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Abstract

Introduction: Infrared thermography allows the detection of infrared radiation, which can be reliably
associated with skin temperature. Modern portable thermography devices have been used to identify the
location of skin perforators by detecting subtle differences in skin temperature. The aim of this study is to
conduct a diagnostic accuracy systematic review to determine the specificity and sensitivity of infrared

thermography.

Materials and Methods: A PRISMA-compliant systematic review and meta-analysis was conducted,
scrutinising PUBMED and EMBASE databases for diagnostic studies measuring the accuracy of infrared
thermography for perforator identification. Article screening, review and data gathering was conducted
in parallel by two independent authors. Eligible studies were subject to a formal risk of bias was

assessment using the QUADAS?2 instrument.

Results: A total of 254 entries were obtained, of which 7 satisfied our pre-established inclusion criteria.
These studies reported a total of 435 perforators in 133 individuals. The most commonly investigated
locations were the antero-lateral thigh and abdominal wall. Reported sensitivity values ranged from
73.7% to 100%. A meta-analysis demonstrated a cumulative sensitivity of 95%. Specificity was not

routinely reported. All studies presented a moderate to high risk of bias according to QUADAS?2.

Discussion: Affordable infrared thermography devices are an interesting alternative to traditional

preoperative investigations for perforator mapping. It is sensitive enough to reliably identify a large



proportion of perforators as “hot-spots”. However, there is limited evidence to estimate the specificity of

this technology, as studies have failed to report true negative values associated with “cold-spots”.



Introduction

Infrared thermography is the technology that allows the detection of infrared radiation without the need
of touching the surface of interest. Even though its clinical use was described more than half a century
ago?, the recent development of more affordable and precise infrared thermographs has captured the

attention of plastic surgeons?.

Normal skin temperature is variable in different anatomical regions, and one of the main determinants of
skin temperature in an area is its perfusion?. Infrared thermography can, therefore, indirectly detect
areas of increased perfusion or decreased perfusion by measuring subtle temperature changes®. All
objects with temperature above absolute zero emit infrared or thermal radiation. The emissions arising
from human skin tend to vary within a wavelength range of 2 to 20 micrometres, which can be detected
from a distance by an infrared camera able convert the intensity of the emitted radiation to
temperature®. With the development of more precise hand-held or smartphone-compatible infrared
thermography devices, authors have been able to use this technology to locate skin perforator arising

from deeper tissues®.

The medical applications of infrared thermography in medicine are varied, including fever screening’,
diagnosis of diabetic neuropathy®, monitoring of inflammation in rheumatic conditions®, among others.
The utility of this application for plastic surgeons derives from the importance of perforator location for
planning perforator flaps'. The raising of these flaps involve the identification and dissection of the

perforator perfusing the flap that is being harvested. This allows transferring these flaps regionally or as a



free flap with its pedicle involving the perforators with or without the named vessel from which these

derivell.

Direct visualisation of these perforators by means of an exploratory incision is still the gold standard for
locating perforators before committing to raise a perforator flap. The bedside use of a hand-held doppler
can be used to look for perforators in a particular anatomical location, however, information is only
useful if a perforator is actually found!?. Computed tomography (CT), magnetic resonance imaging (MRI)
in and near-infrared fluorescence using indocyanine green (ICG)'2 have been more recent additions to the
reconstructive planning armamentarium, being able to accurately describe perforator anatomy!4.

Adequate planning can consequently reduce operative time, complications and costs*>.

Unfortunately, access to CT, MRI and ICG scans can be limited in resource restrained settings, and the
former involves exposing the patient to radiation. The concept of scanning for perforators on the
patient’s bedside using infrared thermography is appealing and several authors have advocated for this
idea®. The aim of this study is to conduct a diagnostic accuracy systematic review to determine the

specificity and sensitivity of this technology, compared to gold standard investigations.



Materials and Methods

This diagnostic systematic review is compliant with the PRISMA statement!’. The protocol for this study,
including search strategies, inclusion and exclusion criteria (Table 1), along with screening and data
gathering processes were prospectively registered in PROSPERO (CRD42019154393). Only diagnostic
studies reporting the identification of perforators using infrared thermography compared with a gold
standard were included in this review. Previous systematic, proof of concept and studies using this

technology for flap planning, but not reporting its diagnostic accuracy were excluded.

With the aid of a senior librarian with experience in systematic reviews, a search strategy was designed
using the following free search terms: “thermography”, “thermal camera”, “surgical flaps”, “free tissue
flap” and “perforator flap” (Appendix 1). Searches were conducted on the 20% of April 2020, including

EMBASE and MEDLINE databases. No filters or limitations were applied, including all studies in any

language published to date. Abstract and conference proceedings were also considered.

