SOON CHUN HYANG
UNIVERSITY HOSPITAL
B CHEONAN

Experimental and clinical study of flap monitoring with analysis of clinical course of the flap
using Infrared thermal camera

Hwan Jun Choi
Department of Plastic & Reconstructive surgery, College of medicine,

Soonchunhyang University, Cheonan, South Korea

Table 4. Summary of GLMM results.

Abstract

Variable Coefficient Std. Error z-Value p-Value 95% Cl 95% Cl

Lower Upper

. . Intercept (POD3 0.274 1.126 0.243 0.808 —1.934 2481

* Flap surgery is a common method used to cover defects following Befors Flap Temp —0.040 0,023 1734 0.083 0,085 0.005
tumor ablation, trauma, or infection. However, insufficient PODS Total Flap Temp 1007 0.081 32568 0.000 0.946 1068

. . . . Intercept (POD7) 0.003 0.881 0.003 0997 —-1.724 1.730
vascularity in the transferred flap can lead to flap necrosis and failure. Before Flap Temp ~0.004 0.001 ~2.988 0.003 ~0.006 ~0.001
POD? Total Flap Temp (0.980 0.025 39.099 0.000 0.931 1.029

Proper postoperative monitoring is essential to prevent these
complications. Recently, research has explored the use of infrared
thermal imaging in plastic surgery, leading to its clinical application.

Abbreviations: GLMM, generalized linear mixed models; 5td. error, standard error; Cl, confidence interval; POD,
postoperative day; Temp, temperature.

Table 5. Patients demographics. Table 7. Analysis of comparison between non-necrosis group and necrosis group.

. . . . . No. of Patient Sex Age Location Flap Flap Type Flap Necrosis Non-Necrosis MNecrosis Total Necrosis Partial Mecrosis
* This study comprises two separate parts: an in vivo experimental S Y e S T
* 2 F 27 Scalp ALT free flap Free flap No necrosis Age (vears) 57167 575
. . . 3 M 16 Lt. ankle ALT free flap Free flap No necrosis -_‘ gy _ - —
study and a clinical study. In this study, 28 rats underwent reverse W ® T T
5 M 72 Philtrum ALT free flap Free flap Mo necrosis Male 13 3
1 1 6 F 66 Lt. ankle ALT free flap Free flap No necrosis E I 5 1
McFarlane flap surgery, and their flaps were analyzed using a FLIR S F & Tem. el [ >
. . e, . B M 60 Lt. foot ALT free flap Free flap Total necrosis [:;l;iia‘::;i ;nrﬂiiln
thermal imaging camera seven days post-surgery. Additionally, R R ooty Novesand peroaior
10 M 51 Lt. foot ALT free flap Free flap Total necrosis (MNS-PF) ("C)
H H 11 F 70 Rt. foot ALT free flap Free flap No necrosis POD O 1817 1.55 (0,454 1633 (0.740 1.3 (0526
thermal images of flaps were taken on postoperative days 0, 1, 2, 3, T 0 55 0459 > 74D 5 @520
o . . . 13 F 73 Lt. hand SCIP free flap Free flap No necrosis PODH 1533 1875 (0.434) 2 (0-262) 15 (0.842)
and 7 in 22 patients. This study focused on temperature differences Ve S DT i mosn  swom)  iiose
" " ” o - )iabla] i E'I[Dap Fadicied £ I — roD 3 989 2.525 (0.001 *) 2.533 (0.006 =) 2.5 (0.105)
between normal skin and the perforator compared to the average T Noioorioatep Foiastop oo POD7 M6 3500y 4oz 2@
17 M 52 Nose Nasolabial fold flap Pedicled flap No necrosis lemperature difference
18 M 91 Nose Paramedian forehead flap Pedicled flap No necrosis (dT) between perfnratnr
fI a p te m p e ra t u re . 19 M 57 Nose Paramedian forehead flap Pedicled flap No necrosis [all-;ll‘-:l_ :‘l_li:iagﬁt‘c?f flap
o o o 20 M 57 Rt. lower leg ALT pedicled flap Pedicled flap No necrosis - —
* Results showed that the temperature difference was higher in the R L POD0 0X9  0Im Qe
rotation flap POD1 .35 —0.175 (0.002 ) -0z -1
. . . . . .-\bbreri..atim'llﬁ: Rt, nghl‘ Lt, left; ALT, the anterln_‘]alelal] thigh; TDAF, the thoracodorsal artery perforatar; SCIP, the POD 2 0333 0225 (0.003* 02 03
necrosis group and increased over time in cases of total necrosis. A S R e T 0w e 0 =
roD 3 k617 —0.375 (<0.001 *) —0.233 0.8
POD 7 489 —0.225 («0.001 *) —0.333 -1

