authors state

that vascular pathology of the upper extremities may be more common than recognized (41,43)
A second reason can be found in the complex and heterogenous physiology of
vascular disorders

of upper

extremities

in comparison to other

peripheral

arteries.
Ischemia in the upper extremities can be caused by a number of different ethlologies (Fig

1)

In general these pathologies can be subdivided into vasospastic and obstructive disease
•

Vasospastic pathology can be subdivided into two m a m groups.

Idiopathic vasospastic pathology, known as Primary Raynaud's Phenomenon
(PRP).

Idiopathic vasospasm

occurs due

to a pathologically

activity of the orthosympathetic nerve system
significantly decrease

increased

(7,15,45). Vasospasm can

the blood flow to hands and digits and

can be

responsible for the occurence of clinical symptoms (1,7,45). In about 20%
of the cases idiopathic vasospasm appears to be a first manifestation of
developing systemic disease (23,37,46,49).
•

Vasospastic pathology superimposed on another disease, called Secondary
Raynaud's Phenomenon (SRP) (7,45,49). Vasospasm can be caused by:
ication (27), neurological disease
hyperviscosity (13,38)

intox-

(50), systemic disease (18,24) and

Instead of the usual vasodilatation distal of the

obstructive disease, peripheral coldness in the hands or emotional stimuli

can

provoke

(18,19,45,47).

additional

vasospasm

which

increases

symptomatology
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Differential Diagnosis of Upper Extremity Ischemia
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occlusion
- arteritis
- posttraumatic

Secondary Raynaud's
Phenomenon
(SRP)

FIGURE 1

Schematic representation

of the causes of upper extremity

ischemia.

A wide range of clinical manifestations is observed in obstructive pathology
(42). Most of the obstructive processes are located in the proximal part of
the upper

extremity

and

can easily

be separated

from

vasospasm.

In the

patient with vasospastic pathology a diagnostic differentiation between PRP
and SRP is particularly important for the accurate documentation of the dis
ease, for the assessment of the natural history and for an evaluation of the
effects of the therapy.

RAYNAUD'S PHENOMENON
Typical for Raynaud's phenomenon is an episodic discoloration of the digits
provoked by exposure to cold and/or emotion. It was first described in 1862 by
the

French

physician

Maurice

Raynaud

(1834-1881)

(39).

It

appears

as
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sequential color changes of the skin showing pallor, cyanosis and redness. The
color changes may occasionally be less prominent or absent due to an episodic
constriction of the small arteries in response to cold or emotional stimuli
(7,32,37,45,49).
The diagnosis is often based on the typical history of intermittent attacks.
It is generally accepted that the episodic occurence of the Raynaud's phenomenon is a manifestation of a vasospastic etiology (8, 15,45). But it is not
clear whether this vasospasm occurs only temporarily or remains permanently as
a continuous condition with periodic aggravations (45). Vasospasm occurs predominantly in arterioles which results in an increased peripheral resistance
of the vascular bed (8). When no underlying disease is present the phenomenon
is difficult

to

induce by provocation

in

laboratory

conditions

(7). This

inability to induce attacks in patients who show spontaneous attacks several
minutes later is a puzzling feature. In 10-15% of the patients a vasospastic
attack can be evoked by emotional stress without any environmental temperature
changes (37). The percentage of patients who show a Raynaud's phenomenon which
is diagnosed as PRP varies widely from centre to centre. Sumner and Strandness
(45) reported 77% PRP in a large female population (n=629) and only 28% in a
male population typical for a Veteran's Hospital (11). Holmgren (17) reported
only

30% PRP

in

her population

(21 males,

29

females).

Agrifoglio

(1)

reported 69% PRP in a group of 30 males and 38 females.
Of the patients diagnosed as PRP, about 20% ultimately develops a systemic
disease and shifts (from the diagnostic point of view) to the secondary Raynaud's phenomenon group (4,5,23,37,46,49).

In the study reported by Mishima

(31) 36% of the patients developed, within an observation period longer than
10 years, signs of systemic disease.
Allen and Brown (2), Gifford and Hines (11) and Mishima (31).

reported that

77 to 79 % of all patients with Raynaud's phenomenon are females. Seventyeight percent of these women were less than 40 years of age at the time of
onset of the symptoms.
The diagnosis of Raynaud's phenomenon is in the clinical practice mainly based
on

the characteristic

subjective

complaints

and the

physical

examination

(1,2,37,45,49). Some clinicians suggest that a simple patient hand-shaking,
feeling a cold, clammy hand, which is red-bluish of color, is sufficient for
the diagnosis Raynaud's phenomenon (45). Up till now the differential diagnosis PRP is based on exclusion of organic and systemic pathology. Some systemic
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diseases can be excluded by specific blood tests

Proximal organic obstruc-

tions can be excluded by segmental systolic blood pressure measurements since
the vasospasm mainly increases the peripheral resistance
In an effort to establish objective diagnostic criteria of vasospasm a variety
of methods have been used to determine the increased peripheral resistance or
the decreased digital blood flow

Since cold sensation with or without expo-

sure to cold is the most frequent subjective symptom in Raynaud s phenomenon,
digital skin temperature measurements (10,28,46) and digital blood pressure
measurements (venous occlusion plethysmography (25,33,43)) before, during and
after cold provocation have been the most commonly used techniques
blood flow measurements

(43) were used

less frequent because of

Digital
technical

problems in the quantitative determination of the blood flow in the digits
Other methods which are reported in the literature are thermography (9), calonmetry

(30), regional

(3,26,29,36),

isotope

clearance

photoplethysmography

techniques

(49), hemorheology

(6),

arteriography

(20), capillaroscopy

(18,20) and immunological studies (24)

The aim of this study was to establish diagnostic criteria for the vasospastic
process by quantifying the peripheral resistance of the digits in objective
measurements

For that purpose the peripheral resistance of the digits has

been studied by

a number of methods, both

in a homogeneous group of PRP

patients and in normal individuals without clinical signs of vasospastic disease and without heriditary factors

The peripheral resistance has been stud-

ied at rest, after provocation by cold and heat, and after specific treatment
Hereby it is assumed that vasospasm and thus peripheral resistance increases
by

cooling

(vasoconstriction)

and

decreases

by

heating

(vasodilatation)

According to Hillestad (15) the local cold stimulus is the major determinant
of the vascular tone

There is little doubt that the digital color changes

occunng in vasospastic attacks are due to a closing phenomenon in the digits
(21,25,33)

This closing phenomenon can be observed from changes in digital

blood flow and flow pulse morphology during the attack (6,19,48) or during
recovery from the attack (14,35,48)
The peripheral resistance of the digits can be defined as the ratio between
blood

pressure

and blood

flow

Under

the assumption

that blood

pressure

remains nearly constant proximal to the digit, digital blood flow is the prime
parameter for determining peripheral resistance.
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NON-INVASIVE HEMODYNAMIC METHODS
In this study changes in peripheral resistance were studied by the following
methods :
•

Digital Skin Temperature (DST).
DST is a complex function of blood flow, arterial and venous blood temperature, tissue heat transfer and the temperature and humidity of the
surrounding medium. It is accepted as a reliable parameter of the peripheral flow (10). Besides DST at room temperature the recovery time of DST
after cold provocation has been reported

as a parameter of vasospasm

(37).
•

Digital systolic Blood Pressure (DBF).
The resistance of obstructions proximal to the measuring site is characterized by a low DBF value with respect to systemic systolic blood pressure (16,25,33). In case of idiopathic vasospasm distal to the measuring
site and no proximal obstructions DBF will increase with respect to the
condition without vasospasm.
In normal conditions, without vasospasm, DBF is slightly lower than the
brachial

systolic blood

pressure. An

increase

in peripheral

vascular

resistance will have an elevating effect on DBF. Since DBF cannot elevate
above the brachial systolic blood pressure the increase in DBF cannot be
substantial. For this reason blood pressure measurements are of limited
value

for

the assessment

of the

degree of

vasospasm.

Some

authors

(25,33) reported a decrease in DBF in patients with Raynaud's phenomenon
after cold provocation, suggesting a DBF measurement which is partly distal of the provoked vasospasm. Other authors reported that DBF falls to
zero below the temperature at which the closing phenomenon occurs.

This

last test is widely used as a differential diagnostic tool for the discrimination between patients with FRF and patients with organic obstructive disease (33). However, the reliability of DBF measurements during a
closing phenomenon strongly depends on the sensitivity of detecting the
presence of a very low blood flow. Without a detectable blood flow DBF
cannot be measured plethysmographically.

In case of a closing phenomenon

of the peripheral vascular bed the DBF in the digital arteries proximal
to this site will be high although plethysmography will suggest a DBF
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value of zero due to the absence of detectable flou

This means that if

it is possible with highly sensitive equipment to detect a very low blood
flow during the closing phenomenon it is to be expected that DBF does not
fall to zero but, on the contrary, will be slightly increased by cold
provocation
In recent years it has become general practace to express the severity of
proximal obstructive disease not by an absolute decrease of the local
systolic blood pressure but by a decrease of the ratio between local systolic blood pressure and the systemic systolic blood pressure determined
on

the brachial artery

(Brachial

systolic

Blood Pressure

ratio is clinically known as the pressure index

BBP)

This

In case of digital sys-

tolic blood pressure measurements one can speak of the Digit to Brachial
systolic blood pressure Index (DBI) which is defined as
DBF
DBI

=
BBP

With respect to DBP, DBI has the advantage of characterising the peripheral

resistance

independently

of variations

in the systemic systolic

blood pressure
•

Digital Blood Flow (DBF)
An increased peripheral resistance will decrease DBF (6,15,34)
only

be

venous

measured

by

venous

occlusion

occlusion plethysmography

drawbacks

plethysmography

in digits

Due to the small digital volume

has

DBF can

Unfortunately

significant

practical

and the small

"filling"

capacity of a digit, venous congestion occurs within one or two heartbeats after venous occlusion

This means that DBF seriously depends on

the moment of cuff inflation with respect to the heartcycle

This problem

can be overcome by using a sophisticated electronic cuff pressure control
device which enables to inflate and deflate digital cuffs on the basis of
R-peak ECG-tnggering

By applying venous occlusion during two heartcy-

cles and deflating the cuff during the next four heartcycles DBF can be
measured semi-continuously once every sixth heartcycle

Both DBF at rest

and during cold or heat provocation are expected to be of value as a
diagnostic criterion
During

cold

provocation

decreases drastically

below

a

certain

digital

temperature,

DBF

the so-called closing phenomenon (15,21,25,33,43)
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The onset of the closing phenomenon can be characterised by the digital
skin temperature.

This digital skin temperature can also be of value as

a diagnostic parameter.
DOppler Spectrum Analysis (DOSA).
By insonating bloodvessels with an ultrasound beam, the blood velocity
during the heartcycle can be detected by the Doppler principle. Since the
information about the blood velocity

is available in the Doppler fre-

quency shift, frequency analysis is required to interprete the Doppler
signals. Besides the conventional frequency

analysis based

on a zero-

crossing technique, in recent years a complete Doppler spectrum analysis
can be performed by using a real-time fast Fourier transform spectrum
analyser

(12). In this way detailed

information

is available on the

velocity distribution within a vessel as a function of time throughout
the heart cycle. Doppler spectra are usually characterised by the waveform of the maximum frequency during the heart cycle. This waveform can
be analysed in a number of ways for quantitative evaluation (12,44).
Differences in shape of the maximum frequency waveform of Doppler spectra
are representative for changes

in peripheral resistance

(12,40,41,44).

An increase of the end diastolic velocity (40) and of the duration of the
downslope of the systolic deflection (41) are reported as parameters for
decreased peripheral resistance similar to a decrease of the pulsatility
index (12) and of the parameter GAMMA from Skidmore's transfer function
analysis (44).

SET-UP OF THE THESIS
In this study an attempt is made to establish diagnostic criteria for vasospasm by quantifying the peripheral resistance in the digits in objective measurements both in a homogeneous group of patients with PRP and in normal individuals. The peripheral resistance has been studied at rest, after provocation
by cold and heat and after specific therapeutic measurements. The patients
with Raynaud's phenomenon which are subject of this study were referred to the
out-patients department of our Institute of Thoracic, Cardiac and Vascular
Surgery, mainly for two reasons:
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•

to differentiate between proximal organic obstructive disease and peripheral vasospastic ethiology

•

to consider the therapeutic effects of thoracic sympathectomy

Due to this referring pattern our patient population is not representative for
all groups of patients suffering from Raynaud's phenomenon

The most striking

differences concerns the relatively high percentage of patients with PRP and
the relatively high mean age of the patients

Both values are higher than

reported in series of non-surgical departments (1,10,30)

From the total pop-

ulation of patients with Raynaud's phenomenon referred to our Institute 41
patients with PRP were selected

All of these patients participated in sev-

eral different studies concerning the measuring techniques and in a placebo
controlled study on the effectiveness of conservative treatment
of 10 patients participated m

A subgroup

the study about digital blood pressure and flow

measurements during gradual heating and cooling
The study started in autumn 1982 using the generally accepted digital blood
pressure

and

provocation

skin temperature measurements at rest

comparison to healthy volunteers
gested
could

that

and after

instant

cold

Chapter 2 describes the results obtained in patients with PRP in
both digital

differentiate

Since the results in this first study sug-

blood pressure and skin temperature

between healthy

volunteers

measurements

and patients but could not

quantify vasospasm, additional investigations were carried out in three areas
•

An evaluation of the value of digital blood pressure and flow measurements during

gradual

heating

and

cooling

Gradual

heating

induces a

vasodilatation of the hand while gradual cooling is a more refined method
to provoke vasospasm as a function of temperature

A second advantage of

gradual cooling is the ability to determine digital blood pressure and
flow as a function of temperature during cooling semi-continuously

The

results of these measurements in patients with PRP and in healthy volunteers are presented in Chapter 3
•

The introduction of Doppler spectral analysis of the blood velocities
during the heartcycle in the radial and ulnar artery as a new method of
characterising the peripheral resistance

Chapter 4 presents the results

obtained in patients with PRP and in healthy volunteers both before and
after instant cold provocation
•

To study the changes in peripheral resistance induced by medicinal treatment, a double blind, placebo controlled, randomized, cross-over study
has been carried out

In this study the generally accepted digital blood
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pressure and skin temperature measurements at rest and after instant cold
provocation were combined with Doppler spectral analysis measurements of
the radial and ulnar arteries and subjective assessments of the patients.
Medicinal treatment was performed with an experimental serotonin antagonist, Ketanserin® (22). The results of this study are presented in Chapter 5.

In addition Chapter 6 reports the results of a retrospective study about subjective assessments of the patients about the effectiveness of thoracic sympathectomy as a therapy for upper extremity ischemia especially with respect to
Raynaud's phenomenon.
Finally, in Chapter 7 an epilogue will be presented with a survey of the conclusions drawn from the different studies. An outline for a recommended diagnostic protocol of the upper extremity ischemia is added.
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CHAPTER 2
NON-INVASIVE HEMODYNAMIC ASSESSMENT OF VASOSPASM IN PATIENTS
WITH PRIMARY RAYNAUD'S PHENOMENON
H.J.CM. van de Wal, P.F.F. Wijn, H.J.J, van Lier,
W.G.H.J. Kneepkens and S.H. Skotnicki

ABSTRACT
In order to assess vasospastic ischemic disease objectively 41 patients with
primary Raynaud's phenomenon and 21 normal volunteers are investigated
non-mvasively by digital systolic blood pressure and digital skin temperature
measurements before and after instant cold provocation. Much care has been
taken to be certain that all patients had primary Raynaud's phenomenon.
The results of digital pressure measurements appear to be affected by
inter-individual
variations
in
systemic systolic
blood
pressure.
By
introducing a Digit to Brachial systolic blood pressure Index (DBI) such
variations can be eliminated.
Instant cold provocation does not change DBI significantly. No pressure drop
due to a closing phenomenon could be observed
Both digital skin temperature and DBI differ significantly between healthy
males and females. In the patient group males and females do not show
significant differences. The results in healthy females are hardly different
from the results in patients. Healthy males can be well discriminated from
patients with both techniques. Sex differentiation appears to be essential for
the objective assessment of primary Raynaud's phenomenon.
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INTRODUCTION
Maurice Raynaud (1) was the first (1862) who described a typical vasospastic
attack in digits of the hands and the feet. He observed cyclic color changes
of the digital skin from white to blue and red after provocation from cold or
stress. However, many patients suffering from digital vasospastic attacks do
not show these typical

'triphasic' color changes (2). The diagnosis Primary

Raynaud's Phenomenon (PRP) is used when vasospastic attacks occur without any
sign of underlying pathology. The diagnosis is most commonly based on the criteria of Allen and Brown, 1932 (3), updated by Allen, Barker and Hines in 1962
(4).

In other cases the vasospastic attacks are superimposed on an organic or

systemic disease, which leads to the diagnosis Secondary Raynaud's Phenomenon
(SRP). In current clinical practice the diagnosis PRP is established by exclusion of systemic disease and/or vascular obstructive disease.
Several methods have been described for a non-invasive hemodynamic assessment
of PRP. For instance, Digital systolic Blood Pressure (DBP) measurements and
Digital Skin Temperature (DST) measurements have been suggested at rest, after
indirect cooling, by cooling the contralateral
instant

cold

provocation

(7), and

after

arm

ischemic

(5) or neck
cooling

of

(6), after
the

digit

(8,9,10). Seibold (11) reported a closing phenomenon during gradual cooling.
Below

a certain

Nielsen

temperature

the digital blood

flow was markedly

reduced.

(9) and Hoare (10) reported a considerable drop in DBP during the

closing phenomenon. Unfortunately in all these studies no differentiation was
made between patients with PRP and SRP. Making this differentiation is particularly important for an accurate documentation of PRP and SRP, for a quantitative judgement of the natural history of both diseases and for the evaluation
of the effects of treatment.
The aim of this study is to investigate whether it is possible to objectivate
vasospasm in patients with PRP by DBP and DST measurements before and after
instant cold provocation.

The study presents the results in 41 patients with

PRP and in 21 healthy volunteers. Much care has been taken to exclude patients
with SRP.

Hereto a physical

examination, a detailed

interview, extensive

blood screening and a variety of immunologic tests were included in the study.
DBP measurements were performed on digits II and IV before and after instant
cold provocation. Both digits were used to evaluate possible differences in
nutrition; primarily from the radial or ulnar artery (12).
at digit IV only.

DST was recorded
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PATIENTS AND METHODS
Patient's characteristics
Forty-one patients with typical attacks diagnosed as PRP were included in this
study
1)

The control group consists of 21 healthy volunteers (normals) (lable

The percentage smokers in both groups did not differ significantly.

TABLE 1
Characteristics of Healthy Volunteers
(Normals) and Patients with PRP
normals

All patients
patients

patients
with PRP

males
-smokers
-mean age
-age range

7
(33%)
3
35
years
32 - 49 years

15
(37%)
10
51
years
27 - 67 years

females
-smokers
-mean age
-age range

14
(67%)
6
34
years
24 - 56 years

26
(63%)
11
43
years
15 - 74 years

total
-smokers
-mean age
-age range

21
9
(43%)
34
years
24 - 56 years

41
21
(51%)
46
years
15 - 74 years

had vasospastic

received

medicinal

reactions
treatment

caused

by

(Sintromi®,

exposure

to cold

Many

Marcoumar®, Ronicol®)

to

diminish their complaints, which was stopped one month prior to investigation.
History revealed that symptoms of PRP existed for 1 5 to 43 years
years).

In 26

(63%) patients

vasospastic

attacks

occured

(mean 7

spontaneously

Symptoms were present on both hands in all patients. In 25 (61%) patients both
hands were equally affected
affected than the right
predominant

In 12 (29%) patients

the left hand was more

In the remaining 4 patients (10%) the right hand was

In 19 patients (46%) the feet were involved too.
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Complaints were most frequent in the digits II, III and IV
involved m

Digit

I was

60% of the cases, digit V in 80% and the digits II, III and IV in

93, 94 and 89% respectively.
Subjective patient's assessments were recorded concerning frequency and mean
duration of vasospastic

attacks

during winter and summer

(Table 2 ) . As a

global parameter of the severity of symptoms a "severity score" was calcu
lated, being the product of frequency and duration of the attacks.
severity score = frequency of attacks/day χ mean duration of attacks

TABLE 2
Subjective Assessments of Symptoms of Attacks
in Patients with PRP.
frequency
mean ± SEM
(#/day)

seventy score
mean + SEM
(min.#/day)

mean duration
mean ± SEM
(min)

males (n=15)
-winter
15 ± 2

45 + 5

-summer

16 ± 6

92 ±

50

48 + 4

644 ±

99

25 ± 5

311 ±

90

47 + 3

637 ± 71
**
180 ± 45

4 ± 2

females (n=26)
-winter
12 ± 2
*
-summer
7 ± 2

641 ± 118

•V*

total (n=41)
-winter
13 ± 1
**
-summer
6+1

32 ± 4

Subjective assessments of symptoms of attacks in patients
with PRP, during winter and summer
In this table and in all following tables asterisks
indicate
significant
differences:
* * : p<0 01, *• p < 0.05, n.s.: not
significant.

Table 2 shows a highly s i g n i f i c a n t
coxon signed-ranks
p a t i e n t s suffered
patients

quoted

prevalence of

symptoms during winter

(Wil-

t e s t ) . The s e v e r i t y score i n d i c a t e s t h a t during winter the
at

that

t h e average for more than 600 minutes/day. A number of
they

a t t a c k s . The d i f f e r e n c e s

could

not s l e e p

during

the

night

due t o

between male and female p a t i e n t s are not

their

significant
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except the severity score during summer
rank-sum test)

(males > females, p<0 05 Wilcoxon

None of the healthy volunteers did have any vascular com-

plaints nor medication

Systemic blood pressure was measured on both arms

difference between left and right arm was observed

No

Between healthy volunteers

and patients no significant difference in systemic blood pressure could be
noticed

patients 132 ± 3 mmHg, healthy volunteers 128 ± 3 mmHg (mean ± SEM)

The extensive blood examination and immunologic tests included
•

Blood chemistry

(alkaline phosphatase, GOT, GPT, ïgt, Urea, Creatine,

uric acid, calcium, cholesterol, albumen, glucose)
•

Hematology (hemoglobin, hematocrit, leucocytes)

•

Immunology (Ig G, Ig A, Ig M, al antitrypsine, ANF, LE cell preparation,
AST, Rose, Latex, cryoglobulines and cold agglutinmes)

•

Plasma viscosity

The results of all blood tests in all patients with PRP were found to be
within normal ranges confirming the absence of systemic diseases

Non-invasive

measurements

Prior to the investigation the patients and healthy volunteers were acclimatized for at least 30 minutes at room temperature (24 ± 1 °C (mean ± SEM))
During this period smoking and the use of tea and coffee were prohibited
According to Delius (13) the acute effects of smoking a cigarette on the sympathetic skin nerve activity does not last longer than 3 minutes

Cleophas

(14) stated that the skin temperature drops temporarely during smoking and
recovers

within

20

minutes

excluded from the study

The

long-term

effects

of

smoking

cannot

be

According to Cleophas in some patients the effects of

smoking cigarettes are noticable in the temperature recovery after cold provocation even 24 hours after refraining from smoking

These long-term effects

will be evaluated by comparing the results of smokers and non-smokers both in
healthy volunteers and in patients
During the experiment all patients and healthy volunteers lay on a couch with
their arms along their body

In this standardized position differences in hyd-

rostatic pressure between the brachial and digital arteries were corrected
BBP was measured at both arms in order to check on equal BBP values on both
sides using a Doppler probe for flow detection
the brachial

During the whole experiment

systolic and diastolic pressure of the contralateral arm was
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measured automatacally every 2 minutes by the oscillometric method (Dmamap,
Criticón Inc. Florida USA) as a control for systemic effects

When the connec-

tions were made and the patient was at ease the measurements started with a
registration of DBF, BBP and DST at room temperature (the pre-cooling values).
Digital systolic Blood Pressure (DBF) was measured at digit II and IV using
venous occlusion plethysmography
Denmark) were placed

The cuffs

(24x90 mm, Canodan Copenhagen,

at the proximal phalanx. Mercury

in silastic

strain

gauges (Medimatic Copenhagen, Denmark) were placed around the distal phalanx
near to the base of the nail

DBF was determined by slow deflation of the

cuff pressure from a supra-systolic value till the Plethysmograph showed a
rise in volume together with a reappearence of volume pulsations
Digital Skin Temperature

(DST) was measured at the volaV side of the distal

phalanx of digit IV using a thermoelement

The element was sticked to the skin

with paper plaster for minimal insulation.
Cold provocation was performed by immersing the subject's hand, wrist high in
ice water for two minutes. The hand was protected from getting wet by a rubber
sheet

The person was asked to move his hand arount to intensify the cooling.

