
ABSTRACT
Free tissue transfer is considered to be the gold standard of treatment for complex defects in various parts of the body. The increased 
use of smartphones and cellular technology in recent years has contributed to a revolutionary era in flap monitoring technology. Smart-
phone thermal imaging provides a low-cost alternative to traditional flap monitoring techniques. Nevertheless, there are significant 
concerns about the accuracy and reliability of this technique. In this article, we demonstrate three cases in which smartphone thermal 
imaging information was misleading. Within this analysis, we describe how clinical decision making should be approached in each of 
the cases. For a clinician to gain a comprehensive understanding of the limitations and capabilities of smartphone thermal imaging, it is 
essential to communicate clinically relevant events during the application of the technology.
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INTRODUCTION 

For complex defects in various parts of the body, free tissue transfer 
has become the standard of care in the current era of reconstructive 
medicine. The success rate for free flap transfers has been reported to 
be as high as 95% [1]. In cases where the flap becomes compromised 
postoperatively, immediate intervention might be effective in preserv-
ing the flap, provided that it is performed in a prompt and timely man-
ner. Therefore, the postoperative monitoring of the patient is one of the 
most critical steps in ensuring the success of free flap surgery [3].

The monitoring of flaps may be performed by a variety of tech-
niques, such as superficial Doppler, implantable Doppler, infrared spec-
troscopy, laser Doppler, indocyanine green, fluorometer, as well as the 
older methods of tissue pricking, temperature monitoring, and clinical 
evaluation [4]. Recent advances in smartphone and cellular technolo-
gies have led to a breakthrough era of promising techniques for mon-
itoring flaps [5]. There is growing use of smartphone thermal imaging 
(SPTI) as a tool to detect perforators during the flap planning process 
and to monitor the flaps postoperatively. With the advent of low-cost 
devices, real-time thermal imaging is now widely available and should 
be used in conjunction with existing technologies in order to provide 
additional clinical information that can be used to facilitate assessment, 
execution, and postoperative monitoring of each step of the tissue 
transfer procedure [6].

As a step toward successfully implementing the newly developed 
flap monitoring technology, it is imperative that users become familiar 
with the possible clinical outcomes of the device in order to gain a clear 
understanding of its limitations and capabilities. However, there have 
been relatively few studies examining flap monitoring techniques from 
a clinical standpoint. There is a need for further research into clinical-
ly and practically relevant parameters, such as flap salvage rate, false 
positive rate, and cost-effectiveness, in order to allow objective compar-
isons between monitoring techniques [7]. Nevertheless, we recognize 
that conducting a randomized clinical trial would be a difficult and costly 
endeavor due to the fact that a large sample size is needed since the 

failure rate is expected to be 5%. Meanwhile, flap monitoring is typically 
performed with a multimodal approach, and the flap monitoring proto-
col also varies considerably based on the preferences of each surgeon. 
Taking into account the issues raised above, there may be some con-
cerns regarding the accuracy and reliability of this new technology for 
monitoring flaps.

Throughout the article, we present three cases of ambiguous obser-
vations that occurred during the application of SPTI for the postopera-
tive evaluation of flaps. A false positive result may lead to unnecessary 
exploration of the flap, which could result in significant morbidity and 
medical expense. In contrast, false negative results can also contribute 
to delayed diagnosis, which in turn can result in flap loss. We analyze the 
phenomenon of ambiguous observations made during the use of SPTI 
to monitor flaps postoperatively in our discussion section.

FLAP MONITORING

Monitoring of the flap was performed using a FLIR ONE PRO camera 
(Extech, Nashua, NH, USA) in the first and second cases. In the third case, 
we monitored the flap using a SEEK Compact camera (SEEK thermal, 
Santa Barbara, CA, USA). Both the FLIR ONE PRO camera and the SEEK 
Compact camera produce a digital image which is superimposed with 
a thermal image. The FLIR ONE PRO camera has a thermal resolution 
of 160 x 20 and a temperature range of -4 °F to 752 °F [8]. The SEEK 
Compact camera is equipped with a 206 x 156 thermal sensor that can 
measure objects at temperatures ranging from -40 F° to 626 °F [9]. We 
may utilize either camera depending on its availability. A note of caution 
should be made regarding the fact that neither of the cameras was orig-
inally designed for medical applications.

