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attributed to a core-to-peripheral redistribution of body 
heat and vasodilation.
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1  Introduction

Epidural anesthesia is widely used for perioperative pain 
management in major abdominal, thoracic and orthopedic 
surgery. Epidural anesthesia attenuates the surgical stress 
response and provides superior analgesia in the early post-
operative period. However, due to inaccurate placement, 
epidural anesthesia is ineffective in 3–32% of the cases 
[1–6]. A crucial step in improving the success rate of epi-
dural anesthesia is preoperative confirmation of the correct 
placement of the epidural block with an objective, fast and 
real-time method.

The most widely used method for the assessment of the 
efficacy of epidural anesthesia is the cold sensation test [6]. 
During this test, patients are assessed for cold sensation in 
the thoracic to sacral dermatomes bilaterally to determine 
which area of the body is anesthetized [6]. However, this 
type of sensory block testing is subjective, time consuming, 
depending on patient cooperation and may be associated 
with false positive and false negative results [6, 7].

A thermographic image is a matrix of temperatures with 
a standard color code (e.g. iron or rainbow), which repre-
sent the surface temperature of the imaged skin or tissue 
[8–14].

Local anesthetics used for epidural anesthesia block 
the local sympathetic nerves, which subsequently cause 
vasodilatation and the blood flow will increase. Result-
ing in a local temperature change of the skin [15]. These 
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temperature changes can be assessed by thermogra-
phy, as was previously shown in patients undergoing an 
axillary regional blockade for hand or forearm surgery 
[16]. They found that the thermographic camera showed 
higher combined values for sensitivity, specificity and 
positive and negative predictive values compared to 
cold sensation testing [16]. Moreover, Klaessens et  al. 
showed that thermography revealed distinct skin temper-
ature differences that were well correlated with the areas 
of the peripheral nerve block [17].

The absence of a painful stimulus in the preoperative 
setting creates a diagnostic dilemma in the detection of 
epidural failure. In this study we aimed to investigate 
whether thermographic temperature measurement can 
be used as a method of assessing the efficacy and distri-
bution of epidural anesthesia, and whether this type of 
measurement has a higher predictive value for a success-
ful epidural block when compared to the cold sensation 
test as gold standard.

2 � Methods

2.1 � Subjects

This observational study was approved by the Human 
Subjects Committees of the VU Medical Center and 
Spaarne Gasthuis (METc 15-332). Written informed 
consent was obtained from all participants. Patients 
were included in case of an American Society of Anes-
thesiology physical status I–III in the age range of 46 to 
91 years old, and scheduled for elective abdominal, tho-
racic or orthopedic surgery with an indication for epi-
dural anesthesia. The epidural catheter was placed by the 
anesthesiologist in the preoperative care unit and general 
anesthesia was provided during surgery.

Exclusion criteria comprised withdrawal of consent, 
contra-indications for epidural anesthesia, psychiatric 
disorders, or drug abuse. Patients with an infectious dis-
ease, inflammation, eczema or with burns of the skin in 
the region of the insertion of the epidural catheter were 
also not included.

The surrounding temperature in the anesthesia depart-
ment was kept at a constant level at 21 °C with a constant 
relative humidity of the surrounding air. Prior to exami-
nation, patients were undressed for at least 30 s to adjust 
to the surrounding temperature. After the thermographic 
imaging was performed, patients were allowed to remain 
under blankets. Active warming was not allowed and 
patients had to lay on their back.

2.2 � Epidural anesthesia

Epidural anesthesia was performed according to a local 
protocol based on a loss of resistance method with saline 
0.9%. Before insertion of the epidural catheter, all patients 
received intravenous access and routine hemodynamic 
monitoring. Patients were placed in a seated position while 
bending forward and rested on a pillow. After epidural 
catheter placement, patients were placed in supine posi-
tion and a test dose with 2 ml lidocaine 1% was given. For 
the preoperative induction of the block, 8–10 ml of chiro-
caine 0.5% (AbbVie B.V. Hoofddorp, The Netherlands) 
was given as a bolus. During surgery, a continuous dose of 
chirocaine 0.5% was given through the epidural catheter. 
Supplemental analgesia and general anesthesia during sur-
gery was standardized. To assess the effectiveness of the 
epidural block, the Numeric Rating Scale (NRS) for pain 
was measured in rest directly postoperative. Successful epi-
dural anesthesia was defined as a NRS score ≤4. The use of 
postoperative opioids was measured as indicator of insuf-
ficient postoperative pain relief. The ear temperature was 
monitored during the preoperative and postoperative period 
(Medtronic Genius 2, USA).