During this provocation DST decreased to an ultimate value of about 16

0

C.

Within one minute after provocation the DBF's of both digits were measured.
Four minutes after exposure the DBF measurements were repeated.

Recovery of

DST was recorded continuously up to at least 12 minutes after the cold provocation

Analysis

of Digital systolic

Blood Pressure

(DSP)

DBP-values of the digits II and IV were evaluated per se and as the ratio of
the digital systolic blood pressure to the brachial systolic blood pressure
This ratio, clinically known as the Digit to Brachial systolic blood pressure
Index (DBI), eliminates the effects of interindividual differences in systolic
blood pressure

Thus:
DBF

DBI

=
BBP
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Analysis of temperature

recovery after cold

provocation

The DST recording was characterised by the pre-cooling value (DST-pc), the
minimum temperature just after cooling (DST-min), the temperature 5 minutes
after cooling (DST-5) and the temperature 12 minutes after cooling (DST-12).
DST after provocation gradually returned to DST-pc

On theoretical grounds the

temperature recovery time can be characterised by a time constant

Theoretical

τ

intermezzo

According to the theory of heat exchange the increase in heat content of the
digit is determined by the heat exchange between arterial blood supply and the
digit and by the heat exchange between the digit and the environment

In this

quasistatic approach the effects of heat diffusion within the digit is approx
imated as being zero and the heat exchange with the environment is supposed to
be merely determined

by

convection

(15)

In case of

convection the heat

exchange with the environment is proportional to the difference between digi
tal and

environmental temperature. Mathematically

the heat balance of the

digit can be w n t e n as.

change in heat content =
of the digit

heat exchange
blood to digit

+

heat exchange
digit to environment

dDST(t)
Mv Cv.

= F v M b .C b .(T b - DST(t)) + H.(T e - DST(t)).

[1]

dt
M

and M. are the specific gravity of digit and blood

cific heat of digit and blood

F

С

and C, are the spe

is the blood flow per unit volume and H is

the heat-exchange constant from environment to digit. T. is the blood tempera
ture and Τ
as-

is the environmental temperature. Equation [1] can be rewritten
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dDST(t)
τ

+ DST(t) - Τ

= О,

[2]

dt
where τ equals
M
F
and Τ

ν

ν

С

ν

Μ. С, + H
b b

equals
Fν M.
b C,
b T.
b + H Τe
Τ

s

F M. C. + H
ν b b
After cold provocation to DST-min it can be calculated from equation [2]

that

the temperature recovery of the digit is described by the following equation
DST(t) = DST-min + (T

In this equation Τ

- DST-min) (1 - exp(-t/t))

[3]

is the steady state temperature of the digit.

tally both DST-pc and DST-12 are good approximations of Τ
shows that for a constant blood

Experimen

Equation

flow to the digit the temperature

[3]

recovery

after cold provocation is expected to be an exponential curve from DST-min to
DST-12 with a time constant τ

The value of τ can be determined by curve-fit

ting the function [3] to the experimental recording of DST(t)
Checking whether the experimental curve indeed can be fitted properly by the
function

[3] is a possibility to non-valsify the assumption of a constant

blood flow during recovery

Since exponential-like experimental curves can be

fitted with an acceptable accuracy by a number of different functions

(16)

this check must be fullfilled by plotting the first derivatives both of the
experimental curve and of the result of the curve-fitting in a semiloganthmic
plot

In case that function

[3]

is correctly applied the experimental data

and the fit should show identical straight

lines. Figure 1A shows a typical

example of a DST(t) registration after cold provocation and the fit according
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5
minutes

FIGURE 1
Figure 1.A: DST(t) registration
after cold provocation and the fit
according
to equation [3]. Figure 1 .B: Semilogarithmic plot of the first derivatives
of
the experimental data and of the results of
curvefitting.

to equation [3]. Figure IB shows that indeed the experimental data suggest a
constant blood flow during temperature recovery (at least for the first 4 minutes after cooling). The straight horizontal line in figure IB indicates the
noise level in the experimental data.

RESULTS
In 39 (95%) patients (14 males, 25 females) cold provocation induced the same
complaints as experiencing an attack. However, none of the patients demonstrated "triphasic" color changes.

All normal volunteers reported discomfort

during cooling but no one experienced pain.
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Digital

systolic

Blood Pressure

(.DBP)

BBP- and DBP-values of the digits II and IV of healthy volunteers and patients
before and after cold provocation are presented

in Table 3. No significant

changes could be noticed in BBP and/or DBP of digit II and IV between before
and 1 and 4 minutes after cold provocation both in normal volunteers and in
patients. No pressure drop due to a temperature closing phenomenon was found
in any patient or in any healthy volunteer.

TABLE 3
Brachial (BBP) and Digital (DBP) Systolic Pressure Measurements.
Cold provocation
Systolic blood
pressures (mmHg)
BBP
-normals

(n=21)

-patients (ii=41)
DBP digit II
-normals (n=21)
-patients (n=41)
DBP digit IV
-normals (n=21)
-patients (n=41)

before

1 minute after

4 minutes after

128 ± 3
n.s.
132 ± 3

123 ± 5
n.s.
135 ± 3

122 ± 5
n.s.
126 ± 3

106 ± 5
n.s.
106 ± 3

107 ± 5
n.s.
104 ± 6

103 ± 6
n.s.
99 ± 6

104 ± 4
n.s.
95 ± 4

113 ±

4

106 ± 3

91 ±

6

89 ± 6

**

Brachial (BBP) and digital (DBP) systolic pressure measurements of
the digits II and IV in healthy volunteers and in patients with PRP
before and 1 and U minutes after cold provocation
(mean ± SEM).

Before cold provocation the DBP of digit II and IV did not differ significantly between patients and healthy volunteers. In patients DBP of digit IV
was significantly lower than DBP of digit II. One and four minutes after cold
provocation DBP of digit IV was significantly different in patients than in
normal volunteers. After cold provocation DBP of digit II and IV were not
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significantly different.

TABLE 4
Digit to Brachial Systolic Pressure Indices (DBI's)
Digit to Brachial
systolic pressure
index (DBI)
DBI digit II
-normals (n=21)

Cold provocation
before

1 minute after

0 82 ± 0.02

0 85 ± 0.01

n.s

*

4 minutes after

-patients (n=41)

0.80 ± 0 01

0.75 ± 0.03

0.87 ± 0 02
n.s.
0 78 ± 0 04

DBI digit IV
-normals (n=21)

0 81 ± 0.02

0.79 ± 0.02

0.88 ± 0.03

*<-

*-•·

-patients (n=41)

0 71 ± 0 02

*-•-

0 65 + 0.03

0 70 ± 0.04

Digit to brachial systolic pressure indices (DBI's) of the digits II
and IV in healthy volunteers and in patients with PRP before and 1
and 4 minutes after cold provocation (mean ± SEM).

Table 4 shows the DBI's obtained from the same measurements as the results in
Table 3. No significant changes could be noticed between the DBI's of digit II
and IV before and 1 and 4 minutes after cold provocation both in healthy volunteers and in patients.
Before cold provocation DBI of digit IV was significantly lower in patients
than in healthy volunteers. DBI of digit II did not show any difference. In
contrast to healthy volunteers in patients DBI of digit IV is significantly
less than DBI of digit II.
After cold provocation DBI of digit II becomes significantly lower in patients
than in healthy volunteers. One minute after provocation this difference was
significant, 4 minutes after provocation it was not significant. In digit IV
DBI is significantly lower in patients than in healthy volunteers both 1 and 4
minutes after provocation. Only in patients DBI of digit IV after provocation
is significantly lower than DBI of digit II.
A subdivision of DBI's of Table 4 in smokers and non-smokers reveals (Table 5)
that in healthy volunteers all DBI's of smokers show a value which is somewhat
higher than of non-smokers. Only

the difference

in DBI of digit

II four
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TABLE 5
The Results of Table 4 Subdivided m
Digit to Brachial
systolic pressure
index (DBI)
DBI digit II
-normals (n=21)
- smokers
(n= 9)
- non-smokers
(n=12)
-patients (n=41)
- smokers
(n=21)
- non-smokers
(n=20)
DBI digit IV
-normals (n=21)
- smokers
(n= 9)
- non-smokers
(n=12)
-patients (n=41)
- smokers
(n=21)
- non-smokers
(n=20)

Smokers and Non-smokers.

Cold provocation
before

1 minute after

4 minutes after

0.88 ± 0.04
п.ь.
0.80 ± 0.03

0.87 ± 0 04
n.s.
0.78 ± 0 03

0.94 ± 0.05

0.80 ± 0.03

0.75 ± 0.03

0.81 ± 0.02

n.s

n.s

·.'-

0.82 ± 0 03

n.s

0.80 ± 0.02

0.75 ± 0.04

0.77 ± 0.06

0.86 ± 0.05
n.s.
0.79 ± 0.04

0 86 ± 0.04
n.s.
0.74 ± 0.05

0 90 + 0.05
п.ь.
0.81 ± 0.03

0.72 ± 0.03
n.s.
0.71 ± 0 02

0 69 ± 0 04
n.s.
0.62 ± 0.05

0.74 ± 0.03
n.s.
0.68 ± 0.05

minutes after cold provocation is significant. In patients the differences

m

DBI between smokers and non-smokers are far less pronounced and do not show
any significance.
Subdividing the results of Table 4 according to sex reveals that in healthy
volunteers DBI is significantly different between males and females (Table 6 ) .
In male volunteers DBI is higher both before and 1 and 4 minutes after cold
provocation

in both digits. The differences between both sexes become less

pronounced after cold provocation.
In patients no significant sex differences exist.
In male patients DBI of digit

II before cold provocation

is significantly

lower than in male healthy volunteers (Fig. 2 ) . In females this parameter do
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TABLE 6
The Results of Table 4 Subdivided According to Sex.

before

Cold provocation
1 minute after

4 minutes after

DEI digit II
normals (n=21)
-males
(ii= 7)

0.93 ± 0.02

0.89 ± 0.02

0.95 ± 0.04

-females (n=14)

0.79 ± 0.03

0.79 ± 0.03

0.83 ± 0.04

-females (ii=26)

0.83 ± 0.02
n.s.
0.78 ± 0.02

0.80 ± 0.03
n.s.
0.71 ± 0.05

0.78 ± 0.04
n.s.
0.79 ± 0.05

DEI digit IV
normals (n=21)
-males
(n= 7)

0.92 ± 0.03

0.88 ± 0.02

0.93 ± 0.02

-females (n=14)

0.77 ± 0.03

0.75 ± 0.04

0.81 ± 0.04

0.71 ± 0.07
n.s.
0.70 ± 0.02

0.71 ± 0.02
n.s.
0.61 ± 0.05

0.73 ± 0.05
n.s.
0.68 ± 0.04

patients 0=41)
-males
(n=15)

patients (n=41)
-males
(n=15)
-females (n=26)

*

not show a significant difference at all. The DBI of digit IV is significantly
different between healthy volunteers

and patients

both

for males

and

for

females. Only in female patients a significant difference can be demonstrated
between DBI of digit II and IV. After cold provocation in the male group the
difference between healthy volunteers and patients is slightly decreased for
digit II and slightly increased for digit IV. In the female population no significant difference between healthy volunteers and patients can be found for
digit II while for digit IV the difference remains unchanged. In male patients
DBI of digit II and IV are significantly different only 1 minute after cold
provocation.

32

digit to brachial systolic blood pressure indices

( DBI )

before and after cold provocation

males

females

digit Π

•

digit Π
r**

*

Ν

Ρ

N P

N P

N P

digit Ш

•

**

before

tt

1 minute

N P

females

males

N

N P

н

4 minutes

м
before

digit Ш

*

•

1 minute

4minutes

*i

FIGURE 2

Differences in DBI of digit II and IV between
and patients subdivided according to sex.

healthy

volunteers

(normals)
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Digital Skin Temperature

(DST)

The parameters derived from the DST recordings before and after cold provoca
tion of healthy volunteers and patients are presented
shows that in patients the parameters DST-mm

in Table 7. Table 7

and τ are significantly lower

than in healthy volunteers.
TABLE 7
Parameters of DST Registrations before and after Cold
Provocation (mean ± SEM) in Healthy Volunteers and Patients.
parameter

patients
(n=21)

normals
(n=41)

temp, before
cooling. DST-pc

24.9 ± 0.5

26.8 + 0.9

minimum temp.
just after
cooling: DST-min

13.6 ± 0.5

15.6 ± 0 6

1.5 ± 0.1

temp. 5 min after
cooling: DST-5
temp. 12 min after
cooling: DST-12

temp, recovery
time
:τ

units

signifi
cance

•c.

-

0

C.

·,ν

2 1 ± 0.2

min

- л·

21.8 ± 0.6

23.6 ± 1.2

"С.

-

23.4 ± 0.6

24 6 + 1 1

•с.

-

Subdividing the results of Table 7 for smokers and non-smokers shows no significancy in DST parameters between both groups (Table 8 ) .
A discrimination between the sexes reveals that in healthy volunteers with the
exception of the time constant τ, all DST parameters are significantly differ
ent between males and females (Table 9 ) . In contrast, in the patient group not
any significant difference between males and females could be demonstrated.
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TABLE 8
The Results of Table 7 Subdivided in Smokers and Non-smokers
normals
nonsmokers smokers
(n= 9)
(n=12)

parameter

significanee

patients
nonsmokers
smokers
(n=21)
(n=20)

significanee

temp b e f o r e
c o o l i n g DST-pc

27 3
± 1 5

26 4
± 1 1

η s

25 6
± 0 9

24 0
± 0 6

η s

minimum temp
just after
c o o l i n g DST-mm

15 3
± 1 0

15 7
± 0 9

η s

14 4
± 0 8

12 8
± 0 6

η s

temp
timo

2 1
± 0 3

2 0
± 0 2

η s

16
± 0 2

15
± 0 2

η s

temp 5 min a f t e r
c o o l i n g DST-5

23 6
± 1 7

23 5
± 1 8

η s

22 7
± 0 9

21 0
± 0 7

η s

temp 12 m m a f t e r
c o o l i n g DST-12

25 0
± 1 5

24 3
± 1 6

η s

24 4
± 1 1

23 1
± 0 9

η s

recovery
τ

Parameters of DST registrations before and after cold provocation in healthy
volunteers and patients subdivided in smokers and non-smokers sex (mean ±
SEM)

When male

healthy

volunteers were

compared

to male

patients, significant

differences were found in all parameters except the temperature recovery time
τ (Fig

3)

In women the only significant difference was found in the tempera

ture recovery time τ
Figure 4 shows a graphic presentation of DST functions calculated

from the

mean parameter values of Table 9

Receiver Operator Characteristics

(ROC)

Significant differences in DBI and DST parameters between healthy volunteers
and patients of the same sex give rise to evaluate these parameters for diag
nostic purposes

Specificity, sensitivity and maximum accuracy of these param

eters together with Receiver Operator Characteristic curves

(ROC-curves) are
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TABLE 9
The Results of Table 7 Subdivided to Sex

parameter

normals
male
female
(n= 7)
(n=14)

temp before
cooling DST-pc

30.7
±0.8

24 9
±0.9

minimum temp.
just after
cooling· DST-mm

18.5
± 0.7

14.2
± 0.6

temp, recovery
time
τ

1.7
±0.2

2.2
±0.2

temp. 5 m m after
cooling. DST-5

30.4
± 1.6

20.2
± 0.6

temp. 12 min after
cooling. DST-12

30.3
± 1.4

21 7
± 0.7

sigmficanee

patients
male
female
(n=15)
(n=26)

sigmficanee

25.7
±0.9

24.5
± 0 6

η s

*·"•

14 1
± 0.8

13.4
± 0.6

η s

n.s

1.7
±02

1.4
±01

n.s.

22.6
± 0.7

21.4
± 0.8

n.s.

23.9
± 1.0

23.1
± 0.8

n.s.

*-*-

Parameters of DST registrations before and after cold provocation in
volunteers and patients subdivided according to sex (mean t SEM).

healthy

commonly used to effectuate this evaluation (17).
Specificity indicates the ability of the parameter to attribute a value in the
normal range to healthy volunteers, sensitivity the ability of the parameter
to attribute a value in the pathological range to patients and accuracy the
ability of the parameter to discriminate both normals and patients success
fully. The ROC-curve is a specificity vs. sensitivity plot for various choices
of the discriminating value. A shift of the discriminating value to normal
increases the sensitivity but decreases the specificity. A shift of the dis
criminating value to pathology increases specificity but decreases sensitiv
ity. Such a shift can be necessary to minimize the number of false negative or
false positive results. Accuracy is defined as the sum of the true negatives
and true positives divided

by the total number of investigations. Maximum

accuracy is defined as the highest accuracy which can be found by varying the
discriminating value.
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and after cold provocation
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The complete ROC-curves
and females

of DBI of d i g i t

are p r e s e n t e d in Figure 5

the breakpoints

IV before

The symbols

of subjects per subgroups

is t h a t low t h a t no continuous l i n e can be given)
specificity,

accuracy of the DST parameters in males and females
in

patients
in

the DST temperatures w i l l

female

males

m d i s c r i m i n a t i n g value with r e s p e c t t o t h e data ( t h e number

Table 11 p r e s e n t s d i s c r i m i n a t i n g v a l u e s ,

Since

cold provocation of

in t h e ROC-curves i n d i c a t e

patients

women some a c c u r a c i e s

be

lower

some DST temperatures

are worse

than

guessing

sensitivity

and maximum

under the assumption t h a t

than in healthy

volunteers

are higher

m

than

The ROC-curves of

parameters for males and females are presented in Fig.6

healthy
a l l DST
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TABLE 10
Discriminating Value, Maximum Accuracy,
S p e c i f i c i t y and S e n s i t i v i t y of DBI

DBI
digit II
-before
-1 min
-4 min
digit IV
-before
-1 rain
-4 min

discr.
value

accu
racy
(%)

speci
ficity

sensi
tivity

(%)

(%)

accu
racy

speci
ficity

sensi
tivity

(%)

rt)

(X)

mal as

females

0.87
0.87
0.89

83
80
73

86
71
71

81
85
75

0.78
0.78
0.82

51
52
55

64
50
57

44
53
53

0.87
0.87
0.87

80
84
87

86
71
86

77
92
88

0.74
0.72
0.80

66
61
63

62
57
62

68
65
65

Discriminating
value, specificity,
sensitivity
digit II and IV before and one and four
males and females for the differentiation
patients with PRP.

100%

discr.
value

and maximum accuracy of DBI of
minutes after cold provocation in
between healthy volunteers
and

specificity
50

100-

t:50и
с

ROC curve of digit to brachial
systolic blood pressure in
indexes In digit Ш before
cold provocation
χ in males
о in females

FIGURE 5
ROC curves of DBI of digit
IV before cold provocation in
males and females.
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TABLE 11
Discriminating Value, Maximum Accuracy,
S p e c i f i c i t y and S e n s i t i v i t y for DST.

DST

discr.
value

parameter

accu
racy
Ci)

speci
ficity

sensi
tivity

m

«0

mal es
DST-pc
DST-min

τ

DST-5
DST-12

27
17
1.7
27
27

"C.
"C.
min
"С.
"С.

80
89
50
90
84

discr.
value

accuracy

(%)

specificity

ra

α)

females

88
86
29
88
88

75
91
67
92
82

0

24 C .
14 "С.
1.7 min
20 "С.
22 "С.

55
60
78
49
41

47
47
64
47
20

Discriminating
value, maximum accuracy, specificity
and sensitivity
DST parameters in males and females for the differentiation
between
volunteers and patients with PRP.

100 "/o
100+

sensi
tivity

60
68
86
50
54
for the
healthy

specificity
50

specificity
50

ss in lemales
temperature

FIGURE 6
R.0C curves of DST parameters

in males and females.

DISCUSSION

The most remarkable conclusion from our results is that in healthy volunteers
both DST and DBI parameters strongly depend on sex. Primary Raynaud's Phenom
enon (PRP) is known to have a higher incidence in females than in males (Gifford (18) 77% vs. 23%, this study 63% vs. 37%). The dependence on sex demands
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that in comparative studies between patients with PRP and other patients the
sex factor should always be taken in consideration
In our study much
patients with PRP

care has been taken to compose

a homogeneous group of

The blood tests used in this study together with the clini-

cal examinations are a quite reliable method for the selection of patients
with PRP (19)
dermia

could

although

Patients with PRP who later on will develop symptoms of sclerobe

some of

missed

In our study

such

the patients already had

individuals
a very

were not

long history

observed

(up to 43

years)
According to Strandness (20) digital cooling to 15 to 20 °C is a mild provocation which is most effective in provoking a vasospastic attack without systemic effects on the blood pressure

Moreover, below 15 °C the vessels become

unresponsive

influence

to

sympathetic

nerve

(21)

Our

cooling

procedure

(gloved hand for 2 minutes in ice water) lowered the digital skin temperature
to approximately 16 °C

With this procedure 39 (95%) patients experienced sim-

ilar complaints as in experiencing an attack
healthy volunteers no typical

However, both in patients and

'triphasic' color

changes were observed

m
A

biphasic (white to red) color change was noticed in 16 patients (39°«)
Lewis (22) and Nielsen (9) reported a failure rate to provoke an attack in
Raynaud patients in 30 to 40% by cooling the hand for 15 minutes in water of
15 "C
Before cold provocation both BBP and DBP of digit II and IV did not show significant differences between healthy volunteers and patients (Table 3)
result underlines

that no arterial obstructive

This

disease was present in our

patient group
One and four minutes after cold provocation BBP and DBP of digit II and IV
were not significantly different from the pressure measurements before cold
provocation both in healthy volunteers and in patients

These results show

that cooling did not show a systemic effect and did not provoke a decrease in
DBP

This latter result is in contrast to the results of Nuzzaci (23) , Ashton

(24) and Nielsen (9) who described a marked decrease in DBP after cold provocation

However, Nuzzaci (23) and Ashton (24) did not separate primary from

secundary Raynaud patients while Nielsen (9) applied cold provocation during
digital ischemia by flushing cold water through an occluding cuff under suprasystolic pressure
Before cold provocation DBP of both digits are not significantly different

41
between healthy volunteers and patients. In patients DBP of digit IV is significantly

lower than of digit II. These results indicate that differences

between digit II and IV are more pronounced than differences between healthy
volunteers and patients. After cold provocation only in digit IV significant
differences

could be demonstrated

between

healthy

volunteers

and

patients

while differences between the digits II and IV disappear.
All DBP values are affected by interindividual differences in systemic systolic blood pressure

The DBI does not have this disadvantage

DBI reflects

the ratio between the peripheral resistance distal to the digital cuff and the
total resistance

(brachial to digit + distal peripheral resistance) of the

arterial bed independent of the systemic systolic blood pressure
In DBI values the differences between digit II and IV and between healthy volunteers and patients become much more pronounced

Table 4 shows that before

cold provocation DBI of digit IV, and after cold provocation DBI of both digits are significantly lower in patients.

The lower DBI in patients can only

be explained by assuming that the vasospasm in patients with PRP is not limited to the digits
Between

the sexes

a significantly

higher DBI

healthy males than in healthy females

in both digits

is

found

in

After cooling the differences between

healthy males and females are less pronounced. In patients no significant differences between males and females could be observed in both digits neither
before nor after provocation

These results suggest that in a state of vasos-

pasm the differences in DBI between males and females are less pronounced.
In males DBI of digit II and IV can both differentiate between healthy volunteers and patients

(Fig. 2 ) .

The ROC-curve of digit IV (Fig. 5) reaches a

maximum accuracy of 80% using a discriminative value of 0.87 (Table 10).

In

females DBI of digit II does not show a difference between healthy volunteers
and patients and DBI of digit IV shows a less significant differentiation than
in males (Fig. 2 ) . In digit IV the ROC-curve (Fig

5) reaches a maximum accu-

racy of only 660ii with a discriminating value of 0.74 (Table 10).
the male/female differences

in healthy volunteers with

Combining

the less pronounced

differentiation between female healthy volunteers and patients it can be concluded that, especially m

digit II, vasospasm is often present

females to the same extent as in female patients
limited

value

in

differentiating

between

in healthy

DBI of digit IV has only a

female

healthy

volunteers

and

patients.
Since the percentage of smokers in the group of healthy volunteers and in the
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patient group are not significantly different one can conclude that the differences between healthy volunteers and patients found in this study are independent of smoking habits. Nevertheless in healthy volunteers smoking seems to
have a long-term increasing effect on DBI, especially after cold provocation.
This increase m

DBI can be explained by an exclusive increase of the periph-

eral resistance distal to the measuring site

This result seems to be opposite

to the result that DBI is lower in patients than in healthy volunteers. On the
other hand cold provocation, especially in healthy volunteers, also tends to
increase DBI (Table 4)
Combining the results leads us to the conclusion that in patients with PRP
vasospasm is not only limited to the digits but also affects proximal regions
(resulting in a decrease in DBI) while both cold provocation and smoking-habits primerely increases vasospasm in the digits (resulting m
DBI)

an increase in

Since in healthy volunteers the vasospasm in the digits can increase

more by

cold provocation than in patients which already have an increased

vasospastic state, the discrimination between healthy volunteers and patients
with PRP is slightly more pronounced after cold provocation.