At the end of the surgery, flap monitoring with SPTI was initiated. 
The flap was monitored every two hours during the first 48 hours fol-
lowing surgery, and then every four hours on the third day. The patients 
were discharged on the fourth postoperative day, and weekly office vis-
its were arranged. A temperature measurement was conducted approx-
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imately 30 cm away from the patient's body. Gauze, clothing, and ban-
dages were removed from the patient for a period of 5 minutes before 
any measurements were taken. A dry gauze was used to clean the flap 
and adjacent tissues in order to remove any sweat or fluid. A semi-quan-
titative comparison was conducted by using a color paddle to compare 
the thermal readings from the flap and adjacent tissues.

CASE REPORTS 

Case 1
This case report describes the surgical management of an 82-year-old 
male patient with basal cell carcinoma on the left supraclavicular fos-
sa. The surgical interventions included the wide excision of the basal 
cell carcinoma, parotidectomy, clavicle excision, modified radical neck 
dissections, and resection of the clavicular head of the pectoralis major 
muscle and omohyoid muscle. An extensive surgical defect (40 cm in 
length by 14 cm in width) was created as a result of the resection of 
the tumor. Considering the considerable size of the defect, it was de-
termined that a transverse rectus abdominus myocutaneous flap was 
inadequate to close the wound, particularly in the lateral region. In this 
immediate reconstruction, a free transverse rectus abdominus myocu-
taneous flap was performed along with the advancement of a deltopec-
toral flap. There was a small hematoma which was drained without the 
need for surgical intervention.

On the third postoperative day, SPTI showed a slight increase in 
temperature at both the caudal and cephalic edges, zone IV of the flap 
(Figure 1A). During the fourth postoperative day, the flap displayed a 
change in color and epidermolysis on its periphery (Figure 1B). As the 
central portion of the flap displayed normal clinical characteristics and 
an acceptable temperature according to the SPTI, it was determined that 
there was no need to re-explore the flap urgently in this case. Nonethe-
less, a partial flap necrosis was observed on the twentieth postopera-
tive day (Figure 1C). As can be seen in Figure 1, the final area of necro-
sis corresponds to the areas that experienced a temperature change 
during the early follow-up period. Necrosis of the wound was treated as 
an expectant condition. Debridement was completed followed by the 
re-advancement of the deltopectoral flap and grafting of skin to close 
the wound.

Case 2
This case describes the treatment of a 57-year-old female patient who 
underwent immediate breast reconstruction using a microvascular 
breast sharing technique following a skin-sparing mastectomy (Figure 
2A). The intraoperative indocyanine green angiogram confirmed that 
the flap received adequate blood supply (Figure 2B). The flap was based 
on the lateral thoracic pedicle.

Three days following surgery, the flap began to show mild signs of con-
gestion (Figure 2C). However, the indocyanine green angiography revealed 
that the flap had normal perfusion. According to the SPTI, the flap was at an 
appropriate temperature compared to the surrounding skin (Figure 2D). Due 
to indocyanine green angiography and SPTI, there was a false sense of secu-
rity created, which prevented an urgent investigation of the flap from being 
conducted. After a third week of follow-up, the flap developed fat necrosis 
and was ultimately reabsorbed (Figure 2E).