Table 6. Flap characteristics.

lower perforator temperature compared to the flap’s average
indicated vascular compromise, potentially leading to flap failure.
The FLIR camera, being contact-free and convenient, shows promise

for understanding and inferring the clinical progression of flaps in e - :

Arterial insufficiency

Mote: Values are expressed as means. The value between the parentheses corresponds to the p-value tor statistical
significance between the group and the non-necrosis group. * p-value < (L05. Abbreviations: POD, postoperative
day; dT, temperature difference; N5-PF, normal skin—perforator; PE-AFF, perforator-average of flap.

Mecrosis Group (n = 4)

Mecrosis type

Total necrosis 3
a. Mean MSPF AT with 95% C1

Partial necrosis 1

Venous congestion

postoperative monitoring. - :
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Table 8. NS-PF POD 7 model results. E 2
Variable Coefficient p=Value
]
Sex (male) 0.473 <{L001
Flap type (free flap) 0.185 0611
e t O S Flap type (pedicled flap) —(L.647 0.003 8
Flap necrosis (necrosis) 2,631 <(1.001 o e ——
Abbreviations: NS-PE normal skin-perforator. b. Maan FE-AFP 3T with 5% £1
Table 9. PF-AFP POD 7 model results. o
] Variable Coefficient p-Value A
Study comprises b parts :
In vive experimental study and a clindcal sbady Sox {ﬂ'l.i'!l.l:} —(.258 088
L Flap type (free flap) ~0.070 0.768 S
. = =
L ‘l Flap type (pedicled flap) 0.093 0.515 E

- Flap necrosis (necrosis) —0.716
In ¥ivo Experimental Sbady on Kats Clinical Study on Haman Matients

<0.001 o
+ + Abbreviations: PF-AFF, perforator—average of flap.
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flags Figure 5. Mean temperature differences (NS—PF and PF—-AFP) with 95% confidence intervals across
{pedicled and froe fapsy

different flap necrosis types. (a) Mean N5-PF temperature difference with 95% confidence intervals
across different flap necrosis types. (b) Mean PF—AFP temperature difference with 95% confidence in-
tervals across different flap necrosis types. Abbreviations: NS—PE normal skin—perforator; PF— AFE,
perforator —average of flap; Cl, confidence intervals.
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I I Figure 7. Analysis of cases of venous congestion in necrosis group (#10 and #21). Case #10is a

Figure 2. Schematic diagram of surgical procedures. Incisions were made on the back of the mouse

51-year-old male patient who underwent ALT reconstruction for an ankle defect that had occurred
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after orthopedic surgery. The flap showed venous congestion since POD 1, and it gradually worsened.
(a) On POD 7, the overall color of the ﬂap was purple with edematous change. Case #21—A 49-year-
old female patient underwent peroneal artery perforator-based flap for a defect that occurred after

under anesthesia with isoflurane, and a 3 x 9 cm sized reverse McFarlane skin flap was elevated

— Postoperative day
T orthopedic surgery. Venous congestion in the flap started, with the flap color appearing purple since

using a blade. The flap was immediately closed with sutures using 4-0 nylon. —_

.+ .* Figure 6. Analysis of cases of non-necrosis group (Case #7 and Case #13). (a) Case #7—A 100-year-old  pOD 2, and leech therapy for flap salvage was carried out. (b) On POD 7, the distal part of the flap
female patient underwent reconstruction through ALT free flap after tumor resection due to skin  still showed features of congestion, but the central part showed improvement with a lightening of
Findlings
Higher eemperrature differvmee in nesresis group,
lewer periorator e pesature Indicating vasoalar
sumpromise

cancer on the left upper eyelid. On POD 7, the flap was maintained stably without any necrosis. color. (¢) On POD 14, the necrotic area was demarcated, resulting in distal partial necrosis. (d,e) In the
(b) Case #13—A 23-year-old female patient who underwent SCIP free flap reconstruction after distal  thermal images of POD 7, both flaps appeared yellow in color as the temperature dropped. (f) In the
finger necrosis due to use of vasopressors. On POD 7, the flap has no necrosis. (c,d) In the thermal  thermal image of Case #21 on POD 14, the difference in temperature decreased in comparison to POD7.
images of POD 7, both flaps have a similar color to the surrounding area except for some margins. (g) The graph showed an upward trend over time from the point of venous congestion, but in Case #21,
(e) The graph shows NS-PF decreasing over time. Abbreviations: POD, postoperative day; dT, the temperature difference decreased as the congestion improved. Abbreviations: POD, postoperative
temperature difference; NS-PF, normal skin-perforator; ALT free flap, the anterolateral thigh free flap; day; dT, temperature difference; NS-PF, normal skin-perforator; ALT, the anterolateral thigh.