Digit Skin Temperature (DST) before cold provocation is not significantly different between healthy volunteers and patients

Peacock (25) noted that after

acclimatization to a room temperature of 20 "C the DST is about 8 °C lower in
patients with PRP than in healthy volunteers.

It is likely that the discrep-

ancy in results is affected by the lower room temperature in Peacock's experiments (20 "C vs. 24 "C in our study)

After cold provocation a significantly

lower DST-min and shorter temperature recovery time are found in patients than
healthy volunteers.
In contrast to DBI measurements no long-term effects of smoking-habits were
found in DST parameters

(no significant difference was found in any of the

parameters).
With respect to the differences between the sexes m

healthy volunteers all

DST parameters, with the exception of the temperature recovery time, are significantly higher m

males than in females. In patients no significant differ-

ences in DST parameters are found between males and females.

Figure 3 shows

that in males a differentiation can be made between healthy volunteers and
patients by all DST parameters except the temperature recovery time

The ROC-

curves of the different DST parameters (Fig. 6) show maximum accuracies up to
90%

(Table

11).

In females only the temperature

recovery

time can to a
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limited extend differentiate between healthy volunteers and patients

The ROC-

curve of the temperature recovery time has a maximum accuracy of 78% using a
discriminating value of 1 7 m m

(Table 11)

The reason of the different dis-

criminating behaviour of the temperature recovery time for males and females
is unknown

In males the results of DST measurements are straight forward

Male patients have lower DST temperatures at room temperature and recover with
a time constant which

is equal to that

decreased temperature level (Fig 4)
pected

Female patients

in healthy males to ultimately

a

In female patients the results are unex-

have at room temperature

females but a faster recovery after provocation

the same DST as healthy

Both in males and in females

these results are in contrast with the results of Cleophas (14), Porter (7)
and Adams (26) who reported a drastic increase in recovery time with respect
to healthy volunteers in combined groups of patients with PRP and SRP
Combining the differences between male and females and between healthy volunteers and patients one has to conclude that healthy females can hardly be discriminated from female and male patients in DST measurements

As in DBI meas-

urements the results of DST measurements suggest that in healthy females a
vasospasm is present which is not significantly different from the vasospasm
in patients

Combining the results of DBI and DST measurements it has to be concluded that
differences between males and females should be carefully taken into account
Once this differentiation has been made it is found that male patients with
PRP can be discriminated both by DBI and DST measurements in an acclimatized
room

Cold provocation does not substantially

improve this

discrimination,

indicating that even without attacks significant differences in hemodynamics
exist between healthy volunteers and patients with PRP
supported by Sumner and Strandness

This conclusion is

(2) who reported abnormal photoplethysmo-

graphic curves in patients with PRP before provocation

In their opinion these

abnormalities suggest an intrinsic change in the viscoelastic properties of
the digital arterial wall

The discrimination of female patients from healthy

females is much more complicated

Only the DBI of digit IV give some evidence

of the presence of vasospastic etiology
In the literature sex differences in Raynaud patients were observed by Wouda
(27) and Bollinger (28). Bollinger observed that the digital blood flow in
males was the same as in females after the menopause
digital blood

flow was

lower

than in males

In younger females the

In our

female

population 7

TABLE 12
Subdivision to Menopause of DBI Measurements in Female Patients
Cold provocation
1 minute after

before
DBI digit II
-males
(n=15)

0 83 ± 0 02

4 minutes after

0 80 ± 0 03

0 78 ± 0 04

-females after menopause
(n= 7)
0 80 ± 0 03
η s
-females before menopause
(n=19)
0 77 ± 0 02

0 77 ± 0 04
η s

0 83 ± 0 03
η s

0 69 ± 0 06

0 78 ± 0 06

DBI digit IV
-males
(n=15)

0 71 ± 0 02

0 73 ± 0 05

0 71 ± 0 04
η ь

0 76 + 0 04
η s

0 57 ± 0 07

0 65 ± 0 06

0 71 ± 0 07

-females after menopause
(n= 7)
0 70 ± 0 04
η s
-females before menopause
(n=19)
0 70 ± 0 02

The significances concerns
after the menopause

the differences

patients were after the menopause
DBI and DST measurements

in females before

and

Table 12 and Table 13 show the results of

in female patients before and after the menopause

with as a reference the results in male patients

Although no significant dif

ferences could be observed the results after the menopause indeed suggest to
be equal to the results in males
before and
young women

Bollinger

after the menopause to hormonal

(28) attributed the difference
factors and dressing habits of

Wouda (27) interpreted differences between males and females

the shape of photoplethysmographic

m

curves in terms of the smaller hands of

females which should make cooling more intense
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TABLE 13
Subdivision to Menopause of DST Measurements in Female Patients

parameter

male
(n=15)

female
after
menopause
(11= 7)

female
before
menopause
(n=19)

temp, before
cooling: DST-pc

25.7
± 0.9

26.0
± 1.5

23.9
± 0.7

n.s.

minimum temp.
just after
cooling: DST-min

14.1
± 0.8

14.3
± 1.1

13.1
± 0.7

n.s.

temp, recovery
time
:τ

1.7
± 0.2

1.6
± 0.3

1.3
± 0.1

n.s.

temp. 5 min after
cooling: DST-5

22.6
± 0.7

23.4
± 2.0

20.6
± 0.9

n.s.

temp. 12 min after
cooling: DST-12

23.9
+ 1.0

26.2
± 2.3

21.9
± 0.9

n.s.

signifi
cance
after-before
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CHAPTER 3
DIGITAL BLOOD PRESSURE AND FLOW MEASUREMENTS IN PATIENTS WITH
PRIMARY RAYNAUD'S PHENOMENON
H.J.CM. van de Wal, P.F.F. Wijn, M.W.J.M. Hoppenbrouwers
and S.H. Skotnicki

ABSTRACT
The value of Digital systolic Blood Pressure (DBF) and Digital Blood Flow
(DBF) measurements for a quantitative diagnosis of Primary Raynaud's Phenomenon (PRP) was evaluated by comparing the results obtained in 10 patients and
20 healthy volunteers.
Digital Skin Temperature (DST), Digital systolic Blood Pressure (DBF), Brachial systolic Blood Pressure (BBP) and Digital Blood Flow (DBF) were recorded
at maximal vasodilatation and during gradual cold provocation.
On maximum vasodilatation no significant differences could be found in DBP and
DBF between healthy volunteers and patients. However, DBF was significantly
different between males and females both in healthy volunteers and in
patients.
During gradual cooling an abrupt decrease in DBF (a closing phenomenon) was
observed in both healthy volunteers and patients. In contrast DBP did not show
a substantial pressure drop. Calculating Digit to Brachial systolic pressure
Indices (DBI) a slight significant increase of DBI can be found during cold
provocation both in healthy volunteers and in patients.
Only the DBI of digit IV during cold provocation showed a significant difference between healthy volunteers and patients which resulted in a maximum accuracy of 83%.
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INTRODUCTION
Raynaud's phenomenon is an episodic local ischemia of the digits caused by an
increase in vasospasm of the small arteries and arterioles in response to cold
or emotional stimuli

It manifests itself by sequential colour changes of the

skin showing pallor, cyanosis and rubor

In case of purely vasospastic eth-

lology the patients are diagnosed as Primary Raynaud's Phenomenon (PRP)

In

all other cases vasospasm is superimposed on an organic obstruction or on a
generalized connective tissue disease

diagnosis Secondary Raynaud's Phenom-

enon (SRP)
According to a number of authors Raynaud's phenomenon can be diagnosed objectively by hemodynamic measurements in the digits during or after cold provocation (1,2,3,4)

However, in case of PRP there is no agreement which diagnos-

tic tests are able to discriminate patients from healthy volunteers and in
which way the natural history and the response to therapy can be assessed
Strandness

(5) reports that the Digital

Skin Temperature

(DST) of Raynaud

patients is decreased at room temperature even in periods without attacks,
suggesting
(DBb)
(5)

a continuous

state of vasospasm with

a low Digital Blood Flow

Many authors reported a delayed recovery of DST after cold provocation

Nielsen and Lassen (2) concluded that the Digital systolic Blood Pressure

(DBP) of Raynaud patients dropped significantly during cold provocation

Sei-

bold and Jageneau (6) described a so-called closing phenomenon in DBF during
gradual cooling

The temperature at which this closing phenomenon becomes man-

ifest was reported to be higher in patients with Raynaud's phenomenon than in
healthy volunteers
In nearly all studies combined results obtained in patients with PRP and SRP
were presented

Since only PRP can be considered as a purely vasospastic dis-

ease, the severity of the vasospasm can only be studied m

this subgroup sepa-

rately
The objective of this study

is to evaluate quantitatively

the effects of

vasospasm on the circulation and to assess to what extend these tests could be
used for the discrimination of patients with PRP from healthy volunteers
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PATIENTS AND METHODS

Patients
Hemodynamic characteristics were determined m
than 2 years

10 patients with PRP for longer

(3 men, 7 women, mean age 44 years, range 26-64 years)

All

patients were free from any medication for at least one month before examination

One patient underwent

study without any improvement
according to the original

thoracic sympathectomy
(7)

3 years

prior to this

The diagnosis PRP was clinically defined

criteria of Allen

and Brown, updated by Allen,

Barker and Hines (8) in 1962
•
•

Recurrent ischemic attacks in the fingers of both hands,
No evidence of occlusive arterial lesions in the extremities

The pres-

ence of arterial stenosis or occlusion was excluded by pulse palpation
and by indirect segmental systolic blood pressure measurements
•

No evidence of any connective tissue disease, negative results in extensive blood tests, in serologic studies and in clinical examinations of
the skin for aberrations suggestive of scleroderma

As a control group 20 healthy persons without any hereditary or clinical signs
of vasospastic disorders

(6 men, 14 women, mean age 34 years, range 21-57

years) were examined using the same protocol as for the patients

In the com-

position of the control group care was taken to have the same sex distribution
and percentage of smokers (40%) and non-smokers as in the patient group (9)

Methods
Digital systolic Blood Pressure (DBP) and Flow (DBF) measurements were determined by strain gauge plethysmography. With strain gauge plethysmography volume changes of the digit were derived from changes in circumference of the
digit detected by changes in resistance of the applied strain gauge. By using
a microprocessor-based Plethysmograph with auto-calibration and auto-zeroing,
changes in resistance of the gauge were automatically available as relative
changes in digital volume (unit: vol% or % which equals, ml/100 gr tissue).
The total blood flow to an extremity can be determined plethysmographically
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from the increase in volume of the extremity immediately after venous occlusion. Venous occlusion was produced by a pneumatic cuff at the proximal phalanx with a cuff pressure of 60 mmHg (well below systemic diastolic blood
pressure (10)). With such cuff pressure the arterial inflow is not disturbed
by the cuff pressure while the venous outflow is blocked. The relatively small
digital volume causes a congested venous pressure which impedes the arterial
inflow within 2 or 3 heart beats.

Therefore the arterial inflow was deter-

mined from the increase in volume during the first complete heartcycle after
venous occlusion. For that purpose it was necessary to trigger the onset of
the venous occlusion cuff pressure on the R-peak of the ECG.

Semicontinuous

DBF measurements could be obtained by inflating and deflating the cuff in a 2
heart beats on, 4 heart beats off rhythm (Fig. 1).

digitlS

FIGURE 1

( m m Hg)
100-

10

Determination
of
DBF.
Recordings of the ECG
triggered cuff pressure and the
Plethysmographie
signals
of
digit
II and IV. Cuff
pressure on and off in a 2 heart
beats on, M heart beats off
rhytm.
Upper
trace:
Plethysmographie
signals
(ml/100
gr
tissue).
Lower trace:
cuff
pressure
{mmHg).

With this procedure the digits do not show any sign of long term venous congestion due to repetitive measurements (6). Digit II and IV were measured both
separately because their nutrition is supplied by different arches.

The blood

flow per unit of time was calculated from the blood flow per heart beat by
multiplying the blood flow per heart beat with the heart rate. The blood flow
per unit of time is a parameter which indicates the total blood flow to the
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digit

The blood

flow per heart beat is a more characteristic parameter for

the magnitude of the peripheral resistance since this parameter is independent
of the heart rate
DBP was determined plethysmographically using the same experimental set-up
Starting with a supra-systolic cuff pressure, the DBP was determined during
gradual cuff deflation as the cuff pressure on which the digital volume starts
to increase together with a synchronous reappearance of pulsations (Fig
I
(vol ·/.)
1

2)

digit
u i y i i uE.digitffi
-AUiyiiui.

(mmHg)

FIGURE 2
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PROCEDURE
Protocol

of the

experiment

During the half hour preceding the investigation the subjects were acclimatized to a room temperature of 24 ± 1 0 C (mean ± SEM)

During this time smok-

ing and the drinking of tea and coffee were not allowed. In this way the short
term effects of smoking are eliminated (11). The long term effects of smoking
can only be eliminated by matching the percentage of smokers and non-smokers
in the control group to the percentage of smokers in the patient group (9).
All subjects were lying on a couch in a supine position. The left arm was
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placed comfortably in an inclining (angle 22°) cylinder (Fig

3) in a way that

the fingers under investigation were at the same height as the measuring site
on the brachial artery (right atrium level)

All investigations were done in

quiet surroundings
digit cuff pressure

"-" brachial pressure
digit skin temperature
tube temperature

FIGURE 3

Schematic drawing

of cooling system in a

cylinder

Two thin plastic cuffs (24 x90 mm, Canodan Copenhagen, Denmark) were placed on
the proximal phalanx of digit II and IV

Mercury in silastic strain gauges

(Medimatic, Copenhagen, Denmark) were placed round the distal phalanx of the
digits near the base of the nail
The DST on the distal phalanx of digit III and the cylinder temperature were
recorded continuously using a thermocouple

The thermocouple was sticked to

the skin with paper plaster for minimal insulation. For reference purposes,
heart synchroneous pulsations of the distal phalanx of digit III were recorded
continuously on the chart recorder by a photoplethysmographic method

The bra-

chial systolic blood pressure (BBP) was checked to be identical on both arms
The BBP of the contralateral arm was measured automatically every 2 minutes
throughout the experiment by the oscillometnc method (Dinamap, Criticón Inc.
Florida USA)
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Heating

and cooling

procedure

Once all the connections were made and the patient was acclimized and at ease
on the couch, the measurements were started with the recording of DBF and DBF
at room temperature.

After these initial measurements the complete forearm

was heated by blowing warm air through the cylinder (see Fig. 3) until the DST
reached a value of 40 "C. This heating was completed in approximately 10 minutes. After stabilizing DST at 40 °C for at least five minutes to achieve a
maximum vasodilatation

(12,13), DBF and DBP were measured again.

From that

moment on DBF measurements were recorded continuously, interrupted intermittently by DBP measurementb. Starting from a condition of maximum vasodilatation the DST was decreased slowly at a rate of .5
constriction.

Cooling

cylinder. Cooling was
stopped

earlier

when

was

produced

continued

by

blowing

to 1 0C/min to induce vasodry

C02-air

until DST had decreased

the patient

experienced

to

uncomfortable

through
10

0

the

C or was

pain.

DBP was

recorded for each 2.5 °C decrease in DST. The overall time needed to complete
the whole experiment was about one hour (acclimatisation time excluded).

The

effects of interindividual differences in BBP on the results can be eliminated
by calculating the Digit to Brachial systolic blood pressure Index (DBI) from
DBP and BBP. DBI is defined as:

DBP
DBI

=
BBP

With respect

to DBP, DBI has the advantage to characterise

the peripheral

resistance independent of systemic effects. By its definition DBI reflects the
ratio between

the peripheral

resistance

and

the total

resistance

of

the

arterial bed (= proximal arterial resistance + peripheral resistance).

RESULTS
During the cooling period none of the patients or healthy volunteers experienced a Raynaud's

phenomenon, and no typical changes

in skin colour were
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observed

28 out of 30 persons underwent the complete cooling session (DST

equaled 10

0

C)

Two cases (1 healthy volunteer and 1 patient) asked for the

cooling to be stopped at a DST of 21 GC because of pain sensation

Digital

Blood Flow

DBF measurements
temperature

(DBF)
showed in all subjects wide variations with time at each

For that reason DBF at a certain temperature cannot be determined

in a single measurement but has to be calculated as the average DBF from a
number of consecutive measurements. DBF during maximum vasodilatation (M-DBF)
was determined after the 5 minutes stabilizing period at 40

0

C

M-DBF was

defined as the average DBF value of all DBF measurements obtained after the
begining of the cooling procedure untili DST was decreased to 35 "C.

The

average M-DBF calculated

in healthy volunteers and patients differed widely

from subject to subject

Both for healthy volunteers and patients a distinc-

tion can be made in subjects with a relatively

high M-DBF (more than 0.8

vol/o/heart beat), a moderate M-DBF (more than 0.4 volVheart beat and less
than 0 8 volVheart beat) and a low M-DBF (less than 0 4 vol/o/heart beat).
Yet, in all healthy volunteers and patients a considerable, abrupt decrease in
DBF was noticed during cold provocation at a certain DST value. This abrupt
decrease which is called a closing phenomenon (12,13) is due to a drastic rise
in peripheral resistance. The abrupt decrease in DBF can easily be observed by
plotting all DBF values recorded during a cooling procedure as a function of
DST in a scatter diagram

Fig. 4 shows DBF vs

DST scatter diagrams for dig-

iti II (open squares) and IV (asteriks) of healthy volunteers

(normals) and

patients with a relatively high (A), moderate (B) and low (C) M-DBF.
All these scatter diagrams show that once DST falls below a certain level (so
called closing temperature) the variability of DBF also becomes smaller

To

quantify the DBF vs. DST scatter diagrams 3 parameters were determined
•
•

The average DBF at maximum vasodilatation: M-DBF
The Relative Closing DST: RC-DST (i.e the DST at which the DBF has been
decreased to less than 50 % of M-DBF)

•

The Absolute Closing DST: AC-DST (i.e. the DST at which DBF has been
decreased to less than 0.1 vol°«/heart beat (6))

From the M-DBF values per heart beat the blood flow per minute was calculated
by multilying with the heart rate. Table 1 shows a survey of the results found
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DBF vs. DST scatter diagrams for digit II (open squares)
and IV
of healthy volunteers
(normals) and patients with Primary Raynaud's
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high (A), moderate (B) and low (C)
M-DBF.
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in healthy volunteers and patients. Table 1 shows that all parameters are not
significantly different between healthy volunteers and patients.
TABLE 1
Digital Blood Flow at Maximum Vasodilatation (M-DBF)
in Healthy Volunteers (Normals) and Patients with
PRP.
digit II

digit IV

significance

M-DBF per heart beat
normals
patients

0.77 ± 0.11
n.s.
0.71 ± 0.11

0.57 ± 0.08
n.s.
0.55 ± 0.12

p<0.001

37.8 ± 5.0
n.s.
37.8 ± 8.3

p<0.001

p=0.04

M-DBF per minute
normals
patients

51.6 ± 7.4
n.s.
48.0 ± 7.8

p=0.04

Digital blood flow at maximum vasodilatation
(mean ± S.E.M.)
in vo/% per heart beat
minute of the digits
II and IV in healthy
(normals)
and in patients
with
PRP.

(M-DBF)
and per
volunteers

Both in healthy volunteers and in patients M-DBF is significantly

less in

digit IV than in digit II (Student T-test for paired measurements). The M-DBF
in digit IV is approximately 75% of the M-DBF in digit II. Both the RC-DST and
the AC-DST of digits II and IV did not differ significantly (Table 2 ) . In each
subject RC-DST and AC-DST were always identical in both digits.
A subdivision of the results obtained in males and females shows significant
differences in M-DBF both in healthy volunteers and in patients

(Table 3 ) .

Both for digit II and digit IV the M-DBF is less in females than in males
(approximately 50%). This difference occurs in healthy volunteers as well as
in patients. No subgroup showed any significant
volunteers and patients.

difference between healthy
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TABLE 2
Relative (RC-DST) and Absolute (ЛС-DST) Closing
Temperatures (mean ± S E.M ) ("С) in Healthy Vol
unteers (Normals) and in Patients with PRP

RC-DST
normal
patients
AC-DST
normals
patients

Digital

systolic

digit II

digit IV

signifi
cance

23 2 ± 1.7
η s.
23.1 ± 2.6

22.8 ± 1 7
n.s
25.6 ± 2.3

n.s

15.5 ± 1.9
η s
16.8 ± 1.9

14.4 ± 1 5
n.s.
15 7 ± 3.2

η s

Blood Pressure

n.s

n.s

(DSP)

Both in healthy volunteers and in patients Brachial systolic Blood Pressure
(BBP) at maximum vasodilatation was not significantly different from BBP dur
ing cold provocation (Fig. 5)
At maximum vasodilatation BBP was in healthy volunteers 126.2 ± 11.6 mmHg and
in patients 128.8 ± 17.0 mmHg (mean ± s d ).

At maximum vasodilatation DBP

was not significantly different in digit II and IV: In healthy volunteers in
digit II 109.2 ± 14.0 mmHg and in digit IV 104 7 ± 13 2 mmHg, in patients
digit II 107.4 ± 12.8 mmHg and in digit IV 101.3 ± 13.0 mmHg.
cooling DBP also did not change significantly

m

During gradual

Fig. 6 shows the results of the

DBP measurements of digit IV.
No sudden pressure drop due to a temperature

closing phenomenon could be

noticed. The standard deviations of the mean pressure values primarily repre
sent interindividual differences in BBP.
maximum

vasodilatation

Table 4 shows the results of DBI at

in healthy volunteers

and in patients. In patients

DBI's are lower than in healthy volunteers. However for both digits no statis
tical significant difference can be demonstrated.
The results of DBI during maximum cold provocation (DST = 15 "C) are presented
in Table 5. As m Table 4, Table 5 shows that m patients DBl's are lower than
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TABLE 3
Digital Blood Flow at maximum vasodilatation (M-DBF), Relative
(RC-DST) and Absolute (AC-DST) Closing Temperatures in Healthy
Volunteers (Normals) and Patients with PRP subdivided to Sex
M-DBF per
heart beat

M-DBF per
minute

RC-DST

AC-DST

digit II
normals
men
1 12 ± 0 13
p=0 006
women
0 62 ± 0 13

68 4 ± 7 6
p=0 05
44 4 ± 9 6

22 2 ± 1 8
η s
23 ο ± 2 4

12 В ± 1 8
η s
16 6 ± 2 6

patients
men
1 10 ± 0 08
p<0 001
women
0 54 ± 0 06

78 6 ± 6 9
p<0 001
35 4 ± 3 8

24 5 ± 1 3
η s
22 4 ± 2 6

14 7 ± 2 2
η s
17 6 ± 1 7

digit IV
normals
men
0 87 ± 0 14
p=0 008
women
0 44 ± 0 08

53 1 ± 7 8
p=0 02
31 5 ± 5 5

21 3 ± 2 1
η s
23 5 ± 2 2

14 6 ± 2 7
η s
14 3 ± 1 8

patients
men
0 87 ± 0 20
p=0 04
women
0 41 ± 0 09

62 0 ± 7 0
p<0 001
27 3 ± 5 4

24 5 ± 1 9
η s
26 0 ± 3 3

14 7 ± 3 2
η s
16 1 ± 2 1

M-DBF values
(mean ± SEM) per heart beat and per minute and
the RC-DST and AC-DST values of digit
II and IV for male and
female healthy
volunteers
(normals)
and patients
significances
indicate male-female
comparison

in healthy volunteers

In digit IV this difference is significant

Comparing

the results of DBI at maximum vasodilatation and at maximum vasoconstriction
(Table 4 and 5) it can be concluded that both in patients and in healthy vol
unteers DBI

is higher

vasodilatation

This

during maximum

difference

vasoconstriction than during maximum

is highly

significant

(p<0 001)

Both

in

healthy volunteers and in patients the results of DBI in digit IV at maximum
vasodilatation and at maximum vasoconstriction are lower than in digit II
Nevertheless all differences in DBI between these two digits are not signifi
cant

A subdivision of the results of DBI to sex reveals that both in healthy

volunteeers and in patients for both digits no significant differences could
be found
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The s i g n i f i c a n t difference in DBI between healthy volunteers and p a t i e n t s

in
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TABLE 4
DBI (mean ± S.E.M.) for Digits II and IV at Maximum Vasodilatation (DST
= 40 0 C ) in Healthy Volunteers (Normals) and in Patients with PRP.

normals
patients

digit II

digit IV

0.85 ± 0.02
n.s.
0.81 ± 0.02

0.82 ± 0.02
n.s .
0.74 + 0.04

signifi
cance
n.s.
n.s.

