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Manifestations of cold sensitivity — a case series
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Department of Public Health and Clinical Medicine, Umed University, Umed, Sweden

ABSTRACT

Objectives: To characterise cold sensitivity using a semi-structured interview, physical examina-
tion, thermal quantitative sensory testing (QST), and laser speckle contrast analysis (LASCA).
Methods: Eight women and four men, ages 22-74, with cold sensitivity were interviewed and
examined by an occupational physician. Thermal perception thresholds were established using
QST, on the pulp of the index and little finger of the most affected hand. Skin perfusion in the
dorsum of the hand was measured using LASCA, at baseline, after two-minute 12°C water
immersion, and during rewarming.

Results: The physical examination yielded few findings indicative of vascular or neurosensory
pathology. One subject (8%) had impaired thermal perception thresholds. LASCA at baseline
showed absent proximal-distal perfusion gradients in six subjects (50%), and a dyshomogeneous
perfusion pattern in five (42%). Perfusion on a group level was virtually unchanged by cold stress
testing (median 52.5 PU; IQR 9.0 before versus 51.3 PU; IQR 27.2 afterwards).

Conclusions: Physical examination and thermal QST offered little aid in diagnosing cold sensitivity,
which challenges the neurosensory pathophysiological hypothesis. LASCA indicated disturbances in

ARTICLE HISTORY
Received 14 February 2020
Revised 24 March 2020
Accepted 24 March 2020

KEYWORDS

(MeSH): Hand; cold
exposure; occupational
exposure; hand-arm
vibration; frostbite; nerve
injury; Sweden

microvascular regulation and could prove a useful tool in future studies on cold sensitivity.

Introduction
Cold sensitivity

Cold sensitivity (CS), or cold intolerance, is defined by
Campbell and Kay as a collection of acquired symptoms,
resulting in an abnormal aversion to cold, with pain, altered
sensibility, stiffness or colour changes, which may occur
after a traumatic injury [1]. The condition has mostly been
reported in conjunction with hand injuries, such as trau-
matic amputations [2], nerve or vascular injury [3,4], cold
injury [5], or hand-arm vibration (HAV) syndrome [6]. In
a population-based case—control study, the condition was
associated to frostbite, nerve injury, rheumatic disease,
migraines, and vascular disease, while a high body mass
index (=25 kg/m?) appeared protective [7]. The pathophy-
siology behind CS is obscure, but hypotheses regarding
vascular and neurosensory mechanisms have been pre-
sented [8-10]. The diagnosis of CS is based on the symp-
toms reported by the individual, and questionnaires such
as the Cold Intolerance Symptom Severity (CISS) score [11].
Subjects with CS report a major negative impact on the
quality of life and work ability [2], but workers’ compensa-
tion claims are often rejected, partly because of the lack of
objective measures [12]. Therefore, there is a need to

clearly define CS from a clinical point of view, and find
methods that objectively characterise the condition.

Evaluation of small nerve fibre function

Thermal quantitative sensory testing (QST), is an estab-
lished psycho-physical method to assess the thermal
perception thresholds of the fingers [13]. It reflects the
function of the small afferent sensory nerves; AS fibres
for the sensation of cold stimuli and C fibres for
warmth. Impaired thermal perception thresholds have
been reported in diabetes neuropathy [14], HAV syn-
drome [15], and after cold injury [16]. In the present
study, it was included to evaluate signs of small fibre
neuropathy, which would support the neurosensory
pathophysiological hypothesis for CS [17].

Evaluation of peripheral microcirculation

Laser speckle contrast analysis (LASCA) can be used to
continuously evaluate cutaneous blood perfusion in large
areas [18]. LASCA has been shown to be reproducible [19],
and correlate well with other laser Doppler techniques [20],
which in turn have demonstrated a linear relationship with

CONTACT Albin Stjernbrandt @ albin.stjernbrandt@umu.se e Section of Sustainable Health, Department of Public Health and Clinical Medicine, Umea

University, 901 87, Umed, Sweden

© 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0001-6082-8465
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/22423982.2020.1749001&domain=pdf&date_stamp=2020-04-07

2 (&) A STJERNBRANDT ET AL.