2.3 � Thermal imaging

The changes in skin temperature were measured with an 
Ipad-add on (Apple Inc., Cupertino, USA) miniature infra-
red thermal imaging camera (FLIR ONE; FLIR systems, 
Inc., Wilsonville, USA). Non-contact skin temperature 
measurement is based on the emitted infrared radiation 
pattern of the skin or tissue, the radiation depends on the 
temperature of the object. The infrared light coming from 
the object is focused onto an infrared detector. For image 
processing, the detector sends information to sensor elec-
tronics to translate data into an image. The infrared image 
is transformed into a radiometric image by complex algo-
rithms to be able to read temperature values from that 
image. The thermographic camera produces a temperature 
image with a resolution of 160 × 120  pixels. The camera 
was held approximately one meter away from the subject. 
All the values are color encoded. Temperatures are pre-
sented with a 1 °C interval. Thermograms were stored on 
the tablet for off-line analysis with Vernier thermal imaging 
software.

2.4 � Cold sensation test

The cold sensation test is part of standard practice and was 
performed directly after the thermographic measurement 
at t = 15. An ice cube was used to perform the cold sensa-
tion test. The response of the patient was classified as cold 
sensation or no cold sensation. A cold sensation test was 
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scored positive when there was no cold perception in the 
blocked dermatomes, and negative when a perception of 
cold existed.

2.5 � Study design

One investigator performed thermographic imaging and the 
cold sensation test. In the first 15 min after insertion of the 
epidural catheter, five pictures of the skin of the blocked 
dermatomes were made with the thermographic camera. 
T = 0 has been taken before the local anesthetic was given. 
Patients were required to uncover the skin of the blocked 
dermatomes for 30 s before taking the picture to adjust to 
the surrounding temperature. Figure 1 shows typical exam-
ples of a thermal image. Panel A and B show four different 
regions to provide for uniform and quantitative tempera-
ture measurements. Region 1: hypochondriac region left 
and right. Region 2: lumbar region left and right. Region 
3: iliac region left and right. Region 4: the anterior thigh 
left and right. Panel C shows a thermal picture after a local 
anesthetic has been given through the epidural catheter. 
The right thigh is brighter in color compared to the left 
tight, indicating that the right thigh has a higher tempera-
ture (36.0 vs. 35.0 °C).

Time zero (t = 0) was defined as the time before injection 
of the local anesthetic through the epidural catheter. Ther-
mographic images were repeated at 5-min intervals (t = 0, 
5, 10 and 15) until 15 min after administration of epidural 
anesthesia. To provide a quantitative measurement of the 
thermographic imaging and to assist in the interpretation of 
the color images, the thorax, abdomen and upper legs were 

divided in eight regions and the temperature of each region 
was measured (Fig.  1). Patient demographics, including 
age, gender, body mass index (BMI) and ASA classifica-
tion were all recorded. All images where made at the same 
distance from the patient.

2.6 � Statistical analysis

Data were analyzed using Graphpad Prism 7 (Graphpad 
Software Inc., San Diego, California) and SPSS Statis-
tics version 22.0 (IBM, New York, USA). Results were 
tested for normality using the Kolmogorov–Smirnov test. 
Data are presented as means and 95% confidence intervals 
(CI) if distributed normally. For patient characteristics a 
Mann–Whitney-U test was used. Comparisons of tempera-
ture changes from baseline were made by a Student’s t-test, 
corrected for multiple comparisons. Between group differ-
ences were calculated using a Chi square test. A P-value of 
<0.05 was considered significant.

