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Abstract

Background: Only few studies have currently examined the hemodynamics of free tissue transfer to correlate
quantitative results with clinical and technical observations. The aim of this study was to further evaluate the free
flap skin island temperature as a potential tool of postoperative flap monitoring as temperature monitoring is more
reliable if environmental influences on tissue temperature are eliminated.

Hypothesis: Differences between free flap Skin Island and healthy adjacent skin microcirculation correlate to
the difference between free flap Skin Island and healthy adjacent skin temperatures.

Methods: ClinicalTrials.gov NCT01235299. Prospective cohort study. 56 free flaps (24 latissimus dorsi flaps,11
ALT,10 parascapular, 9 DIEP, 1 serratus, 1 VRAM) in 56 patients (35 males, age 49+14yrs) were prospectively
monitored from November 2009 to January 2011 using a regular digital infrared surface thermometer simultaneously
to microcirculatory assessment using combined Laser-Doppler and photo spectrometry (Oxygen-to-see).

Results: Free flap microcirculatory blood flow was 109+37arbitrary units [AU]. Adjacent skin capillary blood flow
was 143+52AU. Free flap skin island temperature was 95.3+3.0°F. Temperature of adjacent skin was 96.6+1.9°F.
We found a positive correlation between the percentaged difference of free flap and adjacent skin temperatures and
percentaged difference of free flap skin island and adjacent skin capillary blood flow (p=0.001).

Conclusion: Our hypothesis was confirmed. A 10% reduction of free flap skin island temperature compared
to adjacent skin indicates a deterioration of flap microcirculation by 50%, if skin temperature of the adjacent skin
remains the same. Trends in surface skin island temperature monitoring are found to correlate with microcirculatory
blood flow. Eliminating environmental influences on temperature assessment by comparing the temperature of the
skin island of the free flap to the temperature of the adjacent healthy skin makes free flap temperature monitoring

more reliable in reconstructive microsurgery.
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Introduction

The time interval between the onset of ischemia and its clinical
recognition is of utmost importance in terms of free flap salvage in free
flap surgery [1]. Although microsurgical free-tissue transfer has become
a reliable technique, between 5 to 25 percent of transferred flaps require
surgical revision because of circulatory compromise either on the arterial
or venous side [2]. Regardless of the surgeon’s experience or the reliability of
the chosen free flap, immediate detection of perfusion failure and prompt
revision is paramount for flap salvage as ischemic tolerance of the flap
tissue is limited to a few hours and irreversible disseminated microvascular
thrombi may form during malperfusion [3]. After completion of the
microsurgical anastomosis, the success of a free-tissue transfer is dependent
on the continuous arterial inflow and venous outflow until the tissue is
neovascularized by peripheral ingrowth of vessels [4]. Consecutively, close
monitoring of free flap perfusion is mandatory in the postoperative period
for early diagnosis of perfusion failure [5].

However, to date no single gold standard exists and research is
ongoing evaluating innovative as well as reknown measures of monitoring.
Besides the clinical inspection and capillary refill testing, various technical
methods have been suggested to be useful in this regard. As a simple
method of free flap monitoring, surface temperature recordings have
already been demonstrated to be correlated to flap failure clinically [6].

Although absolute cut-off temperatures have already been described below
which flaps do not survive, this could not be proven to be predictive in
postoperative free flap monitoring as temperature is subject to systemic
physiological changes in the patient [7]. After initial enthusiasm for this
simple and economic principle of free flap monitoring, several issues mostly
concerning environmental factors have been raised such as limited spatial
resolution, dependence on room temperature, air flow and flap coverage
with dressings, sheets, and blankets, which are thought to limit the practical
value of temperature readings for flap monitoring to date [8,9].

Papillion et al. recently demonstrated a trend in free flap temperature
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that correlates with anastomotic thrombosis and eventual flap failure in
postoperative free flap temperature monitoring [10]. Chiu et al. published
the use of temperature strips to determine free flap skin temperature as an
accurate tool for postoperative free flap monitoring [11].

Recently we could demonstrate that free flap skin temperature is closely
related to free flap microcirculation applying temperature assessment and
non-invasive continuous combined laser Doppler and spectrophotometry
in a clinical situation [12]. So far, no other study has examined the
microcirculatory hemodynamics of free tissue transfer to correlate with
clinical and technical microcirculatory observations. According to our
recent study about free flap temperature monitoring, we suggested to
compare temperature changes of the transplanted flap in contrast to the
temperature of the adjacent skin to the flap in order to eliminate or at least
minimize environmental influences on tissue temperature as temperature
assessment might be more reliable if free flap skin temperature could be
correlated to patient’s adjacent healthy skin. Therefore, we hypothesized that
differences between free flap and healthy adjacent skin microcirculation
correlate to the difference between free flap skin temperature and healthy
adjacent skin temperature in order to elucidate the possible elimination of
environmental factors in free flap skin temperature monitoring.