microvascular blood flow in the range of the skin perfusion
capacity [21]. Apart from evaluating mean perfusion in
larger image fields, smaller regions of interest (ROIls) can
be defined, and a proximal-distal perfusion gradient in the
fingers calculated [22]. Also, the colour-coded, high-
resolution Doppler images can be assessed for small
hypo- or hyper-perfused areas, indicating microvascular
damage [23]. In previous studies, LASCA has been used
on subjects with burn wounds [24], primary and secondary
Raynaud’s phenomenon [25], and systemic sclerosis [26].
To the authors’ knowledge, only one previous study has
evaluated subjects with CS, reporting markedly decreased
perfusion in the affected fingers [27]. However, this small
study (N = 6) only investigated subjects with known per-
ipheral nerve injury, used an older laser Doppler perfusion
imager with lower resolution and no ROIs, and cold stress
testing (CST) that was not ISO-standardised.

Objectives

The objective of this case series was to characterise cold
sensitivity using a semi-structured interview, physical
examination, thermal quantitative sensory testing, and
laser speckle contrast analysis. The study was also
intended to test the feasibility of standardised cold
stress testing in cold-sensitive subjects.

Material and methods
Study design and setting

The present study was a case series on cold-sensitive sub-
jects, conducted at the Occupational and Environmental
Medicine Clinic at the University Hospital of Ume3, during
the winter months (October and November) of 2019.

Study subjects

Through a large, questionnaire-based epidemiological
research project called Cold and Health in Northern
Sweden (CHINS), subjects experiencing CS (N = 504) were
identified [7,28]. First, an information letter was sent to
possible study subjects, living in the municipalities closest
to the clinic. They were then asked for participation by
telephone and written informed consent was obtained
during the clinic visit. The study protocol was approved
by the Swedish Ethical Review Authority (DNR 2019-02082).

Study protocol

Study subjects were instructed to avoid strenuous
physical activity, vibration exposure, nicotine, and caf-
feine for 3 hours before the examination. Exclusion

criteria were a history of severe hypertension, conges-
tive heart failure, obstructive lung disease, liver or
kidney failure, diabetes mellitus, vasoactive medica-
tions, obstructive sleep apnoea, alcohol or substance
abuse, or pregnancy. Firstly, the subjects were inter-
viewed about their experiences of CS, based on
a semi-structured protocol with questions on per-
ceived symptoms, onset, course, and consequences
for work and leisure time. Then, the subjects under-
went physical examination performed by an occupa-
tional physician (AS). The symptomatic hand was
examined; if both were equally affected the dominant
hand was selected. It was inspected for signs of ulcers,
calluses or nail changes. Two-point discrimination
(Touch-Test® Two-Point Discriminator) and monofila-
ment sensibility (Touch-Test® Monofilament five-piece
set) in the volar aspects of the fingertips was tested.
Wrist pulses (including Allen’s test) and capillary refill
time were evaluated. Blood pressure was measured in
a seated position, on the right upper arm, using an
automatic gauge (Omron i-C10, Hoofddorp, The
Netherlands), and peripheral saturation with a pulse
oximeter (OxyMax N-65, Nellcor Puritan Bennet LLC,
Pleasanton, CA, USA). Screening for length-dependent
polyneuropathy was performed using a 128 Hz tuning
fork applied to the medial malleoli, as well as 25°C
and 40°C temperature rollers on the dorsum of the
feet (Rolltemp, Somedic SenseLab AB, Sosdala,
Sweden).

Thereafter, thermal QST was carried out according to
the current standard at the hospital, using a SenselLab
Modular Sensory Analyser (MSA), coupled to a -
25 x 50 mm thermode (Somedic SenselLab AB,
Sosdala, Sweden) [29]. Finger skin temperature (FST)
>28.0°C was required before testing, and achieved by
active warming, if necessary. Measurements were con-
ducted on the pulp of the index and little finger of the
symptomatic hand. When perceiving thermal stimuli,
subjects were instructed to press a button, which trig-
gered digital read-out of thermode temperature and
prompted return to starting temperature. Thermal sti-
muli started at 32.0 £ 0.1°C and ranged from 5.0°C to
52.0°C. The method-of-limits was used [30], with five
consecutive cold stimuli followed by five warm stimuli,
random inter-stimuli intervals of 4-6 s, temperature
change rate of 1.0°C/s during stimuli, and 3.0°C/s during
return. With this procedure, warm detection threshold
(WDT), heat pain threshold (HPT), cold detection thresh-
old (CDT), and cold pain threshold (CPT) were
established.