SCIP free flap, the superficial circumflex iliac artery perforator free.

Statistical Analysis
Anahezed hemperature daka to determire the
coerelation with lap necrosis.

Figure 1. Study design overview. The diagram illustrates the structure and flow of the in vivo
experimental study and the clinical study.

Table 10. T-test results for temperature differences between pedicled and free flaps.

ropo I-Statistic p=Value
Sabvage failure & New flap
NS-PF POD D 0.927 0366 '
NS-PFPOD 1 0.271 0.789 = o i
e S l l t S MNS-PF POD 2 —0.217 0831 Figure 8. Analysis of cases in which a new flap was applied after salvage procedure for arterial
NS-PF POD 3 —(.656 0520 insufficiency (#12 and #14). Case #12 is a 48-year-old male patient who underwent TDAP free flap
NS-PE POD 7 —1.547 0.139 for a defect that occurred after orthopedic surgery due to a fracture of the left distal tibia. (a) On
POD 1, the color of the flap was pale and mottled, indicating arterial occlusion of the flap. The
PF-AFP PODD 1.554 0.138 salvage procedure, re-anastomosis, failed and was covered with a new ALT free flap. (b) The new flap
PE-AFP POD 1 —1.054 n49s57 remained stable without necrosis on POD 7. Case #14 is a 75-year-old male patient who underwent
PE-AEP POD 2 0.326 0.748 ALT free flap for a defect caused by a surgical site infection of the scalp. (c) As with Case #12 on
. . - o ) POD 1, the color of the flap was pale and mottled, indicating arterial occlusion of the flap. The salvage
PE-AFP POD 3 0068 0.946
PE-AFP POD 7 (.610 0.550

Abbreviations: POD, postoperative day; N5-PF, normal skin—perforator; PF-AFF, perforator-average of flap.

Non necrosis

(a) (b)

Figure 3. FLIR camera and thermal analysis software. (a) The FLIR C5 camera (Teledyne FLIR LLC,
Wilsonville, OR, USA) has two cameras—a thermal imager (160 x 120 pixels) and 5-megapixel visual
camera (640 x 480 pixels). (b) FLIR Thermal Studio software (Teledyne FLIR LLC, Wilsonville, OR,
USA) is displayed on the right. It is used to analyze thermal images, which allows the user to identify

Conclusion

and necrotic areas were measured with distinguishment of flap viability. (b) The thermal images — T —

Figure 4. Analysis of flap necrosis in rat models. (a) After euthanization of the rats, the total flap

Postoperative day

were captured by FLIR camera, indicating the necrosis area (colored red), which shows a drop in Venous congestion
temperature compared to the viable area (colored white). The temperature difference between the 19

the temperature of a specific point or area on the image and calculate the temperature difference. total flap area and necrotic area was calculated by using infrared thermal software.

 Numerous studies are investigating flap monitoring
using infrared thermal imaging. FLIR cameras offer the ...

Table 1. Thermal analysis of rat models.

903!099;'.1&-/9 day
Arterial insufficiency

_ Flap Models (x = 28) POD 3 POD7 benefits of being non-invasive and highly convenient.

Temperature Ql?:ﬁijﬁztﬁﬂ :ﬁﬂ:ﬁﬁ necrotic area 0500 o While further research is necessary before FLIR e
Abbreviations: PO, postoperative day. cameras can serve as definitive indicators for vascular — — =" e
Table 2. Summary of paired I-test results. compromise during flap monitoring, they can

Statistic Value effectively function as auxiliary tools for assessing and
:f.ifauui 0084 predicting the overall clinical progression of flaps.
* This study introduces a novel method for flap
Table 3. Summary of regression analysis results. monitoring via infrared thermography by analyzing the
Dependent Varisble _ Coefticient St Error -Value p-Value temperature differential between the perforator area
e ey e a6 om0 0000 and the average flap temperature, demonstrating
POD7 Nectoti Ates Temp _— o - o 0000 significant potential for enhancing the flap monitoring
Before Flap Tomp 0156 0153 1024 0315

process.

Abbreviations: Std. error, standard error; POD, postoperative day; Temp, temperature.