Material and Methods

The study was performed in conformity to the World Medical
Association Declaration of Helsinki (June 1964) and subsequent
amendments. Throughout this study, there was no further data assessment
than regular flap monitoring including documentation of microcirculatory
parameters.

Clinical trial registration

The trial was registered at ClinicalTrials.gov with the identifier number
NCT01235299. IRB approval was granted at the local IRB committee.

Reporting standards

Furthermore, the study is reported according to the STARD-statement,
e.g. standards for the reporting of diagnostic accuracy studies [13].

Participants
Study population and recruitment:

a) Inclusion criteria: Eligibility criteria were patients suffering from a
soft tissue defect at any location of the body receiving free flap soft-tissue
defect coverage at the Department of Plastic, Hand and Reconstructive
Surgery, Medical School Hannover, Germany. Inclusion criteria were age
between 16 and 65 years.

b) Exclusion criteria: Exclusion criteria were soft tissue inflammation
or osteomyelitis, peripheral arterial occlusive disease, vasculitis, chronic
kidney or liver disease, cardiac dysfunction, arterial hypotension and any
type of vasoactive medication, i.e. 3-blockers, calcium channel blockers,
nitroglycerin or equal. Furthermore, for standardized temperature
assessment all transplanted flaps without a skin component were excluded
from the study.

The study population was a consecutive series of participants defined
by the aforementioned selection criteria.

Setting and test methods: Regular free flap microcirculatory
monitoring at our department features combined Laser-Doppler and
photospectrometry (Oxygen-to-see, Lea Medizintechnik, Germany) to
determine postoperative free flap micorcirculation. Additionally to the

determination of free flap microcirculation, temperature assessment
of the free flaps was performed using a regular digital infrared surface
thermometer after microcirculatory assessment (Medisana FTD,
Germany). Four standardized locations for temperature assessment were
determined on each flap and furthermore at four representative locations
of healthy adjacent skin to the transplanted free flap. Simultaneously to
temperature measurement, microcirculation of the free flaps was assessed
at the same distinct locations on the flaps and adjacent skin, respectively,
using combined Laser-Doppler and photospectrometry. Microcirculation
and temperature was assessed between first and seventh postoperative day.
Patients received standard deep venous thrombosis prophylaxis with either
15000IE unfractionated heparin or low risk dosaged low molecular weight
heparin as well as 500 mg of aspirin per day, postoperatively.

Test reference methods

Determination of vital parameters of microcirculation: The
determination of hemoglobin and the principle of blood flow measurement
are combined in the O2C system. The optical method for measuring both,
blood flow by Laser-Doppler technique and hemoglobin oxygenation and
hemoglobin concentration in tissue by spectrometric techniques, has been
described in detail elsewhere [14]. The local oxygen supply parameters,
blood flow, oxygen saturation of hemoglobin, and the relative postcapillary
venous filling pressures were recorded by an optical fiber probe. The fiber
probe incorporates both the laser Doppler method and the broadband
light spectrometry technique. The probe we used simultaneously assessed
data in 2 millimeters as a superficial tissue depth and 8 millimeters as a
deep tissue depth of the free flap regarding:

« capillary blood flow [arbitrary units AU]
« skin oxygen saturation [%]

« relative postcapillary venous filling pressure [AU]

Laser doppler flowmetry: The tissue is illuminated with coherent
laser light and backscattered light is collected by the same probe. Frequency
shifted light is extracted by heterodyne light beating technique. As laser
Doppler flowmetry detects all moved particles of certain velocity, it
measures blood flow. We have recently described the use of the O2C-
system in measurements of increased capillary blood flow at the point
of pain in patients with insertional and mid-portion tendinopathy of the
Achilles tendon compared to healthy subjects as well as the influence of
permanent and intermittent application of cooling and compression on
microcirculation of Achilles tendons in healthy humans [15,16].

Regarding the intraobserver reliability of the laser Doppler in the
02C-system, a 5 % intrasubject variability was determined indicating
the O2C system as a reliable method under sufficient standardized test
conditions [17]. Microcirculatory data assessment using the O2C-system
as well as temperature assessment was performed by the same experienced
examiner. Data was blinded for statistical analysis and performed by
another examiner.