Finally, evaluation of cutaneous circulation was per-
formed using a high-resolution laser Doppler perfusion
imager (PeriCam PSI, Perimed AB, Jarfdlla, Sweden). It



utilises a laser beam with a wavelength of 785 nm,
reaching the dermis of the skin at a depth of approxi-
mately 0.3 mm, regardless of skin pigmentation. When
the laser light hits moving erythrocytes, a Doppler shift
occurs, meaning that the wavelength of the reflected
laser light is altered. The magnitude and frequency
distribution of wavelength changes are related to the
number and velocity of erythrocytes, and by analysing
the pattern of back-scattered laser light an index of
perfusion is obtained [31]. This indirect measurement
of microcirculation is often referred to as “flux”, and
expressed in arbitrary “perfusion units” (PU). The scan-
ner head was positioned 20 £ 1 cm from the skin sur-
face, perpendicular to a non-reflective pad provided by
the manufacturer. The scanner captured the dorsum of
the hand, from the metacarpal bones to the distal
phalanges of all digits. The image acquisition rate was
set to 1 Hz. A laser crosshair corresponding to felt pen
marks on the hand ensured consequent positioning.
FST of the pulp of the index finger was repeatedly
measured using an infrared thermometer (Testo 845,
Alton Hampshire, UK). After 30 minutes of acclimatisa-
tion, sitting comfortably with adequate clothing (clo
0.7-0.8) in a room with controlled temperature
(23 £ 1°C) and humidity (29 £ 10%), a one-minute
baseline LASCA measurement was performed.
Thereafter, CST was conducted, using a refrigerated
water bath (Lauda Alpha RA 12, Lauda-Konigshofen,
Germany). The subjects were instructed to submerge
the hand, down to the ulnar styloid process, into circu-
lating water of 12.0 £ 0.1°C for 2 minutes, according to
the I1SO 14835-1:2016 [32]. No plastic gloves were used,
to avoid pockets of insulating air inside the glove from
increasing the variability of the cold exposure. The
water immersion time and pain rating were continu-
ously assessed using a photocell assembly detecting
hand position, and an electronic 100 mm visual analo-
gue scale (VAS) transducer ranging from “no pain” to
“worst possible pain” (Perimed AB, Jarfalla, Sweden).
The subjects were instructed to remove the hand if
the stimulus was too unpleasant to cope with. After
CST, the hand was dried with a towel, and a 30-
second LASCA measurement was immediately con-
ducted, and subsequently repeated every third minute
until the hand had rewarmed (defined as FST within
2.0°C of onset), or for a maximum of 29 minutes. The
subjects were asked to hold their hand in front of them
in a comfortable manner between measurements but
were instructed not to actively reheat the limb. Mean
perfusion was calculated during a representative 25-
second time of interest (TOIl) for each measurement.
Two regions of interest (ROI) were specified, in accor-
dance with previous studies [22,33]. Both TOI and ROI
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definitions have previously been tested to reduce varia-
bility [34]. ROI, captured the area between the proximal
and distal interphalangeal joints of the index, middle
and ring finger, and ROI, the area between the meta-
carpophalangeal and proximal interphalangeal joints of
the same fingers (Figure 1). An absent proximal-distal
perfusion gradient was defined as <10% increase in
mean perfusion in ROIl;, compared to ROl,. The distri-
bution pattern was independently evaluated by two
investigators (AS and BB). A homogenous pattern was
defined as uniform perfusion of all examined skin, while
a dyshomogeneous pattern was characterised by local
hypo- or hyper-perfusion, as previously suggested [22].
LASCA analyses were performed in PIMsoft (version 1.5,
Perimed AB, Jarfalla, Sweden).

Statistical methods

Data were described as median values and interquartile
ranges (IQR) for continuous variables (unless otherwise
stated), and as numbers and percentages for categori-
cal variables. Changes in perfusion were evaluated
using the Wilcoxon signed-rank test and Mann-

Figure 1. An example of laser speckle contrast analysis (LASCA)
imaging of the dorsal surface of the right hand, depicting
regions of interest (ROI) (white rectangles), a perfusion hot
spot (white circle) indicating dyshomogeneous perfusion, as
well as felt pen marks (white arrows) on the middle finger
and the back of the hand, for positioning.
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Whitney U test. Spearman’s rank correlation coefficient
(ry) was calculated for FST and LASCA. Statistical ana-
lyses were performed using IBM SPSS Statistics for
Windows (version 26.0, IBM Corporation, Armonk,
NY, USA).