TABLE 5
DBI (mean ± S.E.M.) for Digits II and IV during Cold Provocation (DST =
C
15 C) in Healthy Volunteers (Normals) and in Patients with PRP.

normals
patients

digit II

digit IV

0.89 ± 0.01
n.s.
0.87 ± 0.03

0.88 ± 0.02
ρ =0.03
0.80 ± 0.03

signifi
cance
n.s.
n.s.

TABLE 6
Discriminating value, maximum accuracy, specificity and sensitivity of
the DBI of Digit II and IV at Maximum Vasodilatation (DST = 40 "C) and
during Cold Provocation (DST = 15 "C).
discri
minating
value

DBI

accuracy

specificity

sensitivity

0

at 40 C
digit II
digit IV

0.76
0.76

66 Ζ
72 %

85 Ъ
80 %

22 X
56 %

at 15 'C
digit II
digit IV

0.83
0.83

76 %
83 %

95 %

33 %
78 %

85 %

digit IV at maximum vasoconstriction give rise to evaluate DBI of digit IV for
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diagnostic purposes

Specificity, sensitivity

and maximum accuracy together

with Receiver Operator Characteristic (ROC) curves are commonly used to effec
tuate this evaluation (9,16)
of 83% was

found

patients with PRP (Table 6)
0 83

At maximum vasoconstriction a maximum accuracy

for a correct

classification

of

healthy

volunteers

and

The corresponding DBI for this discrimination is

At maximum vasodilatation the maximum accuracy was only 72°« with a DBI

of 0 76 as a discriminating value

Fig

7 shows the corresponding ROC-curves

(16)

100 °l.

r. 50FIGURE 7

ROC curves
digit to brachial indexes
χ digit Effat 40°
о digit LS at 15°

ROC curves
of the DBI
of
digit
IV at maximum
vasodila
tation
(DS7~ =40
°C)
and
during
cold provocation
(DST
= 15 »C)

DISCUSSION
None of our patients suffering from PRP showed a white-blue-red colour change
during cold provocation
be

The reasons for the absence of this phenomenon could

the slow cooling rate (approx

1 0 C/min), a limited heat exchange between

the air in the tube and the skin, and the room temperature of 24 "C
Strandness and Sumner (5) advised a room temperature between 10 and 22 "C for
producing visible colour changes

They also experienced nearly normal reac

tions in patients at a room temperature of 24 - 27 "C

Cleophas (11) advised a

room temperature of 24 "C for an optimal discrimination between healthy volun
teers

and patients

in a cold provocation

test

Nielsen

found that

local
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cooling could not discriminate between healthy volunteers and patients with
mild forms of Raynaud's phenomenon, irrespective of the room temperature.

He

advised additional systemic cold provocation (2).
In DBF the most striking observation was the high inter-individual variation
in magnitude of the flow during maximum vasodilatation (M-DBF) both in healthy
volunteers and in patients with PRP.

Even under carefully controlled condi-

tions with regard to room temperature, cooling procedure, and absence of emotional stress, these variations were noticed. Moreover, the value of the M-DBF
in each

individual varies very

considerably

within seconds

(12).

Despite

these variations a significant decrease in DBF can be noticed in all subjects
during

cold

provocation

once

the

critical

closing

temperature

has

been

reached. Below that temperature both DBF and the variability of DBF are drastically decreased.

Presumably the vascular bed has become less sensitive for

variations in sympathetic stimuli during vasocontriction (15).

M-DBF showed

no difference between healthy volunteers and patients (Table 1). This result
is in contrast to the observations

of Cofman

(1) and Peacock

(14). These

authors reported at room temperature a significantly lower DBF and fingertip
capillary blood flow in patients with Raynaud's phenomenon than in healthy
volunteers.

Both in healthy volunteers and in patients with PRP a significant

difference in M-DBF can be noticed between men and women (Table 3 ) .

Since in

our study the number of male healthy volunteers and patients are rather low (6
and 3 respectively) the differences in M-DBF between males and females has to
be very pronounced to reach a significant level.
Since blood

flow values

are determined

plethysmographically on a relative

scale (ml/100 gr.tissue/min) the higher flow values in men cannot be attributed to different sizes of the digits between males and females. Bollinger
(17) reported a significantly lower DBF in healthy young women than in women
after the menopause and in healthy young men. Bollinger also mentioned only
marginal differences between the group of healthy young women and patients
with Raynaud's

disease. The average

age of the women

in our study was 44

years. Two out of the seven female patients were well before the menopause,
these 2 indeed had the lowest DBF of all women (M-DBF of 0.26 and 0.30 respectively; mean M-DBF is 0.54). Our results support the conclusions proposed by
Bollinger. It should be noted that since 70% of the patients suffering from
Raynaud s phenomenon are females and since males have a significantly higher
M-DBF than females, an apparent lower M-DBF will always be found in patients
if

the sex

distribution

in

healthy volunteers

is not

equal

to

the

sex

65
distribution m

the patients

Both the RC-DST and AC-DST could not discriminate between healthy volunteers
and patients with PRP

The RC-DST appeared rather difficult to define in sub-

jects with a gradual decrease m

DBF flow during cold provocation

The AC-DST

lacked accuracy because of the intermittent occurance of relatively high flow
values in some patients during the closing phenomenon

Gaskell (18) reported a

complete stop in blood flow below the critical closing temperature in the tip
of the digit measured by nail fold capillary spectroscopy

Lewis

(19) men-

tioned that a vasospastic closure phenomenon of digital arteries is the main
reason from Raynaud attacks

Krahenbuhl (20) supported this view

The non-dibcriminating character of the closing temperature is in contrast to
the results presented by Seibold
between healthy
parameter

(6), who suggested a clear discrimination

volunteers and patients with Raynaud's phenomenon

by this

We have no explanation for this discrepancy since our experimental

set-up was similar to the set-up of Seibold
Strandness and Summer (5) concluded that, despite the appearance of a closing
phenomenon,

DBF

measurements

rould

not serve

as

a

discriminating

factor

between healthy volunteers and patients with PRP due to the high inter-individual variability

In our study the digits II and IV of the same subject

showed qualitatively a simular variability and temperature dependence
agrees with Hirai

(21) and Stephens (22)

This

Although the magnitude of DBF in

digit IV is significantly less (about 30 %) than in digit II the qualitative
similar results do not suggest different DBF characteristics in digit IV than
in digit II
Despite the considerable changes in DBF during cold provocation the DBP did
not show any significant changes by cooling

DBP values measured with the

occluding cuff at the proximal phalanx can be considered as a measurement of
the systolic pressure at the palmar arch (20,21)

Since the DBI in healthy

volunteers are higher than in patients with PRP and since in both groups DBl's
increase during cold provocation it can be concluded that in patients with PRP
both the arterial resistance proximal of the proximal phalanx and the peripheral resistance of the digit are affected, while during severe cold provocation only the peripheral
healthy

resistance

volunteers the DBI

can

(and so the DBI) increases

increase more by cold

Since in

provocation than in

patients which already have an increased vasospastic state, the discrimination
between healthy volunteers and patients with PRP is slightly more pronounced
during cold provocation (9)
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A sudden pressure drop in DBP below the critical closing temperature, as first
suggested by Burton (23) in 1951 and supported by others in human experiments
(6,20,24) could not be confirmed by our measurements. Despite the low flow
state the pressure could still be measured and was still at about the same
value as at room temperature or as during maximum dilatation. Anderson (25)
also produced evidence against a pressure drop phenomenon in the proximal phalanx. In contrast to a pressure drop a slight but significant increase of DBI
was found during cold provocation in our study both in healthy volunteers and
in patients with PRP. Nielsen (26) described a simular increase in DBP. Nielsen also reported that DBP does not give significant information about the
state

of

vasospastic

disease

in patients

with

Raynaud's

phenomenon.

Our

results show that DBI can discriminate between healthy volunteers and patients
but that this discrimination, although much better than guessing, lacks accuracy. The minimal, not significant, increase of upper arm systolic blood pressure during cold provocation (Fig. 5) indicates that the effects of systemic
vasomotor reflex on the digital blood pressure can be neglected. Moreover, the
DBI is independent from this systemic effect. The results of the DBI measurements in this study are simular to the results found in an earlier study using
instant cold provocation to a DST of about 16 0 C (9). The results of DBI found
during maximum vasodilatation did not differ from the pre-cooling results in
that study. The DBI found during maximum vasocontriction is well in agreement
with the

results found 4 minutes

after cold provocation.

This

simularity

together with the lower DBI values found 1 minute after instant cold provocation in that study
effect

on

suggest that the cooling technique has only a limited

the results

(only

immediately

after

instant

cold provocation).

Male-female differences could not be demonstrated in DBI measurements. This
result which

is in contrast to the previous study concerning

instant cold

provocation can be explained by the low number of males in this study.
Nuzacci (13) reported that the systolic upper arm to digital pressure difference is an adequate parameter for diagnosing Raynaud's phenomenon. This difference indeed reflects the decreased DBI in patients with PRP in our study.
However, this difference will

lack accuracy

since this difference will be

affected by interindividual differences in systolic blood pressure.
The results of DBI measurements leads to the conclusion that in patients with
primary

Raynaud's

phenomenon both the arterial

resistance proximal to the

digit and the peripheral resistance in the digits are increased. By artificially

provoking

an attack

only the

peripheral

resistance

distal of

the
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proximal phalanx increases substantially. This additional increase in peripheral resistance is reflected both in a considerable decrease in Digital systolic Blood Flow (DBF) (the temperature closing phenomenon) and in a slight
increase of the Digit to Brachial systolic blood pressure Index

(DBI). DBI

during maximum vasoconstriction appeared to be the best discriminating parameter between patients and healthy volunteers, although the maximum accuracy is
limited to 83%.

The so-called closing phenomenon appeared to be not useful as

a screening test.
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CHAPTER 4
DOPPLER SPECTRUM ANALYSIS OF THE RADIAL AND ULNAR ARTERY IN
PATIENTS WITH PRIMARY RAYNAUDS PHENOMENON
H J С M

van de Wal, Ρ F F

Wijn and S H

Skotnicki

ABSTRACT
Spectrum analysis of the arterial Doppler signals are commonly used to detect
changes in blood flow velocities caused by arterial obstructive disease, less
common is the use of this method to estimate periferal vascular resistance
The aim of this study was assessment of the usefulness of the spectrum analy
sis of the arterial Doppler signals in the detection of changes in the periph
eral resistance during vasospasm
lor this reason the Doppler spectra of the
radial and ulnar arteries were analysed in 41 patients with primary Raynaud's
phenomenon and in 21 normal volunteers both at rest and after cold provoca
tion
The Doppler spectra were fed into a computer in order to determine the maximum
frequency waveforms and quantitative parameters of these waveforms automati
cally Parameters were calculated in three different ways, according to meth
ods described by Fronek, Gosling and Skidmore
Gosling's Pusatility Index and Skidmorc's Transfer lunction Analysis appear to
be not suitable to detect increased peripheral resistance in the digits At
room temperature a number of Fronek parameters show significant differences
between normal volunteers and patients detecting evidence of an increased
peripheral resistance in patients such as
decreased end-diastolic flow and
increased duration of the downslope of the systolic deflection in combination
with decreased mean and maximum frequencies
Cold provocation did not change
the Doppler spectra
Both in the normal volunteers and in patients sex differences are more pro
nounced than differences between normal volunteers and patients of the same
sex Females show a higher peripheral resistance than males both in normal
volunteers and in patients
Our study suggest that Doppler spectral analysis is a useful method in the
quantitative assessment of increased peripheral arterial resistance
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INTRODUCTION
Maurice Raynaud, 1862, was the first who described cyclic color changes of
digital skin on cold or emotional stimuli

Without any organic and/or systemic

pathology this phenomenon is called Primary Raynaud's Phenomenon (PRP)
other

cases

it

is

called

Secundary

Raynaud's

Phenomenon

(SRP)

In all
Only

in

patients with PRP the ethiology is considered as purely vasospastic (Coffman
and Davies 1975)
Most commonly the exclusion of organic and systemic pathology is based on the
criteria of Allen and Brown (1932) updated by Allen, Barker and Hines in 1962
For the exclusion of organic obstructions and the quantification of the vasospastic disorder Digital systolic Blood Pressure (DBP) and Digital Skin Temperature (DST) measurements have been described in combination with direct or
indirect provocation tests (Strandness and Sumner 1975, Jamieson et al 1971,
Hoare et al 1982, Lafferty et al 1983)

Vasospasm m

the digits is reflected

in a lower digital skin temperature due to limited blood flow (Wal vd 1986)
Since in PRP the DBP of the proximal phalanx is hardly lower than in healthy
volunteers without vasospasm (Wal vd 1986) it can be assumed that the limited
digital blood flow is caused by an increased peripheral resistance in the digits

A number of authors

(for instance Rittenhaus et al 1976, Sainz et al

1977) have shown that a decreased

peripheral resistance of a vascular bed is

reflected in some parameters of the Doppler spectrum maximum frequency waveform proximal to the pathology
The aim of this study is to investigate whether an increased
tance is also reflected in the Doppler spectrum

peripheral resis-

The shape of the Doppler

spectrum of a particular artery can be influenced by a proximal obstructive
process,

by

changes

in

vessel

wall stiffness

and

by

an

increased

decreased resistance of the distal vascular bed (Skidmore 1979)

or

a

Doppler spec-

tra of the radial and ulnar artery were obtained in a homogeneous group of 41
patients with PRP and in 21 healthy volunteers, without heriditary or clinical
evidence of vasospasm
and immediately

The spectra were recorded twice

after instant

cold provocation

at room temperature

Both the radial and ulnar

artery were studied in order to be able to differentiate between the two palmar arches (Coleman and Anderson 1961)
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PATIENTS AND METHODS
Doppler spectra were recorded in 41 patients suffering from PRP for longer
than 2 years (26 females, 15 males, mean age 46 years, range from 15 to 74
years). All patients fullfilled the criteria of Allen, Barker and Hines (1962)
for PRP. The exclusion of systemic and arterial

obstructive disease which

could be responsible for occurance of vasospasm comprised an examination of
the skin of the hands and the digits for any sign suggestive for scleroderma
and blood pressure measurements at the arm, forearm and fingers. Signs of thoracic outlet compression or carpal tunnel syndrome were excluded by the Adson
test (Adson 1951). There was no anamnestic evidence for other cardiovascular
disorders.
As a control group 21 healthy volunteers without medication and any heriditary
or clinical signs of vasospastic disease (14 females, 7 males, mean age 34
years, range 24 to 56 years), underwent the same examinations for reference
purposes.
Prior to the investigation the subjects were acclimatized during 30 minutes to
a room temperature of 24 °C. During this time smoking and the drinking of tea
and coffee were prohibited. In this way the short term effects of smoking are
eliminated

(Cleophas

1982).

The

long

term

effects

of

smoking

cannot

be

excluded from the study. According to Cleophas the effects of smoking cigarettes are noticable even 24 hours after refraining from smoking. In a previous study (Wal vd, 1986) we have shown that in our patient group the effects
of smoking did not significantly

change the results. For this reason the

effects of smoking habits on the discrimination between healthy volunteers and
patients with PRP has been excluded by taking care that the percentage of
smokers in the normal group is not significantly different from the percentage
of smokers in the patient population.
Both healthy volunteers and patients were examined in a standardized position
in which care was taken to measure systolic blood pressure on upper arm, fore
arm and digits on the same height.
The results of the indirect systolic blood pressure measurements on upper arm,
fore arm and digits in healthy volunteers and patients with PRP are presented
in Table 1. Table 1 shows that at all levels no significant differences could
be found between healthy volunteers and patients (Kruskal Wallis distribution
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free rank test) indicating the absence of arterial obstructive disease. Small
differences in systolic digital blood pressure between healthy volunteers and
patients are commonly found (Nielsen 1978, Nuzzaci et al 1981) and are within
the limit of the error of the method.
TABLE 1
Systolic Blood Pressure Measurements
site of
measurement

normals
η = 21

PRP
η = 41

signifi
cance

Brachial

128 ±

3

132 ±

3

n.s.

Radial

109 ±

5

118 ±

3

n.s.

Ulnar

107 ±

4

116 ±

3

n.s.

Digit II

106 ±

5

106 ±

3

n.s.

Digit IV

104 +

4

95 ±

4

η s.

Systolic blood pressure measurements {Mean t SEM)
on the upper
arm {brachial
artery),
fore
arm
{radial and ulnar arteries) and digits {II and IV) in
normal volunteers {normals) and patients with PRP
In this table and in all following tables asterix
indi
cate two-sided significant
differences:
**.p < 0.01,
*:p < 0.05, n.s.: ρ > 0.10• not
significant.

The investigation started with the registration of the Doppler spectra of the
radial and ulnar artery at room temperature.

After that, cold provocation was

applied by immersing the subject's hand, gloved in a rubber sheet, wrist high
in ice water for 2 minutes. In order to intensify the cooling the subject was
asked to move his hand in the ice water. In this way the digital skin tempera
ture decreased to approximately 16 0 C .
the Doppler

spectra

of the radial

Immediately after the cold provocation
and ulnar

artery

were

recorded again.

According to Strandness (1975) cooling the digital skin to 15 to 20 "C. is a
provocation which is most effective in provoking a vasospastic attack without
systemic effects.
Doppler spectra were recorded by a Radionics SA8000 real-time spectrum ana
lyser using a bidirectional C.W. Doppler probe with an emitting frequency of
8 MHz (Medasonics). The spectrum analyser was equipped with a marker for ECG
R-peak detection

and coupled to a PDP-11/23 computer in order

to evaluate
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FIGURE 1 A and В
spectra quantitatively on-line. Doppler bpectra are usually represented by a
gray scale display in which time is on the horizontal axis, Doppler frequency
shift on the vertical
the gray scale

axis and the power of the received Doppler signals in

In many cases Doppler spectra show bidirectional

information

of the blood velocity, both advancing flow towards the probe and receding flow
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I

Fronek Parameters
Advancing MAX-curve
TUP
TMAX
TDWN
FMAX
SLUP
SLDWN
XPOS
FDIA

,

time interval between ECG-tngger and the upslope
of the systolic deflection
duration of the upslope of the systolic deflection
duration of the downsJope of the systolic deflection
maximum frequency of advancing curve
inclination of the upslope of the systolic deflection
declination of the downslope of the systolic deflection
mean frequency of advancing curve
end-diastolic frequency

Receding MAX-curve

с
FMIN
maximum frequency of receding curve
XMIN
mean frequency of receding curve
FIGURE 1

Example of a Doppler spectrum (1A), the MAX-curves
nek parameters derived from the MAX-curves (1B+1C)

away from the probe during the same heartcycle (Fig

(7/4+8) and the Fro

1A)

Venous flow can easily be distinguished from receding arterial flow due to the
non-pulsatile pattern of venous flow
spectra helps

to optimize

The real-time display of the Doppler

the insonation

of the vessel

The

probe can be

manipulated until best quality signals are visible on the display
Best quality is defined by the absence of high intensity spots in the grey
scale near the baseline

(these spots are indicative for vessel wall move

ments), by the absence of cross-talk (reversed image of advancing spectrum in
receding spectrum) and by a concentration of high intensity near the maximum
frequency all over the heart cycle (i e
tre of the vessel) (Wijn 1985)

an indication for insonating the cen

Once optimal spectra were visible on the dis

play of the spectrum analyser the image was frozen

Starting from an EGG

marker the Doppler spectrum of one heart beat (1 second) was fed into the com
puter via a RS232C interface for further quantitative analysis
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ANALYSIS OF ARTERIAL DOPPLER SPECTRA
From the Doppler

spectra the maximum frequency

determined off-line by the computer

waveforms

(MAX-curves) were

The maximum frequency waveform represents

the velocity of the fastest-moving blood cells during the heart cycle
Processing advancing and

receding blood flow separately

two MAX-curves are

obtained from pach spectrum which indicate the maximum advancing and receding
velocity as a function of time (fig 1A)

The algorithm by which the MAX-curves

have been derived comprises local convolution of the spectra by a window, 5
spectral lines wide and 3 frequency bits high, and a fast Fourier transform 20
Hz low-pass filtering of the MA\-curves

Local convolution was necessary to

minimize disturbances

due to noise or due to a drop in

intensity

of

the

of the MAX-curves

received

signal

In cases

in

which

it

is

necessary

to

describe the Doppler spectrum by a single curve (for instance in the case of
Transfer Function Analysis) the difference between the advancing and receding
MAX-rurve is taken
Quantitative parameters of MAX-curves wore determined in three different ways
•

analysis according to the method of Fronek (1976)

•

Pulsatility Index described by Gosling (1971, 1976)

•

Transfer Function Analysis described by Skidmore (1979)

Analysis

according

to the method

of

Fronek

Fronek characterised Doppler curves in a straight forward way

Both from the

advancing and the receding ΜΑλ-curve a number of parameters were derived which
describe the shape of the curve (Fig IB)

Figure 1С shows a list of parameters

which can be selected for describing Doppler curves

According to Rittenhaus

et al (1976) and Sainz et al (1977) the end-diastolic frequency (FDIA) and the
duration and declination of the downslope of the systolic deflection (TDWN and
SLDWN) are parameters which are indicative for peripheral resistance
In case of a decreased peripheral
increase and
reflected

SLDWN to decrease

resistance FDIA and TDWN are supposed to

A decreased peripheral

resistance is also

in an increase of the mean advancing frequency XPOS and, usually

less pronounced, m

an increase of the maximum advancing frequency FMAX
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The

receding MAX-curve

resistance
curve

is

often not

present

in

cases

of

low

peripheral

Both the mean frequency and the maximum frequency of the receding

(XMIN and FMIN) can be used to detect small decreases in peripheral

resistance (the occurance of a monophasic Doppler spectrum)
sented study a detection of an increase

Since m

the pre-

in peripheral resistance is to be

expected, the a priori absumption is that the parameters which change in case
of a decreased peripheral resistance will change in the opposite direction in
case of an increased peripheral resistance

Analysis according

to the method of Gosling

Gosling introduced a method which characterises the shape of the Doppler waveform by a single parameter

the pulsatility index (PI)

PI is defined as the

ratio between the peak to peak difference and the mean frequency of the waveform

The peak to peak difference is the difference in frequency between the

maximum advancing frequency and the maximum receding frequency
Since the mean frequency of the advancing and receding max-curve together can
be defined as XPOS + XMIN, PI is defined as
(FMAX - FMIN)
PI

=
(XPOS + XMIN)

Since PI is a ratio between frequencies derived from the same spectrum, it is
a dimensionless number which indicates the shape of the MAX-curves independently of the angle of the probe
Several authors (Baird et al 1980, Ward and Martin 1980) have shown that PI is
decreased in case of proximal stenoses and in case of a decreased peripheral
resistance

It should be expected that in the situation of increased periph-

eral resistance PI will show higher values

The assumption is that the PI will

increase in case of increased peripheral resistance

Skidmore's

Transfer

Function

Analysis

In 1976 Skidmore introduced a new method to characterise Doppler waveforms
Transfer Function Analysis

In Transfer Function Analysis a simple mechanical

model is used to describe the Doppler waveform by 3 parameters each having a
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direct physical implication:
•

OMEGA indicating the stiffness of the arterial wall

•

DELTA indicating the proximal lumen of the vessel

•

GAMMA indicating the peripheral resistance.

The model has the disadvantage that it is based on the vessel properties of
the femoral artery in a non-obstructed condition.

This means that at other

sites or in pathological conditions it does not necessarily will be applicable
(Skidmore 1979, Baird et al 1980, Reneman

1981). To our knowledge Transfer

Function Analysis has never been used before in cases of fore arm and/or digital pathology.
Theoretically
elements of

it should be expected that in the situation of vasospasm two
the

model, namely

the vessel wall

stiffness

(OMEGA) and the

peripheral resistance (GAMMA) will be affected.

RESULTS
The results of all parameters of all 3 analysing techniques (Fronek 1976, Gosling 1976, and Skidmore 1979) of both the radial and ulnar artery in healthy
volunteers and patients with PRP before and after cold provocation are presented in Table 2.
The significances of the differences between parameter values in healthy volunteers and patients are presented in the last column.