To calculate the sensitivity and specificity of thermogra-
phy for the detection of epidural success, a receiver operat-
ing characteristics curve (ROC) analysis was performed. To 
determine a cut-off point for calculating the sensitivity and 
specificity, multiple ROCs were performed where the tem-
perature differences were dichotomized into less or more 
than 1, 2, 3 or 4° of difference in comparison to T = 0. The 
cut-off points were defined by the different areas under the 
curve. The temperature differences were compared with the 
NRS-score in order to calculate the specificity, sensitivity, 
positive predictive value and negative predictive value.

Fig. 1   Examples of thermographic images of the anterior part of the 
abdomen and upper legs. Panel A and B show four different regions 
that were chosen to evaluate temperature differences. Region 1: hypo-
chondriac region (left and right); Region 2: lumbar region (left and 
right); Region 3: iliac region (left and right); Region 4: the anterior 

thigh (left and right).  Panel C shows a thermal picture taken 20 min 
after the epidural block. The right thigh is brighter in color than the 
left thigh, indicating that the right thigh (36 °C) has a higher tempera-
ture than the left thigh (35 °C)



338	 J Clin Monit Comput (2018) 32:335–341

1 3

Sensitivity measures the proportion of positives that are 
correctly identified as such (e.g., the ratio of the number of 
patients who have a significant change in temperature of 
the skin/a positive cold sensation test over the total num-
ber of patients with a clinically functioning epidural block). 
Specificity measures the proportion of negatives that are 
correctly identified as such (e.g., the ratio of the number 
of patients without a significant temperature rise/negative 
cold sensation test over the total number of patients with-
out a clinically functioning epidural block). Positive predic-
tive value indicates the amount of patients with a positive 
test and who are correctly diagnosed. Negative predictive 
value indicates the amount of patients with a negative test 
and who are correctly diagnosed. To investigate for predic-
tors that had an influence on the outcome of post-operative 
pain, a logistic and linear regression was conducted.

3 � Results

From the total study population of 64 patients, 3 patient 
were excluded due to no epidural anesthesia (n = 1) and 
procedural changes (n = 2). The study population consisted 
of 37 male and 24 female patients aging 67 ± 11 years. The 
majority of patients underwent a (hemi)colectomy (37.9%) 
or sigmoid/rectal resection (31.0%).

Fifty-five patients reported a NRS ≤4 (successful block; 
90%) upon admission to the post-anesthesia care unit with 
a median NRS of 0 (0–1). There were no differences in 
demographic parameters between patients with a success-
ful block and unsuccessful block (Table  1). Patients with 
a successful block received less opioid support during sur-
gery than patients with an unsuccessful block (8.1 ± 5.6 
vs. 13.3 ± 4.1  mg/kg/hr, respectively; P = 0.039). No dif-
ferences were found between preoperative and postopera-
tive temperature values measured in the ear (35.8 ± 1.6 vs. 
35.9 ± 1.9 °C).

Figure 2a shows the temperature differences compared 
to baseline (T = 0) at 5, 10 and 15 min following epidural 
anesthesia. In patients with a successful block (NRS ≤4), 

a temperature drop was observed after 10 min following 
epidural anesthesia, and this drop remained until T = 15. 
In patients with an unsuccessful block, there was an ini-
tial drop in temperature that returned to 0 °C at 15  min 
following epidural anesthesia. There were no differences 
in the delta temperature between groups.

Figure 2b shows the change in temperature for an epi-
dural location at L1–4 (white boxes), T8–10 (light grey 
boxes) and T10–12 (dark grey boxes). While the tem-
perature decreased over time for L1–4 and T10–12, there 
was no clear direction in temperature changes for patients 
with an epidural at T8–10. The unsuccessful blocks 
were only present in patients with an epidural at L1–4 (4 
patients) and T10–12 (2 patients).