Statistics

Data assessment was performed by the same experienced investigator
and blinded regarding location of measurement and flap type before
statistical analysis was performed by a statistician. We conducted a Pearson
Correlation as well as an independent samples t-test between free flap
microcirculation and flap skin temperature. A p-value less than 0.05
was considered to indicate statistical significance. The SPSS-statistical-
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software-package 16.0 for Windows (SPSS Inc, Chicago, Ill, USA) was used Superficial tissue depth Deep tissue depth
for statistical analysis. - Adjacent . Adjacent
| Free flap skin healthy skin Free flap skin healthy skin
Results i -
tsu';g‘[t,,‘;r]“pera 95.33.0 96.6+1.9 95.3+3.0 96.6+1.9
Participants -
f:t'gr:;‘lgﬁe[% 4498196 46.7+17.9 | 46.0+187  49.2+17.5
A total number of 56 patients (35 males, 21 females) were enrolled Relati
. . .. . . elative
in this clinical trial after free flap soft-tissue defect coverage between posteapillary
November 2009 and January 2011. venous filling 25.0+12.6 25.9+10.5 54.3+17.2 50.4+14.1
o . pressure [AU]
Mean patient’s age was 49+14yrs. The free flaps were transferred either Capillary blood
to the extremities, to the head or to the chest for either soft tissue or breast flow [AU] 16.7£13.9 22.7416.4 108.8+36.9 | 143.2¢52.1

reconstruction. Eleven patients received soft tissue coverage due to a soft
tissue defect from an open tibia fracture, eight patients due to decollement
injury, four patients due to postoperative wound infection as tertiary
wound closure after normalization of inflammation parameters, three
patients due to forearm amputation, six patients due to mamma carcinoma
metastasis resection, twelve patients due to burn injury and two patients
due to chronic crural ulceration. Ten female patients underwent prior
breast resection due to breast cancer.

Between November 2009 and January 2011 twenty-four latissimus
dorsi flaps, one serratus fascia flap, nine deep inferior epigastric perforator
(DIEP) flaps, one vertical rectus abdominis muscle (VRAM) flap, eleven
anterolateral thigh (ALT) flaps and ten parascapular flaps were transplanted,
enrolled in the study and monitored postoperatively up to postoperative
day seven using combined Laser-Doppler and photospectrometry as well
as temperature monitoring.

Of all transplanted free flaps twenty-four were transplanted to the lower
extremity, fourteen were transplanted to the upper extremity, thirteen were
transplanted for breast or chest reconstruction and finally six flaps were
transplanted to the head. We did not perform AV-Loop surgery in any of
the patients.

The history of the patients showed coronary artery disease with former
myocardial infarction in four patients. Sixteen patients suffered from breast
cancer. Two patients had osteoporosis and hypothyreosis. Two patients
suffered from a postthrombotic syndrome. Five patients had a positive
history of multiple sclerosis.

Microcirculatory monitoring

We found that mean deep microcirculatory blood flow of all assessed
free flaps was 109+37arbitrary units [AU]. Adjacent skin mean capillary
blood flow was 143+52AU. Mean free flap skin island temperature was
95.3+3.0°F Mean temperature of the adjacent healthy skin was 96.6+1.9°F
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Figure 1: Superficial Blood Flow - Temperature - Correlation.

Table 1: Absolute values (meanSD) of skin temperature, skin oxygen saturation,
postcapillary venous filling pressure and capillary blood flow of the free flap skin
island and the adjacent healthy skin in a superficial tissue depth (2mm) and deep
tissue depth (8mm). Temperature assessment was the same for superficial and
deep tissue depth.
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Figure 2: Deep Blood Flow - Temperature - Correlation.
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Figure 3: Superficial tissue oxygen saturation - Temperature - Correlation.

We found a positive correlation between the percentaged difference between
free flap and adjacent skin temperatures and percentaged difference of free
flap and adjacent skin capillary blood flow (Pearson Correlation r=0.28,
p=0.001) in 56 free flaps (Figure 1). An overview about the mean absolute
values of temperature and microcirculatory parameters of the free flap skin
island and the healthy adjacent skin both in the superficial tissue depth
(2mm) and the deep tissue depth (8mm) are demonstrated in Table 1.