Results
Recruitment

A total of 29 subjects were eligible for participation, of
which 11 (38%) accepted. Those who did not partici-
pate either declined after initial information (N = 11),
could not be reached (N = 5), or had moved from the
study region (N = 2). In addition, one extra CS case was
recruited as a first-degree relative to one of the CHINS
subjects and was asked to complete the original CHINS
questionnaires [7,28] during the clinic visit, in which the
case definition was fulfilled. The final study population
consisted of eight women and four men, with a median
age of 53 years (IQR 9; range 22-74).

Comparing those who participated to those who did
not, there were more women (67 versus 56%), with
a higher median age (53 versus 45 years), and CISS
score (48 versus 42 points). However, the most impor-
tant factor for participation was living in the same
municipality as the clinic (50% versus 17%).

Interview and physical examination

Symmetrical distribution of symptoms in both hands was
reported by 9 subjects (75%). Seven (58%) stated that only
fingers were involved, while the rest described also having
symptoms in the palm or on the back of the hands. Pain
was reported by 10 (83%), sensory alterations by 9 (75%),
stiffness by 7 (58%), and colour changes by 6 (50%). In
addition, all subjects described having cold hands, or
a sensation of cold even though the hand temperature
was normal. None had ever experienced Raynaud'’s phe-
nomenon. Pain was reported as the most bothersome
symptom by 6 subjects (50%), stiffness by 3 (25%), sensa-
tion of cold hands by 2 (17%), and sensory alterations by 1
(8%). The condition was perceived as being acquired rather
than constitutional by 8 subjects (67%), and 7 (58%)
reported previous injury or disease affecting the hands,
such as frostbite, HAV syndrome, traumatic hand injury,
carpal tunnel syndrome or rheumatic disease. First-degree
heredity for CS was described by 5 (42%). The condition
was perceived to have negative consequences for work
and leisure time by 2 (17%) and 3 subjects (25%), respec-
tively. No job change was reported. The median self-
graded work capacity on a numerical rating scale, ranging
from 0 to 10, was 8 (IQR 4; range 2-10). Unusually frequent

use of gloves (single or double layer) was reported by 11
subjects (92%), and 6 (50%) had used artificial heating
devices (i.e. electric gloves or heat packs). Eight subjects
(67%) also reported CS in the feet.

Before the physical examination, the median FST at
baseline was 30.4°C (IQR 5.4), with four subjects (33%)
having FST below the clinical cut-off for sensory testing
(28.0°C). Examination of the skin revealed no ulcers,
calluses, or nail changes. Other tests showed reduced
2-point discrimination (N = 1 subject; 7 mm), reduced
monofilament sensibility (N = 2; 2 g target force
required, indicating diminished light touch), abnormal
radial (N = 1) or ulnar (N = 1) Allen’s test, and presence
of distal interphalangeal joint arthritis (N = 1). The
blood pressure was elevated (>140/90 mmHg) in three
subjects (25%), all of whom had previous diagnoses of
hypertension. Peripheral saturation was normal (=95%)
in all subjects. No sensory deficits in the feet were
found. Findings are summarised in Table 1.

Thermal quantitative sensory testing (QST)

For the index finger, the median WDT was 35.5 (IQR
1.5); HPT 47.7 (IQR 4.7); CDT 29.0 (IQR 1.3); and CPT 9.8
(IQR 7.2). For the little finger, median WDT was 37.1 (IQR
4.0); HPT 49.0 (IQR 3.3); CDT 28.4 (IQR 4.0); and CPT 6.7
(IQR 7.2). However, the lowest temperature of the ther-
mode (5.0°C) only elicited cold pain responses in six
subjects (50%) for the index finger and four (33%) for
the little finger. One subject (8%) had impaired thermal
perception thresholds, according to the currently used
cut-offs (WDT >42.0°C, CDT <23.0°C).