Table 1   Patient characteristics of the study group (n = 61)

Data are represented as mean ± SD, frequency or median with inter-
quartile range
BMI body mass index, ASA American Society of Anesthesiologists

Overall (n = 61) Successful 
(n = 55)

Unsuccessful 
(n = 6)

Age (years) 67 ± 11 65 ± 14 65 ± 16
Gender (M:F) 37:24 25:15 4:2
BMI (kg/m2) 25.6 ± 5.4 24.8 ± 3.1 25.2 ± 4.6
Median ASA 2 (2–2) 2 (2–2) 2 (2–2)

Fig. 2   Panel A shows the temperature difference between baseline 
(T = 0) and T = 5, T = 10 and T = 15 for patients with a successful 
block (NRS <4; light grey) or unsuccessful block (NRS ≥4; dark 
grey). Panel B represents the temperature change over time for the 
epidural location lumbar 1–4, thoracic 8–10 and thoracic 10–12. 
Boxes represent medians with interquartile ranges. P-values are indi-
cated in the figure
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To determine a cut-off point for the calculation of the 
sensitivity and specificity of thermography for the suc-
cessfulness of epidural anesthesia, multiple ROC analy-
ses were performed (Table  2). The highest AUC was 
retrieved at 15 min following epidural anesthesia, with a 
cut-off of 2 °C (AUC = 0.602). The AUC of the cold sen-
sation test at 15  min following epidural anesthesia was 
0.388.

Table 3 shows the sensitivity, specificity and the posi-
tive and negative predictive value for the different meas-
urement time points for thermography and the cold sen-
sation test. Although the sensitivity of thermography was 
lower compared to the cold sensation test at 15 min fol-
lowing epidural anesthesia (0.54 vs. 0.97, respectively), 
the positive predictive value of both methods was com-
parable. The specificity of thermography at 15  min fol-
lowing epidural anesthesia was higher compared to the 
cold sensation test (0.67 vs. 0.25, respectively). However, 
the negative predictive value of thermography was low 
(0.17).

4 � Discussion

The present study investigated whether thermography can 
be used as alternative method for assessing the efficacy of 
epidural anesthesia when compared to the cold sensation 
test. We found that thermographic measurements are an 
objective method to assess the effectiveness of an epidural 
block. However, in contrast to previous reports focusing on 
regional anesthesia techniques, epidural anesthesia resulted 
in a temperature drop rather than a temperature increase 
of the skin [16, 17]. We found that the positive predictive 
value of thermography is equal to the positive predictive 
value of the cold sensation test. However, despite a higher 
specificity when compared to the cold sensation test, the 
negative predictive value of thermography was very low. 
This implies that thermography is reliable when epidural 
anesthesia is successful, but unreliable with respect to the 
diagnosis of unsuccessful epidural anesthesia. In these 
cases, a combination of thermography and the cold sensa-
tion test could be considered as valuable alternative.

Our thermography data show a consistent decrease in 
skin temperature in case of successful epidural anesthe-
sia. These observations are however in contrast to previ-
ous studies in patients undergoing a local blockade. In the 
study of Galvin and colleagues, an axillary block for hand 
surgery induced a temperature increase of the forearm skin 
of 5 °C in case of a successful block. This temperature 
increase was almost ignorable in patients with an unsuc-
cessful block [16]. Klaessens et  al. showed that thermog-
raphy revealed differences in skin temperature differences 
that corresponding with the areas of the neuraxial block 
[17]. In a study focusing on the efficacy of thermography 
to assess the successfulness of an infraclavicular brachial 
plexus block, a temperature increase of 3 °C was observed 
in the forearm [18].

Table 2   Area under the curves (AUCs) of the receiver operating 
characteristic (ROC)

Area under the curve (AUC) of the ROC analysis for temperature dif-
ferences compared to baseline at 5, 10 and 15 min following epidural 
anesthesia. AUCs were used to determine the cut-off point for the 
sensitivity and specificity of thermography to determine the success-
fulness of epidural anesthesia

1 °C 2 °C 3 °C 4 °C

AUC 5 min after T = 0 0.569 0.555 0.518 0.494
AUC 10 min after T = 0 0.390 0.388 0.352 0.352
AUC 15 min after T = 0 0.569 0.602 0.553 0.528

Table 3   Predictive value of thermography and the cold sensation test for the successfulness of the epidural block

Sensitivity, specificity, positive predictive value and negative predictive value for thermography and the cold sensation test at 5, 10 and 15 min 
following epidural anesthesia. Time difference is expressed in minutes
CST cold sensation test

Sensitivity Positive predictive value

Thermography CST Thermography CST

5 min after T = 0 0.61 0.89
10 min after T = 0 0.61 0.83
15 min after T = 0 0.54 0.97 0.92 0.93

