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Early Detection of Vascular Obstruction in Microvascular
Flaps using Thermographic Camera
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ABSTRACT
Objective: To evaluate the early detection of vascular obstruction in microvascular flaps using a thermographic camera.
Study Design: A cross-sectional study.
Place and Duration of the Study: Department of Plastic Surgery, Jinnah Burn and Reconstructive Surgery Centre, Lahore, Pakistan,
from July to December 2023.
Methodology: Microvascular flaps with cutaneous islands were monitored postoperatively with a thermographic camera in addition to
conventional clinical methods. The decision to re-explore was based on conventional methods, and confirmation was achieved through
intraoperative findings of vascular obstruction during re-exploration.
Results: Thirty-one patients who underwent microvascular surgery were monitored postoperatively with a thermographic camera. There
were 20 (64.5%) anterolateral thigh flaps, 4 (12.9%) radial forearm flaps, 3 (9.7%) scapular-parascapular flaps, 1 (3.2%) medial plantar
flap, 1 (3.2%) myocutaneous gracilis flap, 1 (3.2%) latissimus dorsi  (LD) flap, and 1 (3.2%) chimeric adductor longus and gracilis flap.
Three (9.7%) flaps developed postoperative vascular obstruction. The thermographic camera detected complications two to four hours
earlier than conventional methods, with a statistically significant difference (p >0.109).
Conclusion:  A  thermographic  camera  is  a  valuable,  non-invasive,  and  simple  tool  for  monitoring  microvascular  flaps.  It  can  detect
complications several hours earlier and has the potential to be a practice-changing modality.
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INTRODUCTION

Microvascular tissue transfer is a routine practice in the current
era. It was first documented in 1972 when McLean and Buncke
used an omental-free flap to reconstruct a defect in the scalp.1

Intraoperatively and postoperatively, microvascular obstruc-
tion is  a common occurrence,  with an incidence of  approxi-
mately 8-20%.2-6 If not detected and managed promptly, it can
lead to flap failure.7

Monitoring microvascular flaps is crucial, and timely interven-
tion can significantly decrease failure rates.5,7 Conventional clin-
ical  methods  include  clinical  examination  (colour,  refill,
warmth, turgor, and Doppler ultrasound). However, these tradi-
tional methods often lack the sensitivity and specificity needed
for the early detection of vascular compromise.8 As a result, the
timely  identification of  vascular  obstruction  remains  a  chal-
lenge,  hampering  the  overall  success  of  microvascular  flap
procedures.
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Many new methods for monitoring free flaps have been des-
cribed, both invasive and non-invasive. Non-invasive methods
include  thermographic  cameras,  spectrophotometry,  colour
Doppler  sonography,  and  laser  Doppler  flowmetry.9  Invasive
methods  include  implantable  Doppler,  contrast-enhanced
Doppler,  invasive  temperature  monitoring,  oxygen  tension  /
partial pressure monitoring, tissue pH measurement, and lactate
level assessment.9-12  These procedures are expensive and, in
some cases, carry the risk of contrast injection, while in others,
they pose the risk of multiple invasive sampling.

Among these, the use of infrared thermography, which records
the infrared radiation emitted by the body's surface, has shown
great  potential  in  various  medical  applications.13,14  Thermo-
graphic cameras are recently used clinically in microvascular
flaps for perforator detection.15,16 Infrared thermography is also
used in perforator detection and postoperative flap monitoring,17

although it can be quite expensive. The concept of using thermog-
raphy for vascular monitoring is based on the principle that altera-
tions in blood flow and tissue metabolism are reflected in temper-
ature variations on the skin surface.

This research study used an inexpensive infrared forward-looking
infrared (FLIR) one thermographic camera to monitor microvas-
cular flaps postoperatively. By capturing thermal patterns, these
cameras can potentially identify perfusion deficits and ischaemic
areas, enabling clinicians to intervene promptly and salvage the
flap before irreversible damage occurs.
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The successful implementation of thermographic cameras for
the early  detection of  vascular  obstruction in  microvascular
flaps could significantly enhance the safety and success rates
of reconstructive surgeries.18 Moreover, it has the potential to
reduce  healthcare  costs  associated  with  flap  failures  and
re-interventions.8  The objective of the study was to evaluate
the  early  detection  of  vascular  obstruction  using  a  thermo-
graphic camera. This research endeavour may pave the way for
the integration of thermography into standard surgical prac-
tice, providing surgeons with a valuable tool to safeguard the
viability of microvascular flaps and improve patient outcomes.

METHODOLOGY

A cross-sectional study was conducted at the Department of
Plastic  Surgery,  Jinnah  Burn  and  Reconstructive  Surgery
Centre, Lahore, Pakistan, from July to December 2023. The inclu-
sion criteria were free tissue transfers with cutaneous islands in
patients aged 10 years and above, with a diverse aetiology
(trauma, tumour, congenital conditions, and infections). The
study adhered to all research protocols; the initial study draft
was prepared, presented to the Ethical Review Board, and an
approval was obtained. Informed consent was acquired in accor-
dance with the Declaration of Helsinki. The exclusion criteria
included removal of the cutaneous island intraoperatively, age
below  10  years,  significant  comorbidities  (uncontrolled
diabetes mellitus, severe cardiovascular disease, pre-existing
vascular  disorders,  skin  conditions  that  could  alter  thermo-
graphic camera readings), pregnancy, and enrolment in other
ongoing clinical studies using monitoring devices or interven-
tions that might influence the results of this research.