Cold stress testing (CST) and laser speckle contrast
analysis (LASCA)

All subjects completed CST. The median VAS maximum
was 55 mm (IQR 53; range 18-100), and several reported
that pain was replaced by numbness as the dominant
feature during the second part of CST (Figure 2). At base-
line, the proximal-distal perfusion gradient was absent in
six subjects (50%), and the perfusion pattern dyshomoge-
neous in five (42%). CST lowered the median FST from 30.4°
C (IQR 5.4) to 16.0°C (IQR 1.2) (Figure 3). The perfusion
before and after CST was unchanged (52.5 PU; IQR 9.0
versus 51.3 PU; IQR 27.2; Wilcoxon signed-rank test
p = 0.94). Subjects were categorised into having either
a positive (N = 6; median 8.9; IQR 18.0) or a negative
(N = 6; median —8.5; IQR 5.2) perfusion shift (APU) directly
after CST, and the difference between groups was statisti-
cally significant (Mann-Whitney U test p = 0.006), see
Figure 4. The correlation between FST and LASCA measure-
ments varied over time (Spearman’s rank correlation



INTERNATIONAL JOURNAL OF CIRCUMPOLAR HEALTH @ 5

upys Jabuyy bujuiebas pue Bunsa) SIS PIOD UIIMIDC WL dY) Se pauldp awil buiwiemay

‘ploysalyy uondlep
wiep <LAM ‘a1eds anbojeue [ensiA :SYA ‘UOIRUIWILIDSIP JUI0d-0M] ((dZ “PBNIe JIWSeYds] Jusisuel) By|L ‘Bunsal A10suas aAnelueNnD ;1S ‘Bunsal ssais pjod Jaie A[dalip sHun uoisnyad Ui Jiys :Ndv “auswejjouow
4 ‘sisAjeue 1sesuod 3pads JaseT 1yYISYT ‘UOnRIGIA WIe-pUBH AVH ‘DWOIpUAs sojued-sia|y3 53 ‘leabuejeydiaiul [eisip :diq ‘Dwoipuks [uuny |edied 151D ‘Buiasal ssans Plod) 1S ((240ds) AaAds wordwiAs
3dURIB|0IUI P|OD :SS|D ‘unssaid poo|q :dg ‘xapul ssew Apog :INg |0y [ewixoid ayy 0 pasedwiod Loy [EISIP AY3 Ul UoISNad UBSW Ul 3SBAIDUI 9601 > SB PAULAP JUBIPeIB JUISAY . 19SUO JO D,0°C UIYHM dinjesadwal

‘salleuuonsanb (SNIHD) USPaMS WIBYMON Ul Y}jeaH pue pjo) 3y} ul sasuodsas snoiaaid 03 buipiodde ‘ainsodxa pjod

10 ‘2insodxa AYH ‘(9seasip Jejnasea [esayduad Jo/pue ‘34043s ‘uoidieyul [elpiedofuw ‘slioydad mc_ﬁwcm ‘uolsuaiadAy) aseasip Jejndsen ‘saureibiw ‘Ainfur aA1au ‘aseasip dnewnays ‘spuey syl buidaye 1igqisol) Jo 3dUILNIQ,

%Lt NdV
usaned snousbowoH

ulw gz awn buiwiemay

juaIpeb [ewoN wuw g6 Xew SyA S@3 ‘voisuapadiy g/ (444 LE 4 X
%9vC— NdV
widnied snoudabowoH  ulW 6Z< dwil buiwiemay
juaIpelb Judsqy Wi gL Xew SyA spuey auqisoly Ly TLZ €S 4 IX
%66 NdV
usaned snousbowoH ulw || dwn bujwiemay
juaIpelb [ewoN wuw gy Xew SyA 1abuy 3| ww £ ade 6l G€T 99 4 X
%L8L— NdV
usoned snousbowoH  ulw €7 awn buiwiemay 98/St7L
jualpesb juasqy ww 95 Xew SyA 49 1591 S,ud||y Jeujn jewlouqy ainsodxa pjod aAnenwnd ybiH 95 [ d4 49 4 XI
%S°€L NdV
usaned snoauabowoysAg ulw 0z awn bujwiemay aInsodxa AYH ‘@insodxa
jualpeib jewioN W ¢/ xew SyA plo> aniejnwind ybiy ‘1) ‘spuey aqisoid €5 8'sC 139 4 A
%Ev— NdV
widned snoudabowoH  UlW 6Z< dwil buiwiemay 1abuly 3|ppiw aInsodxa pjod dAleInWND
jualpelb [ewloN ww €G Xew SyA pue xapui spuyue uiof did yb1y ‘suyue dneuosd ‘spuey 211qisoly 8y '8l (4 E| IIA
%8¢ NdV
usaned snousbowoH ulw g awn bujwiemay
jualpesb [ewlioN wuw g8 Xew SyA aInsodxa pjod aanenwnd ybiH 61 e 44 W A
%C'L NdV
uidned snosusbowoysAg UIW < dwi} buiwiemay 13buly 9| DT SY J1abuly 3133| pue 3jppiw
jua1pelb Juasqy ww 09 Xew SyA  pue Jabuly xapul Dv'Gh 1AM Xopul LEY 4N ‘S0L/091 d9 ainsodxa AYH ‘VIL ‘uoisuspadAy  6¢ ¥'9¢C vL W A
%E'SL— NdV
usaned snousbowoH ulw £z awn bujwiemay
jaipesb uasqy ww o€ Xew SYA G6/091 d9 soulesbiw ‘uoisuspadAy  6€ 943 SS 4 I\
%¥'¢C— NdV
wianed snoausbowoysiq ulw ¢ awn bujwiemay 90435 ‘aunsodxa
jualpesb juasqy ww QoL Xew SYA 153 S,Ud||y [eIpERI [eWLIOUqY P02 aAneinwNd ybiy ‘sauteibiw ‘s1H 7§ 097 29 4 n
%€9 NdV
widned snosusbowoysAg ulw 6z< awi buiwiemay
juaipesb jewioN Wi 7z xew SyA Spuey 9qisoly  6¢€ €€T 6 W Il
%L'6L— NdV
usoned snoausbowoysAq ulw g awi bujwiemay
1uaIpelb Juasqy Wi g Xew SyA quinyy Ley JN aInsodxs AVH 9 09¢ 65 W |
> YOSV q 18 150 uoneulwexa |ediskyd o SO1ON SSD (W/BY) Ay (/W) ou
Iwg 96y x5 1algng