Mendeley Desktop reference management software (Elsevier. London, United Kingdom) was used to find
and discard duplicate publications. Independent screening of titles and abstracts was conducted by two
authors (JB and LT) using the Rayyan QCRI software®® (Qatar Computing Research Institute, Qatar). Full
text-review followed for eligible studies, considering the previously stated inclusion and exclusion

criteria. A senior author (AJ) was designated for the resolution any arising disagreements.

The resulting list of publications was reviewed in parallel and independently by two authors (NP and PW)

using a pre-established data gathering pro-forma. Information regarding patient selection, anatomical



areas, infrared thermography modalities, gold standard investigation, sensitivity and specificity were
recorded. Formal risk of bias assessment was performed using the QUADAS2 instrument for diagnostic
studies!®. Revman 5.4 software (Cochrane Collaboration) was used for sensitivity and specificity

calculations and for presenting QUADAS2 risk of bias results.



Results

A total of 254 entries were obtained from the systematic searches, of which 129 were retrieved from
MEDLINE and 125 from EMBASE. Following identification of 90 duplicate items, 164 publications were

reviewed further. Of these, only seven met the pre-defined inclusion criteria (Figure 1).

The definitive list of eligible studies included articles published from 2009 to date, all of which had a
diagnostic accuracy design. Of these, six were published in English with a single entry was only available

in Mandarin.

A total of 133 individuals were included as patients or healthy volunteers among included articles, with a
median age of 44 years (range 12-70). The most investigated anatomical location was the antero-lateral
thigh (n=71), followed by the abdominal wall (n=35) and the lower leg (n=18). A total of 435 perforators
were identified for these cases (Table 2). Computed tomography angiography (CTA) and surgical
exploration were the most commonly reported gold-standards to identify and locate perforators,
however colour doppler ultrasound (CDU) and hand-held doppler ultrasound were also used, in one study
each. Methodological details for each of the eligible studies, including the thermography device used and

protocol are shown in Table 220-%,

Only four studies reported specificity regarding the use of infrared thermography for identifying skin
perforators, however, only the study by Pereira et al?3 included “true negative” values required for
reproducing specificity calculations. Therefore, a specificity meta-analysis was not possible. All the

included articles except one, by Tenorio et al?®, reported sensitivity measures for this diagnostic modality,



ranging from 73.7% to 100% (Figure 2). A meta-analysis for these 6 studies that reported sensitivity
values demonstrated a cumulative sensitivity of 95% [Confidence Interval: 0.92-0.97]. All the studies
included in this systematic review presented a moderate to high risk of bias according to the QUADAS2

instrument (Figure 3).



Discussion

Perforator flap surgery offers a reconstructive alternative which spares the functional implications of
harvesting muscle or musculocutaneous flaps?’. The popularity of the deep inferior epigastric artery
perforator (DIEP) flap for breast reconstruction?® and the antero-lateral thigh (ALT) flap for head and neck
and limb reconstruction?® relies on the possibility of raising large flaps with long pedicles, while
minimising donor site morbidity. However, raising perforator flaps can be challenging even in

experienced hands, making pre-operative planning crucial®.

Computed tomography and magnetic resonance angiography (MRA) can provide a detailed description of
the vascular anatomy, providing reliable information about the location of perforators and their course
towards their nutrient vessel'#. The routine use of these investigations has proven to result in a reduction
in operative time and associated costs'>. Even though CTA and MRA are accessible in high-income
countries, this is not necessarily the case for the developing world3!. Furthermore, these can be

contraindicated in certain groups of patients, as contrast agents are usually required.

Hand-held doppler ultrasound devices have become an important tool for the reconstructive surgeon.
These are considerably cheaper, easily portable and safe in all patient groups2. These allow the detection
of perforators by scanning anatomical areas known for their high perforator density. However, their use
is user-dependant and affected by other factors such as environmental noise and interference from

electronic equipment in its vicinity*2.



Infrared thermography offers an alternative for mapping perforators by detecting subtle temperature
differences in the skin surface®. Even though a correlation between thermographic “hot-spots” and
underlying perforators has been proposed in previous primary studies, to our knowledge the diagnostic

accuracy systematic review hereby presented has not.

A total of seven diagnostic accuracy articles were identified, of which six reported true positive and false
negative values necessary for a sensitivity meta-analysis?®?. Even though, four studies reported
specificity values, ranging from 65.6% to 98%2%23, only one contained the required true negative “cold-
spots” values for reproducing these calculations?. Therefore, no specificity meta-analysis was possible for

specificity among eligible articles.