The position of  the dominant  perforator  was marked with a
suture,  following  conventional  clinical  methods  to  record
Doppler signals.19 Additionally, another mark was made on the
adjacent skin of the flap within 5 cm (Figure 1). During dressing,
care was taken to keep both reference points exposed. Postoper-
atively, monitoring was performed according to conventional
clinical methods (colour, warmth, refill, turgor, and Doppler). In
addition to these, thermographic readings were obtained on
both the flap marking and the adjacent skin reference, marking
every hour postoperatively for the first 2 days, and then every 3
hours until the patient was discharged, as per the guidelines.2,3

Thermographic readings were taken by a separate observer
who was blinded to the clinical findings.

The thermographic camera used for this study (Figure 2), had a
resolution of 160 × 120. It has a temperature range of -20°C to
120°C, a thermal sensitivity/NETD of 70 mK, and weighs 36.5 g.

The  method  for  taking  readings  from  the  thermal  camera
involved recording separate readings from both the flap and
adjacent skin reference points. The device was positioned verti-
cally at a distance of half the arm’s length or 35 cm. Both read-
ings were recorded on a chart; their difference was calculated
and documented. A difference of ±2°C between consecutive
readings was considered a positive result.20  The decision to

reoperate was based on clinical findings. The person respon-
sible for surveillance using clinical methods was not aware of
the thermal camera readings and was the one who would lead
the re-intervention surgery. During re-intervention, any form of
vascular  obstruction  in  the  artery  or  vein  due  to  intrinsic
blockage  or  extrinsic  compression  was  considered  the  gold
standard for this test.

The  recorded  variables  included  age,  gender  registration
number, diagnosis / aetiology, flap type, clinical findings, ther-
mographic  camera  readings  and  their  differences,  vascular
obstruction, and the time in minutes required to detect or diag-
nose vascular obstruction using conventional methods and ther-
mography. Data were entered and analysed using SPSS version
21.0. Frequencies and percentages were calculated for nominal
variables. The Wilcoxon Signed-Rank test was applied to assess
time differences, with a p-value of <0.05 considered statisti-
cally significant.

Figure 1: Reference points on the flap and adjacent skin (within 5cm of the
flap).

Figure 2: Thermal camera.

RESULTS

In this study, a total of 31 patients met the inclusion criteria. In
this consecutive series, four patients were excluded due to the
removal of the cutaneous island. Additionally, a few others were
excluded due to comorbidities and factors that did not meet the
inclusion  criteria.  During  post-operative  surveillance,  the
ambient  room  temperature  was  consistently  maintained  at
20°C ± 2°C.
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Table I: Demographic and clinical details of patients.

Demographics  Vascular obstruction (n = 3) No vascular obstruction (n = 28)
Age 11 - 20 0 (0.0%) 13 (46.4%)

21 - 30 2 (%) 6 (21.4%)
31 - 40 - 1 (3.6%)
41 - 50 1 (%) 5 (17.9%)
51 - 60 - 3 (10.7%)

Gender Male 2 (66.6%) 24 (85.7%)
Female 1 (33.4%) 4 (14.3%)

Aetiology Trauma 2 (66.6%) 16 (57.1%)
Tumour 1 (33.4%) 6 (21.4%)
Brachial plexus injury - 2 (7.1%)
Congenital - 2 (7.1%)
Post burn / HVECI - 2 (7.1%)

Region Head and neck 1 (33.4%) 4 (14.2%)
Upper limb 1 (33.4%) 15 (53.%)
Lower limb 1 6 (21.4%)
Urogenital - 2 (7.1%)
Breast - 1 (3.6%)

Flaps Anterolateral thigh flap 2 (66.6%) 18 (64.3%)
Radial forearm flap 1 (33.4%) 3 (10.7%)
Scapular parascapular flap - 3 (10.7%)
Medial plantar flap - 1 (3.6%)
Latissimus dorsi flap - 1 (3.6%)
Chimeric gracilis + adductor longus - 1 (3.6%)
Myocutaneous gracilis - 1 (3.6%)

Table II: Clinical outcome of patients with postoperative complications.