The significances of

the differences between the results before and after cold provocation are presented below the parameter values.
The parameters according to Fronek (Table 2) show that more significant differences between healthy

volunteers

artery than for the radial artery.

and patients

are found

for the ulnar

However, in both arteries the trends of

the changes are similar.
Before cold provocation the end-diastolic flow (FDIA) in the ulnar artery is
significantly

lower

in patients, indicating an

increased peripheral resis-

tance. This increase in peripheral resistance can also be seen in a decrease
in the duration of the downslope (TDWN).
quency

of

the

advancing

curve

(FMAX

The decreased maximum and mean freand

XPOS)

are

also

indications

of

increased peripheral resistance (less flow). The declination of the downslope
(SLDWN) does not show the increased value which should be expected from the
decreased TDWN. The significant decrease in FMAX (about 30% of the normal
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TABLE 2
Parameters Derived from the Arterial Doppler Spectrum
RADIAL ARTERY
normals
patients

sign.

ULNAR ARTERY
normals
patients

s ign.

PARAMETERS ACCORDING TO THE METHOD OF FRONEK
TUP (msec)
167 ±
4 n.s.
175 ±
4
173 +
7
before
174 ±
3
177 ±
5
168 ±
7
after
176 ±
3
170 ±
5 n.s.
n.s.
n.s.
n.s.
n.s.
TMAX (msec)
66 ±
2
63 ± 2.5
before
69 ±
2
66 ± 1.5 n.s.
64 ±
4
66 ± 2.0 n.s.
66 ±
3
after
66 ±
2
n.s.
n.s.
n.s.
n.s.
TOWN (msec)
83 ±
3
98 ± 10 n.s.
72 ±
4
before
84 ±
3
85 ±
6
100 + 14
after
82 +
4
89 ±
9 n.s.
n.s.
n.s.
n.s.
n.s.
FMAX (Hz)
before
2661 ± 170 2271 ± 156 n.s.
2932 ± 247 2073 ± 184
2417 ± 244 1978 ± 274
after
2556 ± 169 2121 ± 147 n.s.
n.s.
n.s.
n.s.
n.s.
SLUP (Hz/msec)
51 ±
4
40 ±
4
before
43 ±
3
39 ±
3 n.s.
40 ±
5
38 ±
3 n.s.
46 ±
5
after
45 ±
4
n.s.
n.s.
n.s.
n.s.
SLDWN (Hz/msec)
-36 ±
3
before
-33 ±
2
-25 ±
3
-30 ±
3
*
-29 ±
3
-28 ±
3
after
-32 ±
2
-26 ±
3 n.s.
n.s.
n.s.
n.s.
n.s.
XPOS (Hz)
631 + 122
334 ± 57
before
503 ± 70
499 ± 84 n.s.
337 ± 40 n.s.
509 ± 80
292 ± 37
after
421 ± 75
n.s.
n.s.
n.s.
n.s.
FDIA (Hz)
before
139 ± 53
136 + 61 n.s.
238 ± 93
13 ±
8
after
85 ± 41
43 ± 24 n.s.
152 ± 74
10 ±
8
n.s .
n.s.
n.s.
n.s.
FMIN (Hz)
before
-316 ± 49 -412 ± 52 n.s.
-309 ± 66 -411 ± 71
-190 ± 58 -391 + 84
after
-353 ± 42 -399 ± 43 n.s.
n.s.
n.s.
n.s.
n.s.
XMIN (Hz)
before
-29 ±
7
-56 ± 12 n.s.
-24 ± 11
-33 ±
9
-34 ±
7 n.s.
-6 ±
3
-21 ±
6
after
-39 ±
6
n.s.
n.s.
n.s.
n.s.

n.s.
n.s.
n.s.
n.s.
*
n.s.
ÏV-V

n.s.

n.s.
n.s.

n.s.
n.s.

V'
•.V

**
n.s.

n.s .

*

n.s.
-.V

value) is much more pronounced than the decrease in TDWN (about 10% of the
normal value).
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TABLE 2 (Continued)
Parameters Derived from the Arterial Doppler Spectrum
RADIAL ARTERY
normals
patients

ULNAR ARTERY
normals
patients

sign

SAgn

GOSLING'S PULSATILITY INDEX
PI
before
after

8 1 ± 1 0
6 8 ± 0 5 n s
8 0 + 1 3
9 9 ± 1 3
9 2 + 1 1
9 0 ± 0 7 n s
7 4 ± 1 4
9 8 ± 1 2
η s
η s
η s
SKIDMORE'S TRANSFER FUNCTION ANALYSIS

OMEGA (Hz )
before
after

38 ±
40 ±
η s
GAMMA (1/ sec)
19 +
before
19 ±
after
η s
DELTA
before
0 37 ± 0
after
0 33 ± 0
η s

1
1

41 ±
43 +
η s

3
3

16 +
13 ±
η s

1
1

η s
η s

3 n s
2 n s

η s
η s

41 ±
2
4 1 + 1
η s

43 ±
49 ±

2
2

v

23 ±
24 ±
η s

22 ±
19 ±
η s

6
5

η s
η s

1
3

0 42 ± 0 03 0 34 ± 0 05 η s
0 44 ± 0 04 0 39 ± 0 06 η s
η s
η s

02 0 36 ± 0 04 η s
03 0 31 ± 0 04 η s
η s

Survey of all parameters derived from Doppler spectra after
analysis
according to Fronek, Gosling and Skidmore from the radial and ulnar
artery in normal volunteers (normals) and in patients with PRP, before
and after cold provocation
Meaning of significance as in Table 1
After cold provocation in both groups the results show a tendency towards an
increased

vasospasm

However, none of

the results

after

cold

provocation

showed significant differences with respect to the pre-cooling values
The receding flow showed two additional effects supporting the impression of
increased vasospasm in patients, both the maximum and mean frequency of the
receding flow (FMIN and XMIN) are significantly more pronounced in patients
after cold provocation
The other parameters (TUP, TMAX and SLUP) did not show any significant differ
ence before or after cold provocation
Gosling's pulsatility index (PI) does not show significant differences between
healthy volunteers and patients neither before nor after cold provocation
Surprisingly

only

for the

radial

artery

is PI significantly

increased

m

patients by cold provocation
Skidmores's Transfer Function Analysis was seriously hampered by the impossi
bility to fit the experimental curves properly by the model in a number of
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cases. In only less than 50 % of the recordings a fair resemblance was found
between the optimal fit and the experimental curve. The curves which could be
fitted properly showed a significantly higher stiffness of the ulnar arterial
wall (OMEGA) in patients after cold provocation. This increased stiffness was
not

present

before

cold

provocation.

The peripheral

resistance

parameter

(GAMMA) and the proximal lumen parameter (DELTA) did not show any significant
changes neither in patients nor after cold provocation.
Figure

2 shows

typical

examples of

Doppler

spectra

of

the ulnar

artery

obtained in a healthy volunteer and in a patient with PRP.
The results in Table 2 suggest that mainly the Fronek parameters FDIA, TOWN,
FMAX,

XPOS,

healthy

FMIN

volunteers

and

XMIN

show

specific

and patients, which

significant

can

differences

be explained

by

an

between
increased

peripheral resistance. Since in the advancing curve the parameters FMAX and
XPOS and

in the receding curve the parameters

FMIN and XMIN show

similar

changes it can be concluded that these parameters are not mutually independent.

For this reason only the technically more simply derivable parameters

namely: FMAX and FMIN will be used in the further evaluation of the results
together with the parameters FDIA and TOWN.
In the literature some authors reported a sex dependency of the hemodynamic
parameters in the upper extremities (Wouda 1977, Bollinger and Schlumpf 1975,
Wal vd 1986). Table 3 shows the results of the 4 selected parameters in both
groups subdivided according to sex. Both in healthy volunteers and in patients
significant differences in the parameter values between males and females can
be noticed.
In healthy volunteers TOWN

of the ulnar

artery

is significantly

lower in

females than in males both before and after cold provocation. After cold provocation the FMIN and FDIA of the ulnar artery and FMAX of the radial artery
suggest an increased peripheral resistance in healthy females with respect to
healthy males. In the ulnar artery of healthy males no receding flow was
observed after cold provocation.
In patients TDWN and FMAX before cold provocation are significantly lower in
females than in males for both arteries. In the radial artery FDIA is also
lower in female patients. Again, all these results suggest a higher peripheral
resistance in female patients than in male patients. After cold provocation
the significances of the differences between male and female patients are much
less.

This can be explained

by a more pronounced

resistance in males due to cold provocation.

increase in peripheral
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primary Raynaud's phenomenon

FIGURE 2

Typical example of the Doppler spectrum of the ulnar
normal volunteer and in a patient with PRP.

artery

obtained

in a
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TABLE 3
Survey of s e l e c t e d Doppler Spectra Parameters
According t o Fronek

male

NORMAL VOLUNTEERS
female

sign.

FMAX (Hz) radial artery
before
2982 ± 344
2500 ± 183 п.ь.
after
3140 ± 228
2305 ± 200 **
n.s.
n.s .
FMAX (Hz) ulnar artery
before
3062 ± 341
2831 ± 364 n.s.
after
2470 ± 146
2391 ± 369 n.s.
n.s.
n.s.
FMIN (Hz) radial artery
before
-232 ± 54
-359 ± 67
after
-249 ± 84
-405 ± 42
n.s.
n.s.
FMIN (Hz) ulnar artery
before
-209 + 89
-387 ± 91
after
-0 ±
0
-206 ± 73
**
n.s.

PATIENTS
female

sign.

2813 ± 316
2390 + 225
n.s.

2020 ± 138
*
1997 ± 185 n.s.
n.s.

2519 ± 71
2225 ± 449
n.s.

1963 ± 219
1889 ± 280
n.s.

n.s.
п.ь.

-549 ± 96
-445 ± 82
n.s.

-439 ± 63 n.s.
-378 ± 51
п.ъ.
n.s.

n.s.
**

-628 ± 53
-578 ± 93
n.s.

-357 ± 81 n.s.
-329 ± 101 n.s.
n.s.

322 ± 144
75 + 6 5
n.s.

26 ± 22
*
29 ± 19 n.s.
n.s.

50 ± 34
0 ±
0
n.s.

19 ±
2 n.s.
1 3 + 1 0 n.s.
n.s.

FDIA (Hz) radial artery
before
234 ± 110
91 + 56 n.s.
after
184 ± 148
58 ± 33 n.s.
n.s.
n.s.
FDIA (Hz) ulnar artery
before
309 ± 145
178 ± 106 n.s.
after
410 ± 1 5 1
30 ± 30
**
n.s.
n.s.
TOWN (msec) radial artery
before
88 ±
1
83 ±
after
86 ±
7
81 ±
n.s.
n.s.
TOWN (msec) ulnar artery
before
90 ±
5
77 ±
after
106 ± 1 0
74 ±
n.s.
n.s.

male

7 n.s.
4 n.s.

134 ± 1 7
84 ± 1 7
**

86 ±
4
**
91 ± 11 n.s.
n.s.

3
4

82 ±
2
119 ± 3 4
n.s.

70 ±
4
**
95 ± 15 n.s.
n.s.

*
**

Survey of
selected Doppler spectra parameters according to Fronek deter
mined from the signals obtained from the radial and ulnar artery in normal
volunteers and in patients with PRP, before and after cold provocation
sub
divided to sex. Meaning of significance as in Table 1.
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Fig i shows the differences between healthy volunteers and patients subdivided
to sex

In males in both radial and ulnar artery FMAX and FMIN show a decrease

in patients both before and after cold provocation
FMAX shows a decreased flow

In female patients only

The end-diastolic flow (FDIA) is only signifi-

cantly decreased in the ulnar artery of male patients after cold provocation
The duration of the downslope TDWN did not show any significance

DISCUSSION
The quantitative analysis

of

the Doppler spectra

of the radial and ulnar

artery shows that in patients with Primary Raynaud's Phenomenon (PRP) a number
of parameters are different with respect to healthy volunteers

The parameters

which show these differences are characteristic for changes in peripheral vascular

resistance

In the

literature

these

parameters were

only

used

describe decreased peripheral resistance in different vascular regions

to
The

aim of this study was to investigate whether these parameters can also be
indicative for increased peripheral resistance due to vasospasm

The differ-

ences with respect to healthy volunteers found in patients with PRP are all in
the opposite direction from what should be expected in case of a decreased
peripheral resistance

For this reason it can be concluded from our results

that patients with PRP have an increased peripheral resistance distal from the
radial and the ulnar artery
In view of the number of significant differences it is also apparent that the
peripheral resistance of the ulnar artery is more affected by vasospasm than
the radial artery

Another interesting conclusion from the present study is

that even prior to cold provocation significant differences between healthy
volunteers

and patients with

PRP exist

These differences

after cold provocation, but some become more pronounced

remain

constant

This may signify that

already at room temperature patients with PRP are permanently in a state of
increased vasospasm independent of the occurence of attacks and/or complaints
This conclusion

is supported

by the observations of Sumner and Strandness

(1972) who reported pulse abnormalities in photoplethysmographic data recorded
in the digits of patients at rest

The role of the sympathetic nervous system

has not been completely clarified in PRP

There is evidence that the arter-

ioles are abnormally constricted even under control conditions, suggesting an
abnormally high

resting sympathetic

tone (Strandness

1975)

However, some
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authors stress imperfections of the provocation test (i e

cooling) in induc-

ing natural vasospastic attacks (Strandness, 1975, Coffman and Davies, 1975,
Nielsen, 1978)

In the present study nearly all patients (95^,) experienced an

attack, although none of the patients showed typical "cold white fingers" during cold provocation
The results after cold provocation suggest an increase in vasospasm in healthy
volunteers and an additional increase in vasospasm

in patients

Since this

increase in vasospasm occurs similarly in both groups no additonal information
is obtained by cold provocation which can be useful for a discrimination
Two out of 7 healthy males (28°») did not show changes in the Doppler spectrum
after cold provocation which could bo representative for an increased peripheral resistance

These 2 individuals reacted on cold provocation with a promi-

nent reactive hyperemia

Reactive hyperemia as a reaction on cold provocation

is known in the literature

(Shepherd 1963, Hillestad

1970)

Because of the

totally adverse reaction in these 2 individuals their results are excluded
from the presented survey
Both Gosling's pulsatility index and Skidmore's Transfer Function Analysis
appear to be of limited value to detect increased peripheral resistance, however for completely different reasons

Gosling warned already in his original

publication that high PI values strongly depend on the accurate determination
of the mean velocity during the heart cycle and that PI values in non-obstructive cases show a high scatter of the results

For instance, Table 2 shows

that PI of the radial artery is significantly increased in patients after cold
provocation while in the ulnar artery, which show the most pronounced effects
of increased peripheral resistance (see Fronek parameters) the PI is not significantly changed by cold provocation

Skidmore's Transfer Function Analysis

does not appear to be very appropriate for the description of Doppler waveforms of the radial and ulnar artery

In the selected cases in which a proper

fit of the model to the experimental curve was found the results suggest an
increased stiffness of the vascular wall (OMEGA) in patients after cold provocation
Both in healthy volunteers and in the patient group sex differences appear to
be more pronounced than differences between healthy volunteers and patients of
the same sex
Table 3 shows that females have a higher peripheral resistance than males both
in healthy volunteers and in patients

In a previous study

showed

a

that

healthy

females

showed

significantly

(Wal vd 1986) we

lower

digital

skin
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temperature in combination uith lower digit to brachial systolic blood pres
sure indices then men

Similar sex differences were observed photoplethysmo-

graphically by Wouda (1977) and in digital blood
linger (1975)

Wouda attributed

the differences

volume between males and females

parameters

obtained

in these

In our group of female volun

the menopause
two women

resistance than in younger women

The selected

indeed

selected

Doppler

spectra

suggest

a

Doppler spectra
lower peripheral

In the patient population 7 females were

well after the menopause (age 55 to 74 years)
the

in hand

women after the menopause, whereas

in young females much lower values are found
2 women were after

to the difference

Bollinger observed that the mean digital

blood flow in men is comparable to that m
teers only

flow measurements by Bol

parameters

Table 4 shows the results of

obtained

in this

female

subgroup

together with the significance of these results with respect to the females
before the menopause and with respect to the male patients

Table 4 shows that

FMIN and TDWN of female patients after the menopause are significantly differ
ent from the results of younger female patients and are not different from the
results

in male patients

Bollinger

attributed

his differences

in results

before and after the menopause to hormonal factors and the dressing habits of
younger women
Especially in the ulnar artery male patients can easily be discriminated from
healthv males by the decreased end-diastolic flow (FD1A) in combination with a
more pronounced receding flow (FMIS1)
nated
(ГЧАХ)

from

healthy

females

by the

Female patients can only be discrimi
decreased

maximum

advancing

frequency

Due to wide interindividual differences both in males and in females

the discriminating value of the Doppler spectra parameters are very

limited

and only in groups of patients can significant differences be found
A classification of Doppler signals without spectrum analyser can be achieved
by listening to the Doppler sound

These sounds are familiar to the clinician

and are described, graded and classified in several publications

(Strandness

1967, Yao 1968, Thulesius 1971, Yao and Bergan 1974, Dean and Yao 1976)
ever, the

differences

in Doppler

signals between

patients with PRP are only quantitative

healthy

individuals

How
and

Quantitative analysis requires auto

matic processing of the spectra of the Doppler signals with a spectrum ana
lyser coupled to a minicomputer

In this way a new tool has become available

for a non-invasive diagnosis of arterial disease

The effectiveness of this

new method of analysis strongly depends on the acquisition of high quality
Doppler signals

In the evaluation of the Doppler signals of the radial and
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TABLE 4
The s e l e c t e d Doppler Spectra Parameters According t o Fronek
Subdivided t o Females P a t i e n t s a f t e r the Menopause
females
after
menopause
FMAX (Hz) radial artery
before
2162 ± 388
after
2527 ± 358
n.s.
FMAX (Hz) ulnar artery
before
2100 ± 113
after
1973 ± 216
n.s.
FMIN (Hz) radial artery
before
-708 ± 81
after
-623 ± 45
n.s.
FMIN (Hz) ulnar artery
before
-624 ± 35
after
-625 ± 118
n.s.
FDIA (Hz) radial artery
before
26 ± 19
1 after
30 ± 30
n.s.
FDIA (Hz) ulnar artery
before
11 ± 13
after
6 ±
8
n.s.
TDWN (msec) radial artenf
before
131 ± 10
after
151 ± 23
n.s.
TDWN (msec) ulnar artery
before
102 ± 11
after
138 ± 16
n.s.

significance
with females
before menopause

significance
with
males

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.

•Mr

**
•Γ:*

ir

**

n.s.
n.s.
n.s.
n.s.

n.s.
n.s.

n.s.

n.s.
n.s.

n.s.
n.s.

-VÏV

n.s.

*

**

*-A

1ΪΛ

n.s.
n.s.

i-

The selected Doppler spectra parameters of females patients
after
the menopause with the signif ¡candes
between
the
results obtained in female patients before the menopause and
with male patients.
Meaning of significance as in Table 1.
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ulnar artery

the angle-dependence of the magnitude of the frequency

shift

hardly influences the results
The results of the study strongly suggest that analysis of Doppler spectra
obtained from the forearm arteries can be useful in the determination of the
peripheral vascular resistance in patients with vasospasm.
The analysis of Doppler spectra can also identify the presence of arterial
obstructive disease

The abnormal qualities of Doppler spectra obtained down-

stream from arterial obstructions are distinctly different from those recorded
in case of an increased peripheral resistance (Wal vd 1984).
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CHAPTER 5
THE EFFECTIVENESS OF KETANSERIN IN PATIENTS WITH PRIMARY
RAYNAUD'S PHENOMENON.
A randomized, double blind, placebo controlled study
H.J.CM. van de WAL, P.F.F
H J.J

WIJN,

van LIER and S.H. SKOTNICKI

ABSTRACT
In 41 patients with Primary Raynaud's Phenomenon (PRP) the effectiveness of
the serotonin receptor blocker Ketanserin® has been studied in a double-blind
cross-over study
Subjective assessments included, frequency and duration of the attacks (both
per se and combined to a severity score), cold sensation, numbness, paresthesia, pain, cold water and cold weather provocation and the appearance of spontaneous attacks.
The objective measurements comprised Digital S k m Temperature (DST), Digital
systolic Blood Pressure (DBP) and DOppler Spectral Analysis (DOSA) of the
radial and ulnar artery All measurements were performed both at room temperature and after instant cold provocation
The severity score, the occurence of numbness and paresthesia and cold weather
provocation improved significantly on Ketanserin® treatment. All objective
measurements did not show significant improvements
Neither blood chemistry
nor systemic blood pressure showed any significant change during Ketanserin®
treatment However, in the 6 (15%) patients with hypertension both systolic
and diastolic blood pressure normalised.
Although in objective measurements no significant effects of Ketanserin® could
be demonstrated, the results of the study suggest that orally administered
Ketanserin® is effective for minimizing subjective complaints in patients with
PRP
Ketanserin® did not show any side effects.

94

INTRODUCTION
In Raynaud's

phenomenon

digital

ischemia

can be observed

during

episodic

attacks of vasospasm provoked by cold or emotion. These vasospastic attacks
can be superimposed on other ischemic disorders. When no underlying abnormality is present the phenomenon is called Primary Raynaud's Phenomenon (PRP). In
all other cases the phenomenon is called Secundary Raynaud's Phenomenon (SRP).
In the literature
naud's

(1,2) a great variety of therapies are reported for Ray-

phenomenon. This

variety

may be due to different

opinions of the

authors about the etiology of the disease. The relative contributions of autonomic, humoral and loca] mechanisms in the pathophysiology of Raynaud s phenomenon are still unknown (3). Halpern (3) suggests that the vasoactive substance serotonin might play a role in the etiology of vasospastic attacks. This
suggestion is supported by
abnormally

increased

Blunt (4) and Zaharr

platelet

function

release of 5-Hydroxy-Tryptamine (5HT).
pastic response of peripheral
antagonist

at 5HT-2 receptors.

in PRP

(5) who both reported
resulting

in

an

an

increased

Cold provocation aggravates the vasos-

arteries to 5HT. Ketanserin®
In clinical

is a serotonin

pharmacological studies

shown that Ketanserin® antagonizes the contractions

it was

induced by serotonin in

human blood vessels and prevents the amplification by serotonin of the vasoconstrictive effects of noradrenalin and cooling (6). After intravenous administration Ketanserin® reduces the peripheral vascular resistance and improves
the microcirculation by increasing skin blood flow (7) and unlocking blood
vessels which are constricted by serotonin (8).
In this study Ketanserin® has been orally administered in 41 PRP patients in a
randomized, double blind, placebo controlled investigation. The effectiveness
of the treatment was studied both by subjective assessments and by objective
measurements. The objective measurements
(DST), Digital systolic Blood Pressure

comprised Digital Skin Temperature
(DBP) and Doppler Spectral Analysis

(DOSA) obtained from the radial and ulnar artery. All measurements were performed both before and after instant cold provocation.
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PATIENTS AND METHODS

Patients
In total 41 patients with PRP (26 females, 15 males) entered the trial
mean age of the patients was 46 years

(range 15 to 74 years)

experienced vasospastic attacks induced by cold or emotion

The

All patients

The diagnosis PRP

was based on the following elements (9)
•
•

Recurrent ischemic attacks in the digits of both hands
No evidence of arterial obstruction in the upper limbs
arterial stenosis or occlusion was excluded by

The presence of

auscultation and pulse

palpation of the arteries and by indirect measurements of blood pressure
of the upper arm, wrist and fingers

In cases of suspected thoracic out-

let syndrome. X-rays of the neck and upper thoracic aperture were taken
•

No evidence for underlying abnormalities

Clinical examinations of the

skin were made for detecting any ulceration, thickening, tightening or
teleangiectasies suggestive of scleroderma

Extensive blood and serolo-

gic examinations were carried out to exclude SRP
The mean duration of symptoms was 7 years (range 1 5 to 43 years)
patients had been previously treated for PRP with other drugs

Nineteen

Ten patients

underwent a thoracic sympathectomy at least 2 years prior to this study without sustained satisfactory results (10)
(SI"») patients were smokers

At the introduction to the study 21

Hypertension

(systemic blood pressure higher

than 140 mmHg systolic and 90 mmHg diastolic) was present in 6 (15%) patients
(mean ± SEM

163 ± 3 / 108 ± 5 mmHg)

tion for hypertension
questionned

for their experience of the average frequency

attacks during winter and summer
m

These patients did not receive medica-

At the introduction to the study all patients were
and duration of

A considerable number of patients reported

our opinion surprisingly high numbers

Some of the patients even reported

that during winter they could not sleep well during the night due to their
attacks

Recently Seibold (11) also reported that patients with PRP tend to

have a high frequency of daily attacks during winter (typically greater than
10 per day)
From these subjective findings of discomfort a severity score was calculated
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defined as the product of frequency and duration of the attacks.
severity score = frequency of attacks/day χ duration of attacks
During winter the patient's assessments of frequency, duration and severity

TABLE 1
Subjective Assessments of the Vasospastic Attacks
frequency
#/day
mean ± SEM
winter

13

duration
mm
mean ± SEM
47

± 1

± 3

severity score
nun/day
mean ± SEM
637

± 71

180

± 45

607

± 70

V.--.V

summer
trial start

6

± 1

12

± 1

32

± 4

50

± 3

Sub/ective assessments of the vasospastic attacks expressed by fre
quency, duration and severity score during winter and summer and
at the beginning of the trial
Significances are expressed in symbols as follows
n.s. = not sig
nificant,
* = significance p<0.05, ** = significance p<0 01

score were all significantly higher than during summer (Table 1)
All patients
water

(100%) experienced

contact was a provoking

cold weather
element

in 39

as a provoking element. Cold
(95°,,) patients

In 26 (63%)

patients spontaneous attacks occured. During an ischemic attack all patients
(100%) suffered from cold sensation, 37 (90%) from paresthesia, 36
numbness and 28 (68%) from pain.