Case 3
A 76-year-old female patient underwent reconstructive surgery to repair 
a defect on her scalp with a free anterolateral thigh flap. Upon immedi-
ate postoperative assessment, the flap exhibited normal capillary filling, 
normal temperature, and normal color. Nevertheless, the SPTI result 
indicated a low temperature on the anterolateral thigh flap despite re-
peated calibration of the device (Figure 3A). As the flap exhibited excel-
lent clinical characteristics (Figure 3B), it was not deemed necessary to 
re-explore it, and close clinical monitoring was maintained throughout 
the healing process. The patient was discharged from the hospital on 
the third postoperative day, and no flap complications were identified 
during follow-up (Figure 3C).

DISCUSSION

There are a variety of postoperative monitoring techniques available, all 
of which have different levels of complexity, invasiveness, and effective-
ness. It is of paramount importance that the early detection of vascular 
compromise be conducted in the postoperative setting. The advent of 
thermal imaging has allowed non-contact vascular imaging to be per-
formed indirectly without the use of ionizing radiation and intravenous 
contrast agents [6]. A major advantage of the procedure is its non-inva-

Figure 1. Reconstruction of the neck using a large transverse rectus abdominus myocutaneous flap. (A) An image of the transverse rectus abdominus myocutaneous flap captured 
with a FLIR ONE PRO camera on the third postoperative day indicates a slight increase in temperature at the flap's perimeter. (B) A clinical image depicting epidermolysis on the pe-
riphery of the flap on the fourth postoperative day. (C) Partial flap necrosis observed on the twentieth postoperative day. It can be observed that the final area of necrosis corresponds 
to the areas which had a temperature change during early follow-up.
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siveness as compared to more invasive methods.
As a thermal imaging device, SPTI has been developed to detect per-

forators during the planning process and to monitor flap status after 
surgery. The use of SPTI is an effective way to provide postoperative 
monitoring at a reasonable cost. Nonetheless, there remain concerns 
regarding the reliability and accuracy of its results for various reasons.

Firstly, the presence of skin temperature interference limits the ap-
plication of thermographic imaging. In cases where a device has a low-
er resolution (and is generally less expensive), this factor is particularly 
influential [10]. There have been some suggestions for measuring the 
delta of temperature of the flap [11]. Particularly, this approach involves 
complex calculations, further complicating an already challenging situ-
ation. According to our experience, the most useful information can be 
obtained by comparing the flap temperature with that of the adjacent 
skin.

On the other hand, the temperature of both the flap as well as its 
adjacent tissue is affected by the temperature of the room. In contrast 
to smartphones, professional thermal cameras are more sensitive and 
thus are less susceptible to being misled by background thermal inter-
ference or artifacts [12]. Therefore, it is advisable to consider the effect 
of ambient temperatures on thermal monitoring of flaps in future ex-
periments and clinical research.

SPTI is also limited by the fact that it relies upon a semi-objective 
interpretation of the color palette, which represents flap temperature 
[13]. It is possible that the clinically relevant thresholds and validity for 
STPI differ between models of the same manufacturer or between man-
ufacturers [14]. Further investigation is needed to establish whether STPI 
is a reliable and reproducible technique to aid in free flap monitoring.

The first case involves the partial failure of a transverse rectus ab-
dominus myocutaneous flap as a result of congestion in the peripheral 
part of the flap. In the beginning, SPTI simply displayed a slight increase 
in temperature along the periphery of the flap (Figure 1A). Following this, 
clinical signs of venous compromise were noted in the same zone. It is 
imperative to note that, from a physiological standpoint, early total flap 
failure is different from partial flap failure. This is because early micro-
vascular compromise is caused by pedicle issues, while partial failure is 
caused by poor flap design and reverse flow. It was deemed unneces-
sary to re-explore the flap urgently in this case because the central por-
tion of the flap revealed normal clinical characteristics and an accept-
able temperature according to the SPTI.