Specificity Negative predictive value

Thermography CST Thermography CST

5 min after T = 0 0.50 0.15
10 min after T = 0 0.17 0.06
15 min after T = 0 0.67 0.25 0.17 0.50
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In 1994, Cheema and colleagues described a case report 
in a pediatric patient where the effect of epidural anesthesia 
at T7/T8 was assessed by thermography [19]. In agreement 
with our findings, they also showed a slight decrease in 
skin temperature. In a second study in six adult patients the 
same authors demonstrated that preblock skin temperature 
decreased particularly in the cervical dermatomes, the tho-
racic dermatomes T4–T8 and T10–T12 and the lumbar der-
matomes L1–L3 [20]. In agreement with the observations 
of Cheema, we also observed a temperature decrease in the 
dermatomes corresponding with L1–L4 and T10–12, while 
the changes in temperature corresponding with a blockade 
at T8–10 were highly variable. Similar findings were pre-
sented by Freise and colleagues, showing that the decrease 
in skin temperature assessed by thermography was particu-
larly observed in T10–12 [21].

Epidural anesthesia reduces central autonomic ther-
moregulatory control, leading to periprocedural hyper-
thermia [22, 23]. The decrease in temperature during epi-
dural anesthesia is mainly attributed to a core-to-peripheral 
redistribution of body heat [24, 25]. Additionally, epidural 
anesthesia increases subcutaneous tissue oxygenation due 
to vasodilation [26]. Both physiological mechanisms will 
contribute to the decrease in skin temperature as observed 
in our study.

Liquid substances such as gel or disinfection spray on 
the skin surface an influence infrared imaging results. Ber-
nard et  al. state that the surface temperature needs to be 
corrected when solutions like disinfection or gel are being 
put on the skin. In the case of this study the disinfection 
was administered on the back, while the thermographic 
pictures were measured on the clean skin of the abdomi-
nal area. Disinfection was only administered in the area 
of interest after the last picture was made, the temperature 
thus needed no correction. Moreover Bernard et  al. also 
found that clean skin has a minimum reflection of ambient 
temperature due to its high emissivity [27].

We performed a ROC analysis to calculate a positive 
and negative predictive value for thermography as assess-
ment for the successfulness of epidural anesthesia. The 
comparative method was the cold sensation test, which is 
subjective, time consuming, depending on patient coop-
eration and may be associated with false positive and 
false negative results [6, 7]. With respect to the detection 
of patients with a successful block, thermography was 
equivalent to the cold sensation test. However, the cold 
sensation test was superior in the detection of patients 
with suboptimal epidural anesthesia. While the latter cat-
egory is crucial in the strategy to reduce postoperative 
pain, we here conclude that thermography cannot replace 
the cold sensation test for the assessment of the success-
fulness of epidural anesthesia. Our findings are in con-
trast to the findings of Minville et  al. showing that the 

infrared thermometer is a reliable and early indicator to 
detect a successful infraclavicular branchial plexus block 
[18]. However, the rise in skin temperature that is associ-
ated with a local block and the absence of a ROC analysis 
in this publication limit a comparison with our findings 
[18]. Our analyses show the highest positive predictive 
value at 15 min following induction of epidural anesthe-
sia. At this time point, patients with a successful block 
showed a persistent decrease in skin temperature, while 
the skin temperature in patients with an unsuccessful 
block returned to baseline values. This is in accordance 
with the known onset time of levobupivacaine, which is 
approximately 15 min [19].

The definition of a successful block was influenced 
by the administration of opioids during the procedure. 
Patients with an unsuccessful block received more opi-
oids per hour than patients with sufficient epidural anes-
thesia. Other parameters, including age or the duration of 
surgery showed no relationship with postoperative pain.

There were limitations in this study. The thermo-
graphic camera is easily usable and could be attached to 
your smartphone or tablet, but the application used needs 
improvement for use in daily clinical practice. Temper-
atures were measured only in whole degrees instead of 
one-tenth of a degree. This low resolution reduces the 
ability to distinguish a change in temperature. Moreover, 
general anesthetics, such as propofol and sufentanil, also 
have an effect on dilatation of the skin vasculature, and 
hence influence the skin temperature. As a consequence, 
thermographic measurements were stopped upon induc-
tion of general anesthesia.