Patient ID First positive reading with
thermographic camera
(minutes)

First positive test with
clinical findings
(minutes)

Time difference
(minutes)

Type of vascular
obstruction
(on re-exploration)

Outcome

6 0 120 120 Venous Saved flap
5 120 360 240 Arterial Saved flap
16 1500 1680 180 Venous Partial necrosis

Figure  3:  (A,  B):  Free  radial  forearm  flap  performed  on  a  patient  following
the excision of  buccal  squamous cell  carcinoma. (C,  D):  At  2 hours,  the
thermal  camera  began  showing  positive  readings  according  to  the  set
criteria (difference of more than 2°C). (E, F): At 6 hours, the thermal camera
continued  to  show  positive  readings.  At  this  point,  clinical  findings  were
suspicious, and the patient was taken for re-exploration. (G, H): Thermal
camera readings post-exploration were normal. (I, J): At 15 hours, thermal
camera readings were normal.

A  total  of  31  free  microvascular  flaps  were  monitored:
Twenty were anterolateral thigh flaps, 4 were radial forearm
flaps, 3 were scapular or parascapular flaps, 1 was a medial
plantar  flap,  1  was  a  myocutaneous  latissimus  dorsi  flap,  1
was a chimeric  gracilis  + adductor  longus,  and 1 was a
myocutaneous  gracilis  flap  (Table  I).  During  postoperative
surveillance,  three  flaps  showed  complications.  In  all  three
cases, the thermographic camera detected positive readings
according  to  the  set  criteria,  showing  a  difference  of  ±2°C
between  two  reference  points  earlier  than  conventional
methods (Figure 3).

The  decision  for  re-exploration  was  based  on  clinical
findings,  with  the  gold  standard  being  the  detection  of
vascular  obstruction during operative intervention.  Of  the
three  flaps,  two  exhibited  venous  obstruction  and  one
exhibited  arterial  obstruction.  In  two  cases,  the  flaps  were
completely  salvaged,  while  in  1  case,  partial  necrosis
occurred (Table II).

Early  detection  was  statistically  evaluated  for  time  differ-
ences  between  the  thermal  camera  and  conventional
methods  using  the  Wilcoxon  Signed-Rank  test,  with  the
assumption that the time scores for the thermal camera and
conventional methods were independent of one another. The
Wilcoxon Signed-Rank test indicated that the median post-
test  ranks  for  the  thermal  camera  were  not  statistically
significantly  different  (using  a  two-tailed  test)  from  the
conventional method ranks (Z = -1.604, p >0.109). Clini-
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cally, although the early detection was not statistically signifi-
cant, it highlights the potential of thermography for early
recognition  of  vascular  obstruction  in  microvascular  flaps,
potentially  preventing  flap  failure  and  improving  surgical
outcomes.
 

DISCUSSION

In today’s era of microsurgery being routinely performed,
surgeons  occasionally  encounter  complications  such  as
vascular  obstruction.5  To address this,  various monitoring
methods,  both  non-invasive  and  invasive,  are  employed.
Conventional  methods,  which  include  monitoring  colour,
warmth,  refill,  turgor,  and  surface  Doppler,  are  operator-
dependent.19  Other  non-invasive  methods  include  spec-
trophotometry,  colour  Doppler  sonography,  and  laser
Doppler  sonography.9

To  improve  the  overall  survival  rate  of  microvascular  flaps,
invasive  monitoring  methods  are  also  employed.  These
include  implantable  Doppler,  an  ultrasonic  instrument.21,22

Other methods encompass contrast-enhanced Doppler, inva-
sive temperature monitoring, oxygen tension / partial pres-
sure monitoring, pH level monitoring, and lactate level moni-
toring.9-12  While  these  methods  vary  in  efficacy,  they  all
involve  significant  costs  and  are  time-consuming.

In this study, a simple,  non-invasive, and cost-effective tool
was used: A thermographic camera that attaches to a smart-
phone.  This  device  is  time-efficient,  easy  to  use,  and  not
user-dependent. The camera does not need to come into
direct contact with the wound; it can be operated from a
distance of 35 cm.

It was hypothesised that postoperative surveillance with a
thermographic  camera  could  predict  vascular  obstruction
earlier than conventional methods. A difference of ±2°C for
more than two consecutive readings was considered a posi-
tive test.20  Meanwhile,  continuous monitoring with routine
methods was conducted, and a comparison was made for
the time difference in detecting complications between both
approaches. The thermographic camera demonstrated excel-
lent results, providing positive readings up to 4 hours earlier
than routine methods. This early detection can offer a signifi-
cant advantage for re-intervention and potentially improve
the overall flap survival rate.

The main limitation of flap monitoring with a thermographic
camera  is  that  it  can  only  monitor  flaps  with  cutaneous
islands. The thermal camera is not effective for muscle-only
or bone flaps. Despite this, the results of monitoring with the
thermographic  camera  are  excellent.  It  can  significantly
reduce the time required for salvage, improve the overall
flap  survival  rate,  and  consequently  decrease  both  patient
discomfort and the burden on the healthcare system. The
main limitation of this study was the small sample size.

CONCLUSION

A smartphone-compatible thermographic camera is a valu-
able,  non-invasive,  cost-effective,  and  simple  tool  for  moni-
toring  microvascular  flaps.  It  can  detect  complications
several hours earlier and has the potential  to be a prac-
tice-changing modality for identifying vascular obstruction
sooner than routine methods.
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