‘sbuipuly pue sonsu1deIRYD 13[QNS | 3|qe]



6 A. STJERNBRANDT ET AL.

100

90

80

70

60

50

VAS (mm)

40

30

20

10

Time (sec)

Figure 2. Visual analogue scale (VAS) pain recordings from two-minute, 12°C water cold stress testing. Thin solid lines depict

individual subjects, thick dotted line the median.
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Figure 3. Finger skin temperature (FST) for the pulp of the index finger, measured by an infrared thermometer, before (0 min),
directly after cold stress testing (2 min) and during the rewarming period (5-20 min). Subjects have been categorised into two
groups according to fast (FST >28.0°C within 15 minutes after cold stress testing) or slow rewarming, and the median for each

group is presented. Roman numerals represent the subject number.

coefficient 0.32<r,<0.77) and was statistically significant
(p < 0.05) during the late rewarming phase (11-17 min).

Discussion
Key results

The study subjects described uniform symptoms of cold
sensitivity, but with varying origin and consequences. The
physical examination yielded few findings indicative of
vascular or neurosensory pathology. Impaired thermal per-
ception thresholds were only found in one subject (8%).

Objective evaluation of microcirculation, using laser speckle
contrast analysis, showed an absent proximal-distal perfu-
sion gradient in six subjects (50%) and a dyshomogeneous
perfusion pattern in five (42%) at baseline. Also, six (50%)
had a paradoxical increase in perfusion directly after cold
stress testing.

Interpretation and comparison

In our study, the description of symptoms was consis-
tent with the definition of CS by Campbell and Kay [1].
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Figure 4. Mean perfusion for the dorsum of the hand, measured by laser speckle contrast analysis (LASCA), before (0 min), directly
after cold stress testing (2 min) and during the rewarming period (5-20 min). Subjects have been categorised into two groups
according to a positive or negative change in perfusion (APU) between baseline (0 min) and directly after cold stress testing (2 min),
and the median for each group is presented. Roman numerals represent the subject number. PU: Perfusion units. *Significant
difference between groups (Mann-Whitney U test p = 0.006; with positive outlier excluded p = 0.010).

One additional symptom that was not included in their
definition, but reported by all subjects in the present
study, was the experience of habitually cold hands. As
early as in 1985, CS was defined as “an icy cold feeling
that can progress to pain” [35], and “an unpleasant
sense of coldness” was highlighted as an important
symptom in a later thesis on the topic [36]. In a future
amendment of the CS definition, this symptom should
be considered for inclusion. Importantly, all subjects
negated observable signs of Raynaud’'s phenomenon,
which underlines the notion that CS is indeed
a separate condition. First-degree heredity for CS was
reported by almost half the subjects, and as far as the
authors are aware, this has not previously been
described. Few (17%) had experienced a negative
impact on work ability and none had changed job as
a consequence. This is contrasted by previous studies
on CS, where a more profound impact on work ability
was reported, with job change in 4-38% [37,38]. The
difference might be due to a lesser intensity of symp-
toms in our study, the positive effect of behavioural
changes (e.g. warming metal hand tools before use,
increasing clothing, and acquiring heated gloves), or
the high ambition regarding work participation facilita-
tion in Sweden.