(88%) from
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Methods
The study was carried out during the winter seasons

1983 / 1984 and 1984 /

1985. Both winters showed a substantial cold period of comparable intensity.
All patients were completely informed before entering the study and had given
their informed consent
entire trial period
continued.

Additional vasoactive drugs were prohibited for the

Other medication

(Sintrom, Marcoumar

and Ronicol) was

The trial-period enclosed, starting from the pre-medication meas

urement (B), 16 successive weeks and was built up as follows (Fig. 1)
•

patient introduction (A).

•

a placebo run-in period of 4 weeks (B-C)

•

a double-blind, placebo controlled cross-over study of 12 weeks (C-D-E) ,
with the cross-over after 6 weeks (D)
FIGURE 1
Flow Chart of the Trial.

|

|

AB

4

κχ>
Ρ

Ρ

| 2 + 4

| 2 + 4

C C '

D D '

| weeks

E

Flow chart of the trial. After the introduction
(A)
and the run-in period (B-C),
a placebo controlled
cross-over (C-D-E) was performed. К = Ketansennd,
Ρ = placebo.
At B, C, D and

E detailed clinical investigations and a complete set of meas

urements were carried out at the vascular laboratory.
During the entire trial two tablets were administered daily (b.l.d). Unknown
to the patients, all patients

received

placebo tablets

during

the run-in

period.
At С the patients were assigned at random to 2 groups.

During the first two
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weeks of the cross-over period the patients in the active group received half
dosis of Ketanserin® medication to diminish possible side-effects. After these
two weeks (at C') all patients returned to the laboratory
the next 4

weeks the patients

for check up. For

received 40 mg Ketanserin® b.i.d.

At D the

cross-over of the two groups took place followed by the medication procedure.

Measurements
Subjective Assessments and Clinical Examinations
At the introduction the patients were asked to keep a diary of the duration
and frequency of attacks throughout the trial.

Assessments of the occurence

of cold sensation, numbness, paresthesia, pain and the smoking habits were
recorded on each examination together with assessments about cold water and
cold weather provocation and the appearance of spontaneous attacks. Further
more the existence of edema was examined

and checked by body weight.

The

patients were asked to call us any time if they experienced discomfort which
could

possibly

be attributed

to the

treatment.

At

each

examination

the

patients were explicitly asked for side-effects.

Non-invasive Vascular Measurements
The non-invasive vascular measurements included a study of Digital Skin Temp
erature

(DST), Digital systolic

Blood

Pressure

(DBP) and Doppler

Spectral

Analysis (DOSA) from the radial and ulnar artery. All measurements were per
formed

both before

and

after

cold

provocation

on

the

left hand

of

the

patients.
DST was measured on the volar side of the distal phalanx of digit IV by a
thermoelement. The element was fastened to the skin by paper plaster for mini
mal

insulation. The DST

registration was

characterized by

the

pre-cooling

value (DST-pc), the minimum temperature after cooling (DST-min), the tempera
ture 5 minutes after cooling
cooling

(DST-5) and the temperature

12 minutes after

(DST-12). After provocation DST gradually increases to ultimately a

value which is approximately equal to DST-pc. This increase has an exponential
shape which can be characterized by a time constant τ In a previous study (12)
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we reported an extensive survey of this measuring technique and the data analysis of the results
DBF was measured at digit II and IV using venous occlusion plethysmography
Both digits were studied in order to evaluate possible differences

in the

effects of Ketansenn® due to nutrition from the radial and ulnar artery

A

thin plastic cuff (24x90 mm, Canodan Copenhagen, Denmark) was placed just at
the proximal phalanx

Mercury in silastic strain gauges (Med:matic Copenhagen,

Denmark) were placed around the distal phalanx of the digit near the base of
the nail

Brachial systolic Blood Pressure (BBP) of the contra-lateral arm was

measured automatically every two minutes with a Dinamap (Critikon, Tampa, Florida, USA)

Digit to Brachial systolic blood pressure Indices (DBl's) were

calculated from DBF and BBP measurements m

order to eliminate the intermdi-

vidual systolic blood pressure variations (12)

DBI is defined as the ratio

of DBF and BBP
Doppler spectra of the radial and ulnar artery were recorded on a Radionics
SA8000 Doppler spectrum analyser with a bidirectional 8 Mhz Medasonic Doppler
probe

The spectrum analyser was coupled to a PDP-11/23 (Digital) for a quan-

titative evaluation of ECG-tnggered spectra on-line (13)

Maximum frequency

curves (MAX-curves) of advancing and receding flow were calculated from the
Doppler spectra with the computer (Fig

2A)(14)

From these MAX-curves a num-

ber of parameters can be calculated in various ways (14,15,16)

In a previous

study we have demonstrated that 4 parameters derived according to the analysing technique of Fronek
peripheral resistance
given in Fig

Cold

(14) are specific

(13)

2B and Fig

for the detection of changes

m

Names and definitions of these 4 parameters arc

2C

Provocation

Before each investigation the patients were acclimatized to a room temperature
of 24 ± 1 °C for 30 minutes
prohibited

during

Smoking, and the drinking of tea and coffee were

this period

effects of smoking are excluded

According

to Cleophas

(17) the

short-term

The long-term effects of smoking cannot be

excluded since even after 24 hours refraining from smoking these effects are
still noticable (17)
The patients were examined on a couch m
ing sites were at the same height

a way that brachial and digit measur-

Once all the connections were made, and
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- Dopplerspectrum

• Fronek's parameters of Dopplerspectrum
ECG trigger

FMAX

FDIA

В
S e l e c t e d p a r d m e t e r s d e r i v e d from t h e
FMAX
FMIN
FDIA
TDWN

MAX-Curves

¡maximum f r e q u e n c y of a d v a n c i n g flow
: maximum f r e q u e n c y of r e c e d i n g flow
:end-diastolic
frequency
¡ d u r a t i o n of t h e d o w n s l o p e of t h e s y s t o l i c

deflection

FIGURE 2

Example of a Doppler spectrum of the radial artery of a healthy volunteer
(2.4), the MAX-curves derived from the spectrum (2A+2B') and the selected
parameters derived from the MAX-curves used in this study (2B+2C).
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the patient was at ease, the measurements started with the recording of the
Doppler spectra of the radial and ulnar artery and DST, BBP and DBF measurements at room temperature.

Krom this moment on DST was continuously recorded

till 12 minutes after cold provocation. After the initial measurements the
patient's left hand was, in a thick rubber sheet, cooled, wrist high, in ice
water for 2 minutes.

The patient was asked to move his immersed hand in order

to intensify the cooling. By this cooling DST decreased to a value of about
16 0 C.

Immediately after cold provocation DBF measurements were taken again.

In cases where DBF had not returned to the pre-cooling value DBF measurements
were repeated once every 3 minutes. Doppler spectra of the radial and ulnar
arteries were recorded immediately after each DBF measurement.

Laboratory

Tests

Systemic effects of Ketanserin® were followed by serum parameters comprising a
complete blood

count, biochemical

analysis of

renal and hepatic

function,

plasma electrolytes and serum immunology. Blood samples were obtained at the
beginning of the cross-over (C) and after the cross-over period (E).

Statistics
A double-blind placebo controlled cross-over study has a number of advantages
with respect to other tests:
•

All patients are their own reference. This means that only differences in
parameters obtained during the trial are taken into account in studying
the effectiveness of the treatment.

•

The results are independent of time. Half of the population receives a
placebo during the same period as that the other half of the population
receives treatment.

•

The study is completely independent of external influences which normally
can affect the results. In previous studies (12,13) we have demonstrated
that in patients with PRP a number of factors influence

the results.
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These factors include:
1.

male-female differences.

2.

effects of smoking.

3.

age dependence in females (before and after the menopause).

4.

season effects (different results in winter and summer).

All these factors cannot influence the results of a cross-over study as
long as these factors do not spontaneously change during the trial. This
means that from the factors presented only changes in smoking habits can
influence our results.
The advantages of a double blind placebo controlled

cross-over study

imply

that if the effectiveness of a treatment can be demonstrated in such a study
that the effectiveness is beyond reasonable doubt. A disadvantage of such a
study

is that

the demands

to the differences

in results are

considerable

before one can conclude that a treatment is significantly effective.

In the

cross-over of our study the test on the effectiveness of Ketanserin® demands
that the following 'differences' in results are calculated for each parameter
(18):
In the group

starting with

Ketanserin®

the difference

in parameter

value

obtained at D and at С minus the difference between E and D and in the group
starting with placebo the difference in parameter value between E and D minus
the difference between D and C:
Statistical test for effectiveness
group starting with Ketanserin®
'difference'

=

(D - C) - (E - D)

=

2.D - E - С

group starting with placebo
'difference'

=

(E - D) - (D - C)

=

E + С - 2.D

The treatment can be concluded as being effective for changes in a parameter
if the mean 'difference' in the total population

is significantly

from zero using a· distribution free statistical test

different

(Wilcoxon signed rank

test).
A second disadvantage of a double blind placebo controlled cross-over study is
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that it demands that the parameters are measured with an accuracy which is
high with respect to the differences found

If this is not the case the cross-

over differences will not become significant
fullfilled in non-mvasive studies

This demand can only rarely be

In our study especially spontaneous vari-

ations in sympathetic activity can affect the reproducability of the results
Besides a test on the effectiveness of the treatment the results of the crossover study can also be used to test the periodic or carry-over effect of the
treatment (18)

A periodic effect occurs if the results in the group starting

with Ketanserin® are different from the results in the group starting with
placebo (a difference because of effects in time with respect to the moment on
which the active treatment was administered)

A periodic effect is considered

as being significant if the difference in results obtained at E and at D in
the group starting with placebo is significantly different from the difference
in the results obtained at D and at E in the group starting with effective
treatment (Wilcoxon signed rank test)

Statistical test for periodic effects
group starting with placebo
E - D

group starting with Ketansenn®
vs

D - E

The carry-over effect can be defined as the effect of the Ketansenn® treatment in the group of patients starting with Ketansenn® on the placebo results
at E

The carry-over effect is considered as being significant if the sum of

the results at D and at E in the group starting with active treatment is significantly different from the sum of the results at D and at E in the group
starting with placebo (Wilcoxon signed rank test)
Statistical test for carry-over effects
group starting with placebo
D + E

group starting with Ketansenn®
vs

D + E
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RESULTS
One patient stopped the trial
reason

after the first investigation without a given

During the trial the smoking habits of the patients slightly changed

The percentage smokers decreased from 51°« (at B) via 49^ (at C) to 46°» (at E)
This change in smoking habits is too small to affect the following results
significantly
After the cross-over the 6 patients with hypertension showed a significant
decrease in both systolic and diastolic blood pressure (from 163 ± 3 / 108 ± 5
mmHg at В to 140 ± 8 / 88 ± 5 mmHg at E)
After the run-in period all subjective findings and objective parameters did
not show a significant improvement (B vs C)

On the contrary, some assess

ments and parameters showed a tendency to deteriorate

For this reason only

the results after the run-m period (at C) will be presented as being the pre
medication values

From the large amounts of results during the cross-over

period only the average values after Ketanserin® and after placebo will be
presented together with the significance of the
ness of the treatment

difference

of the effective

In all parameters periodic and carry-over effects were

not significant

Subjective

Symptoms

During the cross-over period the seventy score of the attacks significantly
reduces after Ketanserin® treatment (Table 2, Fig 3)

However, frequency and

duration of the attacks per se did not change significantly
Subjective assessments of a general feeling of improvement were reported by 24
(59%) patients after Ketanserin® treatment and by 14 (34%) patients after pla
cebo

The

symptoms

numbness

and

paresthesia

significantly

reduced

with

Ketanserin® treatment (Table 3)
Irom the provoking elements only cold weather showed a significant decrease
The number of patients with edema of the digits remained unchanged (IS"«)

No

changes in body weight could be observed
Within weeks after the trial, subjective complaints reappeared

Twenty-five

(61%) patients wished to continue Ketanserin® medication within weeks after

severity of symptoms

Figure 3

weeks

Severity
score of
subjective
assessments of attacks
after
Ketanserin
or after
placebo
treatment during
the
crossover period (mean ± SEM).

TABLE 2
Frequency, Duration and Severity of Vasospastic Attacks
PRE-MEDI
CATION
attacks
frequency 12 ± 1
(#/day)
50 ± 5
duration
(mm)
severity 607 ± 70
(min/day)

after
placebo

CROSS OVER
after
signi.
Ketanserin

10 ± 1
34 ± 6
337 ± 32

8

±

1 n.s.

30 ±

5 n.s.

204 ±15

**

Frequency,
duration
and severity
of
vasopsastic
attacks during
the trial (during the
pre-medication,
during the cross over and after long-term
treatment).

e end of the t r i a l at t h e i r own r e q u e s t .
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TABLE 3
Occurence of Symptoms and Provoking Elements
PRE-MEDI
CATION
SYMPTOMS
cold sensation 100 %
numbness
93 %
paresthesia
90 %
pam
73 °D
PROVOKING ELEMENTS
cold weather
98 X
cold water
100 /„
spontaneous
76 %

after
placebo

CROSS OVER
s igni
after
Ketanserin

83 %
74 °„
66 %
52 %

63 ·„
41 ·.
27 "o
41 "o

83 %
83 "o
47 "o

59 ".
71 %
34 ·.

η s
•-

^
n s
η s
η s

Occurance of symptoms and provoking
elements during
the trial m percentages of total patients group (N=11)

Digital

Skin Temperature

(DST)

All parameters in DST measurements did not shot» significant differences during
the cross-over period (Table 4)

Pressure

Measurements

Both BBP and DBP of the digits II and IV did not change significantly during
the cross-over period neither before nor 1 or 4 minutes after instant cold
provocation (Table 5)

The DBP after cold provocation did not show a consider

able drop in pressure due to a closing phenomenon in the digits (12)
calculating DBI values

for eliminating systemic pressure

After

variations in the

results, again no significant changes could be determined neither before nor
after cold provocation
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TABLE 4
Skin Temperature P a r a m e t e r s

Digital

PRE-MEDI
CATION
DST parameters
temp, before
cooling: DST-pc

after
placebo

CROSS OVER
after
signi.
Ketanserm

24.9
±0.5

26.3
± 0.7

26.3
± 0.7

n.s.

minimum temp, after 13.6
cooling: DST-min
±0.5

14.3
± 0.6

14.3
± 0.6

n.s.

temp, recovery
time
: τ

1.5
±0.1

2.0
± 0.3

1.7
± 0.2

n.s.

temp. 5 min after
cooling: DST-5

21.8
±0.6

22.9
± 0.8

22.8
± 0.8

n.s.

temp. 12 min after
cooling: DST-12

23.4
± 0.6

24.5
± 0.9

24.8
± 0.8

n.s.

Digital
skin
temperature
parameters
Temperature in °C., recovery time in

during
minutes.

the

trial

TABLE 5
P r e s s u r e Measurements (mmHg)
PRE -MEDI
CATION
ВВР
before
1 min after
4 min after
DBP digit II
before
1 m m after
4 m m after
DBP digit IV
before
1 m m after
4 min after

CROSS OVER
after
s igni.
aft er
Ketanserin
placebo

132
135
126

± 3
± 3
± 3

131
134
127

± 3
± 4
± 3

133
136
129

± 3
± 4
± 4

n.s.
n.s.
n.s.

106
104
99

± 3
± 5
± 5

106
104
103

± 4
± 4
± 3

105
106
106

± 2
± 3
± 4

n.s.
n.s.
n.s.

95
91
89

±4

100
99
102

± 3

98
102
105

± 3
± 3
± 4

n.s.
n.s.
n.s.

± 5

±5

±4
± 3

Pressure measurements {mmHg) of the brachial and digi
tal arteries during the trial before and 1 and 4 minutes
after cold
provocation.
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Example
of
specific
changes in Doppler spectra
after
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treatment in a patient
ννΛο
started
with
Ketanserin® during
the
cross-over study.
C: after placebo run-in
period,
D:
after
Ketanserin®
treatment in cross-over,
E: after placebo treat
ment in cross-over.
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Doppler Spectral Analysis
On v i s u a l i n s p e c t i o n s p e c i f i c
after

changes of t h e Doppler s p e c t r a could be n o t i c e d

Ketanserin® t r e a t m e n t . Fig.

4 shows

a typical

s p e c t r a obtained of the r a d i a l a r t e r y of a subject

example of

the Doppler

who s t a r t e d the cross-over

with Ketanserin® t r e a t m e n t .
However, t h e d i f f i c u l t y

t o determine several

parameters of

the s p e c t r a

with

high accuracy, r e s u l t e d t h a t only t h e e n d - d i a s t o l i c frequency FDIA showed s i g 
nificant differences

during the cross-over period

(Table 6 ) .

The i n c r e a s e

in
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TABLE 6
Parameters Derived from the Arterial Doppler Spectrum

PRE-MEDI
CATION
FMAX (Hz)
before
2271
± 156
after
2121
± 147
n.s.
FMIN (Hz)
before
-412
± 52
after
-399
± 43
n.s.
FDIA (Hz)
before
136
± 61
after
43
± 24
n.s.
TOWN (msec)
before
98
± 10
after
89
±
9
n.s.

RADIAL ARTERY
CROSS OVER
after
after
signi.
placebo Ketans.
2294
± 143
2138
+ 165
n.s.
-398
65
-410
± 58

+

n.s .

103
64
63
± 38
n.s.

+

88
10
86
+
8
n.s.

+

2363
± 149
2223
± 116
n.s.

n.s.

-335
55
-368
± 49
n.s.

n.s.

190
81
191
± 48
n.s.

n.s.

101
12
89
± 10
n.s.

n.s.

n.s.

2073
± 184
1978
± 274
n.s.
-411
71
-391
± 84
n.s.

+

±

±

ULNAR ARTERY
PRE-MED]
CROSS OVER
signi.
CATION
after
after
placebo Ketans.

n.s.

Ά

+

13
8
10
±
8
n.s.

±

72
4
100
± 14
n.s.
±

n.s.

Survey of the results of the selected parameters
Doppler spectra according to Fronek, determined
artery before and after cold
provocation.

2142
± 167
2018
+ 224
n.s.
-378
68
-382
± 75
n.s.

±

18
22
8
±
7
n.s.
±

82
8
88
± 11
n.s.

±

2301
± 311
2357
± 241
n.s.

n.s.

-289
72
-263
± 67
n.s.

n.s.

212
70
155
± 58
n.s.

**

96
7
95
±
6
n.s.

n.s.

n.s.

±

±

n.s.

**

±

n.s.

derived from the
arterial
on the radial and
ulnar

FDIA after Ketanserin® suggests a decreased peripheral

resistance distal of

the radial and ulnar artery. FMAX, FMIN and TOWN all show in both arteries
results with a tendency to indicate a decreased peripheral resistance after
Ketanserin® treatment.

по

Blood

Chemistry

Both pre-medication and after the cross-over all blood chem

istry determinations were well within the normal ranges

A comparison between

the results before and after treatment did also show no significant differ
ences

Side Effects
TABLE 7
Side Effects Reported during Ketanserin®
and/or after Placebo Treatment

fatigue

dizziness

Ketanserin
Placebo

headache

dry mouth

(#)

N=4]
8
8

20%
20%

9 22%
3 7%

3
1

total

un
7%
2%

*

2 5%
1 2%

Total indicates the total number of patients
effect

20
13

49%
29%

which showed any side

The reported adverse reactions after Ketanserin® and/or placebo medication are
listed in Table 7

In total 20 patients reported side effects after Ketanse

rin® treatment and 13 after placebo medication
often after Ketanserin® treatment

Dizziness seems to appear more

Yet the difference is just not significant

DISCUSSION
Evaluation of the subjective assessments of the patients with Primary Ray
naud's Phenomenon (PRP) during the cross-over support the conclusion that oral
treatment with Ketanserin®

significantly

attacks, the occurence of numbness and

reduces the severity
paresthesia and

score of the

the provocation

attacks by cold weather, while no serious side effects were observed

of

In con

trast to these subjective findings, none of the objective measurements showed
significant differences after treatment with only one exception
tolic frequency FDIA in the Doppler spectra

the end-dias-

Ill
Roald

(19) reported a significant reduction of the number of attacks after

Ketanserin®

treatment

for

patients

with

SRP.

According

to

Seibold

(20)

Ketanserin® only shortens the duration of the attacks, not their frequency in
patients with PRP. In a second paper Seibold and Jageneau emphasizes (21) that
"Ketanserin® was found to be of specific usefulness in the treatment of Raynaud's phenomenon complicating systemic sclerosis in comparison with idiopathic

Raynaud's

phenomenon."

Roald

(19)

found

subjective

indications

of

increased nutritive blood flow. In laser Doppler flowmetry he was not able to
demonstrate a significant improvement. Jacobs (22) showed significant effects
on digital skin temperature after oral treatment with Ketanserin® Arneklo (23)
reported in a recent study that "Ketanserin® induces less severe and shorter
attacks in patients with PRP". In contrast, Brouwer (24) concluded that oral
treatment with Ketanserin® has probably no therapeutic interest in a combined
group of patients with PRP and SRP.
The DBP measurements before and after cold provocation clearly show that no
significant pressure drop is seen in the digits after cold provocation. With a
high resolution Plethysmograph (12) volume pulsations could be observed in the
digits of all patients after cooling. After cold provocation DBP sustains on
approximately the pre-cooling values. The systemic systolic blood pressure BBP
did also not change by cold provocation. Ketanserin® did not show any effect
on DBP, BBP or DBI. Despite the normalising effect of Ketanserin®
patients with hypertension.

in the 6

Di Perri (25) observed an increase in digital

systolic blood pressure after cold provocation in 4 patients with PRP treated
with Ketanserin®
Doppler spectral analysis of the radial and ulnar artery reveals that after
Ketanserin® treatment the blood flow in both arteries tend to increase. This
phenomenon can be demonstrated conclusively by the increase of the end-diastolic frequency FDIA. It is generally accepted that an increase of the enddiastolic frequency has to be attributed to a decrease in peripheral resistance

(26). The

results

of

Table

6

also

suggest

that

the

effects

of

Ketanserin® on the peripheral resistance is predominantly on the vasculature
of the ulnar artery.
Ketanserin®

did

not

affect

the

hemoreological

parameters, red

blood

cell

aggregation, plasma viscosity and hematocrit of the blood (22,27). This indicates that Ketanserin® does not increase blood flow by changing blood viscosity but by affecting the vasoconstrictive activity. Roald (19) also found no
change

in

hemoreological

or

biochemical

parameters

after

treatment

with
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Ketanserin®
Several other drugs have been tried in Raynaud's phenomenon to minimize vasos
pasm (4)

Most of these drugs have a limited value due to side effects and the

non-oral administration.