Clinical free flap failures

Onefreeflap showed temperature drop to78.8°F caused by postoperative
combined arterial and venous thrombosis. Simultaneous microcirculatory
assessment of free flap blood flow on this flap demonstrated a reduction
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Figure 5: Superficial postcapillary venous filling pressure - Temperature - Cor-
relation.
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Figure 6: Deep postcapillary venous filling pressure - Temperature - Correla-
tion.

in microcirculatory blood flow to 16AU. Consecutive revision of the
arterial and venous anastomosis with thrombectomy was performed and
final flap survival achieved. Postoperative flap temperature with regular
microcirculatory blood flow was 97.2°F

Microcirculatory blood flow

Percentage superficial and deep blood flow difference between free
flap skin island and adjacent skin significantly correlated to percentaged
temperature difference between free flap and adjacent skin (r=0.28; p=0.04
and p=0.001, respectively; (Figure 1, 2). A reduction of 10% free flap skin
island temperature showed a decrease of the mean superficial and deep free
flap microcirculatory capillary blood flow by 50% and 40%, respectively.

Superficial and deep skin oxygen saturation

Percentage difference of superficial and deep skin oxygen saturation
in 2mm and 8mm tissue depths did not show a significant correlation to
temperature assessment (r=0.09, p=0.52; r=0.00, p=0.99).

Relative post capillary venous filling pressure

Percentage difference between free flap and adjacent skin of superficial
and deep relative postcapillary venous filling pressure in 2mm and 8mm
tissue depth did not correlate significantly to percentaged difference
between free flap and adjacent skin free flap temperature (r=-0.07, p=0.640;
r=-0.16, p=0.255, respectively).

Discussion

The aim of this study was to evaluate the relationship of free flap
skin island and healthy adjacent skin temperatures to microcirculatory
hemodynamics in clinical free flap transplantation in order to eliminate or
at least potentially minimize the environmental influences on temperature
assessment as a noninvasive free flap monitoring option. We therefore
hypothesized that the difference between free flap skin island and healthy
adjacent skin microcirculation correlates to the difference between free
flap skin island and healthy adjacent skin temperatures. Based on our
prospective cohort clinical study registered at ClinicalTrials.gov our
hypothesis was confirmed.

We could demonstrate that the difference between free flap skin
island temperature and healthy adjacent skin temperature is related to
the microcirculatory capillary blood flow of a given free flap. The lower
the free flap skin island temperature was compared to the adjacent skin
temperature, the worse capillary blood flow was apparent throughout the
free flap. A 10% reduction of free flap skin island temperature compared to
adjacent skin indicated a deterioration of flap microcirculation by 50%, if
temperature of the adjacent healthy skin remained constant. This should be
discussed in detail.

Free flap monitoring has become an important issue in Plastic and
Reconstructive Surgery. If occlusion of arterial inflow or venous outflow
occurs, a free flap can still be successfully salvaged by immediate re-
exploration and revision of the microanastomoses. The success of such
secondary microsurgery is inversely related to the time interval between
the onset of flap ischemia and its clinical recognition [18]. Hanasono et al.
were among the the first to quantify changes in venous blood velocity after
free tissue transfer. They showed that flow velocity increases over the first 3
days and may decrease slightly thereafter [19].

Various new and innovative free flap monitoring techniques have
been developed, but none of these techniques have yet succeeded to meet
ideal criteria. Recently, different monitoring systems were meta-analyzed
[20]. The implantable Doppler system, near-infrared spectroscopy, and
laser Doppler flowmetry appeared to be the best monitoring devices
currently available. By using combined laser Doppler flowmetry and
spectrophotometry simultaneously to free flap temperature assessment, we
recently demonstrated that free flap skin temperature is closely related to
free flap microcirculation [12].

The lack of clear cut values to predict flap failure, technical difficulties
with temperature measuring probes and especially concerns regarding the
effect of environmental conditions on flap temperature have contributed to
the lack of uniform acceptance of temperature measurement as a reliable
method of postoperative flap monitoring. On the other hand, when properly
applied and interpreted, the sensitivity of surface-temperature recording
has already been shown to be as high as 98 percent including a predictive
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value of 75 percent, making it a simple, inexpensive, and highly reliable
technique of free-flap monitoring [21]. Papillion et al. recently described
a difference between flap temperature and adjacent skin temperatures
in two groups of free flaps. Differences in temperature between survival
and failure groups were evaluated for statistical significance. In a 24 h
postoperative period, the flap failure group had a higher difference between
its temperature and the adjacent skin control temperature compared with a
lower temperature difference in the surviving flaps and their adjacent skin
control.