The routine physical investigation yielded few find-
ings and did not appear to be sufficient for evaluating
CS. The two subjects that had decreased sensitivity to

monofilaments both reported tangible exposure to
HAV, which could explain this mild sensory deficit. The
abnormal Allen’s tests in two cases were not associated
with any clear vascular symptoms and could represent
an anatomical variant. Finally, findings of finger joint
arthritis were explained by a previously established
diagnosis of rheumatic disease, which has previously
been associated to CS [7]. Thermal QST only showed
impaired thermal perception thresholds in one subject,
with previous relevant HAV exposure, which is a likely
explanation. If CS is primarily of neurosensory origin,
more signs of nerve dysfunction would have been
expected in the present study. In comparison, Jgrum
and Opstad investigated naval soldiers with CS after
cold injury and found impaired WDT, CDT, and CPT
thresholds in the feet, indicative of small fibre neuro-
pathy [16]. There were less findings in the hands, but
the median CPT thresholds in the hands appeared to be
higher than (16.6°C) than in our study (6.7-9.8°C), sug-
gestive of cold allodynia. In a thesis by Smits, thermal
QST was performed on 32 hand surgery patients with
CS, and compared to 15 healthy controls [17]. Mean
CISS was 48, compared to a median of 48 in the present
study, which corroborates a similar intensity of CS. In
this work, significantly impaired WDT and CDT were
found in patients with CS, compared to healthy con-
trols. However, 81% of tested patients had either nerve
lesions or full amputations, meaning that it was evident
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beforehand that neurosensory injury would be present
in the majority of cases, regardless of CS symptoms.
Also, QST testing was performed in different locations
depending on where the patient experienced the most
symptoms, rather than standardising the anatomical
test site, which limits comparison. Finally, a study by
Giertmuhlen et al. showed a low correlation between
self-reported intensity of CS and CPT [39], which is in
line with our findings. One methodological considera-
tion is that the lower limit of thermode temperature
(5.0°C) in the present study appeared insufficient to
provoke cold pain in all subjects, indicating that the
protocol needs refining. To summarise, results of ther-
mal QST in cold-sensitive subjects are ambiguous and
require further study.

Immersion in 12°C water for 2 minutes was tolerated
by all subjects. There was a large variation in VAS rat-
ings (Figure 2), and several experienced that the step-
wise increase in pain during the first minute was
subsequently attenuated, and changed to numbness
during the latter part of the provocation, which has
also previously been described [40]. The baseline FST
varied between subjects but was homogenously low-
ered directly after water immersion, indicating sufficient
and consequent CST. The rewarming period showed
different patterns of FST normalisation, with some sub-
jects having a slow, passive rewarming in a linear fash-
ion, while others seemed to actively reheat much faster
(Figure 3). One previous study using CST (16°C water for
5 minutes) reported temperature recovery for 92% of
healthy subjects after 12 minutes of rewarming [41].
Another study on mixed volunteers (with and without
HAV exposure) subjected to CST (15°C water for
1 minute) showed 64% recovery within 15 minutes
[42]. Finally, one study with a more intensive CST (10°
C water for 10 minutes) showed 56% recovery within
15 minutes in healthy military conscripts [43]. In com-
parison, the present study only had four subjects (33%)
showing recovery within 15 minutes. Although differ-
ences in CST protocols, FST evaluation technique, and
ambient temperature limit comparison, there seems to
be a tendency towards longer rewarming time in the
present study, indicating an attenuated cold response.