In contrast Ketansenn® is well absorbed from the

gastrointestinal tract and appears to have only few side effects (2β)

Dizzi

ness was the sole side effect observed during the trial
Laghi

(29) reported that Ketansenn® was equally effective when given as a

pre-treatment

or when injected

during

cold

induced vasospastic

attacks

in

patients with PRP, indicating a serotonergic activity in both the initiating
and the maintenance of the vasospasm in PRP
improvement

Recently Seibold (20) observed no

in blood flow when Ketansenn® was given intra-venously immedi

ately prior to cold provocation. However administration during cold provoca
tion did improve blood flow
Although in objective studies the effects of Ketansenn® appear to be minimal
(only an effect on the end-diastolic frequency of Doppler spectra) the results
of this study suggest that oral administration of Ketansenn® is an alterna
tive Lo diminish subjective complaints in patients with PRP
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CHAPTER 6
THORACIC SYMPATHECTOMY AS A THERAPY FOR UPPER EXTREMITY
ISCHEMIA
A LONG TERM FOLLOW-UP STUDY.
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published in:
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ABSTRACT
Fifty seven patients who had 72 thoracic sympathectomies have been reviewed.
Twenty five patients were preoperatively diagnosed as primary Raynaud's phe
nomenon, 14 as having Raynaud's phenomenon secondary to arterial occlusion, 17
as having ischemia secondary to arterial occlusion and one as having hyperhidrosis.
Twenty percent of the patients initially diagnosed as having primary Raynaud's
phenomenon at the time of operation developed a collagenosis during the fol
low-up period.
Improvement after 8 year follow up did not depend on the primary indication.
Up to the fifth year after surgery a relapse was seen in cases of primary Ray
naud s phenomenon. In secondary Raynaud s phenomenon a gradual decrease in
improvement of 2 л a year was seen during follow-up. In ischemia secondary to
arterial occlusion, after 2 years the percentage of improved patients remained
constant at a level of 70 %. The mean improvement after 8 years follow up
according to the survival test of Gehan was 70 +- 10 %.
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INTRODUCTION
Thoracic sympathectomy has been used in the treatment of ischemia of the upper
extremities since the report of Adson in 1925 (1)

The physiologic phenomenon

after sympathectomy brought about by means of augmentation of the blood flow
to the particular area which had suffered from ischemia was a great attraction

In the

various

following decades thoracic sympathectomies

were performed for

indications and, although the immediate post-operative results were

often encouraging, the later results were frequently disappointing
Today the role of thoracic sympathectomy in the treatment of ischemia of the
upper extremities is still controversial

This study evaluates the long-term

results of thoracic sympathectomy in our hospital, reporting the results of a
retrospective study of 72 thoracic sympathectomies performed on 57 patients

PATIENTS AND METHODS
In the period

1968 to 1984, 72 thoracic sympathectomies

in 57 patients (43

males and 14 females, age range 20 to 69 years) were performed in the department of Thoracic Cardiac and Vascular Surgery, in the St. Radboud, University
Hospital, Nijmegen. The span of time during which the primary operations were
performed

is rather long, however most of the procedures (46/72) were per-

formed in a period of 5 years (1974 to 1978) (Fig. 1).
Mean follow-up was 8 7 years

Forty two patients had unilateral operations (31

on the right side and 11 on the left) and 15 had bilateral sympathectomies.
The distribution of patients according to primary indications are presented in
Table 1.

Primary

Raynaud's

phenomenon

A total of 35 procedures was performed on 25 patients (14 male, 11 female, 10
patients with bilateral procedures)
(range 20 to 59 years).

The mean age of the patients was 40 years

The diagnosis of primary Raynaud's phenomenon was

based on the criteria of Allen and Brown (2)
All patients in this group had had symptoms for more than 2 years and had not
responded

successfully

to

conservative

therapy,

underlying

diseases

were
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I

I

Hyperhidrosis

Υ/λ
" ''

Ischemio secondary
(o a r t e r i a l occlusion
Raynaud s phenomenon
secondary to a r t e r i a l
occlusion
Primary Raynaud's
phenomenon

Year of o p e r a t i o n

FIGURE 1
Number of thoracic sympathectomies
indication for
operation.

excluded by careful clinical

performed

laboratory

at our

Institute

investigations

subdivided

to

according to Porter

(30). In 21 out of 25 patients angiography was performed prior to operation
and did not reveal any organic vascular disorders. In 26 out of the 34 proce
dures a ganglion stellate block was performed prior to surgery.

Raynaud's phenomenon secondary

to arterial

occlusion

A total of 19 procedures on 14 patients (13 male, one female, 5 patients with
bilateral procedures) was performed. The mean age of the patients was 45 years
(range 32 to 69 years). All 14 patients in this group had suffered vasospastic
attacks and angiography revealed the presence of arterial obstruction in each
case. The obstructions were located m
earm

the upper arm in one patient, the for

in 2 patients, in the digital arteries

in 8 patients and multilevel
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TABLE 1
THORACIC SYMPATHECTOMY 1968-1984

Primary
indication

sympathectomies

patients
M

F.

age (mean)

R.

L.

Primary Raynaud's
disease

14

11

20-59 (40)

12

Raynaud's phenomenon
sec to arterial
occlusion

13

1

32-69 (45)

Ischemia due to
arterial occlusion

15

2

37-67 (54)

Hyperhidrosis

1 - 2 7

Total

43

Classification

of patients

14

follow-up
years
(mean)

R+L

tot.

3

20

35

2-16 (8.9)

6

3

10

19

4-13 (8

12

5

-

17

1-14 (8.8)

1

-

-

1

31

11

30

72

with thoracic sympathectomy during

)

9

1968-1984.

occlusions in combination with digital arterial pathology in 3 patients.

Ischemia secondary

to arterial

occlusion

In 17 patients (15 male, 2 female) unilateral sympathectomies were performed
because of complaints of ischemia in the fingers, without typical vasospastic
attacks

The mean age of the patients was 54 years (range 37 to 67 years).

Five patients from this group had rest pain and 11 had trophic changes (ulcers
or gangrene).
located

as

In all patients

follows:

upper

angiography

revealed

arm 2 patients, forearm

arterial obstructions,
3 patients, digits

6

patients and multilevel 6 patients (4 in combination with digit pathology). In
6 patients a ganglion stellate block was performed preoperatively to minimize
the pain.
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Hyperhidrosis
Severe hyperhidrosis of the axilla and hands which did not respond to conservative treatment was the indication for surgery in one patient
At the time when most of the sympathectomies were performed it was our policy
to perform a ganglion stellate block as a diagnostic test (9)
formed according to the method of Moore

(28)

It was per-

We believed that in patients

with vascular disorders this test could predict the results of sympathectomy
and therefore avoid useless operations on patients with negative responses to
stellate block

In 45 out of 56 patients, a preoperative stellate ganglion

block was performed and all had a positive response

Ten patients were oper-

ated without a previous stellate ganglion block test

Transpleural thoracic sympathectomies were performed through an anterolateral
approach in 32 patients
approach

in

10

(29), a posterolateral approach in 28, an axillary

(3), through the neck by

supraclavicular

patient (36) and by thoracodorsal sympathectomy in another

incision
(23)

thetic chain and ganglia were identified and 4 to 5 ganglaa
Th5) were removed

in one

The sympa-

(Thl to Th4 or

If the first thoracic ganglion was not developed as a sepa-

rate one the lower part of the stellate ganglion was removed

In patients uith

bilateral sympathectomies the operations were carried out

in 2 consecutive

stages

The removed specimens were examined histologically and in all cases

the presence of the sympathetic ganglia in excised tissue was confirmed
Most of the patients were seen postoperatively in the outpatients department
but, for the purpose of this study, all the surviving patients were invited
for examination

Besides ani interview and a physical examination the patients

were specifically questioned about their subjective judgement of the operation
and the effects of the sympathectomy

The follow-up period ranged from one to

16 years after operation with a mean of 8 years (Fig
The criteria

2)

for the classification of the effect of sympathectomy

sponded to the criteria used by other authors

(15,16,27)

corre-

The results were

classified with respect to the preoperative condition
In the Raynaud group improvement was stated when less pain and/or paresthesia
occurred and color changes manifested less frequently or for shorter periods
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I

I Hyperhidrosis
Ischemia s e c o n d a r y
to a r t e r i a l o c c l u s i o n
Raynaud s phenomenon
secondary to a r t e r i a l
occlusion

—

\fl

Primary Raynauds
phenomenon

Years ot f o l l o w up

FIGLRE 2
Years

of follow

of time

up for

the thoracic

sympathectomies

in the years

1968-1983

In many of these cases the blanching phase of Raynaud's phenomenon

had ceased
Symptoms were judged unchanged when asphyxia attacks and pain persisted the
trophic leasions failed to heal immediately after operation or when the preoperative conditions returned after a period of time
Symptoms were qualified worse when pain and vasospastic attacks during the
follow-up period increased

This was often combined with a failure in healing

leading to amputation in many cases

RESULTS
The results were evaluated at an early stage immediately before discharge from
hospital and later on at the time of re-examination for this evaluation

In 14
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patients we were unable to perform a control evaluation

9 patients died in

the period after surgery (4 patients with ischemia due to occlusive disease, 4
patients with secondary Raynaud's phenomenon, and one patient with primary
Raynaud's phenomenon) and 5 patients could not be traced

The results are pre-

sented in relation to primary indication for sympathectomy

Primary

Raynaud's

phenomenon

After 31 out of 35 procedures (89 ?„) an improvement was achieved m
postoperative period

No patient deteriorated

the early

Relapse was seen in 9 patients

(12 extremities at risk) which returned to the preoperative condition, one
patient (one extremity at risk) deteriorated after sympathectomy

We were una-

ble to trace 2 patients (3 extremities at risk), one patient who had undergone
unilateral sympathectomy died due to an unrelated disease (Table 2)

TABLE 2
Results of Thoracic Sympathectoiiies of Patients
with Primary Raynaud's Phenomenon
Operations
Early postop

Improved
31 (89%)
18

Late postop

9

Improved Unchanged Worsened Unknown Dead
18(51%)

12

1

3

1

Out of our 26 sympathectomies (18 patients) who had had a positive preoperative ganglion stellate block, 22 showed early postoperative improvement

Among

this group relapses were seen in 8 sympathectomies (5 patients) during followup and we were unable to retrace 3 patients

Among the group of patients with-

out early postopeartive improvement, 3 remained m
deteriorated

the same condition and one

Early postoperative improvement was seen m

all sympathectomies
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performed without preoperative

ganglion stellate block

Of the 25 patients

initially diagnosed as having primary Raynaud's phenomenon, 5 patients (with 8
sympathectomies)

developed

Relapse occurred m
gery

collagen

disease

during

the

follow-up

period

6 out of 8 extremities at risk, one to 7 years after sur-

one patient (2 extremities at risk) remained in an improved condition

According to the subjective assessments of the patients no one was completely
cured by the operation

All patients reported at least minor complaints with

respect to vasospastic attacks

Raynaud's

phenomenon secondary to arterial

occlusion

In 13 patients a ganglion stellate block was performed prior to operation with
a positive effect permitting the expectation of good result of the sympathectomy

All 14 patients showed an early postoperative improvement

term, 2

extremities

at

risk

returned

to the

preoperative

In the long

condition, one

patient underwent digit amputation one year after sympathectomy, 2 patients (2
extremities at risk) could not be traced

and 3 patients

(4 extremities at

risk) died due to unrelated disease during the follow-up period (Table 3)

TABLE 3
Results of Thoracic Sympathectomies of P a t i e n t s
with Raynaud's Phenomenon Secondary to A r t e r i a l Occlusion
Operations
Early postop. Improved

Unchanged

19(100%)

Late postop

Improved Unchanged Amputation Unknown Dead
10 (53%)

2

1

2

4
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Ischemia secondary

to arterial

occlusion

Fourteen (82 %) out of 17 patients showed early postoperative improvement

Out

of the 3 sympathectomies without early postoperative improvement, one patient
had had a unilateral thoracodorsal resympathectomy because of relapsing complaints after transpleural sympathectomy. At the follow-up her symptoms were
unchanged. In one other patient a hand amputation, was necessary while the
third died during the follow-up period due to an unrelated cause. Immediately
after surgery tissue loss was minimized and gangrene averted in 14 out of 17
patients.
The best results were obtained

in patients suffering from digital arterial

occlusion. At long term follow-up one patient with distal arterial pathology
had returned to the preoperative condition and

3 patients had died due to

TABLE 4
Results of Thoracic Sympathectomies of
Patients with Ischemia of the Upper Extremities
Operations
Early postop. Improved
14 (82%)

Late postop.

Improved

Unchanged

Amputation

Dead

10 (59%)

2

1

4

unrelated causes (Table 4 ) .
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Hyperhidrosis
The only person who underwent sympathectomy in this subgroup showed an early
postopeartive improvement and remained improved 9 years after surgery.

Years postoperative
Figure ЗА

Years postoperative
Figure 3B

Fig. 3 shows, for the whole population, the percentages of the patients who
received

benefit

from

the operation

(improvement) and who

showed

relapse

(unchanged or worsened with respect to the preoperative condition) as a func
tion of the time after operation. These results are evaluated using Gehan's
survival test (generalized Main-Whitney test). In this test, patients who died
during follow-up or who could not be traced are taken into account. From these
results it can be concluded that the mean time of improvement is more than В
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100%

17 I 16 I 16 [16 I U І13 I 12 I 9 I 9
Worsened

50%
FIGURE 3
Eight years follow up of tho
racic
sympathectomy
in
patients
suffering
of:
A;
primary
Raynaud's
phe
nomenon ,
B;
Raynaud's
phenomenon
secundar у to arterial
occlu
sion ,
С;
ischemia
secundary
to
arterial
occlusion,
according
to the survival
test of Cehan
(generalized
Main-Whitney
test).
The s.d. of all
per
centages is approx.
10 %.

0%

F i g u r e 3C

y e a r s . Applying Gehan's t e s t in t h e s e v e r a l subgroups a s t a t i s t i c a l l y
cant difference
be shown.

in long-term prognosis

However, because of

for t h e d i f f e r e n t

signifi

subgroups could not

the h e t e r o g e n i t y of t h e t o t a l

p a t i e n t popula

t i o n , t h e r e s u l t s w i l l be p r e s e n t e d in r e l a t i o n t o t h e primary i n d i c a t i o n for
sympathectomy.

Primary

Raynaud's

phenomenon

The proportion of patients who improved postoperatively,

and remained free

from relapse shows a steady decrease in percentage of 4 % a year for the first
5 years after surgery (Fig 3a). At that time 66 % of the patients were still
in

an improved

condition. The results obtained

during the follow-up time

longer than 5 years postoperatively indicate that the decrease diminishes and
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that the patients remained in stable conditions.

Raynaud's phenomenon secondary to arterial

occlusion

The proportion of patients remaining free from relapse showed prompt decrease
of 11 % during the first postoperative year.
2 % a year couyld be observed.

Ischemia secondary to arterial

Afterwards a gradual decrease of

No steady state level could be found.

occlusion

During the immediate 2 years after surgery the proportion of patients remaining free from relapse showed a decrease of 5 % per year. After 2 years the
percentage of improved patients remained constant at the level of 70 % (Fig
3c).

Side effects
Postoperatively

all

extremities

became

dry.

Within

the

first

months

14

patients (25 %) complained of increased sweating in other parts of the body.
The patients who had unilateral sympathectomies mainly reported sweating on
the contralateral side (5 out of 8). The patients who had bilateral sympathectomies mainly sweatened on the chest (5 out of 6 ) .

Complications
Complications occurred in 18 patients all of whom had undergone transpleural
sympathectomies. Although the percentage of complications is relatively high
(33 °i) the majority were minor ones (23 %) Table 5. In 3 patients the operation was complicated by a hemothorax.
In one patient it was punctured with good result, 2 patients required rethoracotomy. In one patient the rethoracotomy was complicated by wound

infection

and in the other patient by pneumonia and Horner's syndrome. The axillary
approach in one patient was complicated by scapula alata, Horner's syndrome
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TABLE 5
Complications After Transpleural Thoracic Sympathectomy (N=70)
major complications

total

(

%)

minor complications

haemothorax

3

( 4%)

woundinfection

ribfracture

2

( 3%)

wound healing

pneumoma/atelectasis

1

( Γί)

phrenicus paralyse

1

( 1%)

total

7

( 7%)

disturbance

5

( 7%)

Horner's syndrome

2

( З'О

neuralgia

2

( 3%)

woundpain

1

( 1%)

1
16

( 1%)
(23%)

(10%)

Diverse complications after transpleural

%)

5

scapula alata
total

(

thoracic

sympathectomy

wound infection and paresthesia around the wound

There was no mortality and

no significant post hospitalization morbidity

DISCUSSION
Indications for sympathectomy for the upper extremity are relatively less fre
quent than for similar conditions of the lower extremity (14)

About 15 to 20

"o of resting vascular tone in skeletal muscle at rest is due to sympathetic
nervous activity, while skin blood flow approximately doubles when sympathetic
nerves are blocked (8)

The main indications for sympathectomy are oblitera-

tive arterial disease with trophic ulcers of the fingers when localization and
extent make reconstructive vascular surgery impossible, and Raynaud's phenom
enon with negative immunological screening after at least 2 years of disturb
ing complaints (17,22,27,35)
Sympathectomy can
severe enough

also be justified in case of hyperhidrosis when this is

and resistant

to medical

treatment

(4,34)

In patients with

scleroderma or other collagenous diseases little or no benefit can be derived
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from thoracic sympathectomy (26). Gifford (12) also found that the results of
sympathectomy

on Raynaud's phenomenon

secondary

to scleroderma were poor.

Takats (35) considered unrecognized connective tissue disease as the main reason for failure after sympathectomy. Long term failure of sympathectomy can be
due to activation of collateral pathways as found in 15 % of the patients (32)
or to regeneration of denervated lower ganglia (16). Moreover, early and late
results are influenced by subjective elements in the symptomatology.
There is a controversy about the extent of sympathectomy:

Baddeleys (5) sug-

gest that there is no difference in the results between extensive and limited
denervation,

but most

authors

recommend

extensive

sympathetic

denervation

(7,10).
An inadequately resected sympathetic chain may produce an adverse reaction and
increased activity of the non-dissected ganglia. Despite a wide dissection of
the distal ganglia, sympathetic activity can remain in 10 to 15 % of the cases
probably due to a non-dissected major sympathetic

collateral nerve

(Kuntz)

from the first ganglion (21,24).
Blain

(7) noted that without any treatment, 12 % of the patients with Ray-

naud's disease showed a regression of their symptoms, 57 % showed a chronic
benign nature, 6 % a moderate progression

and 25 % a serious progression,

requiring thoracic sympathectomy. Gifford and co-workers (12) reported that a
total of 84 % of the patients remained unchanged or improved in their series
of conservatively treated patients.
Satisfying results of thoracic sympathectomy are usually obtained in obliterative disease with trophic ulcers of the fingers. A review of the literature
shows an improvement in 90 ?» of the cases

(20,25,26,37). In secondary Ray-

naud's phenomenon improvement could be seen in 93 % followed-up for 14 years
(26), 80 % followed-up

for 15 years (25) and 70 °i followed-up for 24 years

(15,20). In primary Raynaud's phenomenon an improvement would be demonstrated
in 45 % followed-up for 10 years (37), 52 % followed-up for 11 years (26), 54
% followed-up for 13 years (5), 61 % followed-up for 14 years (15), 58 'Í followed-up for 24 years

(20) . Johnston

(20) reported a return of symptoms in

primary Raynaud's phenomenon between the first and second year after surgery.
Haxton

(16) showed a relapse up to 3 years after surgery. Vayssairat

(38)

showed a return of symptoms in 50 % of the patients between the second and
fifth years after surgery.

Baddeley (5) observed a relapse interval of up to

6 years after surgery. Although 66 % of our patients showed an improved condition 5 years after sympathectomy, no one was completely free of symptoms in
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cold conditions. Below 15'C the vessels are unresponsive to sympathetic nerve
influence

and

abolition of the sympathetic

vasoconstriction on exposure

to cold

tonus cannot

(18). Early

prevent

and long-term

cutaneous
improvement

after sympathectomy for hyperhidrosis is reported in 90 % (4,34).
Most of the results published by other authors are percentages of improved
condition with respect to the whole original group of patients. In our study
all percentages are related to the number of patients who were

followed-up

during the follow-up period. In this way the percentages are not affected by
patients who could not be traced or who died because of other reasons. Λ com
parison of the results

in Figure 3a, 3b and 3c indicates that the long-term

results of thoracic sympathectomy are surprisingly good and independent of the
indication for operation. Eight years after surgery 70 +- 10 ?„ of the patients
with thoracic sympathectomies are still in improved conditions.
In the period when most of the sympathectomies were performed (1972 to 1976)
our policy was to perform a diagnostic ganglion stellate block before surgery
and angiography. In the 34 patients who underwent a stellate ganglion block
with a positive test, 45 sympathectomies were performed. In 40 out of these 45
cases (89 /Ó) an improvement immediately postoperatively would be demonstrated.
The percentage of improvement for the long-term

follow-up in patients with

positive response to the stellate block was not better than in those of the
whole group (42 % versus 51 %). The diagnostic ganglion stellate block did not
seem to be ideal preoperative test because during this procedure a more extensive block of non sympathetic nerves occurs.
During the follow-up 20 % (5 out of the 25) of the patients initially diagnosed as suffering from primary Raynaud's phenomenon developed general collagen disease. A review of the literature revealed that 11 ?„ (5,6) to 19 °i (20)
of the patients diagnosed as primary Raynaud's phenomenon ultimately develop
collagen disease. Surprisingly all those with pseudo primary Raynaud s phenomenon who shifted in the follow-up to secondary Raynaud's phenomenon did show
an improvement immediately after surgery, however relapse was seen in 77 % one
to 7 years after surgery.
As expected, the highest mortality during the follow-up period occured in the
group of patients with arterosclerotic occlusive disease. Four out of the 6
patients who died during the follow-up period belonged to this subgroup. These
4 patients represent 25 % of this subgroup.
Similar to the results published by other authors best results of thoracic
sympathectomy were obtained in the patients suffering from ischemia secondary
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to digjt arterial occlusion (22,26).
The different approaches used in thoracic sympathectomy did not influence the
results. The same observation was made by Haxton (16). Comparing the different
approaches, the following remarks can be made:
•

Λ transthoracic approach gives excellent exposure thereby permitting a
more extensive denervation and implying a better chance for the recogni
tion and removal of aberrant pathways or variations. A disadvantage of
this approach is its high frequency of post thoracotomy pain.

•

Using the axillary approach, the thoracic chain can be sufficiently visu
alized and a successful sympathectomy can be achieved with an excellent
cosmetic result. However, this approach is not advisable in patients who
have undergone earlier thoracotomies.

•

The

supraclavicular

approach gives poor

exposure permitting only

the

removal of the first and second thoracic ganglia. On the other hand, this
operation allows for the performance of scalenotomy with decompression of
the brachial plexus.
When performing thoracic sympathectomy, we prefer the anterior transthoracic
approach. It permits a better and simpler approach to the sympathetic chain
with minimal risk for the patient.
The most common side effect of thoracic sympathectomy is compensatory sweat
ing. A review of the literature reveals that this side effect is not observed
after sympathectomy for primary Raynaud's phenomenon. After sympathectomy for
hyperhidrosis it is reported in 30 ?» of the cases (4,34).
Complications depend on the approach used; after a transpleural approach these
were reported in 24 to 30 ?», after extra pleural approach in 14 % (4,5,16,31).
We observed complications in 33 /<, of the cases, whereas 23 % were minor ones
after transpleural approach.
The most frequent complication was superficial wound infection and disturbance
of wound healing. Hemothorax occurred in 4 %, persistent Horner's syndrome in
3 Oo. Jochimsen (19) reported an incidence of hemothorax in 8 %, persistent
Horner's syndrome in 5 % and pneumonia in 4 °ό of the cases.