The cumulative sensitivity of infrared thermography obtained was 95%. Gold-standard measures used in
the studies included in this meta-analysis included CTA and direct visualisation during surgical
exploration. All of these followed a diagnostic accuracy methodology in which all participating individuals
underwent a thermography scan followed by a gold-standard assessment. Research reports that did not
comply with this were excluded as per our review protocol, such as studies in which the use of infrared
thermography was followed immediately by hand-held doppler investigation of identified “hot-spots”33,
Even though this methodology can correlate findings between “hot-spots” with a positive or negative
doppler signal, true and false positives, it is unable to detect true and false negatives, as “cold-spots” are

neglected.

Our systematic review is limited by the methodological and reporting quality of the studies found. All of

these presented moderate to high risk of bias as per our QUADAS2 assessment. Furthermore, none of the



articles included in this review was compliant with the STARD reporting guidelines for reporting
diagnostic accuracy studies3*. Future systematic reviews with meta-analysis would benefit from routine
reporting of index test results to determine not only the sensitivity, but also the specificity of infrared
thermography for perforator detection. Due to the small number of studies eligible for this review we
were unable to further investigate any significant differences between the variety of thermographic
devices used and across different anatomical locations, which could ultimately affect the results obtained

in the conducted meta-analysis.

It has been argued that a “dynamic” assessment by cooling the skin surface and then appreciating re-
warming of “hot-spots” would increase the accuracy of this technology3®. Even though three out of the
seven studies included in this review reported using dynamic infrared thermography?>?4%, it was
impossible to compare their results with static infrared thermography reports, due to variability in skin

cooling and rewarming protocols.

The development of cheaper, smaller and more accessible infrared thermography devices makes this
technology an interesting alternative to traditional preoperative investigations for perforator flap
planning. It is sensitive enough to reliably identify a large proportion of perforators as “hot-spots”, which
can later be confirmed during surgical exploration. However, it is still obscure how many perforators may
be hiding under thermographic “cold-spots”, due to the lack of studies reporting true negative values.
The conduction of further well designed and adequately reported diagnostic accuracy studies is required

to ascertain the specificity of this technology for perforator detection.
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Table 1: Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Diagnostic studies

Animal studies

Use of dynamic infrared thermography for
identifying skin perforator vessels

Basic science studies

Comparison against a validated measure

Previous systematic reviews







Table 2: Included studies in systematic review

Reference Study Anatomical region Number of Device used Protocol for Validated Reporte Reported
type examined perforators measurements Measure d Specificity
(number of found Sensitivi
patients / ty
volunteers)
Xiao et al, FOTRIC® CDhU +
2020% Diagnostic | ALT (n=20) 53 2985 Room intraoperative 94.3% 85.7%
accuracy temperature visualisation
Xu et al, Di ti . R Int ti
ueta 1aBnostic | AT (n=31) 35 Vario CAM oom ntraoperative 100% | 92.1%
201921 accuracy temperature visualisation
Chen et al, _ . Peroneal artery ELIR ONE Cooling with FTA + _
Diagnostic | perforators 57 cold gel pack for | intraoperative 73.7% 65.6%
201922 Pro L
accuracy (n=12) 15 seconds visualisation
Pereiraet | Diagnostic |, + 5 117 FLIR ONE Room CTA 100% | 98%
al, 201823 accuracy temperature
Weum et al FLIR CTA+
20162 " | Diagnostic | Abdomen (n=25) 108 ThermaCAM | Fan cooling for intraoperative 100% -
accuracy S65 HS 2 minutes visualisation
Cooling with
Abdomen and water pack at
Chubb et al, . NEC Th
ubb eta lower extremity 65 ermo 20-22 degrees CTA 94% -
2013% . . Tracer )
Diagnostic | (n=9) Celsius for 5
accuracy minutes
Abdomen (n=10) Average for Hand-held
Tenorio et and peroneal Abdomen: 9.3 | BioScanIR doppler + i i
al 201126 Diagnostic | artery perforators | / system Room intraoperative
accuracy (n=6) Leg: 5.6 temperature visualisation

ALT: antero-lateral thigh; CDU: colour doppler ultrasound; CTA: computed tomography angiography




Figure Legends

Figure 1: PRISMA flow diagram
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Figure 2: Sensitivity Forest Plot for studies eligible for meta-analysis
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Figure 3: QUADAS? risk of bias assessment for included articles
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