Core temperature was measured in the ear with infra-
red thermometry. However, accuracy of infrared ear ther-
mometry is limited.

Another limitation of this study is the time chosen for 
the skin to adjust to the surrounding temperature prior to 
examination. This period of 30  s might be too short for 
the skin to adjust completely to its surrounding tempera-
ture. Lastly, we only performed the cold sensation test at 
15 min after administration of the epidural anesthetics, so 
there is only one time point where the cold sensation test 
could be compared with the thermography.

We conclude that thermographic temperature measure-
ments are instantly available, easy to perform, objective 
method that will provide additional information to the cold 
sensation test in the assessment of the effectiveness of an 
epidural block. Further studies are required to assess the 
use of thermography to evaluate the effectiveness of epi-
dural anesthesia, with emphasis on the differences between 
skin temperatures among distinct dermatomes.

Acknowledgements  Open access funding provided by VU Univer-
sity Medical Center (VUmc).



341J Clin Monit Comput (2018) 32:335–341	

1 3

Funding  This research did not receive any specific grand from 
funding agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflict of interest  The authors have no conflict of interest to de-
clare.

Research involving human participants  This investigation 
involved Human Participants. The study was approved by the Human 
Subjects Committees of the VU Medical Center and Spaarne Gasthuis 
(METc 15-332).

Informed consent  All participants provided written informed con-
sent.

Open Access  This article is distributed under the terms of the 
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons license, and indicate if changes were 
made.

References

	 1.	 Hermanides J, Hollmann MW, Stevens MF, Lirk P. Failed epi-
dural: causes and management. Br J Anaesth. 2012;109:144–154.

	 2.	 Ready LB. Acute pain: lessons learned from 25,000 patients. 
Reg Anesth Pain Med. 2016;24:499–505.

	 3.	 Tran de QH, Van Zundert TC, Aliste J, Engsusophon P, Fin-
layson RJ. Primary failure of thoracic epidural analgesia in 
training centers: the invisible elephant? Reg Anesth Pain Med. 
2016;41:309–313.

	 4.	 McLeod G, Davies H, Munnoch N, Bannister J, MacRae W. 
Postoperative pain relief using thoracic epidural analgesia: 
outstanding success and disappointing failures. Anaesthesia. 
2001;56:75–81.

	 5.	 Arnuntasupakul V, Van Zundert TC, Vijitpavan A, Aliste J, Eng-
susophon P, Leurcharusmee P, Ah-Kye S, Finlayson RJ, Tran de 
QH. A randomized comparison between conventional and wave-
form-confirmed loss of resistance for thoracic epidural blocks. 
Reg Anesth Pain Med. 2016;41:368–373.

	 6.	 Larsson J, Gordh TE. Testing whether the epidural works: too 
time consuming? Acta Anaesthesiol Scand. 2010;54:761–763.

	 7.	 Leurcharusmee P, Arnuntasupakul V, De La Garza DC, Vijit-
pavan A, Ah-Kye S, Saelao A, Tiyaprasertkul W, Finlayson RJ, 
Tran de QH. Reliability of waveform analysis as an adjunct to 
loss of resistance for thoracic epidural blocks. Reg Anesth Pain 
Med. 2015;40:694–697.

	 8.	 Tattersall GJ. Infrared thermography: a non-invasive window into 
thermal physiology. Comp Biochem Physiol. 2016;202:78–98.

	 9.	 Ring EF, Ammer K. Infrared thermal imaging in medicine. Phys-
iol Meas. 2012;33:33–46.

	10.	 Tan JH, Ng EY, Acharya UR, Chee C. Infrared thermography 
on ocular surface temperature: a review. Infrared Phys Technol. 
2009;52:97–108.

	11.	 Iwase S, Cui J, Wallin BG, Kamiya A, Mano T. Effects of 
increased ambient temperature on skin sympathetic nerve 
activity and core temperature in humans. Neurosci Lett. 
2002;327:37–40.