Free tissue failure is not an all-or-none occurrence. Expectant man-
agement may result in acceptable outcomes while avoiding unneces-
sary iatrogenic complications [15]. The presence of localized thermal 

changes in a flap does not necessarily justify revision surgery. Instead, 
such changes should raise questions regarding potential complications. 
Similar observations have also been documented in animal models [16]. 
Furthermore, venous obstruction can cause congestion, which may also 
lead to a transient increase in the temperature of the flap [17]. From 
our observations in the first case, we are inclined to speculate that the 
slight rise in temperature was an early sign of venous compromise. Re-
gardless, it would be prudent to verify our observations before making 
any conclusions.

For the second case, there were no obvious signs of flap failure at 
the beginning. The venous outflow did not exhibit any early disturbanc-
es. The indocyanine green angiography showed that the flap had nor-
mal perfusion. There was no evidence that the flap had a significantly 
lower temperature than the adjacent skin based on the SPTI (Figure 2D). 
It was impossible to conduct an adequate investigation of the flap within 
a reasonable timeframe because SPTI and indocyanine green angiogra-
phy created a false sense of security. Ultimately, the flap suffered a total 
necrosis within three weeks of the surgery.

The third case is an example of a false positive observation. While 
the SPTI result indicated a low temperature of the anterolateral thigh 
flap (Figure 3A), the flap exhibited excellent clinical characteristics (Fig-
ure 3B), and therefore re-exploration of the flap was deemed unneces-
sary. There is a possibility that the false positive observation was caused 
by the use of Tegaderm® (3M) pads. Furthermore, the surrounding skin 
was also covered by the pad, but the temperature was appropriate. This 
exacerbated the false positive observation. As an alternative to re-ex-
ploring the flap, an intensive monitoring strategy was implemented. It 
was fortunate that the flap turned out to be a satisfactory outcome (Fig-
ure 3C).

In a prospective study utilizing SPTI, it has been observed that viable 
flaps are capable of achieving temperatures up to 3°C higher or lower 
than surrounding tissue without affecting perfusion [18]. There was only 
one failing flap documented in the study because failing flaps are rela-
tively uncommon in surgery. Another study demonstrated high sensitiv-
ity and specificity when using a delta of more than 2°C between the flap 
and surrounding skin for one measurement, but low predictability [19]. 
However, the assessment of two positive outcomes within a one-hour 
period resulted in a sensitivity of 93%, a specificity of 96%, a positive 
predictive value of 57%, and a negative predictive value of 99%. There 
remains a degree of uncertainty about the exact range of decreased 
perfusion that leads to the need for intervention.

One limitation of this study was the heterogeneity of the flaps. The 
flaps of interest, however, were all free flaps with a skin paddle that al-

Figure 2. An immediate reconstruction of the breast using a free flap based on the contralateral lateral thoracic artery. (A) An immediate postoperative result after breast recon-
struction using the breast sharing technique. (B) An intraoperative indocyanine green angiography showing adequate perfusion of the flap. (C) A clinical photograph of the flap taken 
three days after surgery shows the appearance of slight congestion. (D) A thermal imaging scan taken three days after surgery shows that the flap is at an appropriate temperature 
in comparison to the surrounding skin. (E) A third postoperative week examination reveals complete necrosis and dehiscence of the wound in the flap.
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lowed surface thermal imaging analysis. An ideal surveillance method 
should allow different types of free flaps to be monitored. In the case of 
certain flap types, buried flaps, or intraoral reconstruction, special atten-
tion must be paid to surveillance. However, this type of example is not 
available in the article.

Currently, our practice measures postoperative outcomes based on 
clinical characteristics and SPTI when doubt arises. In addition, we per-
form a quantitative analysis for glucose measurements in accordance 
with Hara et al. [20]. A combination of these approaches could lead to a 
more accurate evaluation of results.

CONCLUSION

An indication for re-exploring a flap should be derived from a clinical 
construct rather than from an isolated observation. Advances in tech-
nologies have led to both convenience and complexity in clinical deci-
sion-making. Clinicians should be aware that the use of a newly adopted 
technology can be misleading, especially without objective and stan-
dardized parameters.
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