CONCLUSION
Thoracic sympathectomy is a useful therapeutic measure in the managements of
patients

with

primary

Raynaud's

phenomenon

despite

the

fact

that

total
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remission can not be obtained. The long term results justify this treatment in
the advanced stage of symptoms not responding sufficiently to medical treat
ment
with

Amelioration can be expected in 66 +- 10 X of the patients. Patients
ischemic

changes due

to arterial

occlusions

show

the most

positive

responbe after thoracic sympathectomy if the occlusions are localized at the
level of the digital arteries (70 +- 10 % improvement at long-term follow-up).
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CHAPTER 7
EPILOGUE

A review of the results of the previous chapters shows that in case of idio
patie vasospasm in the upper extremities (patients with Primary Raynaud's Phe
nomenon (PRP)) the pathology can be characterized by an increased peripheral
resistance

This increased peripheral resistance is induced by a pathologi

cally increased activity of the orthosympatic nerve system both on arterial
and on arteriolar level (Conrad 1964 and 1971, Sumner 1975) and appears to be
continuously present

During attacks the activity of the orthosympatic nerve

system has been aggravated
In our

study

care has

patients with PRP

been taken to

investigate

a homogeneous

group

of

Due to the referrmg-policy to the vascular surgical unit

of our Institute we see a relatively high number of patients with PRP

In the

literature the percentages of patients with PRP of the total group of patients
suffering from Raynaud's phenomenon vary between 20 and 70°» (Table 1)

TABLE 1
Reported Diagnosis of Patients with Raynaud's Phenomenon
number

of

authors

patients
Sumner
Porter
Gifford
Agrifoglio
Wouda
Mishima
Holmgren

1972
1975
1975
1976
1977
1978
1981

57
25
629
68
58
452
300

0

О

PR°P

SRP

comments

28
20
60
69
66
59
30

72
80
40
31
34
41
70

predominantly males
only females

These wide variations can be explained both by the different refemng-policies

to different

departments

or by

patients in the different populations

the predominance

of

male or

female

Although the mean age of population of
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patients in our study with PRP was rather high due to the relatively long fol
low-up period, the mean age was not significantly higher than in the popula
tions reported by others (Table 2)

The male to female ratio in this study

also shows the generally accepted prevalence of primary Raynaud's phenomenon
in females

TABLE 2
Reported data in Primary Raynaud's Phenomenon
number

of

authors
1975
1976
1977
1986

25
68

58
41

о

age

patients
Porter
Agrifoglio
Wouda
this study

mean
(years)

39
45
43
46

0

male

20
30
47
33

female

80
70
53
67

The digital blood flow is primarily determined by the peripheral resistance
In case of an increased peripheral rebistance the digital blood flow will be
decreased

However, due to the high variability of the activity of the ortho-

sympatic nerve system the digital blood flow varies widely with time
reason

For that

it appeared to be impossible to discriminate patients with PRP from

healthy volunteers, by measuring a decreased digital blood flow in patients
buffering from vasospastic attacks (Chapter 3)

On the other hand, as a con

sequence of a decreased digital blood flow the digital skin temperature of
patients with PRP has been significantly decreased (Chapter 2)

The digital

skin temperature at room temperature appears to be as a diagnostic test as
valuable as is the digital skin temperature measurements after cold provoca
tion
Digital blood pressure cannot decrease proximaly to an increased peripheral
resistance (Wijn and Wal vd 1985)

Only distaly of a relatively high resis

tance can the blood pressure fall substantially

The digital blood pressure

measured in the proximal phalanx appeared to be slightly decreased m

patients

with PRP

This slight decrease can be demonstrated more significantly when

Digit

Brachial

to

systolic

blood

pressure

indices

(DBl's)

are

calculated
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(Chapter 2 ) . The DBI reflects the ratio between the digital systolic blood
pressure and the brachial systolic blood pressure. DBI is by definition independent of inter-individual variations in systemic systolic blood pressure.
Doppler spectrum analysis of the radial and ulnar artery shows a decreased
blood velocity in patients with PRP due to the increased resistance distal of
the measuring site (Chapter 4 ) . Since the blood velocity, both in healthy volunteers and in patients, hardly decreases after instant cold provocation the
resistance distaly of the radial and ulnar artery is hardly increased by cooling.

The combination of the increased peripheral resistance in Doppler meas-

urements and the decreased DBI leads to the conclusion that the vasospasm in
patients with PRP is present both proximal and distal of the proximal phalanx
(Chapter 2 ) .
During gradual cold provocation a significant decrease m

digital blood flow

can be observed both in patients with PRP and in healthy volunteers together
with a slight but significant increase in DBI.

Below a certain digital skin

temperature a 'closing phenomenon' becomes manifest in the digits in combination with the sensation

of an attack

(Chapter

3 ) . The combination of the

results of the Doppler spectra, DBI and the digital blood flow leads to the
conclusion that cold provocation only affects the resistance in the digits and
not the resistance proximaly to the proximal phalanx. For this reason provocations tests routinely used in the diagnosis of vasospasm do not increase the
vasospasm in the same way as during spontaneous attacks. This view (cold provocation does not resemble a spontaneous attack") is generally recognised in the
literature. The great variety of cooling procedures reported in the literature
can be considered as a demonstration of the difficulty which is associated
with the search for a ideal diagnostic test which provokes attacks (Table 3 ) .

Healthy males and females show significant differences in hemodynamic properties of the upper extremities. These differences can be noted m

digital skin

temperature and DBI measurements (Chapter 2 ) , in the digital blood flow (Chapter 3) and in the Doppler spectra of the radial and ulnar arteries (Chapter
A ) . The differences between males and females are in the same order of magnitude as the differences between healthy volunteers and patients with PRP. Male
patients can easily be discriminated from healthy males by nearly all measurements.

Female

patients

are

very

difficult

to

discriminate

from

healthy

females. It seems that an increased vasospastic activity is a common situation
in females, which does not necessarily lead to complaints characteristic for
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TABU, 3
Survey of Reported Cooling Procedures
author

cooling
medium

degrees
ГС)

comments
duration

INSTANT COOLING
1963
Folkow
1975
Porter
1976
Bollinger
1978
Mishima
Arneklo
1978
1981
Holmgren
1981
Nuzzaci
1982
Cleophas
1985
Ohgi
Lewis
1985
1986
Hechtman
this study 1986

ice water
ice water
water
ice water
ice
ice water
water
water
water
water
ice water
ice water

GRADUAL COOLING
Wouda
1977
1984
Seibold
Ohgi
1985
this study 1986

water
C02
water
C02

ISCHEMIC COOLING
Nielsen
1973
Krahenbuhl 1977
Hoare
1982

water
water
water

10
5
10

5 min
7 min
5 min

COOLING ON OTHER SITI:s
Jamieson
1971
ice
1985
Lafferty
water

15

some sec
10 min

m neck
contralateral hand

TOTAL BODY COOLING B1Í COOLING ROOM
Varadi
1969
air
20
Nielsen
1973
air
10

some min
5 min

in addition to

Raynaud s phenomenon

0
0
10
0

33
38
40
40

0
10
16
10
10
0
0

some
20
30
1
some
20
1
5
10
3
2
2

to 3
to 10
to 10
to 10

4
2-4
10
0 5-1

sec
sec
sec
mm
min
sec
min
min
min
min
min
min
mm
"C/min
min
"C/mm

hands gently dried

manual ice crushing
rubber gloved hands
hands gently dried
rubber gloved hands
every

3 °C

every 10 'C

used cooling cuff
used cooling cuff

The behaviour of hemodynamic parameters in females suf-

fering from Raynaud s phenomenon is dependent from their age ι e. in females
after the menopause the results of measurements are similar to those in males
and differ from those obtained

in young females before menopause.

From the
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DBI measurements it could also be concluded that smoking habits, like cold
provocation, affect the peripheral resistance distaly of the proximal phalanx
(Chapter 2)

roken en menopause

Subjective assessments of the number and the duration of the attacks can be
considered as a valuable indication of the severity of disease of patients
suffering from PRP

In the Ketanserin® trial it appeared that the subjective

assessment of discomfort expressed m
the beneficial effects

a severity score is the first sign of

of this treatment

could not be demonstrated

The effectiveness of Ketanserin®

in objective digital skin temperature and digital

blood pressure measurements

The effects of Ketanserin® on the Doppler spectra

of the radial and ulnar artery suggest that Doppler spectrum analysis is a
more sensitive method for the detection of minor changes in the peripheral
circulation of the upper extremities
The subjective assessments of an amelioration after thoracic sympatectomy in
66°o of the patients with PRP more than five years after surgery can be attributed to the effectiveness of this treatment (Chapter 6)
of the patients was completely cured by the operation

Nevertheless, no one
Thoracic sympathectomy

can be a useful therapeutic measure in cases in which conservative treatment
failed to be successfull

Recommended

diagnostic

procedure

In view of the presented results we conclude that with the tests used in this
study it is impossible to quantify vasospasm
following diagnostic
extremities

For that reason we recommend the

protocol for the assessment

of ischemia

of the upper

With this protocol an impression can be obtained to what extend

the ischemia can be minimized by treating the vasospasm
•

Diagnose or exclude thoracic outlet syndrome by the generally accepted
provocation tests

•

Diagnose or exclude organic obstructive disease with segmental pressure
measurements (upper arm, fore arm, digits)

•

Diagnose or exclude secondary factors inducing Raynaud's phenomenon by
careful anamnesis and hematological, biochemical and immunological tests

•

Diagnose idiopathic vasospasm at room temperature after at least 30 minutes acclimatisation time by means of

1

digital skin temperature measurements

2

the digit to brachial systolic blood pressure index

3.

digital blood flow

Assess the hemodynamic effects of minimizing vasospasm

After provoking

complete vasodilatation by heating the hand to 40 "C, the digital systolic blood pressure and digital blood flow can be studied by minimal
vasospasm.
Differentiate between predominantly proximal obstructive disease and predominantly digital vasospasm by Doppler spectral analysis of the radial
and ulnar arteries.
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SUMMARY
Ischemia in the upper extremities often rise to a difficult diagnostic problem. The main reasons for these are that this clinical entity is less common
than ischemia in other regions and as such less known, and that its etiology
is more heterogeneous.
Ischemia in the upper extremities can be of organic or vasospastic origin or
both. Exclusively vasospastic etiology in hands and fingers is known as Primary Raynaud's Phenomenon (PRP). A Raynaud's phenomenon is a transient sequential discoloration of the digits in combination with pain as a reaction to an
attack of vasospasm. Vasospasm superimposed on another disease is called Secondary Raynaud's Phenomenon (SRP).
The majority of the patients exhibiting a Raynaud's phenomenon are females.
Twenty percent of the patients initially diagnosed as PRP develop an organic
or systemic disease during follow-up and become SRP.
Vasospasm mainly affects the arteriolar vessel wall. For that reason it will
primarily increase the peripheral resistance.
In PRP it has not been clear whether vasospasm occurs only temporarily during
the attacks or is a permanent condition with periodic aggravations.
Differentiation between PRP and SRP is important for the documentation of the
disease, for a quantitative judgement of the natural history and for the evaluation of the effects of therapy.

up till now the diagnosis PRP is based on

the typical history in combination with the exclusion of organic and systemic
diseases.
The aim of this study is to establish diagnostic criteria of the vasospastic
process by quantifying the peripheral resistance of the digits in patients
with PRP in objective measurements.

For this purpose the peripheral resis-

tance was studied at rest, during provoked vasospasm (by cooling) and vasodilatation (by heating) and after treatment with a vasodilating drug (Ketanserin®).
Changes in peripheral resistance were studied by:
•

Digital Blood Flow (DBF)

•

Digital systolic Blood Pressure (DBP)

•

Digital Skin Temperature (DST)
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•

DOppler Spectrum Analysis (DOSA) of the radial and ulnar artery

Chapter 2 reports the results of DST and DBP measurements before and after
instant cold provocation

Digit to Brachial systolic blood pressure Indices

(DBI) were calculated as being the ratio from DBP and Brachial systolic Blood
Pressure (BBP) measurements instant cold provocation did not change DBI significantly.
The temperature recovery could be described well by an exponential
with a single time constant both in normal volunteers and m
mal volunteers

the DST parameters and the DBI

between both sexes

patients

are significantly

function
In nordifferent

In the patient group males and females do not show signif-

icant differences
The

results

in

normal

females were

hardly

different

from

the

patients. Normal males can easily be discriminated from patients

results

in

Sex differ-

entiation appeared to be essential for an objective diagnosis and a quantitative assessment of PRP
In chapter 3 the results are presented of DBF and DBP measurements after gradual heating and cooling of the digits

During vasodilatation no significant

differences could be found between normal volunteers and patients

Both in

normal volunteers and in patients DBF showed a significant sex dependency
During gradual cooling an abrupt decrease in DBF at a certain temperature (a
'closing phenomenon') was observed both in normal volunteers and in patients.
In DBP the closing phenomenon could not be observed at all (no pressure drop).
On the contrary, a slight increase in DBI could be found during cold provocation both in normal volunteers and in patients.
Chapter 4 shows that the peripheral resistance as it can be determined by the
Doppler spectra obtained from the radial and ulnar artery is increased in
patients with PRP

For this purpuse the Doppler spectra were quantitatively

analysed according to Fronek, Gosling and Skidmore.
Gosling's

Pusatility

Index

and

Skidmore's

Transfer

Function Analysis, two

techniques which are well established in characterising a decrease in peripheral resistance, appear to be not suitable for the detection of increased
peripheral resistance. Several Fronek parameters show significant differences
between normal volunteers and patients representative for increased peripheral
resistance in patients

After abrupt cold provocation no improvement of the
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discrimination between normal volunteers and patients could be obtained

Both

in the normal volunteers and in the patient group sex differences are more
pronounced than differences between normals and patients of the same sex
Females show a significantly higher peripheral resistance than males both in
normal volunteers and in patients
The effectiveness of Ketansenn®, to reduce peripheral resistance was evaluated in patients with primary Raynaud's phenomenon
cross-over study (Chapter 5)

of improvement on Ketansenn® while fourteen
cebo

(PRP) in a double-blind

Twenty four (59°,,) patients showed clinical signs
patients (34°o) improved on pla-

During the cross-over study no significant improvement could be observed

by digital

skin and digital

blood pressure measurements

Doppler

spectrum

analysis showed indications of a decrease in peripheral resistance
Neither blood chemistry nor systemic blood pressure showed any change during
Ketansenn® treatment

No related side effects could be detected

The results

suggest that orally administered Ketansenn® can be an effective and well tolerated treatment for minimizing subiective complaints in PRP patients

In chapter 6 the effectiveness of thoracic sympathectomy to decrease vasospasm
has been retrospectively evaluated

Eight years after surgery the subjective

assessment of improvement was approximately 70 % independent of the indication
for operation

PRP, SRP, ischemia due to arterial occlusion or hyperhydrosis

Up to the fifth year after surgery a relapse could be seen in patients with
PRP

Twenty percent of the patients with PRP developed a systemic obstructive

disease during follow-up
In conclusion, idiopathic vasospasm in the upper extremities, like m

patients

with PRP can be characterised objectively by an increased peripheral resistance

This increased peripheral resistance is continually present and is dur-

ing an attack only aggravated in a variable degree
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SAMENVATTING
Ischemie in de bovenste extremiteiten geeft vaak ingewikkelde diagnostische
problemen
minder

De belangriikste redenen

frequent

voorkomt

hiervoor

dan ischemie

zijn dat het klinische

in andere

vaatgebieden

beeld

en daardoor

minder bekend is, en dat de ethiologie meer heterogeen is
Ischemie in de bovenste extremiteiten is het gevolg van een zui\er organische
afwijking, van een systeemziektc of van vasospasme

ben combinatie van deze

aandoeningen komt frequent voor in de dagelijkse praktijk
Een zuiver vasospastische aandoening in handen en vingers wordt het primair
fenomeen

van

Raynaud

(PRP)

genoemd

Het

fenomeen

van

Raynaud

is

een

voorbijgaande verkleuring van de vingers gepaard gaande met pijn ten gevolge
van een aanval van vasospasme

Vasospasme in combinatie met een organische of

systemische afwijking wordt het secundair fenomeen van Raynaud (SRP) genoemd
Het merendeel van de patiënten
vrouwen

Twintig

procent

van

lijdend

aan het fenomeen van Raynaud

de patiënten

dat

in

eerste

instantie

zijn
werd

gediagnostiseerd als PRP ontwikkelt gedurende de follow-up een organische of
systemische afwijking
Vasospasme treedt hoofdzakelijk op in de vaatwand van de kleinere arterien
(de arteriolen)

Om deze reden wordt door vasospasme de perifere weerstand van

het vasculaire bed vergroot terwijl de weerstand van de proximale arterien
nauwelijks zal veranderen

Bij patiënten met PRP is het niet duidelijk of

vasospasme slechts gedurende de aanvallen optreedt of dat het een permanente
conditie is met incidentele verergeringen
Differentiatie tussen PRP en SRP is belangrijk voor de documentatie, voor de
quantitatieve beoordeling van het natuurlijk verloop en voor de evaluatie van
de effecten van therapie
typische

anamnese

in

Tot nu toe wordt de diagnose PRP gebaseerd op de

combinatie

met

het

uitsluiten

van

organische

en

systemische afwijkingen
Het

doel van deze studie

is diagnostische

criteria

aan

te geven waarmee

vasospasme bij patiënten met PRP kan worden vastgesteld door middel van het
in objectieve metingen quantificeren van de (.verhoogde) perifere weerstand in
de vingers

Voor dit doel werd de perifere weerstand

tijdens geprovoceerde vasoconstrictie ( d m v
opwarmen)

en

(Ketanserine®)

na

behandeling

met

een

bestudeerd

in rust,

koelen) en vasodilatatie ( d m v
vaatverwijdend

geneesmiddel
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Veranderingen

in perifere weerstand

werden

bestudeerd

aan de hand

van de

volgende metingen•

de bloeddoorstrommg in de vinger (DBF)

•

de systolische bloeddruk in de vinger (DBP)

•

de huidtemperatuur van de vinger (DST)

•

Doppler

spectrale

analyse

(DOSA) van de bloedsnelheidscurve

in de a.

radialis en ulnaris.
Hoofdstuk

2 vermeldt

de

resultaten

van DST

en

DBP

metingen voor

en

na

plotselinge koudeprovocatie. Wederom veranderde koudeprovocatie de drukindex
m e t . Het temporatuurherstel

kon zowel voor normale vrijwilligers als voor

patiënten goed worden beschreven met een exponentiele vergelijking met een
enkele ti]dskonstante. Bij normale vrijwilligers blijken de DST parameters en
de drukindex significant verschillend voor beide sexen. In de patiëntengroep
tonen mannen
vrouwelijke
patiënten

en vrouwen geen
normalen waren

significante

nauwelijks

verschillen. De

verschillend

van de

resultaten

bij

resultaten

bij

Normale mannen zijn wel goed te onderscheiden van patiënten. Voor

een ob]ectieve en quantitatieve diagnose van PRP blijkt een onderscheid tussen
de geslachten essentieel.

In Hoofdstuk 2 zijn de resultaten gepresenteerd van DBF en DBP metingen na
geleidelijke

opwarming

en

afkoeling

van

de

vingers.

Bij

maximale

vasodilatatie konden er geen significante verschillen worden gevonden tussen
normale vrijwilligers en patiënten. Zowel bij normale vrijwilligers als bij
patiënten blijkt DBF significant te verschillen voor beide geslachten.
Gedurende geleidelijke afkoeling werd er zowel bij normale vrijwilligers als
bij patiënten bij een bepaalde

temperatuur een plotselinge vermindering in

DBF gemeten (een 'closing phenomenon1).

Dit 'closing phenomenon' kon in het

geheel m e t worden waargenomen in DBP metingen (geen plotselinge vermindering
in

druk).

drukindex

Integendeel,

uit

berekeningen

van

de

systolische

vinger/arm

(DBI) die uit de DBP kan worden berekend, werd zowel bij normale

vrijwilligers

als

bij

patiënten

een

geringe

stijging

van

de

drukindex

gevonden tijdens koudeprovocatie.
Hoofdstuk 4 beschrijft dat de perifere weerstand zoals díe kan worden bepaald
uit de Doppler spectra van de a. radialis en ulnaris in patiënten met PRP is
verhoogd.

De Doppler

spectra

werden

quantitatief

geanalyseerd

volgens

de
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methoden van Fronek, Gosling en Skidmore. De Pulsatility Index van Gosling en
de Transfer Function Analysis van Skidmore, twee methoden die algemeen worden
gebruikt voor het aantonen van een verlaagde perifere weerstand, blijken niet
geschikt voor het aantonen van een verhoogde perifere weerstand. Verschillende
parameters uit de analyse van Fronek tonen een significant verhoogde perifere
weerstand bij patiënten met PRP.
Na plotselinge koudeprovocatie werd
vermogen

er geen

tussen normale vrijwilligers

verbetering van het scheidend

en patiënten waargenomen.

Zowel bij

gezonde vrijwilligers als bij patiënten zijn de verschillen tussen de beide
geslachten meer uitgesproken dan de verschillen tussen gezonde vrijwilligers
en patiënten

van hetzelfde

geslacht.

In beide

groepen

tonen

vrouwen een

significant hogere perifere weerstand dan mannen.

De effectiviteit van Ketanserine® om de perifere weerstand te verminderen bij
patiënten met PRP werd
(Hoofdstuk

5).

Ketanserine®

onderzocht in een dubbelblind cross-over

Vierendertig

klinische

(59%)

patiënten

van

verbetering.

tekenen

verbeterde na placebo toediening.
vinger

huidtemperatuur

en

radialis

en ulnaris toonde

weerstand.

Noch

significante

de

Ketanserine®-afhankelijke

gebruik

patiënten

van
(34%)

systolische

bloeddruk

metingen

geen

Analyse van de Doppler spectra van de arterie

een

bloedchemie

verandering

na

Veertien

Gedurende de cross-over studie kon er in de

vinger

verbetering worden vastgesteld.

toonden

onderzoek

indicatie voor
noch de

gedurende

de

bijwerkingen

een afname van de perifere

systemische

bloeddruk

behandeling

konden

niet

met

worden

toonde

een

Ketanserine®.
gevonden.

De

resultaten suggereren dat oraal toegediend Ketanserine® een effectieve en goed
verdragen behandeling kan zijn ter vermindering van de klachten van patiënten
met PRP.
Hoofdstuk 6 beschrijft een retrospectieve evaluatie van de effectiviteit van
thoracale sympathectomie voor een vermindering van het vasospasme.
Acht jaar na operatie beoordeelden 70% van de patiënten onafhankelijk van de
operatie-indicatie zijn situatie als zijnde verbeterd. De operatie-indicaties
waren

PRP,

SRP,

ischemie

als

gevolg

van

arterie Ie

afsluiting

en

hyperhidrosis.
Bij

patiënten

met

PRP

kon

tot

5

jaar

na

operatie

een

terugval

worden

gevonden. Gedurende de follow-up ontwikkelde 20% van de patiënten met PRP een
systeemziekte.
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Idiopatisch vasospasme in de bovenste extremiteiten, zoals die optreedt bij
patiënten

met PRP, blijkt

objectief te kunnen worden gekarakteriseerd

behulp van een verhoging van de perifere weerstand

met

Deze verhoogde perifere

weerstand is continue aanwezig en neemt gedurende de aanvallen enigszins toe
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STELLINGEN
Behorend bij het proefschrift

QUANTITATIVE DIAGNOSIS AND TREATMENT OF VASOSPASM
IN UPPER EXTREMITIES

Henry J.C.M, van de Wal

1.

Bij patiënten met het primair fenomeen van Raynaud bestaat niet alleen
tijdens een aanval, maar voortdurend een toestand van verhoogde weerstand
in het vaatbed van de hand zowel op arterieel als op arteriolair niveau
(dit proefschrift)

2.

Omdat bij patiënten met het primair fenomeen van Raynaud de perifere
weerstand

is verhoogd, zijn bloeddrukmetingen

aan de vingers, ook op

theoretische gronden, minder geschikt als diagnostische Lest
(dit proefschrift)
3

Daar

de

vingerhuidtemperatuur

doorstroming kan de

direct

afhankelijk

vingerhuidtemperatuurmeting

is

van

beschouwd

de

bloed-

worden

als

representatief voor de gemiddelde bloeddoorstoming
(dit proefschrift)
4

Het met behulp van een koude provocatietest artificieel verhogen van de
perifere weerstand in de vingers draagt nagenoeg niet bij tot een betere
selectie van patiënten met het primair fenomeen van Raynaud
(dit proefschrift)

5.

Doppler spectraal analyseonderzoek van de stroomsnelheden in de onderarmarterien is een waardevolle methode om een onderscheid te maken tussen
proximaal obstructief vaatlijden en een verhoogde perifere weerstand
(dit proefschrift)

6

Thoracale sympathectomie geeft bij een groot aantal patiënten, lijdend
aan het primair fenomeen van Raynaud, verlichting van de klachten
(dit proefschrift)

7

De cardiopulmonaal
diagnostiek

chirurg moet vertrouwd

van het

hart

zodat

raken met echo- en Doppler

pre-operatief

invasief

onderzoek

bij

patiënten met aangeboren hartafwijkingen zoveel mogelijk achterwege kan
blijven
8.

Bij

acute

aortadissecties

ingrijpen noodzakelijk

van

het

type A

is onmiddelijk

chirurgisch

9

Een recent doorgemaakt myocardinfarct

is geen absolute contraindicatie

voor coronair chirurgie
10

Voor de

preventie

van

acute

tubulusnecrose

bij

niertransplantatie-

patiënten is naast een optimale hydratie van de ontvanger ook toediening
van mannitol noodzakelijk
11

Bij

chirurgie

afklemming

van

van

de

het

aneurysraa

aorta

van

de

met controle

aorta

van

de

descendens
optredende

blijkt

de

hypertensie

middels toediening van nitroprusside een veilige methode
12

Bij een bronchuscarcmoom met thoraxwandmgroei moet m e t

van operatie

worden afgezien, want de prognose is niet a priori infaust als er geen
mediastinale lymfeklieraantasting bestaat
13

Persisterende

longopaciteiten na chemotherapie

testistumoren moeten ondanks de afwezigheid

voor niet

van

seminomateuze

tumormerkstoffen

toch

volledig verwijderd worden wegens mogelijk kwaadaardige restafwijkingen,
mogelijke secundaire ontaarding en eventuele compressieverschijnselen bij
groei
14

De moeilijkheid is niet dat we zo weinig weten,
maar dat we zoveel weten wat niet waar blijkt te zijn

15

De

drietomge

hoorn

op

de

ambulance

auto

wordt

vaak

misbruikt

als

positief mannelijkheidsvertoon, zonder enig nuttig effect

Nijmegen, 13 maart 1986
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