	12.	 Hardwicke JT, Osmani O, Skillman JM. Detection of perfora-
tors using smartphone thermal imaging. Plast Reconstr Surg. 
2016;137:39–41.

	13.	 Davis SL, Fadel PJ, Cui J, Thomas GD, Crandall CG (2006) Skin 
blood flow influences near-infrared spectroscopy-derived meas-
urements of tissue oxygenation during heat stress. J Appl Phys-
iol. 1985;100:221–224.

	14.	 Togawa T, Saito H. Non-contact imaging of thermal properties 
of the skin. Physiol Meas. 1994;15:291–298.

	15.	 Stevens MF, Werdehausen R, Hermanns H, Lipfert P. Skin 
temperature during regional anesthesia of the lower extremity. 
Anesth Analg. 2006;102:1247–1251.

	16.	 Galvin EM, Niehof S, Medina HJ, Zijlstra FJ, van Bommel 
J, Klein J, Verbrugge SJ. Thermographic temperature meas-
urement compared with pinprick and cold sensation in pre-
dicting the effectiveness of regional blocks. Anesth Analg. 
2006;102:598–604.

	17.	 Klaessens JH, Landman M, de Roode R, Noordmans HJ, Ver-
daasdonk RM (2011) Objective methods for achieving an early 
prediction of the effectiveness of regional block anesthesia using 
thermography and hyper-spectral imaging. SPIE Proc 7895.

	18.	 Minville V, Gendre A, Hirsch J, Silva S, Bourdet B, Barbero C, 
Fourcade O, Samii K, Bouaziz H. The efficacy of skin tempera-
ture for block assessment after infraclavicular brachial plexus 
block. Anesth Analg. 2009;108:1034–1036.

	19.	 Cheema SP, Browne T, Entress AH. Thermography: a noninva-
sive assessment of pediatric thoracic epidural blocks. J Cardio-
thorac Vasc Anesth. 1994;8:330–333.

	20.	 Cheema SP, Ilsley D, Richardson J, Sabanathan S. A ther-
mographic study of paravertebral analgesia. Anaesthesia. 
1995;50:118–121.

	21.	 Freise H, Meissner A, Lauer S, Ellger B, Radke R, Bruewer M, 
Brodner G, Van Aken HK, Sielenkämper AW, Fischer LG. Tho-
racic epidural analgesia with low concentration of bupivacaine 
induces thoracic and lumbar sympathetic block: a randomized, 
double-blind clinical trial. Anesthesiology. 2008;109:1107–1112.

	22.	 Ozaki M, Kurz A, Sessler DI, Lenhardt R, Schroeder M, Moay-
eri A, Noyes KM, Rotheneder E. Thermoregulatory thresh-
olds during spinal and epidural anesthesia. Anesthesiology. 
1994;81:282–288.

	23.	 Kurz A, Sessler DI, Schroeder M, Kurz M. Thermoregulatory 
response thresholds during spinal anesthesia. Anesth Analg. 
1993;77:721–726.

	24.	 Sessler DI. Temperature monitoring and perioperative ther-
moregulation. Anesthesiology. 2008;109:318–338.

	25.	 Arkilic CF, Akça O, Taguchi A, Sessler DI, Kurz A. Tempera-
ture monitoring and management during neuraxial anesthesia: an 
observational study. Anesth Analg. 2000;91:662–666.

	26.	 Treschan TA, Taguchi A, Ali SZ, Sharma N, Kabon B, Sessler 
DI, Kurz A. The effects of epidural and general anesthesia on tis-
sue oxygenation. Anesth Analg. 2003;96:1553–1557.

	27.	 Bernard V, Staffa E, Mornstein V, Bourek A. Infrared camera 
assessment of the skin surface temperature-effect of emissivity. 
Phys Med. 2012;29:583–591.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Thermographic skin temperature measurement compared with cold sensation in predicting the efficacy and distribution of epidural anesthesia
	Abstract 
	1 Introduction
	2 Methods
	2.1 Subjects
	2.2 Epidural anesthesia
	2.3 Thermal imaging
	2.4 Cold sensation test
	2.5 Study design
	2.6 Statistical analysis

	3 Results
	4 Discussion
	Acknowledgements 
	References