Regarding LASCA, Della Rossa et al. performed a large
(N = 76) LASCA study on healthy subjects (HS), primary
Raynaud'’s syndrome patients (PRP) and systemic sclerosis
patients with secondary Raynaud’s syndrome (SSc). They
reported absent proximal-distal perfusion gradients in
26%, 55%, and 74%, respectively [25]. Another LASCA
study by Rosato et al. showed absent gradients in 6% of
HS, 95% of PRP and 88% of SSc [33]. This compares to 50%
of the subjects in our study. In the study by Della Rossa
et al,, a dyshomogeneous perfusion distribution at baseline

was reported in 5% of HS, 20% of PRP and 84% of SSc, in
comparison with 42% in our study. Also, they included CST
with hand immersion in 16°C water for 90 seconds, a milder
provocation than in the present study. Still, they found
a mean decrease in perfusion assessed by LASCA of
—19% in HS, which is representative of the well-
established normal vasoconstrictive response upon cold
stimuli of the hand [44]. Conversely, virtually no change
(—1.2%) in the group as a whole was found in the present
study, but subjects could be categorised based on
a positive or negative perfusion shift (APU) directly after
CST. The group with a paradoxical positive shift had a trend
towards higher perfusion throughout the follow-up time
(Figure 4). Previous research has suggested that thermal
stimulation of C fibres in the skin can induce an axon flare
response, characterised by local vasodilation, and perfusion
increase as measured by LASCA [45]. It is possible that such
local vasodilatory responses could affect the mean perfu-
sion of the entire image, although it was not readily
observed in the visual representation of data. Finally,
Ruch et al. studied subjects with CS after peripheral nerve
injury, assessing perfusion using an older laser Doppler
perfusion imager before and after 20 minutes of 5-8°C air
CST [27]. They found markedly decreased perfusion in the
affected fingers during all stages of testing, which also
contrasts our findings. However, the results are not imme-
diately comparable to the present study since other meth-
ods were used both for CST and perfusion evaluation. Also,
the study was performed in close proximity to the injury
(mean 53 days), meaning that neurosensory rearrange-
ment was likely still in process and possibly affecting the
vasoregulation. To conclude, the present study shows
deviations from the suggested normal perfusion patterns,
albeit less pronounced than, and in some parts opposing
what has been found in previous studies. Since LASCA is
non-invasive, reproducible, and rapidly performed, it could
in the future prove suitable for implementation in arctic
healthcare settings, when assessing cold-related neurovas-
cular hand symptoms.

Limits

One major limit with the present study was the fact that
the subjects reported varying background for CS. In
trying to understand the pathophysiology behind the
condition, a more homogenous group (i.e. only subjects
with CS after nerve injury, or cold injury) would have
been preferable. On the other hand, these case series
illustrate the many different backgrounds to presenting
a similar clinical description of CS symptomatology.
Gender differences have been reported for CS [7], but
such effects were not considered in the present study
due to the small material. Also, in the present study,



there was a large variation in age, which might have
affected the neural and vascular function, as well as the
response to CST, but was not adjusted for.

Performing CST for only 2 minutes might have been an
insufficient time to provoke a full thermoregulatory
response. Five-minute CST is described in the ISO-
standard [32] but was not opted on since there was
a concern that CS subject might not endure the longer
provocation time, leading to premature abortion at differ-
ent stages. Also, longer CST has been reported to induce
the Hunting response, or cold-induced vasodilation [46],
which could potentially disturb the interpretation of the
microvascular response in the normal temperature range
[47]. Finally, the observed clinical reactions and high VAS
ratings support that five-minute CST would indeed have
been unfeasible.

Strengths

One strength of this study was that the subjects were
recruited from a well-controlled database, which meant
that many relevant historical parameters were available
for analysis, such as previous diseases and injuries. Also,
several factors known to immediately influence vasor-
egulation (e.g. nicotine use and HAV exposure) were
controlled for. All subjects were examined by the same
investigators, during the same winter period, in
a controlled environment. Mixing qualitative and quan-
titative methods captured many different aspects of CS.

Conclusions

Cold sensitivity in the hands was mainly characterised by
cold-related pain and sensory alterations. A sensation of
cold hands was also a dominating symptom and should be
considered for inclusion in the definition of CS. Based on
the interview, the condition clearly differs from Raynaud’s
phenomenon. Physical examination and thermal QST
offered little aid in diagnosing cold sensitivity, which chal-
lenges the neurosensory pathophysiological hypothesis.
However, these modalities might still prove valuable in
a clinical setting when assessing neurovascular hand symp-
toms from a differential diagnostic perspective. Laser
speckle contrast analysis indicated disturbances in micro-
vascular regulation and could be a useful tool in future
studies of cold sensitivity. Despite subjects having an
abnormal aversion to cold, standardised two-minute, 12°C
cold stress testing was feasible.
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