According to that and our own study, we postulated that linear
continuous temperature assessment might be more reliable if environmental
effects as mainly cooling of the flap would be less misinterpreted as
impaired flap s microcirculation if the temperature of the flap could be set
in contrast to the regular perfused adjacent healthy skin with also cooling
from environmental issues and not from impaired microcirculation
caused by flap failure. Contributing to that, thermoregulatory blood flow
is regulated primarily by the sympathetic nervous system on arteriovenous
anastomoses, which shunt blood directly from the arterioles to the venules
to dissipate heat by reduction of skin or extremity perfusion when core
temperature decreases or when the extremity is exposed to cold. Free
flaps are sympathectomized which may reduce vascular tone and improve
microcirculation, as demonstrated in animal works or in free flap surgery
resulting in less temperature reduction as in healthy adjacent skin [22,23].
Therefore, environmental factors like air temperature around the flap
might not influence the free flap’s perfusion as much as it influences healthy
skin where cutaneous microcirculation is reduced if the skin is exposed
to cold air in non-acral skin. Consequently, free flap skin temperature
should remain on the same level as the adjacent healthy skin as long as
microcirculation is not impaired. Recently, Sun et al. demonstrated that
simultaneous denervation and revascularization of free forearm flaps
increased the regional blood flow significantly which was associated
with the sympathetic denervation and reactive hyperemia, respectively
[24]. Patients after sympathectomy have been found to suffer from severe
hypoadrenergic orthostatic hypotension as a result from sympathetic
deregulation [25]. This finding could also contribute to an increased free
flap temperature when the flap is set under orthostatic stress with higher
arterial inflow. On the other hand, under orthostatic stress deteriorated
venous outflow could result in impaired flap perfusion with decreased
flap temperature as demonstrated in our recent study. Nevertheless,
comparing differences between the sympathectomized free flap skin island
temperature and adjacent skin temperature might be more reliable if the
differences of microcirculatory hemodynamics of free flaps and adjacent
skin correlate in an equivalent way.

Interestingly, our study found free flap capillary blood flow correlating
to the percentaged difference between free flap skin island and healthy
adjacent skin temperatures, which has never been demonstrated before.
In addition we could demonstrate a linear regression between free flap
microcirculation and skin temperatures. A percentaged temperature
difference of 10% correlates to a free flap capillary blood flow reduction by
approximately 50%.

The final decision to explore a microvascular anastomosis is usually
based on clinical examination, but the trigger to clinically examine a
potentially compromised free flap may be based on easily and straight-
forward obtained surface temperature measurements.

Limitations

This study enrolled 56 free flaps with a complication rate in terms
of flap revision of 2%. Although, we even found a significant correlation
between differences of free flap to adjacent skin perfusion and free flap and

adjacent skin temperatures in the majority of regular perfused free flaps,
further studies have to evaluate the correlation of the aforementioned
parameters in emergent flap failure with documentation of temperature
and microcirculation over time until flap salvage or flap loss.

Furthermore, different free flaps, eg. latissimus dorsi flaps,
anterolateral thigh flaps or deep inferior epigastric flaps transplanted to
different locations, e.g. lower limb, breast or the head might have different
microcirculation. Consequently, a microcirculatory mapping of free flaps at
different locations of the body with simultaneous temperature assessment
must be initiated to establish more valid data for free flap monitoring. In
our study, blinding of the different free flaps and data assessment locations
was performed before statistical analysis in order to evaluate the correlation
of temperature and microcirculation of free flap and adjacent healthy skin
in general for our most often used free flaps. Thorough investigation has to
be performed in the future for all free flap monitoring devices, if there are
differences in liability in different free flaps.

Conclusion

Our study demonstrates a relationship between differences of free flap
Skin Island and adjacent skin temperatures to microcirculation of a given
free flap. Our primary hypothesis was confirmed. As 10% less free flap
skin island temperature compared to adjacent skin, if skin temperature of
the adjacent skin remains on the same level, shows a decrease of free flap
microcirculation by 50% and according to recent studies, we postulate an
acute temperature reduction of 3 degrees Fahrenheit or more at the center
of the skin island as indicative of arterial thrombosis, whereas a reduction
of 1°C to 2° Fahrenheit uniform over of the free flap skin island could be
indicative of venous compromise, if skin temperature of the adjacent skin
remains constant. Eliminating environmental influences on temperature
assessment by comparing the temperature of the skin island of the free
flap to the temperature of the adjacent healthy skin could make free flap
temperature monitoring more reliable in reconstructive microsurgery in
the future. However, randomized-controlled trials are pending to elucidate
the value of clinical temperature monitoring following reconstructive
microsurgery.
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